Lebanese American University

Implementing the STEM Approach in the Third Grade of a School
Adopting the PYP Curriculum
By
Marianne Elias Aoun

A thesis
Submitted in partial fulfillment of the requirements
for the degree of Master of Arts in Education

School of Arts and Sciences
January 2020

© 2020
Marianne Elias Aoun
All Rights Reserved

Dedication
To my caring and loving parents, my achievements and success would not have
been possible without your constant support. To my fiancé and his family, thank
you for supporting me in every step of my journey. To my dearest colleagues, my
team, my backbone, Diana, Reem and Nada, without your constant motivation and
support none of this would have been achieved.

v

Acknowledgement
This thesis would not have been achieved without the support of several people.
First, I would like to extend my gratitude and thanks to the most supportive and
motivational mentor, Dr. Iman Osta, who guided me, who gave me feedback to
feed-forward, and who supported me throughout my journey. You planted in me
the spirit of adventure in regard to research and excitement in regard to teaching.
This thesis would not have been possible without your immense experience and
knowledge, your patience, your constant encouragement and guidance. I am forever
thankful.
I would like to thank my committee members, Dr. Bassem Kandil and Dr. Rima
Bahous, who offered insightful suggestions and guidance.
Finally, I would like to express my deepest appreciation to my family and numerous
friends who tolerated this long process with me, and who always offered me their
support and care.

vi

Implementing the STEM Approach in the Third Grade of a
School Adopting the PYP Curriculum

Marianne Aoun

ABSTRACT
The job markets in the 21st century require a workforce with higher-order
competencies. Therefore, it is important that teachers and administrators, along
with the business community, work as a team to develop curricula that promote
these skills. The STEM approach in the early years provides young students with a
strong background in Science, Technology, Engineering and Mathematics, to play
an essential role in global competitiveness and economic stability. The present
research is a case study that employs participatory data collection methods with
grade-3 teachers and students, in order to achieve its purpose. The purpose of the
study is to develop and pilot a STEM-based unit for the third grade of a school
adopting the PYP curriculum in Beirut, Lebanon, and to examine the ways it
impacts students’ conceptual understanding of the involved math and science
themes, students’ engagement, and their critical thinking and problem-solving
competences. The study also aims to investigate some challenges or barriers that
might be faced by a third-grade elementary teacher and students during the
implementation of a STEM-based instructional unit. Three homeroom teachers and
three sections of twenty-seven students each participated in this study.
Observations were carried out during the piloting of the STEM-based unit in all
three sections. One pre-assessment, three formative assessments and one
summative assessment were used in order to collect data on the students’ learning,
critical thinking and problem-solving competencies. Forty-two Exit Tickets were
provided, via google forms, to check for the students’ learning and understanding.
Two semi-structured interviews were conducted with two grade-three teachers. The
teacher, who is also the researcher, kept a daily journal. The purpose of these entries
was to probe information about the challenges faced. The findings revealed that
students’ demonstrated grade level conceptual understanding of the involved math
and science themes. The results also revealed that students’ engagement increased
when a STEM activity was introduced. Students demonstrated critical thinking and
problem-solving competences. The critical thinking skills that the students
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demonstrated are, making inferences using inductive or deductive reasoning,
judging or evaluating, making decisions, asking and answering questions for
clarification, interpreting and explaining, reasoning. As for the problem solving
skills developed, by the end of the unit, all students were able to identify the
problem, to gather information related to their project and analyze them, generate
potential solutions to any problem faced when designing their own experiment or
project, choose a solution and test it, and analyze and evaluate the results obtained.
As for the internal and external barriers faced by teacher and students, different
external and internal barriers were identified. The challenges faced by the students,
and that are external, include time restraints, content and resources (books,
information, materials…). Internal barriers faced by students include their ability
to use technology skills, engineering a model and communication skills. External
barriers faced by teachers include lacking sufficient resources and hands-on
training for students, as well as time restraints. The internal barriers faced by
teachers include content preparation and delivery, and confidence with the
approach to teaching the STEM-based unit. Despite the fact that this study is limited
to one grade level, the findings may be useful for other grade levels and even for
other schools that intend to go into STEM. Other grade levels or schools may
benefit from this study as it shows potential barriers that they may face, for which
they will therefore take preventive measures or precautions.
Keywords: STEM Education; STEM Educational Approaches; 21 Century
Competencies, STEM-Based Unit; STEM teaching strategies; Internal
barriers; External barriers; The Primary Years Program.
st
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Chapter 1
Introduction
With the rapid development of technology, the change in society, and the
emphasis on the 21st century skills which have an impact on our everyday-life
experiences, it is widely agreed that Science, Technology, Engineering and
Mathematics skills or “STEM skills” help individuals make more informed
decisions (Ejiwale, 2013; Kelley & Knowles, 2016; Lamberg & Trzynadlowski,
2015). There is still no clear or universally agreed-upon definition for STEM.
This is one reason why teachers and educators in general have different
perspectives of ways to approach teaching STEM (Lamberg & Trzynadlowski,
2015).
STEM education is considered, in this study, not as a curriculum, not as a
discipline, but as an approach to education. Such an approach removes the
barriers among the different disciplines of Science, Technology, Engineering and
Mathematics, and integrates them into real life and relevant learning experiences
of students (Labov, Reid, & Yamamoto, 2010; Sanders, 2009; The United States
Department of Education, 2007). STEM in this research is referred to as, not just
the integration of disciplines, but also as a mindset where students learn by doing
(Bybee, 2010).
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According to Jho, Hong, and Song (2016), Science, Technology,
Engineering, Arts and Mathematics (STEAM) education could be another
approach to increasing learner access to STEM by targeting students’ interest in
the arts. Jho et al. (2016) stress on the importance of the Arts and Engineering in
the STEAM approach. They explain that the addition of the arts could provide,
not only new disciplinary content learning but also real-world contexts that
address more diverse student needs and interests. As for engineering, it acts as
one of the key disciplines in shaping our environment and draws on both content
and contexts from the arts (Evamy, 2005). On the other hand, according to
Zakaria (2015), the author of “In Defense of a Liberal Education,” science and
technology are essential components in education, but so are English and
Philosophy.
The implementation of the STEM approach would not be possible without
well informed and trained teachers. The successful integration of science and
mathematics also depends on the teacher’s understanding of the two subjects:
Science and Math (Pang & Good, 2000). According to Lamberg and
Trzynadlowski (2015), teachers have little understanding of how to overcome the
challenges in implementing a successful STEM curriculum. One of their main
concerns is how to create a STEM curriculum that aligns with the standards.
Lamberg and Trzynadlowski (2015) are also concerned about the feasibility of the
STEM curriculum, given financial and time restraints. According to them,
teachers doubt their abilities to teach STEM and their “level of knowledge”
(p.48). Moreover, in a study led by Stinson, Harkness, Meyer and Stallworth
2

(2009), about the instructional scenarios administered to thirty-three middle
grades science and math teachers, analysis of teacher responses revealed that
content knowledge serves as a barrier to recognizing integration and therefore
content knowledge in both mathematics and science is a requirement to enable
teachers to integrate the subjects. In their study, Stinson et al. (2009) show that
teachers have gaps in their own subject content knowledge, and therefore asking
them to teach while integrating their own subject with another subject may create
further challenges. What these teachers need is to acquire effective practices in
teaching their own subject matter as well as STEM integration.
Zemelman, Daniels and Hyde (2005) examined standards of teaching and
offered practical descriptions of progressive teaching in six subject areas: reading,
writing, mathematics, science, social studies and arts. Zemelman et al. (2005) also
offered strategies for instructional excellence across the curriculum. The best
practices suggested by Zemelman et al. (2005) may help achieve the goal of the
increasing consensus that students learn best in schools that are experiential,
student-centered, collaborative, democratic, yet rigorously challenging. To guide
the teachers and help them overcome their fear of STEM education, Zemelman et
al. (2005) mentions that there are ten “best practices” for teaching science and
mathematics. First, use manipulatives in order for the students to be able to
visualize the content of the subject matter; this approach also encourages hands-on
learning. Second, provide experiences for students to encourage cooperative
learning, which will invite students to participate more often and become actively
engaged. Third, raise discussions that will lead students to inquire into the content.
3

Fourth, encourage students to question and conjecture. Fifth, encourage students to
justify their thinking. This is possible, if teachers ask open-ended questions rather
than close-ended. Sixth, encourage students to write with a reflective lens and with
problem solving. Seventh, use a problem-solving approach with their students.
Providing students with the information will not allow them the opportunity to find
their way and use problem solving in order to discover facts that help them
understand the concepts presented. Eighth, use technology to get students excited
and more interactive. However, teachers must be aware of when and how to use the
technology at hand because sometimes the use of technology might backfire. Ninth,
act as facilitators rather than lecturers. Tenth, use assessment as a part of
instruction. Assessment is a tool that allows teachers to know if their students
understood a concept and are ready to move on, or if they require more time to
explore the concept further (Zemelman et al., 2005). Teachers are not only there to
deliver the content but also to allow students the opportunity to take part of their
own learning. These ten best practices impel teachers to keep in mind, while
planning, how to engage their students.
Kroeger (2016) believes that, it is important to implement the STEM
approach in early years, not only because STEM in elementary grades opens
opportunities for students to become tomorrow’s “movers and shakers” but also
because young students, with a strong background in Science, Technology,
Engineering and Mathematics, play an essential role in global competitiveness and
economic stability. Kroeger (2016) explains that this is made possible because
“STEM skills” foster critical thinking and problem solving.
4

1.1 Context and Statement of the Problem
There is a need for STEM education in Lebanon because, according to
Bosworth, Lyonette, Wilson, Bayliss and Fathers (2013), “STEM skills are widely
recognized to be important for innovation and growth” (p.16). According to Diab
(2011), the Minister of Education and Higher Education in Lebanon, who
served between June, 2011 and February, 2014, the Lebanese Ministry of
Education and Higher Education (MEHE) in collaboration with the Center for
Educational Research and Development (CERD) technology was set as the main
aim of the framework of Lebanon’s Education Reform Strategy and Action Plan
(LERSAP) in 2011 because they believe that this will equip learners with the
knowledge, skills, competencies, dispositions, and proficiency to meet the demands
of the digital world. Technology is the “T” in STEM education.
In addition to technology, events and centers were established in Lebanon
to promote STEM education, such as National Education Robotics Day or NERD
which is an event co-organized by Education and Technology Center and the
Lebanese American University (LAU). The reason why there is a need for STEM
education in Lebanon is because according to NERD (2019), STEM skills will
enhance the skills of students and will boost motivation towards achievement and
innovation. Therefore, applying STEM educational approaches in Lebanon and the
purpose of this research are aligned with the goal set by the Lebanese government.

5

1.2 Purpose of Study
The purpose of this study is to develop and pilot a STEM-based unit for
the third grade of a school adopting the PYP curriculum in Beirut, Lebanon, and
to examine some challenges or barriers that might be faced by a third-grade
elementary teacher and students during the implementation of a STEM-based
instructional unit.

1.3 Research Questions
Based on the purpose of the study, the research questions that this study attempts
to answer are the following:
1. How does a PYP unit developed and taught with a STEM approach impact
the grade-3 students’ conceptual understanding of math and science?
2. How does a PYP unit developed and taught with a STEM approach impact
the students’ engagement?
3. How does a PYP unit developed and taught with a STEM approach impact
the students’ critical thinking and problem-solving competences?
4. What are some challenges or barriers that might be faced by third-grade
PYP elementary teacher and students during the implementation of a
STEM-based instructional unit?

6

1.4 Operational Definitions
In order to be able to address the purpose of the study, a few key terms need to
be defined.
•

STEM is used in this study as the integration of Science, Technology,
Engineering and Mathematics. STEM education is also used as an approach to
teaching and learning and a mindset where students learn by doing (Bybee,
2010). The approach is based on inquiry. It is also when students use design
processes and create innovative tools to solve a problem or improve a
situation.

•

PYP curriculum or The Primary Years Program focuses on the development
of the child as an inquirer, both at school and beyond.

•

Inquiry-based learning: In this study, and according to Colburn (2000),
inquiry-based instruction is an approach where students are engaged in openended, student-centered, hands-on activities, and it is when the teacher
challenges the students with situations that require posing questions, designing
methods and interpreting data (Alper, 2018).

•

Student engagement is the degree of attention, interest, curiosity, passion and
optimism that students show when they are learning or being taught
something (The Glossary of Education Reform, 2016).

•

Learning as conceptual understanding is the ‘acquisition of knowledge’,
something new learnt or acquired. Learning is also the development of skills
through the application of already existent or previously attained knowledge
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(Wang, 2006). Hence, conceptual understanding is referred to in this research
as the understanding of concepts and recognizing their application in various
situations. (Ben-Hur, 2006). It is the ability of students to transfer what they
have learned to a new situation.
•

Critical thinking competencies include making judgments based on
reasoning. Critical thinking is when students consider options, analyze their
options using specific criteria, draw conclusions and make judgments. Critical
thinking competency includes a set of abilities- discussed in the literature
review- which students use to examine their own thinking and that of others,
about the information they receive through observation, experience, and
various forms of communication (Paul & Elder, 2005).

•

Problem solving: Problem solving in this paper is referred to as a learned
behavior. It is the ability to generate a set of potential strategies for problem
resolution, select the most appropriate strategy, apply the strategy, and
evaluate the effectiveness of the strategy (Kanzer-Lewis, 2015).

•

Barriers Research has categorized the barriers of STEM education into two
categories of barriers, external and internal barriers (Lamberg &
Trzynadlowski, 2015).

•

Internal barriers are related to thoughts, attitudes, beliefs and feelings.
Internal barriers are, therefore, obstacles that exist within individuals, groups
and communities. These barriers may be psychological, emotional and/or
perceptual in nature. An internal barrier, in this paper, is defined as an
obstacle that exists within teachers and that prevents them from implementing

8

STEM education in their practice. Examples are perceptions, assumptions,
beliefs or attitudes.
•

External barriers are imposed factors from the environment that get in the
way of accomplishing achievements or decisions. A person’s environment is
their surroundings, including the conditions in which they live or work and the
way that they influence people’s feelings or the effectiveness of people’s work
(Cambridge Dictionary, 2017). An external barrier, in this paper, is defined as
an outside inhibitor that prevents teachers and administrators from
implementing STEM approaches. Examples are found in the literature
review.

•

Assumptions: In this research assumptions will be referred to as the thoughts
that are accepted as true or certain to happen but lack proof (The Oxford
English Dictionary, 1989).

•

Beliefs People’s beliefs are shaped by what they think about themselves, the
situation in which they are in and the target community (Graham, 2006).
According to Bandura (1997), and in this research, beliefs is often related to
the notion of self-efficacy, or the judgments that people hold about their
capabilities to organize and execute the courses of action required to master a
certain task.

•

Attitudes: Attitudes can be addressed in two different ways: attitudes toward a
situation and attitudes toward the target community (Gardner, 2005).
According to Yashima (2009), attitudes toward the target community are
shaped by the ways people see themselves as part of the international
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community and how ready they are to interact with others in their
community.

1.5 Rationale and Significance
This research assesses the effectiveness, importance and benefits of STEM
education for the youth. According to Bybee (2010), STEM education increases
students’ ability to understand how things work. He continues to explain that
STEM education enhances students’ ability to use technologies. Moreover, STEM
education introduces more engineering during precollege education and
engineering is directly linked to design, problem solving and innovation. These
two themes (problem solving and innovation) are of high priority on every
nation’s agenda. STEM education allows students the opportunity to learn about
engineering and helps them build skills and abilities associated with the design
process. This is expected to eventually enhance the society’s economy.
It was observed that in Lebanon few teachers and administrators are
familiar with the term STEM education, and even fewer are aware of the fact that
STEM education may be an effective approach for learning math and science if
adopted as part of their curriculum.
One of the aims of this study is to raise teachers’ awareness of the
meaning of STEM education and its effectiveness. Teachers will also gain an
awareness of the skills that students who are exposed to the STEM approach
would develop. Such awareness will encourage them to adopt integrated STEM
education as part of their instructional approaches.
10

According to observation studies conducted in Lebanon and the Arab
region covered topics such as: bridging the gap between teachers and students of
the 21st century, the effect of technology integration in teaching Lebanese and
Arab students and implementing the integrated curriculum. However, to my
knowledge, and after surfing the web (Google scholar, Shamaa database and
International Journal of STEM Education) and the library databases of three
universities (LAU, AUB and Balamand), a few studies were conducted on the
implementation of STEM educational approaches in the PYP curriculum in
schools in Lebanon or the Arab region. A study was conducted by Sayegh (2018),
to investigate the implementation of integrated STEM education by homeroom
teachers in elementary classes in an American-education private school in Beirut.
A few research papers were found on the implementation of STEM educational
approaches in general, specifically in schools in the United States of America and
in Korea (English, 2017; Franco & Patel, 2017; Jho et al., 2016) and a couple of
papers were found on the implementation of STEM educational approaches in the
PYP and MYP curriculum in the United States of America and in the Netherlands
(Hastuti, 2018; International Baccalaureate Organization, 2018). This, therefore,
shows the need for conducting such a research in Lebanon. Furthermore, this
research work will contribute to the global body of knowledge available on the
implementation of STEM education as well as on the processes of learning math
and science in integrated, inquiry-based contexts.
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1.6 School Context
The study took place in a reputable, private co-educational school in
Beirut. The students attending this school come from a high socio-economic
status. It consists of 4 schools, Pre, Elementary, Middle and Secondary (K-12). At
the Pre and Elementary School, foundation years, both the English and French
tracts follow an integrated approach to acquiring knowledge using the
International Baccalaureate Primary Years Program (IB PYP) framework. The
Middle and Secondary Schools, offer four different tracks: the Lebanese
Baccalaureate Program, which follows a curriculum set by the Lebanese Ministry
of Education and Higher Education; the French Baccalaureate Program, which
follows a curriculum set by the French Ministry of Education; the International
Baccalaureate (IB) Diploma Program; and the American College Preparatory
Program (CPP), a non-baccalaureate diploma program.
The vision of the school is to “empower learners of today to be global
citizen leaders of tomorrow.” Its mission is to “empower learners to take
initiative, think critically and serve as role models in a global society. The
curriculum aims for excellence at all levels and embraces the education of the
whole person. Graduates of this school will have developed self-confidence,
problem-solving and decision-making abilities as well as self-discipline, social
and environmental responsibility and an awareness of and respect for the
connected nature of our global community”.
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This study took place in the elementary school. In elementary, an activitybased, inquiry approach to education is emphasized. This allows students to learn
through play, discovery, experimentation and questioning. Despite the fact that
STEM education is not explicitly mentioned in the school’s vision and mission,
various STEM education attributes seem to be a perfect fit. For example, STEM
education, aims to promote the students’ 21st century skills, which include critical
thinking, communication, collaboration, creativity, and problem solving. STEM
also allows students to construct their own knowledge through various approaches
to learning, such as inquiry-based learning, problem-based learning and projectbased learning. At this Elementary School, STEM approaches fit perfectly as it
allows students to learn through discovery, experimentation and questioning.

1.7 Description of the PYP
The Primary Years Programme, or the PYP curriculum mainly focuses on
the development of the child as an inquirer, both at school and beyond. Within the
PYP it is believed that students learn best when the problem is placed in a relevant,
real-life, authentic situation. Moreover, within the PYP it is believed that students
learn best when learning is transdisciplinary, not confined within the boundaries of
traditional subject areas but it is supported by them (International Baccalaureate
Organization, 2012, p. 3).
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1.7.1 The PYP
Learners in the IB PYP are expected to be: “inquirers, knowledgeable,
thinkers, communicators, principled, open-minded, caring, risk-takers, balanced
and reflective” (International Baccalaureate Organization, 2012, p. 3). The schools
adopting this program follows the PYP Program of Inquiry (POI) which consists of
6 themes: “Who We Are, Where We Are in Place and Time, How We Express
Ourselves, How the World Works, How We Organize Ourselves, and Sharing the
Planet” (International Baccalaureate Organization, 2012, p. 3). Each theme has its
own “central idea, key concepts, related concepts and lines of inquiry”
(International Baccalaureate Organization, 2012, p. 4). Learners of this program are
expected to develop social skills such as respect and conflict resolution,
communication skills such as presenting and writing, thinking skills such as
synthesis and evaluation, research skills such as questioning, observing, collecting
data and analyzing it, and self-management skills such as organization, time
management and making informed choices (International Baccalaureate
Organization, 2012).
1.7.2 The characteristics of a PYP lesson
Inquiry is a process initiated by the teacher or student and that moves the
student from their current level of understanding to a deeper level of understanding.
In a PYP lesson you may see students exploring, wondering and questioning. You
can tell that a lesson is PYP when you see students experimenting and playing with
possibilities students experiment, collect data and record findings. In PYP, students
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make connections between previous learning and current learning; students deepen
their understanding through the application of a concept; students research and seek
information and solve problems in a variety of ways. A PYP unit follows what is
known as the inquiry cycle. The inquiry cycle, according to Murdoch (2018), is
made of six stages: tuning in, finding out, sorting out, going further, making
conclusions and taking action. Tuning in is what the student knows about the topic,
what experiences they had with the topic and what ideas are they interested in
knowing about the topic. Finding out is when students research read more about the
topic and ask questions. Sorting out is when students take the information they have
read and figure a way to put the information and to try to answer their questions
and ask new ones. Going further is when students decide to share their ideas and
present them. Students in this phase need to choose a way to communicate their
ideas and they need to choose an audience. Making conclusions is when students
look at the central idea and are able to say what they learned and understand.
Students in this phase think about what will they do with what they have learned
and this will take them to the sixth stage which is taking action. In this phase,
students make connections with what they have learned and their daily lives and
they use what they have learned to develop ways to enhance their learning.

1.8 Description of the PYP Within the School Context
The school adopts the IB PYP, however, they do not apply the program as
is. Teachers have the right to choose their order of unit. Coordinators, with
feedback from teachers, develop the POI based on the school’s needs and this is
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what the teachers refer to when planning their lessons. The school’s adopted
curriculum is a transdisciplinary curriculum, meaning that subjects such as
mathematics, science, social studies, and languages are taught interconnectedly by
the homeroom teachers. This does not mean that there are no stand-alone lessons
where the session is purely a Math session for example. There are even some
units where Art, Music and PE integrate as well.

1.9 PYP and STEM Education
The Primary Years Programme curriculum focuses on the development of
the child as an inquirer, both at school and beyond (International Baccalaureate
Organization, 2018) so the main characteristics of a PYP classrooms is inquiry.
Inquiry-based classroom, according to Colburn (2000), is “a classroom where
students are engaged in essentially open-ended, student-centered, hands-on
activities” (p.42). Colburn (2000) continues to explain that there are different
forms of inquiry such as: structured inquiry where students are given step-by-step
procedures to follow, guided inquiry where the teacher provides only the
materials and problems to investigate, and open inquiry which is similar to guided
inquiry with the addition that students formulate their own problem to investigate,
and take ownership of what they have learned and apply it in a different context,
hence transferring what the teacher has modeled to a different context. Similarly,
to STEM education approach, where the disciplines are meant to be integrated
together with connections to the real world, the PYP favors connections. When
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planning the units of inquiry, teachers are encouraged to meet collaboratively to
look for connections between the elements of each unit and the “specialist
subjects,” focusing on students experiencing authentic connections (Rebello &
Suri, 2017). Therefore, the PYP curriculum is a curriculum where STEM
approaches may be adopted and may increase the chances of success. According
to Hastuti (2018), the PYP Unit on How the World Works (HWW), for example,
has concepts related to both, Math and Science that can be integrated, which is the
basis of STEM. Both Science and Mathematics are parts of the PYP curriculum
framework. As for Technology and Engineering, they can be seen as the tools and
contexts for developing students' knowledge. Therefore, schools adopting the
PYP may also adopt the STEM strategies.
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Chapter 2
Literature Review
This section presents a review and synthesis of relevant literature found on
the effectiveness of the implementation of STEM education in schools. The purpose
of this review is to investigate previous research on the effectiveness and challenges
faced upon the implementation of STEM education in schools.
STEM education allows students to take what they learn in the classroom
and apply it to real life situations. According to Ejiwale (2013), STEM education
prepares the 21st century workforce. Therefore, teachers and administrators along
with the business community should work as a team to develop a curriculum that
will realize this expectation.

2.1 What is STEM Education?
There is no set definition of what STEM is (Brown, 2012). STEM education
is not a curriculum, not a discipline, but an approach to Education. It removes the
barriers among the different disciplines: Science, Technology, Engineering and
Mathematics, and integrates them into real-life and relevant learning experiences
of students (Labov, Reid, & Yamamoto, 2010; Sanders, 2009; The United States
Department of Education, 2007). STEM approaches remove the traditional barriers,
and learning becomes more than just rote learning or learning for the test. STEM
also focuses on innovation and application. Students make meaning of what they
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are learning. Instead of just memorizing the information, students apply what they
have learned to find solutions to problems in the outside world and, as a result, build
new knowledge. Furthermore, STEM addresses questions and assists students in
designing solutions to complex contextual problems using current tools and
technology (Bybee, 2010; Brown, 2012; Kelley & Knowles, 2016).
STEM education is an approach, even though sometimes referred to as a
STEM discipline or a STEM course. This approach spreads itself from Early
Childhood to higher education. STEM is not about creating a new subject and
deleting Math, Science or other disciplines. It does however mean the integration
of more than one discipline and relating it to real life and relevant learning
experiences for students. The problems we face in life are not segregated; they are
connected; hence STEM will drive students to think critically and solve real
problems (Brown, 2012).
When students face a problem they usually rely on others to solve their
issues, specifically an adult; however, being exposed to STEM education allows
students the opportunity to transfer the knowledge they learned in school and
therefore become capable of solving problems on their own (Kelley & Knowles,
2016). On the other hand, some critics of STEM education, such as Andrew Hacker
(2016), believe that the content that students are learning in the classroom is
different than that of what they need in the workplace and therefore when students
join the job market and are placed in situations, they struggle in solving it because
they are not ready. Nonetheless, with a reform of the content, STEM education is
an approach that prepares students for the job market as it provides them with the
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21st century skills needed (Burrows, Lockwood, Borowczak, Janak, & Barber,
2018).
STEM education is a very important asset for teachers who believe they
have the ability to engrave in their students what they teach them. It contributes
greatly to the students’ development and provides opportunities for students to
contribute and be a part of their learning (Abell & Lederman, 2007; Sanders, 2009;
Wang, Moore, Roehrig & Park, 2011). Technology, according to many
constructionists, is essential to support the development of projects based on
student’s interests, talent, and experience. It allows them the chance to be
mathematicians, scientists, and engineers. Therefore, STEM education can take
place in school as well as out-of-school (Sanders, 2009).
STEM education is a universal approach that may be integrated in the
curriculum and may be applied to solve global urgencies. In an article written by
Kelley and Knowles (2016), STEM education is defined as, “an integrated approach
to teaching the STEM content of two or more STEM domains, bound by STEM
practices within an authentic context for the purpose of connecting these subjects
to enhance student learning” (p.3). Making STEM connections is complex and
requires that students understand how to apply the knowledge gained from STEM
subjects to real-life problems. Furthermore, STEM education allows room for
students to build on their own experiences and provides opportunities to construct
new knowledge (Kelley & Knowles, 2016).

20

2.2 A Historical Overview of STEM Education
Ever since the launch of the Sputnik in the year 1957, the United States has
been struggling to overcome a global influence due to the chronic economic
difficulties, involvement in foreign wars, and other international affairs (BruceDavis et al., 2014). Counter to the prior emphasis on national military security, the
post– Cold War lead the US to concentrate its effort toward STEM education
initiatives. This is because, according to De Witt (1961) and Sobel (1978), STEM
education has a long-term economic viability on the nation. Several studies and
reports ensured the presence of STEM education in the United States and set the
base for the establishment of statewide STEM high schools in 1988 (Cross &
Frazier, 2010; Pfeiffer, Overstreet, & Park, 2010; National Defense Education Act,
NDEA, 1958; Gardner, Larsen, Baker, Campbell, & Crosby, 1983). In order to
make sure that this innovation continues to be a priority in the 21st century,
President Bush signed the America Creating Opportunities to Meaningfully
Promote Excellence in Technology, Education, and Science (America
COMPETES) Act in the year 2007 (Bruce-Davis et al., 2014). When Obama was
selected as president in the year 2009, he also addressed the need and development
of STEM excellence in the United States. In 2010, President Obama signed the
reauthorization of the America COMPETES Act. To ensure the continuity of this
act, the President's Council of Advisors on Science and Technology (PCAST) was
developed. The role of PCAST is to identify clear goals and strategies that help
with the development of a workforce that is STEM-literate and STEM-proficient.
The two major components of PCAST are to prepare and inspire teachers, parents,
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administrators and students (Bruce-Davis et al., 2014). In the year 2010, PCAST
recommended to President Obama the creation of 1,000 new STEM schools to be
constructed and functioning in the next decade. From the 1,000 new STEM schools,
200 are to be high schools and 800 to be elementary and middle schools. On
September 2010, PCAST presented a report to the president. The report stated the
need to prepare administrators, teachers and students so they all have a strong
understanding of what STEM education is and be able to practice it. The report also
stated the need to inspire students and motivate them to learn STEM and maybe
lead them to enter STEM fields in college. Two years later (in 2012), PCAST added
a recommendation. This recommendation is to increase, over the next decade, not
only the number of schools but also, the number of college graduates with an
emphasis in STEM by one million (Bruce-Davis et al., 2014). Therefore, there is a
need to know if students who are studying in STEM schools are becoming
adequately prepared and inspired or not. If not, it is essential to discover
interventions that assist STEM schools in reaching their goals.
Nowadays, studies are focusing more on the engineering and design parts
of “STEM” education. Therefore, researchers suggested authentic science research
projects through engineering skills or practices in order to illustrate participant
interactions, implementation, and community engagement in the STEM project.
Findings of a study conducted by Burrows et al. (2018), indicated that informal
engineering-based projects serve as opportunities for participants to connect with
STEM education.
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2.3 STEM Practices
Cooperative learning, one of the various active learning techniques, has
always been used in order to involve students in their learning. An old-time
advocate of cooperative leaning is a Roman philosopher, Seneca. According to
Vogt (2013), Seneca lived during the period of 4 BC and 65 AD. Seneca believes
that “when you teach, you learn twice.” This means that students benefit both by
teaching and by being taught by their teachers or their peers. Therefore, the idea of
cooperative learning has been present for a long time.
The trend today is STEM education. In an article written by Wang, et al.
(2011), teachers’ perceptions of STEM education are strongly influenced by the
way they design their STEM based unit. These perceptions include teachers’
knowledge about the meaning of STEM education, the methods of teaching a
“STEMy” unit, and beliefs on the ways STEM can lead to the development of
students’ learning.
Interestingly, teachers who teach different subjects have differing
perceptions about STEM integration. Different teachers stress on different concepts
in their STEM units. In a study conducted by Wang, Moore, Roehrig and Park
(2011), one of the teachers thinks that problem solving is essential in STEM
integration, therefore, the unit is taught with STEM lessons that are created based
on problem solving processes. On the other hand, a different teacher believes that
the best way to integrate STEM in mathematics is by placing students in a real-life
context by posing and modeling real life situations. Therefore, the technique used
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in this unit is by asking students to solve a problem in a real-life context. Wang et
al. (2011) continue by describing engineering teachers’ views. They believe that
students benefit from STEM education through several aspects. Engineering in
STEM allows students to think more independently and work as a team. Therefore,
engineering teachers base their units on design and group work. This in return
provides students an environment that triggers a real engineering design project.
Aside from different subject teachers having differing perceptions about
STEM integration, all teachers shared the same difficulties when integrating STEM
practices. All teachers lacked digital technology resources such as computers and
other digital technology tools. Most teachers expressed a need for a well-organized
STEM curriculum that is divided by grade and subject. They believe that such a
curriculum will allow them to see how their subjects align with other STEM
disciplines and how they can integrate STEM within their own subjects. However,
all teachers agreed to the fact that STEM integration does boost a student’s
confidence level toward learning mathematics and science. Teachers in this study
agreed that STEM integration helps students to gain self-confidence and to not be
afraid of making mistakes. They also believe that STEM education drives students
to think that they are capable of accomplishing a task, something that they were not
able to accomplish before the integration of STEM. Moreover, teachers in this study
believed that STEM education increases students’ interest in learning more about
STEM disciplines. They believe that their students have fun when they apply STEM
integration in their classroom and this is what makes them show more interest
(Wang et al., 2011).
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Another teaching strategy used by teachers is questioning. Teachers use
questioning to challenge their students and to push them to think in a reflective an
analytical way (Bruce-Davis et al., 2014). According to Costa and the Association
for Supervision and Curriculum Development (2001), higher-order thinking is
triggered by questioning and teachers use questioning to challenge their students to
consider alternative perspectives, participate in discussions, think deeply about
concepts and ideas and synthesize information. According to Shaunessy (2005),
when STEM teachers want to construct questions, they refer to the higher levels of
Bloom’s Taxonomy, such as the application, analysis, synthesis, and evaluation.
Moreover, STEM teachers may question their students as a way to encourage them
to explore and develop conceptual meanings (Bruce-Davis et al., 2014).
Nonetheless, some students may find STEM education to be challenging and
therefore require support. Creating this support system will lead STEM students to
overcome these challenges and later express an interest in STEM fields (BruceDavis et al., 2014). Bruce-Davis et al. (2014) suggest ways to support students who
are struggling with STEM. They suggest mentoring and tutoring. Therefore, faculty
members, career and academic counselors, as well as peers play an important role
in supporting struggling students (Marshall, McGee, McLaren, & Veal, 2011).
Therefore, for STEM education to be successful teachers must teach
students how to inquire. Moreover, the teacher should take a step back and leave
students to learn from each other. Hence, a strong support system must be
established in STEM schools and this support team consists of teachers,
administrators, counselors as well as peers.
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2.4 Characteristics of a STEM Lesson
A STEM lesson, a science lesson and experiments are hands-on and inquirybased lessons. However, there are some substantial differences between a STEM
lesson and a science one (Jolly, 2014).
According to Jolly (2014), there are six characteristics of a great STEM
lesson: (1) STEM lessons focus on real-world issues and problems, (2) STEM
lessons are guided by the engineering design process, (3) STEM lessons immerse
students in hands-on inquiry and open-ended exploration, (4) STEM lessons
involve students in productive teamwork, (5) STEM lessons apply rigorous math
and science content your students are learning and (6) STEM lessons allow for
multiple right answers and reframe failure as a necessary part of learning.
In STEM lessons, students seek solutions to real social, economic, and
environmental problems. As for the engineering design process, it is a flexible
method that takes students from identifying a problem to creating and developing
a solution. In this process, students start by defining a problem. Then they conduct
background research, develop several ideas for solutions, create a prototype and
then test, evaluate, and redesign. This process seems to be similar to the scientific
method, however, during the engineering design process (EDP), students try their
own research-based ideas in groups. Throughout this process, students take
different approaches, make mistakes, accept and learn from them, and try again. In
this process the focus is on developing solutions. Therefore, STEM lessons allow
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for multiple right answers and failure is considered as an essential part of the
learning process (Jolly, 2014).
Jolly (2014) continues to describe STEM lessons as an open-ended path to
learning, within constraints. An example of constraints mentioned in Jolly’s study
was the lack of needed materials (Jolly,2014). During STEM lessons the students’
work is hands-on and collaborative. The decisions taken in a STEM lesson about
solutions are student-generated.
STEM lessons are purposely connected and content from math and science
courses are integrated. This leads students to view science and math as connected
rather than isolated subjects (Jolly, 2014).
In STEM lessons, students also use technology and design their own
products. Art plays a critical role in product design and should also be incorporated
into a STEM lesson. When the arts are added STEM becomes STEAM (Jolly,
2014).

2.5 Twenty-First Century Competencies
Initiatives on the teaching and assessment of the 21st century competencies
originated from a group of educational professionals- teachers, policy makers,
politicians, educational researchers and employers who strongly believe that the
current century will demand a very different set of skills and competencies in order
for them to be able to function effectively at work. Such sets of competencies
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include: communication and collaboration, creativity and innovation, problem
solving and critical thinking (Ananiadou & Claro, 2009).
2.5.1 Communication and collaboration.
Communication is a key element when it comes to seeking a job, and
collaboration is essential when you find your job. Hence, it is important to teach
students this competency. Communication and collaboration involve students
working in coordination with others to convey information or tackle problems
(Ananiadou & Claro, 2009).
2.5.2 Creativity and innovation.
In countries around the world, economies run on creativity and innovation.
Hence, there is a growing need for developing this skill in students. Creativity and
innovation are the ability of students to imagine and create new ways of addressing
problems, answering questions or expressing meaning through the application,
synthesis or regeneration of knowledge (Ananiadou & Claro, 2009).
2.5.3 Critical thinking and problem solving.
Skilled jobs are becoming more centered on solving unstructured problems
and analyzing information effectively. Hence, there is a growing need for the
development of the competency of critical thinking and problem solving in
students. Critical thinking is the ability for students to formulate and respond to a
problem by identifying, analyzing and evaluating, ideas, situations and information
(Ananiadou & Claro, 2009).
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2.6 Barriers to Successful Implementation of STEM Education
According to Ejiwale (2013), there are many internal and external barriers
to the successful implementation of STEM education. Some of the internal barriers
include: poor preparation of the STEM lesson, as well as poor content preparation,
delivery and method of assessment. Some of the external barriers include: a
shortage in the supply of qualified STEM teachers, lack of investment on the
teachers’ professional development, lack of motivation of students, lack of
connection with individual learners in a wide variety of ways, lack of support from
the school system, lack of research collaboration across STEM fields, poor
condition of laboratory facilities and instructional media as well as lack of handson training for students.
For societies to be able to adopt STEM educational approaches, they must
avoid the risk of intensifying the negative aspect of their societal problems and
STEM educators must adopt the new role of a facilitator in the classroom (Ejiwale,
2013).

2.7 Framework: A Conceptual Framework for STEM Education
Developing a conceptual framework for STEM education entails students
and teachers to acquire a deep understanding of the complexities surrounding how
people learn STEM content (Kelly & Knowles, 2016). To facilitate the learning of
the content, an integrated approach seeks to locate connections and provide a
relevant context. Kelly and Knowles (2016), explained that this framework
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connects situated learning, engineering design, scientific inquiry, technological
literacy and mathematical thinking together as an integrated system and that each
pulley in the system connects common practices within the four STEM disciplines
(Science, Technology, Engendering and Mathematics) with a rope (community of
practices) to lift situated STEM learning. This system must work in accord to assure
the reliability of the entire system. This does not however, mean that all four
domains must occur during every STEM learning experience; but it does mean that
STEM educators must have a strong understanding of the relationship that can be
recognized across the domains by engaging a community of practice. Figure 1,
shows a proposed framework with six components: situated STEM learning,
engineering design, mathematical thinking, scientific inquiry, technological
literacy and community of practice.

Figure 1- A proposed Framework
Kelly & Knowles (2016)
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2.7.1 Situated STEM learning.
Usually, when learning is grounded within a situated context, it is authentic
and relevant. Therefore, STEM facilitates situated learning. However, there is some
STEM content that cannot be situated in authentic contexts, therefore the
comparison of situated learning to a load to lift is likely to present a limited
perspective of this educational model.
2.7.2 Engineering design.
Engineers create technologies to help solve big and small problems. A more
diverse team of engineers brings a better solution to a problem (Parry, 2015).
According to Parry (2015), literacy in engineering design includes developing an
understanding of engineering as collaborative, innovative and systematic in both
thinking and processing.
In order for students to develop a broad knowledge of engineering, they
must first understand that engineering plays a critical role in society. Engineering,
for example, generates technological solutions that are aimed at providing value to
society (Parry, 2015).
Therefore, engineering design provides an opportunity to build connections
among the STEM disciplines. Engineering is, therefore, identified as the key to
subject integration. This design permits students to construct new knowledge
through design analysis and investigation.
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2.7.3 Scientific inquiry.
Scientific inquiry prepares students to think and act like real scientists.
Scientific inquiry encourages students to ask questions, hypothesize and conduct
investigations using science practices and what is known as the scientific method.
Students can become independent learners when they are provided with the
opportunity and skills needed to construct their own questions that are related to
the science content they are investigating.
2.7.4 Technological literacy
There is a difference between engineering and technology. For students to
engineer and design an outcome, they require the skills of using developing and
producing technology. Technologists deal with developing a new product in order
to satisfy human needs, social, economic, environmental or cultural aspects.
Students should see technology as a vehicle for change with both positive and
negative impacts on culture, politics, society, environment and the economy
(Farnsworth, Kleanthous & Wenger-Trayner, 2016).
2.7.5 Mathematical thinking
Contextual teaching can give meaning to mathematics and help students
better understand how to complete a mathematical task and why they need to learn
mathematics. Making use of STEM practices that contain mathematical analysis
which are necessary for evaluating design solutions, allows students to understand
the rationale behind learning mathematics and build connections between what is
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learned in school and what is required in STEM career skills (Farnsworth,
Kleanthous & Wenger-Trayner, 2016).
2.7.6 The rope: Community of practice
In a community of practice, students can learn from observing, asking
questions and actually participating with others who have more or different
experiences. Community of practice may provide opportunities to involve local
community experts, such as practicing scientists, engineers, and technologists, as
STEM partners who can center the learning around real-life STEM contexts
regardless of the pedagogical approach. Educators must keep in mind that when
they are engaging students into a community of practice, the learning outcomes
must be present in common shared practices (Farnsworth, Kleanthous & WengerTrayner, 2016).

2.8 Conclusion
In conclusion, STEM education is a complex endeavor that fluctuates
widely in execution and impact. Moreover, STEM education, as reported in the
literature, is effective and implementing this approach will help prepare students of
today to be a skilled workforce. STEM education is very useful, and some teachers
have managed to successfully incorporate it into their teaching practices (Dwyer,
Ringstaff & Sandholtz, 1990). Therefore, if we encourage teachers to integrate
STEM, student learning will increase and students will acquire several skills that
will help them to build their future careers.
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Chapter 3
Methodology
This section presents the types of methods used in the research. It also
describes the context in which it took place, the procedure and the instruments used
to collect data.
The present research is a case study that employed participatory data
collection methods with a grade-3 teacher and students in order to achieve its
purpose. The purpose of the study is to develop and pilot a STEM-based unit for
the third grade of a school adopting the PYP curriculum in Beirut, Lebanon. It also
examines the ways this unit impacts students’ conceptual understanding of the
involved math and science themes, engagement, and critical thinking and problemsolving competences. In addition, the study aims to investigate some challenges or
barriers that might be faced by a third-grade elementary teacher and students during
the implementation of a STEM-based instructional unit.

3.1 Participants
The study took place in a Lebanese, International private school in Beirut
that adopts an American-type education and the International Baccalaureate
program. The participants were addressed and asked to take part of this study after
receiving the consent of the school to conduct the study and the consent of the
parents to have their children be part of this study. The participants were the
34

students and teachers of the three sections of grade 3. One of the teachers was the
researcher and author of this paper. Each section included twenty-seven students,
and they were 8 to 9 years of age. The teachers piloted the STEM-based unit., and
each were assisted by a co-teacher, who was trained to be a non-participant observer
and assisted the researcher in collecting data throughout the study. Out of the
twenty-seven third-grade students in each section, twelve were girls and fifteen
were boys. The twenty-seven students were taught using the STEM-based
approach. This is a convenience sample, chosen based on accessibility.
The co-teacher, who was also the observer, observed all three grade-3
sections who followed the same unit plan without interfering or contacting the
students. Moreover, the other two teachers -excluding myself- were interviewed at
the end of the unit in order to record the challenges that they faced while
implementing the unit and the challenges that they noticed their students faced.

3.2 Procedures
This study examined the effectiveness of a STEM-based unit in a thirdgrade classroom. A STEM-based unit was developed and implemented in a thirdgrade classroom. Appendix A shows a detailed unit plan with 42 lessons and what
activities were held in each session. Appendix B was used in the lessons when
students were conducting experiments. Appendix C was used when students were
conducting a STEM challenge. The implementation of the piloted STEM-based
unit was over a time interval of six weeks. Each week seven sessions of forty
minutes were allotted for this unit.
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During the unit implementation, students were observed in order to assess
their engagement (Appendix D). They were tested throughout the unit to assess the
development of their critical thinking and problem-solving competences for this
unit of inquiry (UOI). Appendix E has a description of the performance task and
has a checklist to which students referred to before presenting their task. Appendix
F has a description of the requirements of the summative assessment, as well as a
checklist that students used to make sure that they covered what they were assessed
on. Appendix G is the rubric that the teacher used during the summative assessment.
The teacher who is also the researcher frequently recorded anecdotal notes, and
reflected on them at the end of each day in a journal to keep a record of the barriers
and challenges faced. In order for students to record their own challenges, a Google
form was sent at the end of each period (Appendix H). The teacher who is also the
researcher provided students with time to reflect on each session in order to provide
feedback on the challenges that they faced throughout the session, the way they
worked in groups/pairs or individually, and the work they have completed. The
teacher provided the students with an exit ticket at the end of each day. The purpose
of the exit ticket was for the researcher to keep track of the students’ reasoning
processes, which reflect their ability to think critically. The students had two
formative assessments that addressed their conceptual understanding and their
ability to think critically and solve problems.
Control measures were taken throughout the study to maximize the quality
and validity of data collected, and to refine to the maximum the intellectual
credibility of the analysis, such as having a co-teacher trained to be a non36

participant observer, and interviewing two teachers other than the researcher, who
is also a teacher (Appendix I). Moreover, data collected through different
procedures were crossed out to form a more complete picture.
3.2.1 Procedures in chronological order.
3.2.1.1 Development of the STEM-based unit
Based on the literature about STEM education approaches, a STEM-based
unit was developed that was pedagogically appropriate for third graders and aligned
with the PYP curriculum for the third elementary grade. The purpose of this STEMbased unit was to target the learning and thinking capacities developed by the
students. The unit was mainly based on authentic learning situations. It integrated
math and science subjects, used technology, fostered collaboration among students,
and included construction and arts. A detailed unit plan with all the activities and
lesson plans is found in Appendix A.
The unit design was based on the literature found. First, because this unit
was taught in a school abiding by the PYP curriculum, the goal of this unit was for
students to be able to understand thoroughly the central idea by the end of the sixweek period. Also, inquiry is a major component of the PYP philosophy. Therefore,
when creating the lessons and activities, an inquiry approach was followed. This
unit also incorporated aspects of the integrated STEM approach, since not only was
this a hands-on unit, but it also integrated Language Arts, Math, Science, Art,
explorations and inquiry.
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3.2.1.2 Implementation of the STEM-based unit
Seven sessions were held each week, over a period of six weeks. Activities
throughout this unit ranged from teacher modeling to individual hands-on activities
to group work. Prior to the unit, the teacher began with a tuning-in activity in which
she derived from it the prior knowledge that the students possess about the unit.
Three weeks into the unit a formative assessment was given. A summative
assessment project was provided three weeks before the end of the unit. Students
had three weeks to complete their summative assessment project and present it to
their classmates.
3.2.1.3 Class observation
In this study a non-participant observer, who was the co-teacher, observed
the implementation of the STEM-based unit in three third-grade classrooms without
being in contact with the students. The third-grade students were observed in their
classroom learning environment. An observation checklist was created to observe
students’ engagement. This checklist was developed on the basis of criteria and
indicators delineated in the literature. Each class or section was observed four times
a week, over a six-week period, for engagement. Each observation was forty
minutes long. The observer was trained by the researcher, who is also a teacher, to
assess accurately what was observed.
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3.2.1.4 Exit Tickets and Assessments (Formative/Summative)
Formative and summative assessments were used in order to collect data on
the students’ learning, critical thinking and problem-solving competencies. Exit
tickets were provided daily, via Google forms, to check for learning and
understanding (Appendix H). A formative assessment was given after three weeks.
Students used Appendix E, the task and the checklist, in order to complete their
formative assessment. As for the summative assessment project (Appendix F),
students were asked to build a device that uses forces to create controlled movement
and they were asked to use a checklist in order to make sure that they have included
what was required. The teacher used a rubric to assess the students’ performance
on their summative assessment (Appendix G). The summative assessment was
administered three weeks before the end of the unit, after completing the learning
activities.
3.2.1.5 Teacher Journal
The teacher, who is the researcher and author of the paper at hand, kept a
daily journal. An entry was written after every session. The purpose of these entries
was to probe information about the challenges faced. The teacher also included a
reflection about the successes and failures of the activities used. Each entry
included the date and the title of the session and two paragraphs: one discussing the
challenges faced and the other reflecting on the activities performed and the
difficulties faced by the students. The teacher also took anecdotal notes throughout
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the session in order to monitor the progress of students and to amend her lessons to
fit the needs of the students.
3.2.1.6 Interview
The researcher who was also the teacher of one grade-3 section, interviewed
two others grade-3 teachers who also implemented the STEM-based unit. The
interview did not take more than 30 minutes. The interview was semi-structured,
since the interviewer had a list of open-ended questions that needed to be answered
and discussed during the conversation (Appendix I). Moreover, the interviewer
redirected the interviewee when they diverted from the question or topic and the
interviewer felt the need to intervene. The interviewer sought the approval of the
interviewee to record the interview and took notes on a journal.

3.3 Instruments
The researcher collected data from an observation on student engagement
using a checklist. The researcher also collected data from a formative and a
summative assessment. She also kept a journal where she recorded her observation
notes and barriers and challenges encountered during the sessions. Students also
provided the researcher with a reflection as a feedback to the challenges faced while
implementing the unit and activities and to meta-analyze the development of their
conceptual understanding, critical thinking and problem-solving abilities.
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3.3.1 Observation checklists
The purpose of the checklist was to study the students’ engagement in a
STEM-based classroom. The trained co-teacher used a checklist. As the co-teacher
was observing students, she was walking through the classroom and looking for the
criteria in the checklist. The co-teacher placed a number to indicate the students
who participated during that session. An additional column was presented for
additional narrative comments on major happenings and about the way students
work together to solve problems. This took place every 10 minutes until the session
was over.
The observation checklist collected data on the engagement of students
throughout the STEM lesson (Appendix D). The observer looked to see how
students were engaged and checked for their degree of attention (eye contact),
interest, curiosity (questioning), passion, and optimism. The observer used this
checklist four times a week and observed the full 40-minute session.
3.3.2 STEM-based unit
The STEM-based unit was implemented over six weeks. The characteristics
of a STEM-based unit were adapted from the literature and included: focusing on
authentic real-life problems, guiding students through the engineering design
process, involving the students in hands-on inquiry and open-ended exploration,
encouraging students to work cooperatively with others, applying concepts of math
and science, asking students open-ended questions and allowing for multiple right
answers, and using failure or mistakes as an essential part of learning (Jolly, 2014).
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The goal of the unit was for students to inquire into the natural world and
its laws. Students learned about the different uses of force, the changes caused by
the use of force and how understanding force helps us understand our world through
a series of activities. Throughout the unit the students were asked to work
collaboratively in pairs or groups to solve a problem. The students worked together
to brainstorm solutions, make plans, test their ideas and improve their designs after
testing them.
In this Unit of Inquiry (UOI), as presented in Table 1, the students explored
the transdisciplinary theme of HTWW where the focus was on the central idea of
how the uses of different forces cause changes in the environment. Students
explored situations that were related to Science and Math. A STEM-based approach
was central to this unit because students explored problems, designed solutions,
tested them and improved them. Table 1 presents a general Unit Plan with general
lessons, engagements, activities and assessments.
Table 1: An inquiry into: The natural world and its laws
A detailed plan of the unit, with all its lessons, activities, assessment tools will be
provided in Appendix A.

Week 1
Tuning in

Through hands on experiments/provocations, students
discover the two basic types of forces that cause movement:
Contact forces that involve direct (push/pull) and noncontact forces that include magnetic and gravitational forces
that involve forces acting at a distance. Pre-assessment: to
evaluate students’ prior knowledge, misconceptions, etc.…
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Week 2
Finding out
sorting out

Week 3
Finding out
sorting out

Students’ questions and analysis of the results of the preassessment; continue with hands on activities to discover
how forces cause objects to move, speed up, slow down,
change direction, or stop.

Continue with hands on activities to distinguish between
different kinds of forces:
A. Non-contact:
1.
Gravity.
2.
Electrostatic
3.
Magnetic
B. Some contact forces:
1.
Muscular
2.
Friction

Week 4

Through hands-on explorations, students transfer their
understanding to identify ways in which forces are used in
Going Further/ their daily lives:
Making
Magnetism-fridge magnets
Connections
Gravity-falling ball
Friction-bicycle brakes
Week 5
Going Further

Week 6
Summative
Assessment

Continue with explorations to reflect on how understanding
force helps us in understanding our world. Sample
investigations of the costs and benefits of:
1.
Seat belts
2.
Knee/elbow pads
3.
Helmets
4.
Dance/basketball shoes
Students design and build devices, in groups, that use force
to create controlled movement: airplane propelled by hand
/sling shot, boat holds paper clips and moves through water
using magnets, a crane that lifts a load…
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3.3.3 Semi-structured Interview Questions
The researcher, who was also the interviewer, asked two other third-grade
teachers five questions within 30 minutes. The questions were open-ended which
means that the interviewee diverted off topic and the interviewer had to guide them
back to the main idea of these questions, which is about the challenges faced by
then and their students during the implementation of the STEM-based unit
(Appendix I).
3.3.4 Data Analysis
In a qualitative study like this, the researcher collected a massive amount of
data. The data gathered were collected from an observation checklist about the
students’ engagement. The researcher also collected data from her journal, the exit
tickets provided for students, as well as the formative and summative assessments.
Data analysis is important because it brings order, structure and meaning to the data
collected (Marshall & Rossman, 1989). To analyze the data gathered, the researcher
interpreted the scores obtained from assessments and mapped them with the
concepts required in order to show conceptual understanding, critical thinking and
problem-solving. Then they were matched with the research questions. Hence the
tests were scored in a way to account for each of the aspects of critical thinking,
problem-solving and conceptual understanding, as shown in Table 2. Table 2 below
shows how each instrument is mapped with its corresponding research question.
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3.3.5 Observation checklists
The researcher collected weekly observations and analyzed students’
actions from the three third-grade sections. Once the observations were completed
the researcher analyzed the data to identify if the students who attended a STEMbased unit were engaged. The data gathered from the observation checklist were
analyzed qualitatively and quantitatively. Each aspect, attention, interest, curiosity,
passion and optimism, were associated with the number of students showing that
aspect. The researcher searched for patterns in the way students engage, and
compared the data of different observations.
3.3.6 Exit Tickets and Assessments (Formative/Summative)
The researcher collected exit tickets, formative assessments and summative
assessments. The researcher analyzed the scores by question and by ability. The
objective if this unit was for students to be able to identify the different uses of
forces (pushes, pulls, gravity and friction). Students conducted experiments, asked
questions and inquired into their area of interest. Students also related the changes
caused by the use of these forces, and related forces to the ways the world works
(Appendix E, F and G). Data was collected from these assessments and analyzed
qualitatively. The researcher checked for patterns in the way students answered the
assessments to show conceptual understanding and problem-solving abilities.
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3.3.7 Teacher’s Journal
The journals were reviewed and analyzed to identify the challenges faced
by the teacher during the implementation of the STEM-based unit. These
reflections were compared with the literature found. Data from these journal entries
were categorized into themes and coded to be analyzed qualitatively. The
researcher checked for patterns in the challenges faced by the teacher during the
implementation of this STEM-based unit.
3.3.8 Semi-Structured Interviews
The researcher collected the data from the notes taken during the
interviews with two teachers and looked for a pattern between the two interviews.
Then the researcher listened closely to the recordings and added any information
that was missed. The recordings will be destroyed at the end of the study to ensure
the anonymity of the participants.
Table 2: Instruments used mapped with the research questions

Observation
Exit
checklist
Tickets/Form
ative/Summat
ive
Assessments

RQ1. How does a PYP unit
developed and taught with a
STEM approach impact the
grade-3 students’ conceptual

X
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Journal
Entries

Interviews

understanding of math and
science?
RQ2. How does a PYP unit
developed and taught with a
STEM approach impact the
students’ engagement?

X

RQ3. How does a PYP unit
developed and taught with a
STEM approach impact the
students’ critical thinking and
problem-solving competences?
RQ4. What are some challenges
or barriers that might be faced
by a third-grade PYP
elementary teacher and students
during the implementation of a
STEM based instructional unit?

X

X

X

X

3.4 Credibility and Trustworthiness
In order to ensure the credibility and trustworthiness of the results that were
obtained, the researcher collected data with the use of multiple sources in order to
confirm the emerging findings and form a more global picture of the situation. The
researcher observed students’ engagement and communication skills, assessed
students’ abilities to think critically and solve problems, and collected journal
entries from a teacher, who is also the researcher, to check for the challenges faced
throughout the implementation of this STEM-based unit. The researcher also
collected information from two other grade-3 sections and matched the information
gathered from these sections with the information found in the researcher’s class.
The researcher also interviewed the two other teachers to ensure that the challenges
faced by the researcher were also faced by the other two teachers. Furthermore, the
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X

researcher included a section about the researcher’s biases in order to allow the
reader to better understand how the data might have been interpreted and the way
in which they were collected and analyzed.

3.5 Research Bias and Assumptions
The researcher and class teacher, who has been studying STEM education
for the past three years and is strongly convinced by this approach, and may have
been biased, especially when describing the school’s situation and students’
engagement toward the use of STEM approaches. Therefore, what was written
might have been influenced by emotions. However, to avoid biases and to ensure
credibility and trustworthiness several strategies have been described.

3.6 Ethics
To ensure the quality and integrity of this research, an informed consent
form was provided to the participants and their parents. Furthermore, to respect the
confidentiality and anonymity of the results gathered from the participants, all data
was collected using codes instead of names. The researcher maintained a high level
of objectivity in discussions and analyses throughout the research. All research
protocols and instrumentation were reviewed and approved by the university’s
Institutional Review Board (IRB) to guarantee the ethical aspects of the study.
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Chapter 4
Findings
The purpose of this study was to develop and pilot a STEM-based unit for
the third grade of a school adopting the PYP curriculum in Beirut, Lebanon, and
to examine some challenges or barriers that might be faced by a third-grade
elementary teacher and students during the implementation of a STEM-based
instructional unit. To achieve the purpose, the study was a case-study that
employed participatory data collection methods with grade-3 teachers and
students. The data collected was from the observations, semi-structured
interviews, assessments, exit ticket and teacher journal. This chapter presents the
data analysis method used in each instrument, the results and findings obtained
from the analysis of data from the instruments.

4.1 Analysis of Class Observations
This section presents an analysis of class observations. According to
Bryant (2015), conducting an observation to collect data will help the researcher
better understand and capture the context within which people interact, rather than
guess what the context is like. Observations also help the researcher see things
that routinely escape awareness of the participant using a different method. It also
provides the researcher with a chance to learn things that people may be unwilling
to discuss in an interview (Bryant, 2015). When analyzing an observation
qualitatively the researcher first closely examined the observations, then focused
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on the connections between the observations and the explicit indicators that the
observations addressed. The researcher made sure to support all the claims with
specific examples from the observations.
A checklist was used to assess the students’ engagement in a STEM-based
classroom (Appendix D). The co-teacher who was also the observer, placed in
each cell of the checklist, a number to indicate the number of students who
participated during that session in regards to the indicator listed on the heading of
the row. An additional column was present for additional narrative comments and
major happenings. Observation took place every 10 minutes until the session was
over. The observer checked for the students’ degree of attention (eye contact),
interest, curiosity (questioning), passion, optimism and placed a number to
represent the number of students who showed the criterion.
4.1.1

Data analysis method

To develop the observation rubric, the criteria were obtained from the
literature. These criteria have been classified under “indicators of engagement”.
The criteria are: interest, attention, curiosity, passion and optimism (The Glossary
of Education Reform, 2016). The indicators that match these criteria are found in
(Table 3). Observation has been made based on those indicators, which provide
data leading to measuring the criteria. The two indicators of the same criterion
were averaged together, such as the indicators of curiosity and attention (Table 5).
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Table 3: Observation Criteria and Indicators
Criteria
Interest

Indicators
Students were behaviorally engaged (on-task, following
directions, responding to teachers’ questions)

Attention

The time in class is spent productively on meaningful tasks
(listen to teacher and to each other)

Curiosity

Students question and inquire into a new concept

Curiosity

Students appear cognitively engaged (ask questions related
to content)

Attention

Students appear cognitively engaged (answer questions)

Passion

Students appear cognitively engaged (follow-up on each
other’s responses, clear evidence of students working and
thinking hard on a problem)

Optimism

Students show perseverance when solving Math and Science
problems

Excel was used to develop an observation table. One excel book was
developed for each section of grade 3 (3A, 3B and 3C). Each excel book included
42 sheets, one for each session. The columns in each sheet represented the time
frame of 10minutes and the rows represented the indicators of engagement (Table
4). The observer filled in the cells every ten minutes, observing each indicator and
writing down the number of students who were demonstrating each indicator at
each time interval.
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Table 4: Session 1 - Student Engagement Observation (3B)

The researcher then averaged the numbers of students who performed each
indicator in each session out of the total number of students who attended the
session (Table 5). Since the numbers represent students, the average that had
decimals was always rounded up. The researcher then constructed three other
tables, one for each section (3A, 3B and 3C). The first column in the table
included the number of sessions. The second, fourth, sixth, eighth and tenth
columns in the table included a fraction that represented the number of students
present and who performed the mentioned indicator out of the total number of
students. The third, fifth, seventh, ninth and eleventh columns mentioned the
percentage of students demonstrating each indicator. Finally, the researcher found
the average level of engagement for all the three sections (Table 6).
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Table 5: Student Engagement Observation (3A) - Sample

Table 6: Student Engagement Observation (3A) – Sample of total average of
engagement

4.1.2 Findings from observations
On average, throughout the 42 session, 87% of the students in 3A paid
attention, 87% were interested in the unit, 86% showed curiosity, 83% showed
passion and 89% showed optimism. In 3B, 90% of the students paid attention,
91% were interested in the unit, 89% showed curiosity, 86% showed passion and
90% showed optimism. In 3C, 87% of the students paid attention, 87% were
interested in the unit, 86% showed curiosity, 84% showed passion and 87%
showed optimism. Hence, when you average the level of engagement for these
three sections in this STEM-based unit you will get 88% (Table 7).
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Table 7: Average Engagement in 42 Sessions
Indicator
Paid attention
Showed interest in the
unit
Showed curiosity
Showed passion
Showed optimism
Average (in %)
Total Average (in %)

3A (in %)
87
87
86
83
89
87

3B (in %)
90
91
89
86
90
90
88

3C (in %)
87
87
86
84
87
87

4.1.3 Discussion of results
In Table 7, the percentages show that 3B students seem to be more
engaged that 3A and 3C students and this is due to the fact that the 3B teacher has
a background in STEM education. Thus, providing teachers with professional
development sessions in STEM education will help increase the engagement of
students. Moreover, all three sections students seemed to be less engaged when
the sessions were teacher centered. Table 8 shows the sessions, each session in a
row, where students’ engagement was high and low in 3A. The red colored cells
indicate that the engagement was 90% and higher, below 90% was colored light
yellow. The sessions toward the beginning were mostly guided by the teacher,
whereas the sessions toward the end of the unit were more student-guided. Thus,
students are more engaged when they have hands-on minds-on activities and
when they have more ownership.
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Table 8: Student Engagement in 3A

4.2 Analysis of Exit Tickets
This section presents the analysis of the exit tickets. There were 42 exit
tickets by each student, one for each session. Each exit ticket included what each
student wrote about what they learned, what questions they had, what challenges
they faced and how they could improve. The connection between the questions
answered by students and the research questions are mapped in the Table 9.
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Table 9: Exit ticket questions connected to the research questions
Questions

Research Questions

What did you learn today?

Conceptual Understanding (R1)

What questions do you have?

Conceptual Understanding (R1)

What are the challenges that you faced?

Challenges faced by students (R4)

How can you improve?

Critical thinking (R3)

4.2.1 Data analysis method
Every question was mapped with all the answers by the students and
placed in tables (Appendices X1-X4). Then the researcher checked for the
patterns and grouped them based on categories. Each category was highlighted
using a different color (Table 10). Then the results of each category were
analyzed.

Table 10: Categories highlighted and their color code
Categories

Highlighted color

Misconceptions

Red

Integration

Yellow

Math Concept 2: Angles

Green

Group Work

Purple

Concept 1: Contact forces that involve direct (push/pull)
and Concept 2: Non- contact forces that include magnetic
and gravitational forces that involve forces acting at a
distance

Blue

Concept 3: How forces cause objects to move, speed up,
slow down, change direction, stop, or deform

Orange
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Concept 4: Forces used in our daily lives

Pink

Critical thinking skills 1: making inferences using
inductive or deductive reasoning

Light red berry

Critical thinking skills 2: judging or evaluating

Light orange

Critical thinking skills 3: making decisions

Light green

Critical thinking skills 4: asking and answering questions
for clarification

Light cyan

Critical thinking skills 5: interpreting and explaining

Light purple

Critical thinking skills 6: reasoning

Light yellow

Challenge 1 - Time restrains

Dark berry red

Challenge 2 - Content and resources (books, information,
materials…)

Dark cyan green

Challenge 3- Technology skills

Dark blue

Challenge 4- Engineering a model

Dark Magenta

Challenge 5-Communication skills

Dark Orange

4.2.2 Findings from the exit tickets
4.2.2.1 Concepts learned
What are contact and non-contact forces
When students were asked about what they learned, 75 out of 81 students
demonstrated a conceptual understanding of what are contact and non-contact
forces (Table 11). They named a force and mentioned whether it was a contact or
non-contact force. The remaining six students did not use the scientific
terminology but did demonstrate an understanding of a contact and non-contact
force. Fifteen out of the 81 students had misconceptions when it came to
discussing gravity. Student 1, in 3A, stated that, “In space there is no gravity
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because gravity is on earth. An example is, “if you are in a rocket ship and you
pour water it will float because its without gravity.” The teacher used this
example the next day to explain to the students that gravity is found everywhere,
however in some places, gravity might be stronger than in other places and this is
why water, and people float when they are in a rocket.
When asked what question do you have, all 81 students asked questions
that demonstrate their understanding of a contact and non-contact force. Student
3, in 3B, for example asked, “What forces help the hot air balloon move?” This
question shows that the student understood that there are several forces that may
act on an object. Student 25, in 3B asked, “Why is electrostatic a non-contact
force if you need to rub the object to charge it?” This question shows that the
student understood that a non-contact force acts at a distance but it also shows that
this student has a misconception of what the force is. Meaning, when you rub an
object to give it a charge there is a force acting on the object when you are
rubbing it, but when the object is already charged, there is another force acting,
which is pulling the object closer without any contact, this force is electrostatic.
How forces cause objects to move in different ways
When asked about what they learned, 69 out of 81 students demonstrated a
conceptual understanding of how forces cause objects to move in different ways
(Table 11). Fifty-four out of 81 students mentioned that objects speed-up;
however, out of the 54 students only 24, used the scientific term “speed up”. Also,
54 out of 81 students mentioned how objects slow down. From the 81 students, 54
mentioned how force causes objects to change direction. Out of the 81 students,
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48 students explained how force causes objects to stop moving. None of the
students mentioned how force can deform an object. 3 out of the 81 students had a
misconception and said that “if you push a pencil case very hard on the table it
will go fast, but if you push it with no force.” The teachers had to explain if you
push using a strong force or a weak force it is still a force.
When asked about questions they have, 78 out of 81 students asked
questions that demonstrated the conceptual understanding of how forces cause
objects to move in different ways. Student 19, from 3A, asked, “When you are
riding a bike, is your body also moving at the same speed? What might happen
when you stop instantly?” This shows that student 19 has an understanding that a
force applied on an object can make the object move faster, move slower or stop.
None of the students asked questions about objects being deformed due to an
applied force.
How forces are used in our daily lives
When asked about what they learned, 72 out of 81 students demonstrated
conceptual understanding of how forces are used in our daily lives (Table 11).
Fifty-seven out of 81 students mentioned the connection between staying safe and
forces. According to student 25, from 3B, “safety gears include: Elbow Pads,
Helmet, Basketball Shoes and Dance Shoes.” Student 25 continued and explained
the link between safety gears and forces saying, “Dance Shoes are safety gears
because when we want to dance ballet it is safer if the shoes have low friction
because if they have high friction, they might break your leg.” Students also
mentioned that when you are in a car and the car is in motion you have many
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forces acting on it. They linked the forces to safety and said when you are in a car,
you are moving at the same speed of the car, and therefore when you hit the
brakes you need an opposite force so you lean forward. Hence, it is important to
wear a seatbelt in the car. According to student 27, from 3B, “seat belts and car
seats keep you safe when a car stops because you are moving at the same speed of
the car.” Student 27 continued to explain that “to stay safe in a car, babies need to
be in a car seat and you should always wear your seatbelt.” Twelve out of 81
students mentioned that a long time ago people applied force when using a
catapult to catapult an object. Three out of the 81 students said that forces are
everywhere but did not provide an example. Nine students from the 81 did not
mention anything about how forces are used in our daily lives. When asked what
questions do you have, 36 out of 90 students asked questions that demonstrated a
conceptual understanding of how forces are used in our daily lives. Student 24,
from 3A, asked, “Why is it not allowed to wear cleats to the gym?” This shows
there is a force being applied when you wear cleats on a gym floor. Here student
24 is creating a connection between what he learned about forces and real life.
Another student asked, “What force happens to the seat belt when an accident
happens that keeps your body from going forward?” This shows that he
demonstrated an understanding that forces are related to real life, in this case it
was the importance of a seatbelt when an accident happens.
Angles and forces
When asked about what they learned, 18 out of 81 students were able to
draw a connection between angles and forces (Table 11). All 18 students stated
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that if you are building a catapult, you need to make sure that it is at an angle less
than 90 degrees. They also added that the best angle is a 45-degree angle. When
asked what questions do you have, 15 out of 81 students asked questions that
demonstrated a connection between angles and forces. Students made this
connection when constructing a catapult. They first understood that a catapult was
used a long time ago in order to catapult objects and protect their land. Student
15, from 3B, asked, “How did people know that 45-degree angles is the best
angle?” This shows that student 15 understands the connection between forces
and angles and requires further inquiry as to why is it that at a 45-degree angle
objects catapult the farthest. Table 11 below shows a summary of the number of
students who were able to demonstrate an understanding of the concepts
learned.
Table 11: Concepts learned by the students in grade-3
The concept learned
What are contact and non-contact
forces
How forces cause objects to move in
different ways
How forces are used in our daily lives
Angles and forces

Number of students (out of 81)
75
69
72
18

Integration between different disciplines
When asked about what they learned, 66 out of 81 students mentioned the
integration between different disciplines. Twelve out of 81 students mentioned
that they “learned that Math and science can be taught together”. Fifty-one out of
81 students mentioned that they used engineering and design, especially when
they were constructing a catapult and when they worked on their final project.
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When asked what questions do you have, 78 out of 81 students asked questions
that demonstrated a conceptual understanding of how forces are used in our daily
lives. Student 8, from 3A, for example asked, “What are the real materials that
you need to build a real catapult?” Building a catapult involves the integration of
several disciplines such as Math, Science and engineering and design. Student
17, from 3A asked, “How can you measure the force applied by the catapult?”
This also involved the integration of Science and Math.
Group work skills
When asked about what they learned, 81 out of 81 students mentioned that
they developed some group work skills. Twenty-seven out of the 81 students
mentioned that when they were working in groups they cooperated well. Twentyone out of the 81 students mentioned that working in groups helped them listen to
their team members and share their information. Eighteen out of the 81 students
mentioned that working in groups allowed them to take turns. Twenty-seven out
of the 81 students mentioned that being patient is essential when working in
groups. Six out of the 81 students mentioned that working in groups helped them
stay on task. Fifteen out of the 81 students mentioned that it is important that
when working in groups you need to respect your friend’s ideas. Twelve out of
the 81 students mentioned that working in groups helped them with being
organized and ready to present. Twenty-one out of the 81 students wrote that
working in groups taught them time management. According to student 26, from
3C, “I learned that to be productive we should not waste time.” When asked what
questions do you have, student 7 from 3B asked, “What should I do if someone
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from my group does not take turns with me? How do I handle it?” These
questions show that student 7 is aware of the problem and needs assistance with
group work skills, specifically with group communication. Table 12 below
summarizes the results that show the number of students that were able to attain
certain group skills.
Table 12: Group skills gained by students in grade-3 based on Exit Tickets
Group Skill
Cooperation
Listen attentively to others
Take Turns
Patience
Stay focused
Respecting other’s ideas
Organization
Time management

Number of students (out of 81)
27
21
18
27
6
15
12
21

4.2.2.2 Challenges faced by students based on Exit Tickets
The challenges faced by the students include time restraints, content and
resources (books, information, materials…), technology skills, engineering a
model and communication skills. 33 out of the 81 students mentioned time
restraints. When asked what were the challenges you faced, student 2, from 3C,
said, “we did not have enough time to finish everything we had to do.” Due to
time restraints, student 5, from 3B, wrote that when teaching grade 1 students how
to make a catapult, session 42, “giving grade 1 students time to figure it out
without our help was challenging.” 81 out of 81 students wrote about content and
resources (books, information, materials…). When asked what the challenges they
faced were, student 1, from 3C, mentioned that, “The challenge I faced is finding
the information during my research.” This shows that one of the challenges faced
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was finding information that is age appropriate and relevant to the subject.
Eighteen out of the 81 students mentioned that one of the challenges faced was
technology skills. Student 10, from 3B, mentioned computer skills and wrote, “It
was hard to fit all the information about how to make a catapult on one page.” All
of the mentioned technology skills were related to computer skills. Seventy-five
out of 81 students mentioned that one of the challenges faced was engineering a
model. When constructing a catapult, student 5, from 3A wrote that, “I faced
many challenges like knowing how many sticks I need”.
Seventy-five out of the 81 students mentioned communication skills as a
challenge faced. Forty-five out of the 81 students mentioned that they faced
challenges communicating the information they gathered with grade 1 students.
Thirty-six out of the 81 students mentioned that they faced challenges
communicating during group work. Table 13 shows the challenges faced by all
the students in all three sections of grade-3.
Table 13: Challenges faced by all students
Challenges Faced
Time Restraints
Content and Resources (Books, Information,
Materials…),
Technology Skills,
Engineering a Model
Communication Skills

Number of Students (out of
81)
33
81
18
75
75

4.2.2.3 Critical thinking skills demonstrated by students
When asked how they can improve, all 81 students demonstrated critical
thinking skills. The critical thinking skills that the students demonstrated are,
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making inferences using inductive or deductive reasoning, judging or evaluating,
making decisions, asking and answering questions for clarification, interpreting
and explaining, reasoning. 81 out of 81 students were able to make inferences. All
81 students mentioned that, by listening, paying attention and focusing they will
be able to improve their understanding of forces. Hence, demonstrating their
abilities to make inferences about ways to improve in this unit. Sixty-six out of 81
students demonstrated their ability to judge or evaluate. This was evident when
student 16, from 3B, for example, stated that to improve, she needs to work with
her team and distribute the tasks evenly. This shows that student 16 was able to
evaluate the way she worked with her team and based on that suggest ways to
improve. All 81 students demonstrated the ability to make decisions. This was
evident when all 81 students took a decision to learn more about forces by
researching and reading more about it. Seventy-five out of 81 students were able
to identify that to improve they need to ask and answer questions for clarification.
Eighteen out of 81 students were able to interpret and explain. Student 6, from 3B
for example, stated that, “I can improve by building it more often and practice
building the catapult.” This shows that student 6 was able to identify a problem,
interpret it, and conjecture a possible solution. Thirty-nine out of 81 students
demonstrated the ability to reason. This was evident, for example when Student 4
from 3C, mentioned that to improve she needs to, “watch brain pop and compare
it with Wikipedia.” This shows that student 4 knew that not everything on
Wikipedia is reliable, and to make sure that you can trust the information found
on it, you need to map it with another source of information like brainpop for
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example. This shows that student 4 has the ability to reason and make sure that
the resource used is reliable.

4.3 Analysis of Assessments
This section presents an analysis of the assessments. The students who
took part in this study had to complete one pre-assessment, three formative
assessments and one summative assessment. The assessments included questions
that evaluated the students conceptual understanding of math and science, as well
as the development of critical thinking and problem-solving skills or abilities. The
questions of each assessment tool were mapped to the concepts and skills that
they tested in a table.
4.3.1 Data analysis method
4.3.1.1 What are the abilities involved in critical thinking?
According to Scriven and Paul (2007), critical thinking is “the
intellectually disciplined process of actively and skillfully conceptualizing,
applying, analyzing, synthesizing, and/or evaluating information gathered from,
or generated by, observation, experience, reflection, reasoning, or communication,
as a guide to belief and action” (p. 1). Flavell (1979), defined and referred to
critical thinking as metacognition, the process of “thinking about thinking.” The
reason why critical thinking is an important skill to acquire is because it helps
students to think critically and solve problems effectively (Shakirova, 2007, p.
42).
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Some of the abilities of critical thinking that are agreed upon by several
researchers and are included in this STEM-based unit include:
●

Critical thinking skill 1: making inferences using inductive or

deductive reasoning (Ennis, 1985; Willingham, 2007);
●

Critical thinking skill 2: judging or evaluating (Case, 2005; Ennis,

1985);
●

Critical thinking skill 3: making decisions (Halpern, 1998;

Willingham, 2007).
●

Critical thinking skill 4: asking and answering questions for

clarification (Ennis, 1985);
●

Critical thinking skill 5: interpreting and explaining (Facione, 1990);

●

Critical thinking skill 6: reasoning (Halpern, 1998)

4.3.1.2 What are the abilities involved in problem solving
As mentioned in the definition of critical thinking, the process of problem
solving requires students to apply critical and creative thinking skills to prior
knowledge. Therefore, the end result of problem solving is choosing a solution
and then evaluating it (Egbert, 2017).
According to Dr. Mukhopadhyay (2013), the abilities involved in problem solving
include students being able to:
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●

Problem solving skill 1: Identify the problem

●

Problem solving skill 2: Gather information and analyze the

problem
●

Problem solving skill 3: Generate potential solutions

●

Problem solving skill 4: Choose a solution and test it

●

Problem solving skill 5: Analyze and evaluate the results

4.3.1.3 Concepts and skills mapped with assessment questions
The questions that address the concepts in the Pre-Assessment are mapped
in a table shown in Appendix J, as for the questions that assess the skills, they are
mapped in a table shown in Appendix K. The same distribution if followed in
Formative 1 (Appendix L and M), Formative 2 (Appendix N-O), Formative 3
(Appendix P-Q) and the summative assessment (Appendix R-S).
The Pre-Assessment only addressed one concept (Demonstrate an
understanding of contact forces that involve direct (push/pull) with one related
question, and one critical thinking skill (Making inferences using inductive or
deductive reasoning), with one related question. The children were asked to first
observe the picture and write down what they see and then make an inference
about what is happening.
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Formative 1 addressed one Math concept, three Science concepts and
three critical thinking skills. The children were asked to conduct experiments
following the instructions, record their observations, and explain their thinking.
The concepts that were addressed in Formative 1 are:
●

Math
○

●

Ordinal Numbers, with one related question

Science
○

Contact forces that involve direct (push/pull), with two

related questions.
○

Non- contact forces that include magnetic and gravitational

forces that involve forces acting at a distance, with three related
questions.
○

How forces cause objects to move, speed up, slow down,

change direction, stop, or deform, with five related questions.
The skills included in formative 1 are critical thinking skills:
-

making inferences using inductive or deductive reasoning, in five

related questions
-

interpreting and explaining, in five related questions

-

and reasoning, in five related questions.
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Formative 2 addressed three Science concepts and four critical thinking
skills. The children were asked to conduct experiments following the instructions,
record their observations, and explain their thinking using proper scientific
terminology.
The concepts that were addressed in Formative 2 are:
●

Science:
○

Contact forces that involve direct (push/pull), with two

related questions.
○

Non- contact forces that include magnetic and gravitational

forces that involve forces acting at a distance, with three related
questions.
○

How forces cause objects to move, speed up, slow down,

change direction, stop, or deform, with five related questions.
The skills included in formative 2 are critical thinking skills:
-

making inferences using inductive or deductive reasoning, with

five related questions.
-

interpreting and explaining, with five related questions.

-

judging or evaluating, with five related questions.

-

making decisions, with five related questions.
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Formative 3 addressed one Math concept, three Science concepts, five
critical thinking skills, and five problem-solving skills. The students were asked
to use all the offered supplies to construct a catapult, explain what happened and
what force(s) did they apply.
The concepts that were addressed in Formative 3 are:
●

Math:
○

●

Angles, with 4 related questions

Science:
○

Contact forces that involve direct (push/pull), with 3 related

questions
○

How forces cause objects to move, speed up, slow down,

change direction, stop, or deform, with 3 related questions
○

Forces used in our daily lives, with one related concept

The skills included in Formative 3 are:
●

Critical thinking:
○

judging or evaluating, with 5 related questions

○

making decisions, with 4 related questions
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○

asking and answering questions for clarification, with 4

related questions

●

○

interpreting and explaining, with 5 related questions

○

and reasoning, with 5 related questions

Problem-Solving:
○

Identify the problem, with 2 related questions

○

Gather information and analyze the problem, with 3 related

questions
○

Generate potential solutions, with 4 related questions

○

Choose a solution and test it, with three related questions

○

Analyze and evaluate the results, with five related questions

The Summative Assessment, which is a performance assessment,
addressed one Math concept, four Science concepts, five critical thinking skills,
and five problem-solving skills. The children were asked to build a device that
uses force to create controlled movement, to make sure that their creation helps
solve a suggested problem, and to fill in the STEM challenge Worksheet
(Appendix F-G).
The concepts that were addressed in the Summative Assessment included:
●

Math:
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○
●

Shapes, with one related question

Science:
○

Contact forces that involve direct (push/pull) - If applicable

depending on the choice of force, with three related questions
○

Non- contact forces that include magnetic and gravitational

forces that involve forces acting at a distance - If applicable
depending on the choice of force, with three related questions
○

How forces cause objects to move, speed up, slow down,

change direction, stop, or deform, with three related questions
○

Forces used in our daily lives, with one related question

The skills included in the Summative Assessment were:
●

Critical thinking:
○

judging or evaluating, with five related questions, with five

related questions
○

making decisions, with four related questions

○

asking and answering questions for clarification, with four

related questions
○

interpreting and explaining, with five related questions

73

○
●

and reasoning, with five related questions

Problem-Solving:
○

Identify the problem, with two related questions

○

Gather information and analyze the problem, with three

related questions
○

Generate potential solutions, with four related questions

○

Choose a solution and test it, with three related questions

○

Analyze and evaluate the results, with five related questions

4.3.1.4 Assessment analysis method
First the scores obtained from the concepts were analyzed, then the scores
were obtained from the skills. All the assessments were consequently divided into
concepts and skills. Therefore, students’ answers related to each concept and skill
were analyzed in the pre-assessment, formative assessments (Formative 1,2 and 3)
and summative assessment. The analysis of these results was divided into phases.
In phase one, each question was mapped with its corresponding concept or
skill (as shown in appendices J-S). Each of the two 21st century skills, critical
thinking and problem-solving, was broken down into specific abilities, and
mapped with questions and their corresponding score.
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In phase two, all concepts, skills and their corresponding average score
from all the instruments were joined in two common tables respectively in order
to examine their evolution throughout the study (Appendices T-W).
4.3.2 Findings from the assessments
4.3.2.1 Concept analysis
The Math concepts included in these instruments were:
Concept 1: Ordinal Numbers
Concept 2: Angles
Concept 3: Shapes
The main concept in science that was included in these instruments is forces and
energy. The sub concepts are listed below.
Concept 1: Contact forces that involve direct (push/pull)
Concept 2: Non- contact forces that include magnetic and gravitational forces that
involve forces acting at a distance
Concept 3: How forces cause objects to move, speed up, slow down, change
direction, stop, or deform
Concept 4: Forces used in our daily lives
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Table 14 The average scores of three grade-3 sections in the seven tested
concepts
PreAverage
Formative Formative Formative Summative
Assessment
%
1 (Score
2 (Score
3 (Score
(Score Out
(Score Out
Out of 1)
Out of 1)
Out of 1)
of 1)
of 1)
Math
Concept 1:
Ordinal
Number
Math
Concept 2:
Angles
Math
Concept 3:
Shapes
Science
Concept 1:
Demonstrate
an
understanding
of contact
forces that
involve direct
(push/pull)
Science
Concept 2:
Non- contact
forces that
include
magnetic and
gravitational
forces that
involve
forces acting
at a distance,
with three
related
questions.
Science
Concept 3:
How forces
cause objects
to move,
speed up,
slow down,
change

NA

0.35

NA

NA

NA

35

NA

NA

NA

0.44

NA

44

NA

NA

NA

NA

0.98

98

0.52

0.44

0.81

0.53

1

66

NA

0.33

0.74

NA

1

69

NA

0.58

0.77

0.45

NA

60

76

direction,
stop, or
deform
Science
Concept 4:
Forces used
in our daily
lives

NA

NA

NA

0.37

1

The results listed in table 14 were collected from 81 students. Students were given
a grade out of 1 (0, 0.5 or 1). The grade they got was averaged across all sections.
Then the number was converted to percentages. The results show the following:
Math Concept 1 (Ordinal Numbers): When students were in the
makerspace experimenting with friction, they were asked to say which car came
first and explain. The scores reveal that 35% of the students were able to do that.
Figure 2 below shows how one of the students explained their understanding
through a drawing. This shows that not all students demonstrated a solid
understanding and connection between the concept and the experiment.

Figure 2 – Ordinal Numbers
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Math Concept 2 (Angles): Table 15 shows the results obtained from the
catapult STEM challenge. The table shows that 3 students were not able to make a
connection between angles and making a catapult. 36 out of the 81 students
struggled with explaining the importance of having an angle and 42 out of the 81
students were able to explain the importance of an angle in a catapult. They said
that there should be an angle because when you are propelling an object, it will go
farther. Figure 3 below shows a model of the catapult with an angle and Figure 4
shows a different model of the catapult with an angle in a position that didn’t
make the object go as far. These results reveal that about half of the students were
able to make a connection between angles and catapults.
Table 15: STEM Challenge Catapult Activity – results from three grade-3
sections
Understanding of angles
when constructing a catapult
Unable to make connections
Struggled with explaining the
importance of having an angle
Were able to explain the
importance of an angle

Number of Students (Out of 81)
3
36
42
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Figure 3: A Group’s Model of the Catapult

Figure 4: A Group’s Model of the Catapult with a
different angle.

Math Concept 3 (Shapes): When students were designing their final
project, they had to make the choice of what materials to use in order to design an
object or conduct an experiment. All students used appropriate shapes to design
their final project.
Science Concept 1 (Contact forces that involve direct - push/pull): The
results of the pre-assessment showed that 52% of the students were unable to
distinguish between a push and a pull (Table 14). By the end of the unit and as the
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results reveal in the summative assessment, all students were able to demonstrate
a clear understanding of what contact forces are. They were also able to name
them as muscular force and frictional force.
Science Concept 2 (Non- contact forces that include magnetic and
gravitational forces that involve forces acting at a distance): Table 14 shows that,
in formative 1, the results show that 33% of the students were unable to clearly
identify all of the non-contact forces. Students in formative 1 were confused with
the activity on electrostatic force and were unable to clearly state that it is a noncontact force. This assessment also allowed the teacher to identify
misconceptions. However, in formative 2 only 26% of students were unable to
identify and explain non-contact forces. Therefore, students’ scores reveal a
positive concept attainment.
Science Concept 3 (How forces cause objects to move, speed up, slow
down, change direction, stop, or deform): As shown in Table 14, students’ scores
showed a noticeable change in Formative 2 where students demonstrated a
positive concept attainment. However, this concept attainment was not revealed in
formative 3 when students were asked to apply what they have learned about
forces and how forces cause objects to move, speed up, slow down and change
direction when creating a catapult in Formative 3, and when designing their own
objects and experiments in the summative assessment.
Science Concept 4 (Forces used in our daily lives): The scores for this
concept show that in formative 3, 37% of the students were unable to make a
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connection between catapults and the use of forces in real life (Table 14). Many
made that connection and said that people used catapults to defend their castle,
while others made general connection with forces. In the summative assessment
all students were able to transfer what they had learned about forces and make
connections to real life problems. Therefore, the students’ scores revealed a
positive concept attainment.
4.3.2.1 Critical thinking skill in all the assessments
Table 16 below shows the average scores of the critical thinking skill as tested
throughout the assessments.
Table 16: The average scores of three grade-3 sections on the critical
thinking skill in all the assessments
PreFormativ

Formativ

Formativ

Summativ

e1

e2

e3

e

0.52

0.72

0.86

NA

NA

NA

NA

NA

0.51

1

Assessmen
t
Critical
thinking
skills 1:
making
inferences
using
inductive
or
deductive
reasoning
Critical
thinking
skills 2:
judging or
evaluating

81

Critical
thinking
skills 3:
making
decisions
Critical
thinking
skills 4:
asking and
answering
questions
for
clarificatio
n
Critical
thinking
skills 5:
interpreting
and
explaining
Critical
thinking
skills 6:
reasoning

NA

NA

NA

0.70

1

NA

NA

NA

0.67

1

NA

0.61

0.76

0.49

1

NA

0.65

0.82

0.49

1

Table 16 reveals the following results:
Critical thinking skill 1 to “make inferences using inductive or deductive
reasoning” is tested in the Pre-assessment, Formative 1 and Formative 2. The
scores reveal a steady improvement throughout the study.
Critical thinking skill 2 to “judge or evaluate” is tested in Formative 3 and
the Summative Assessment. The scores show a noticeable change between
Formative 3 and the Summative Assessment where students demonstrated a
positive skill attainment.
Critical thinking skill 3 to “make decisions” is tested in Formative 3 and
the Summative Assessment. The scores reveal a slight improvement as students in
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Formative 3 were able to make some decisions while in the Summative
assessment where it was completely open students took all the decisions including
what materials to get and were to get them from and how to conduct their research
and prepare for a presentation.
Critical thinking skill 4 to “ask and answer questions for clarification” is
tested in Formative 3 and the Summative Assessment. Scores show a slight
improvement as students in Formative 3 asking basic questions and answering
using basic vocabulary and students in the summative assessment asked rich
questions and answered with rich vocabulary.
Critical thinking skill 5 to “interpret and explain” is tested in Formative 1,
Formative 2 and Formative 3. Scores reveal inconsistency. Students struggled
with Formative 3 and were therefore unable to interpret and explain efficiently.
Critical thinking skill 6 to “reason” is tested in Formative 1, Formative 2
and Formative 3. Scores show inconsistency. Students struggled with Formative 3
and were therefore unable to reason.
In general, all students demonstrated in the summative assessment the use
of critical thinking skills. Students were able to judge and evaluate, make
decisions, ask and answer questions for clarification, interpret and evaluate, and
reason.
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4.3.2.2 Problem solving skills
Table 17 below shows the average scores of the problem-solving skill as tested
throughout the assessments.
Table 17: The average scores of three grade-3 sections on the problemsolving skill in all the assessments
Pre-

Formative Formative Formative
Summative

Problem
solving
skills 1:
Identify the
problem
Problem
solving
skills 2:
Gather
information
and
analyze the
problem
Problem
solving
skills 3:
Generate
potential
solutions
Problem
solving
skills 4:
Choose a
solution
and test it
Problem
solving
skills 5:
Analyze
and

Assessment

1

2

3

NA

NA

NA

0.65

0.69

NA

NA

NA

0.45

0.69

NA

NA

NA

0.51

0.69

NA

NA

NA

0.46

0.69

NA

NA

NA

0.49

0.69
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evaluate
the results
Problem solving skill 1 to “identify the problem” is tested in Formative 3
and the Summative Assessment. Scores show a slight improvement because in
Formative 3, only 35% of the students were not able to identify the problem and in
the Summative assessment only 31% of the students were not able to identify the
problem, hence a slight increase.
Problem solving skill 2 to “gather information and analyze the problem” is
tested in Formative 3 and the Summative Assessment. Scores reveal a significant
increase in the attainment of the skill because in Formative 3 several students were
unable to analyze the problem as they did not fully understand the problem to begin
with. As for when it came to perform their summative assessment 69% of the
students were able to gather information related to their project and analyze
them.
Problem solving skill 3 to “generate potential solutions” is tested in
Formative 3 and the Summative Assessment. Scores reveal a slight improvement
as students in Formative 3 were able to generate potential solutions and discover
how to make a catapult. In the summative assessment students were also able to
generate potential solutions to any problem faced when designing their own
experiment or project. Students mostly faced the problem of not receiving the exact
materials they ordered and therefore had to think of potential solutions to their
problems.
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Problem solving skill 4 to “choose a solution and test it” is tested in
Formative 3 and the Summative Assessment. The scores revealed a significant
improvement in the students’ ability to choose a solution and test it.
Problem solving skill 5 to “analyze and evaluate the results” is tested in
Formative 3 and the Summative Assessment. Scores show a significant increase in
the skills attained. Students in Formative 3 struggled with analyzing and evaluating
the results of how to make a catapult. In the Summative Assessment students were
able to analyze and evaluate the results obtained.
In general, there was an improvement in the problem solving skills of
students and by the end of the unit, 69% of the students were able to identify a
problem, gather information and analyze the problem, generate potential solutions,
choose a solution and test it, and analyze and evaluate the results of a given
problem.

4.4 Analysis of Interviews and Teacher Journals
This section presents an analysis of the interviews and teacher journals.
The interview was held with the teachers of 3A and 3C. The journal entry was
completed by the teacher of 3B. When analyzing a qualitative interview and
teacher journal, it is easy to overlook information that does not fit with
preconceived assumptions of what people will say and do during the interview or
when writing a journal entry. Therefore, a proper analysis of the interview and
teacher journal will ensure that all the data are analyzed in a systematic and
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thorough manner. It will also make it easy for people to understand exactly how
the various conclusions were reached and will make the results much more
trustworthy (Mortensen, 2019).
4.4.1 Data analysis method
The first step taken for analyzing the two interviews was transcribing the
audio recordings. First the question was written, asked and then the answer was
written under it. The recording was paused several times and repeated the audio
in order to make sure that all was transcribed.
Next, the transcripts and journal entries were read. In this step browsing
through all transcripts and all the journal entries as a whole took place, while
taking notes about first impressions. Later, the following actions were taken: the
transcripts and journal entries were carefully read, one-by-one, line-by-line. Next,
relevant pieces such as words, phrases, sentences or sections in the transcripts
were labeled. The labels were about actions, activities, concepts, opinions, and
internal and external challenges faced by teachers and students as reported by the
teacher (Table 18). This process is referred to as coding (Lofgren, 2013).
Table 18: Coding – Interviews and Teacher’s Journal
Category
actions
activities/concepts
opinions
internal challenges faced
external challenges faced

Color code
Yellow
Light red 2
Light yellow 2
Blue
Red
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After coding, the researcher decided which codes were the most important
and created categories by bridging several codes together. To do so, the researcher
went through all the codes created, she then created new codes by combining two
or more codes. Many initial codes were dropped and only the important ones were
kept (Lofgren, 2013). For example, there was a code for classroom management.
Classroom management is part of the teacher’s readiness to teach and
effectiveness of teaching, therefore it is part of the internal barriers towards
STEM implementation, which requires much higher levels of classroom
management. Hence, classroom management was no longer coded separately, it
became part of the internal barriers. Now the researcher has categories. These
categories are about the challenges faced by teachers and students during the
implementation of the STEM-based unit. The categories were labeled into internal
and external barriers. There is no specific hierarchy among the categories. All
categories are equally important.
4.4.2 Findings from interviews and Journal Entries
Throughout implementing this STEM-based unit, all teachers stated that
the students were interested, engaged, motivated and excited when learning about
forces, with the STEM approach. Teachers however faced some challenges, and
noticed some challenges faced by students during the implementation of the
STEM-based unit.
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4.4.2.1 Internal Barriers
Content preparation
Since teachers do not have a book to follow, they had to research for
content from various sources. Not only is this time consuming, but teachers also
struggled with finding content that matched the Program of Inquiry (POI) and at
the same time is age appropriate. So, teachers simplified the content. However,
since this is a science unit, a subject expert met with all three teachers at the
beginning of the unit to explain to them what concepts must be covered in terms
of science (Appendix Y). There is adequate information about some but not all of
the forces being taught. For example: teachers struggled to find age appropriate
resources to explain to the students what is an electrostatic force. The subject
expert also provided the teachers with several resources. However, these
resources were not all age appropriate, and required modifications. Nevertheless,
when describing how the unit went, the 3A and 3C teachers stated that they were
not comfortable teaching the content at first. The 3A teacher said that, “At the
beginning I wasn’t very comfortable because I thought that the concepts were for
a higher level, especially when we talk about forces, but then we were able to
simplify the content so it was easier.” All teachers expressed their thoughts that
since they did not have one textbook to follow and they had to search for several
content and resources, and at times they came across resources that included the
content needed, but was not age appropriate, so they went ahead and simplified it.
Simplifying the content and searching for several resources is time consuming.
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Content delivery
As for the content delivery, teachers mentioned that they were comfortable
delivering the content. However, the science concepts were not explained indepth. The 3A teacher mentioned that she was concerned about poor content
delivery, “I felt that I needed more help with the training of the content in order to
deliver it better next time.” 3C’s teacher mentioned that teaching the content of
the STEM-based unit was “smooth and easy. The students were engaged most of
the time with hands-on experiments. However, they struggled with understanding
some of the content at first because it was a new concept.” Therefore, because of
the lack of age appropriate resources, and because teachers need to amend and
simplify the text, the content delivered becomes weak. Hence, to be comfortable
delivering the content, it is important to have a training session on the concepts to
be taught, and have access to age appropriate resources that teachers can use.
Confidence with the approach to teaching the unit
Concerning applying the STEM-approach while teaching the unit, all
teachers were comfortable with the approach. The teacher from 3A mentioned
that, “when we started diving deeper into the unit, it became more hands-on and
minds-on, so the students were engaged, motivated, and they always wanted to
learn more.” This shows that the 3A teacher was comfortable teaching this
STEM-based unit. The teacher from 3B wrote, in her journal entries, that in a
STEM session when students explore through activities, they ask many questions
to help them inquire further; they laugh and enjoy the session. She added that
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when teaching a STEM session, the teacher acts as a guide and this makes it
easier to teach. She also mentioned that she was comfortable using the STEM
approach to teach the unit, the 3B teacher wrote in her journal that, “this session
was very comforting.” Moreover, the teacher from 3C, when talking about how
comfortable she was with teaching the content of a STEM-based unit and
adopting this approach she said, “It was very clear and very smooth.” Despite the
fact that the 3A teacher was not at first comfortable with the content preparation
and delivery, when applying the STEM-approach the content became an
exploration and students became more involved in their learning making the
sessions smooth. Therefore, with the STEM approach, teaching this unit went
smoothly and teachers were comfortable.
However, when it came to session 9 when students were asked to
construct a catapult using specific and limited materials, both teachers from 3A
and 3C requested assistance to teach that session from the 3B teacher who has a
background in STEM education. The 3A and 3C teachers both told the 3B teacher
in a meeting that they were worried that, with minimal guidance, and just by
throwing students with materials, this will create for them a lot of confusion. They
were also worried that the class will become chaotic and they will therefore need
more assistance when conducting the session.
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4.4.2.2 External Barriers
Alignment of the STEM-based unit with the curriculum
When discussing the alignment of the STEM-based unit with the
curriculum, the teachers mentioned that the piloted unit fits perfectly with the
STEM approach because the unit required the Science, Technology, Engineering
and Mathematics. According to the teacher from 3B, when discussing with the
students about gravity, the term “mass” was mentioned by all the students, and
students then came across that term in a Brain Pop Jr. video about gravity. The
teacher of 3B integrated in this lesson on gravity both Math and Science. She
described her lesson by stating that “We then mentioned mass and we spoke that
your mass on earth is the same as your mass on the moon. We even discussed the
difference between the terms mass and weight and that it is incorrect to use the
terms interchangeably because they do not mean the same thing. Students felt
ownership of the concept and they even said that they will tell their moms that
when they weigh themselves on the moon, their mass does not change because
weight depends on gravity and mass is the same everywhere”. Students began
weighing different objects using kilograms and grams and mentioned to the
teacher that the weight of the objects they measured is not the same on different
planets due to gravity. Another Math concept used by the students during the
STEM-based unit was angles. Students had to construct a catapult. To construct a
catapult, students had to know that the catapult, catapults objects best at a 45degree angle. They tried it at different angles, and measured the distance it
traveled using a measuring tape. Students then came to a conclusion that a
92

catapult, catapults best at a 45-degree angle. Moreover, students had to design
their catapult and this involved the use of technology and engineering. The
teacher from 3A agreed that this unit can easily be aligned with a STEM-based
unit because, “the unit required the Science, Technology, Engineering and
Mathematics.”
Resources
All three teachers mentioned that they lacked sufficient resources for the
unit, such as books, articles, and videos. iPads and computers were available but
they were not all functioning properly, and teachers faced several issues while
using them. In sessions where the iPads were needed, the teachers faced several
technical challenges such as: the internet connection of a few iPads was not
working, the iPads were not all properly charged, and the URL was not always
working on some iPads. This led to a delay in the sessions, which also delayed the
learning.
A makerspace is present on the facility; however, the makerspace does
not have all the materials needed, so ordering some materials was required. All
three teachers mentioned that there was a delay when ordering some materials, the
students requested help with building their models. The teachers also mentioned
that the students did not receive all the materials needed, so they had to figure out
an alternative.
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Content to teach
When discussing the content used to teach this unit, the teacher of 3A
mentioned that the resources (such as books, articles, videos…) were not age
appropriate, which made the content difficult for the third graders to grasp. She
also mentioned that it was difficult to find experiments specific to each type of
force taught, especially ones related to the muscular force. On the other hand, the
3C teacher mentioned that she was comfortable with teaching the content and said
that it was “very interesting.” However, she mentioned that she did face some
challenges when teaching such new content to the students as they had minimal
prior knowledge on forces. The three teachers agreed that there weren’t enough
age appropriate resources to help teach the content.
Facilities and Space
Concerning the space and facilities, when students were working in class,
researching about different forces with their group, they needed more space.
Although the hallways are not an appropriate learning space, due to several
distractions, the teacher had no choice but to send two groups, a total of 10
students, to work outside. When students presented their work to Grade 1, we
used the Makerspace and the playground. The facilities used and the resources
needed were all available. When asked if the teachers were able to do the
experiments in the space provided with the facilities available, the 3C teacher
mentioned that, at times, students were comfortable using the space provided. She
replied, when talking about the use of the makerspace, “Yes, and the students
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enjoyed it.” As for the 3A teacher, she mentioned that the class was not very
useful when it came to the time were students needed to present their work
(Appendix A Sessions 41-42), and that they needed a bigger space, so they went
to the playground. When asked about the voice level outside she replied, “it was
acceptable because students were spread apart.” Therefore, the problem was with
the number of students in each class, the setting, and the equipment available on
these facilities.
Time constraints
During the STEM-based unit there were several challenges that lead to
time constraints. Time constraints faced by teachers included, time spent planning
the engaging sessions, as well as preparation time. All three teachers agreed that a
lot of time was spent on planning these engaging sessions and preparing materials
and settings for them. In terms of planning the sessions, teachers held several
meetings. At the beginning of the unit all three teachers met once with the science
subject expert. Teachers had two level meetings and two collaborative meetings
every week. During these meetings teachers discussed learning engagements,
reflected on what worked and what didn’t, and made suggestions for
improvement. This was all time spent in meetings and little time was left for
teachers to do their own individual planning. In terms of preparing for the
sessions planned, teachers had to simplify the content to make it age appropriate.
Moreover, due to the fact that not all the materials needed are found in the maker
space, the teachers had to put in an order for the materials needed. The teacher
from 3C mentioned in her interview that, “it took time to order the materials and
95

get the proper ones needed by the students to perform their experiments.” Both
the teacher from 3A and 3B, agree with the teacher of 3C, that simplifying the
content and ordering and waiting for materials were time consuming and took a
lot from the teacher’s preparation time.
As for time constraints faced during the piloted STEM-based unit, the 3B
teacher noticed and mentioned in her teacher’s journal that, students expressed
that they were always being rushed and that they needed more time. For example,
when students were working on their project, the 3B teacher struggled with the
distribution of materials and mentioned that time was wasted (Appendix A,
Session 36). Moreover, the 3B teacher mentioned that when students were
presenting to first-grade students, each group of 4-5 students went to a station.
The grade 1 students were asked to rotate every 5 minutes. This left minimal time
for the grade 1 students to explore the experiments in-depth, and the Grade 3
students ended up explaining the experiment and demonstrating it with minimal
interaction (Appendix A, Session 41). Nonetheless, the grade 3 students managed
to explain to the grade 1 students about their experiments within the allocated
time.
Despite all the challenges faced and the time constraints, all three teachers
agreed that six weeks were enough to cover this unit.
Hands-on training for students
During the piloted STEM-based unit, teachers mentioned that students
required hands-on training. In session 9, students were asked to construct a
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catapult using specific and limited materials (Appendix A, Session 9). All
teachers realized that the materials and minimal guidance provided to the students
created a lot of confusion. The students were faced with several challenges such
as being able to construct a catapult using all, and only the materials provided to
them. When working on designing their own experiment, students struggled with
finding alternative materials that will help them achieve their goal (Appendix A,
Session 31-32). According to the 3A teacher, “their main struggle was trying to
change something in the experiment to work or replacing a material with another
material; this was a bit challenging to them.”
Engagement of students
When discussing the classroom-management, all three teachers agreed that
the piloted unit went smoother than other units. The teacher from 3A added that,
“there were less problems, and students did not need many reminders to stay on
task”. The teacher from 3C said that, “despite the fact that the students’ voice
level was loud, this was because they were excited, and the students were mostly
on task”. The teacher from 3A mentioned that when the task came to reading and
discussions, students did not seem as interested as when they were conducting
their own research and experiments. However, when discussions were held after
an activity or during the brainstorming phase of their final assessment, students
seemed to be more interested. All three teachers concluded that during hands-on
activities, students seemed to be more engaged.
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Globally, and as the results of the interviews and teacher journal
presented, there are several internal and external barriers to the STEM approach.
Internal barriers include teachers being ready to teach the content confidently.
Some external barriers mentioned include, searching for age appropriate resources
and content to teach, having the facilities and space, time constraints, hands-on
training for students and classroom management. With STEM training, teachers
will be able to get the support they need in order to be able to overcome most of
the challenges faced.
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Chapter 5
Conclusions and Recommendations
This final chapter discusses the various results collected from the study in
regards to the research questions. It also synthesizes the results obtained from
different instruments, and creates connections between those results and the
literature.

5.1 Triangulation of results from the different instruments
Several instruments were used in order to triangulate the data collected. In
this study, observations, assessments and exit tickets, interviews and teacher
journals were used to collect data. The data collected was from different types of
people (students and teachers) in order to vary the points of view.
In general, the results from the observations showed that students are more
engaged with interactive sessions and hands-on activities and are less engaged
when the session is purely instructional, teacher centered or content based, and
when the students are being loaded with information. Assessments show that
many students demonstrated a basic understanding of the concepts learned and
were able to draw a connection to real life. Students struggled the most with
hands-on activities as they triggered their higher order thinking skills. With the
hands-on activities, students gained some group work skills, and many students
mentioned that they need to be more patient and to listen and accept other
people’s ideas. Most of the challenges faced by teachers and students were due to
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the lack of content resources. Many students also struggled with the engineering
of a catapult and others struggled with computer skills such as for designing a
flyer.

5.2 Discussion by research question
This section discusses the attempts to answer the research questions. It
also cross-verifies and synthesizes the obtained results from the different
instruments.
5.2.1 How does a PYP unit developed and taught with a STEM approach
impact the grade-3 students’ conceptual understanding of math and science?
Data from the formative and summative assessments as well as data from
the exit tickets were used to answer the first research question. At first students
were not able to identify a “contact force”. They did not know the scientific
terminologies. By the end of the unit all students were able to demonstrate a clear
understanding of what contact forces are. They were also able to name them as
muscular force and frictional force. In formative 1, students were confused with
the activity on electrostatic force and were not able to clearly state that it is a noncontact force. However, after all the hands-on activities and exploration with
forces, students were able to identify and explain non-contact forces. In formative
2, when trying to understand how forces cause objects to move, speed up, slow
down and change direction, students demonstrated an understanding of the
concept. However, when students came to apply what they learned about the ways
forces cause objects to move, speed up, slow down, students were unable to do
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that and they were unable to use what they learned about it to build a catapult and
work on their final project. This is probably due to the fact that the students did
not feel the relevance of the problem. When demonstrating an understanding of
making a connection between catapults and the use of forces in real life, not all
students were able to make a connection between forces and real life. However,
by the end of the unit, all students were able to transfer what they had learned
about forces and make connections to real life problems. This could be explained
by the fact that students were provided with hands-on manipulatives and this is
why they were able to make connections. Not all students were able to make a
connection between ordinal numbers and forces when talking about friction and
which object rolled faster. Not all students made a connection between the angles
and what type of angle is the best to catapult objects. They struggled with
understanding these concepts because they are used to the disconnection between
the subjects, and this approach was new to them. It is not until they experimented
with the catapults and tried several models that they understood the effect of the
angle on the effectiveness of the catapult and its ability to throw objects farther.
5.2.2 How does a PYP unit developed and taught with a STEM approach
impact the students’ engagement?
Data from the observations were used to answer the second research
question. Students showed engagement throughout most of the sessions. They
showed interest, they paid attention, they demonstrated curiosity by asking
questions and researching for answers, they showed passion and used words such
as “happy”, excited to describe the way they are feeling and they were optimistic
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most of the time. However, in some sessions, students were completely the
opposite. Students were constantly distracted, causing trouble, saying things like
“I am tired of writing all the time” or “Do I have to take notes?”. Hence, students
in a STEM-based unit tend to be engaged when the session is more student
centered and practical, and when they are in charge of their learning. Whereas
when the teacher was delivering the content and students were asked to answer a
few questions or take notes, students acted as passive receivers and engagement
was lower.
5.2.3 How does a PYP unit developed and taught with a STEM approach
impact the students’ critical thinking and problem-solving competences?
The STEM approach, being based on Papert’s constructionism, advocates
construction of working models that would respond to a need and solve a
problem. As such, and based on the findings above, it is most prone to promote
students’ engagement and “learning by doing.”
5.2.3.1 Critical thinking
Data from the formative and summative assessments as well as data from
the exit tickets were used to answer the third research question. The critical
thinking skills that the students demonstrated during the STEM based unit are:
making inferences using inductive or deductive reasoning, judging or evaluating,
making decisions, asking and answering questions for clarification, interpreting
and explaining, reasoning. When students were asked to research about a force
and relate it to real life, creating an experiment to share it with the students, many
students showed critical thinking skills when they asked a question and
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researched about it. They were able to select important information and simplify it
to be age appropriate for grade 1 students when they had to present their projects
in grade-1, however many students in their reflections mentioned that they found
it challenging to simplify the content and words to make them appropriate for
Grade 1. Students were faced with several problems when preparing for their
project and were able to infer, reason, evaluate then make a decision. For
example, we were not able to bring all the material they had requested, so many
students worked around with their experiment trying it several times until it
finally worked. However, what students struggled the most with was to “interpret
and explain”. This was true because, before, students were not always given the
chance to express themselves and explain in their own way. They were mostly
asked to explain in words and in writing. This, in a way, limits the children and
prevents them from being able to explain their thinking as different students
express their knowledge in different ways.
5.2.3.2 Problem-solving
The problem-solving skills that the students demonstrated were evident in
formative 3 and in their summative assessment. In formative 3, students showed a
strong ability at identifying a problem. However, they struggled with gathering
information and analyzing the problem. In the summative assessment students
were able to identify the problem, gather information about their problem,
organize the information collected on a graphic organizer, and analyze the
problem, generate solutions, choose one and try it, then analyze and evaluate the
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solution. Students sometimes, because a solution did not work, had to try again
and choose a different solution to test.
5.2.4 What are some challenges or barriers that might be faced by a thirdgrade PYP elementary teacher and students during the implementation of a
STEM-based instructional unit?
Data from the observations and exit tickets were used to collect
information on students’ challenges. Interviews and the teacher’s journal entries
were used to collect data on the challenges faced by teachers.
Results show that there are two types of barriers (external and internal
barriers). The barriers are described from the point of view of students and from
the point of view of teachers.
5.2.4.1 Internal barriers
Teachers agreed that they lacked sufficient content and technological
knowledge needed for a STEM unit, where many disciplines are integrated. This
was evident during the interviews and in the teacher’s journals. Thus, this was a
barrier for successfully implementing the STEM-based unit. Teachers mentioned
that they do not have a strong background in a certain discipline and having a
subject expert visit once at the beginning of the unit is not enough. Some teachers
also reported a lack of technological knowledge with some applications and they
required support in knowing when and how to use them. The school does have an
assigned technology session per week; however, this session was not enough.
Thus, teachers struggled with content preparation and delivery and lacked
confidence with the approach to teaching the unit.
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Moreover, teachers struggled with engineering and designing a model that
works as this was new to them. Teachers were not exposed to this in school nor at
university and therefore struggled with helping the students. This was one reason
why the 3A and 3C teachers asked help from the 3B in order to conduct the
session on how to make a catapult with the students. Especially since they
struggled with accepting the planned activity due to the fact that they were never
exposed to such an activity at school or in university.
5.2.4.2 External barriers
The teacher and the students agreed on “time restraints” as a barrier to the
implementation of a STEM-based unit. They also agreed that there isn’t enough
time to teach the content, and there is a lack of resources, facilities and space.
However, according to teachers, there are many more constraints such as,
alignment of the STEM-based unit with the curriculum, hands-on training for
students and engagement of students.
Students constantly complained that they were feeling rushed and unable
to complete several tasks. The teacher mentioned that they were feeling rushed by
the curriculum and its deadlines. Both teachers and students reported that time
constraints, technological advances and lack of technological skills, lack of
resources and materials were all additional barriers.
Teachers mentioned that, in order to properly implement STEM, there
needs to be less students in the classroom and more support. They mentioned that,
due to the high numbers of students in the classroom, they had to separate the
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students and make use of outside the classroom facilities such as the corridors, the
playground and the maker space. However, separating students means that you
need more supervision and hence more support.
Teachers indicated that, when it comes to the use of technology, there is
always a period to be lost, logging in students, waiting for a source to open,
students complaining that they are unable to hear the voice from the videos on
their iPad, due to the lack of earphones. Students also mentioned that possessing
technological skills was a challenge they had faced. They mentioned that they
struggled with creating a flyer. Hence, more time was needed to be invested on
teaching students technology skills, in order to facilitate their process of inquiry.
When it came to the students’ final project, the students requested a list of
materials. The material list was sent by the teacher to the school administrative
party and the materials were bought. When the materials arrived, some were not
the ones requested but similar, hence this created confusion at first and students
were asking several questions. When the teacher asked the students to make
decisions based on the materials received, many students did changes to their
design. This process was a barrier at first, but the teacher took it as a learning
experience and, by so doing, was able to trigger the students’ critical thinking and
problem-solving skills.
In addition to time restraints, technological advances and lack of
technological skills, lack of resources and materials, teachers also mentioned
some curricular issues such as having limited opportunities for authentically
integrating STEM in a unit, the strong focus on the social studies skills, and the
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lack of in-depth integration within the units. The teachers all agreed that in grade
3 there is a very strong focus on the social studies and there is very minimal focus
on the in-depth science skills. Thus, the PYP POI must be revised and checked for
authentic integration of STEM-related activities within the units, and provide time
for such explorations. For example, with little room for STEM activities such as
engineering simple machines or creating an electromagnet, and with no time at all
to inquire into science concepts in depth, students will lack the scientific
understanding of several concepts. Despite the fact that some units in the PYP
POI are science-based, the activities and experiments conducted are usually based
on a series of guided steps that students follow to perform a certain task, which
kills the opportunities or questioning, inquiring, and problem solving. Also, the
experiments conducted only touch upon the subject and do not dive into the deep
understanding of a scientific concept in its connections to other fields. The data
obtained from the interview with teachers confirm these results. Although this
was a science-based unit, the science content was poorly covered across the unit
and students still do not have a full understanding of some science concepts such
as: How forces cause objects to move, speed up, slow down, change direction,
stop, or deform, which was evident in their assessments. Thus, the science content
of this unit was poorly covered, because of all those barriers resulting from the
usual way science is taught and the curricula that ignores STEM skills.
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5.3 Connections with the literature
The purpose of this study was to develop and pilot a STEM-based unit for
the third grade of a school adopting the PYP curriculum in Beirut, Lebanon.
Also, to examine some challenges or barriers that might be faced by a thirdgrade elementary teacher and students during the implementation of a STEM
based instructional unit. Data in this study were collected from various
instruments (observations, assessments, interviews, and teacher journals). Some
of the results obtained from this study connect with results from previous
research studies discussed in the literature review section, while other results
differed. The results obtained from this study will be compared against the
conceptual framework and other research studies found in the literature.
5.3.1 Connections with the conceptual framework of integrated STEM
education
Kelley and Knowles (2016), connected situated learning, engineering
design, scientific inquiry, technological literacy and mathematical thinking
together as an integrated system. Each pulley in the model connects common
practices within the four STEM disciplines (Science, Technology, Engendering
and Mathematics). Kelley and Knowles (2016), mentioned that the connection is
through a rope (community of practices) which is used to lift situated STEM
learning.
In this study, situated STEM learning was evident when third grade
teachers tried to make the students’ learning experiences authentic by asking
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them to build their own devices and explain how force is used in each. Students
had the chance to engineer a device similar to the catapult. This situation
allowed students to build connection to their environment. This, was evident
when students built a catapult and when students were designing their own
devices. The students were also engaged in hands-on activities that involve
open-ended answers and were strongly connected with authentic learning
experiences that were immersed in situation that connect students to their
environment. When students went to the makerspace, they conducted
experiments that were semi-structured, a bit challenging as they had some
guidance not too much, and authentic. For example, the experiment were
students had to use different types of shoes and rub them to different surfaces,
allowed for a huge discussion on the importance and safety of what shoes to
wear and when (Appendix A, and Appendix E Sessions 4,19 and 20). In session
20, students drew conclusions that if you wear a ballet shoes in the gym you will
slip easily but if you wear basketball shows you will be safe. An experiment
with magnets allowed for minimal connections to real life (Appendix E). The
experiment with magnet could have been more authentic had the situation been
that “Opps! I dropped a key in a tiny hole, how can I get it,” and had the task
been more open-ended. Throughout these engagements, in-depth connections to
science and mathematics were evident. The students were applying their
mathematical and scientific thinking skills, and made clear connections to real
life situations.
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Using Kelley and Knowles’s study (2016) as a conceptual framework for
this paper, allowed the students the opportunity to think like a scientist. Students
were able to conduct scientific investigations. This was evident in the results of
the study when students engaged in scientific inquiries in the classroom and in
the makerspace. Students identified a problem, asked questions, conducted
research, collected and organized data and then presented their work to first
graders.
Nonetheless, in this study students lacked technological skills. Technology
in this study was mainly viewed as the use of objects and tools, engineering, and
as computer skills such as when they designed and developed an invitation card
or the flyer. Little was mentioned about the humanities perspective of
technology, technology as means to serve human needs and influence the
economy, environment, society and culture.
Kelley and Knowles (2016) claim that students should be able to engage in
mathematical thinking. They mention that it is essential to provide students the
opportunity to make sense out of what they are doing. They continue on
explaining that students need to be able to apply what they learned in terms of
mathematical concepts and connect them to real life problems. This, however,
was not observed in-depth in this study. Students were able to make connections
with math only when discussing weight on earth and on the moon and when
creating a catapult that needs to be at a 45-degree angle. Not all students,
however, were able to make this connection independently.

110

In addition, Kelley and Knowles (2016) made connections between all the
components of the framework and community of practice (COP). The concept of
community of practice was shown in this study, since the students interacted on a
regular basis with one another, and shared their ideas. However, not all devices
created contributed to the community, nor have they provided solutions to a
problem. For example, a group of students demonstrated how to hold a bottle full
of rice with a stick and explained to a group of students about friction (Appendix
A, Session 41). Another group created a rocket ship (Appendix A, Session 41).
The rocket ship is not real but students were able to make connections to real life
and explain the importance of a rocket ship. Another group had a basket of
objects and a magnet tied to a rope; they mentioned to a group, imagine you lost a
paperclip in a bunch of items how will you get it? Nonetheless, the participants
interacted with one another through regular group meetings, supported each other
in order to complete their projects, collaborated together and organized their
presentations, which made them a part of the community of practice (Appendix A,
Session 41).
5.3.2 Student engagement in a STEM-based unit
Student engagement consists of the emotional dimension and the
behavioral dimension. The emotional dimension of student engagement includes
students’ enthusiasm, interest and enjoyment. As for the behavioral dimension of
students’ engagement, it consists of attention, effort and persistence (Skinner,
Furrer, Marchand & Kindermann, 2008). Therefore, according The Glossary of
Education Reform (2016), student engagement is the degree of attention, interest,
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curiosity, passion and optimism that students show when they are learning or
being taught.
To attract a larger number of students and engage them through a STEMbased unit, a shift towards a more student-centered learning environment is
generally required (Gasiewski, Eagan, Garcia, Hurtado & Chang, 2012).
According to Anderson (2007), a student-centered learning environment allows
students to shift from being passive receivers of information to taking a more
active role in their own learning, hence making them more engaged. Results from
this observation on the engagement of students in a STEM-based unit showed that
students tend to be engaged when the session is more student centered and they
are in charge of their learning, whereas when the teacher was delivering the
content and students were asked to answer a few questions, students acted as
passive receivers and engagement was lower.
According to literature, a previous study conducted by Wu and Huang
(2007), on the link between student-centered STEM learning environments and
students’ engagement, revealed that students in a student-centered technology
enhanced STEM learning environment demonstrated higher levels of emotional
engagement than students in a teacher-centered learning environment. Another
study conducted by Gasiewski et al. (2012) on the relationship between students’
engagement and introductory STEM courses showed that students were more
engaged in STEM classrooms where teachers applied a student-centered
approach. Nonetheless, more research is required to gain more insight into the
ways STEM learning environments can promote students’ engagement.
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5.3.3 Conceptual understanding of Science and Math in a STEM-based unit
According to Ben-Hur (2006), conceptual understanding is the
understanding of concepts and being able to transfer the knowledge learned to a
new situation. This was evident in some situations. When, for example, students
learned about the different forces that act on an object in Science and learned
about different angles in Mathematics, some students were able to use this
knowledge when constructing a catapult. Nevertheless, in this STEM-based unit,
the Science and Math concepts were not taught in-depth and this is why not all
students were able to make this connection. However, STEM teacher constructed
questions to assist students in developing conceptual meaning and to encourage
students to explore (Bruce-Davis et al., 2014). In this unit some questions
constructed were direct and guiding questions. The students were left with
minimal guidance only in their summative assessment. Many students in their
summative assessment did not explain the forces in depth due to the fact that they
were always receiving the step-by-step guidance. Therefore, to encourage
students to explore further and develop their conceptual understanding, the
teacher may guide the students, but by asking them open-ended questions and
explaining in-depth the science or math concepts that need to be acquired.
5.3.4 Critical thinking skills in a STEM-based unit
There is a growing need for the development of the competency of critical
thinking in students. For a student to show critical thinking skills, s/he needs to be
able to demonstrate the ability of making judgments based on reasoning (Paul &
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Elder, 2005). Student are critical thinkers when they consider options, analyze
their options using specific criteria, draw conclusions and make judgments
(Ananiadou & Claro, 2009). Results in this study showed that students
demonstrated critical thinking skills when they were working on a design for a
project and did not receive the materials they requested. When they received
different types of materials, they thought of another object that is similar and they
constructed it. This shows that the students were able to identify a problem and
make a judgement based on reasoning. When teachers are expected to finish a unit
in a short period of time and teach several concepts, little room is left for critical
thinking and the focus becomes on teaching the content, and therefore the class
falls back into a traditional classroom.
5.3.5 Problem solving skills in a STEM-based unit
Students who problem solve are able to identify a problem, suggest ways
to solve it and then evaluate it (Egbert, 2017). In this research students
demonstrated problem solving skills when they were first faced with a problem.
Students were provided with materials and were asked to use all these materials to
construct a catapult. Students struggled with finding a way to construct a catapult
and use all the materials provided. Students were able to use all the materials and
their catapult did work, but not to its full potential. When students were working
on constructing the catapult, they did not think critically, nor did they make
connections to how the catapult looks like in real life. Nevertheless, when
students are given the chance to keep trying each time something new, this allows
them to identify a problem, suggest ways to solve it and then evaluate the problem
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and try something new. Students were only exposed twice to such a situation due
to time constraints. The curriculum coordinators should amend the POI and
provide more time for students to be able to think critically and problem-solve as
these skills are very important, according to literature.
5.3.6 Barriers to the implementation of a STEM-based unit
When implementing a STEM-based unit, teachers will be faced with
several challenges. According to Ejiwale (2013), there are many internal and
external barriers to the successful implementation of STEM education. Some of
the internal barriers include: poor preparation of the STEM lesson, as well as poor
content preparation, delivery and method of assessment. In this STEM-based unit
the internal challenges faced were similar. Teachers faced a lack of selfconfidence when teaching the content of the unit. They realized that they lacked
the proper training to effectively teach STEM and noticed that they required
support.
As for the external barriers, according to Ejiwale (2013), they include: a
shortage in the supply of qualified STEM teachers, lack of investment on the
teachers’ professional development, lack of motivation of students, lack of
connection with individual learners in a wide variety of ways, lack of support
from the school system, lack of research collaboration across STEM fields, poor
condition of laboratory facilities and instructional media, as well as lack of handson training for students. The results in this research showed that, some external
barriers to the implementation of a STEM-based unit include: appropriate
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resources to teach the content, time restraints, such as upon the use of technology,
distribution of materials requested, and planning for the sessions, hands-on
training for students, and a shortage in the supply of qualified STEM teachers.
Therefore, for societies to be able to adopt the STEM-based educational
approach, and to be able to avoid the risk of intensifying the negative aspect of
their societal problems, STEM educators must adopt the new role of a facilitator
in the classroom (Ejiwale, 2013).

5.4 Limitations of the study
In this study there were several limitations. First, the sample size of one
grade level and three teachers interviewed is small and therefore, the results of
this study cannot be generalized to other schools in Beirut or in Lebanon.
Nonetheless, the researcher was able to obtain adequate results from 126
observations, 3 formative assessments and a summative assessment for 27
students, 42 exit tickets for 27 students, 42 teacher’s journal entries and two
teacher interviews, and therefore the results are representative of the participating
grade level in the participating school.
The researcher did not have the time to train the teachers on how to apply
STEM-approaches and what STEM is all about. Instead the researcher prepared
the unit plan and shared it with the other teachers. To compensate for that, two
interviews were held with the teachers from the other two sections which allowed
the teachers to express their feelings. Another limitation faced was that the
questions in the interview did not include questions related to the challenges faced
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by students and therefore journal entries were collected by the teacher who was
not interviewed to show the challenges that the students faced during the STEMbased unit.

5.5 Recommendations
The results obtained from this research can be used for a variety of
purposes. A unified understanding of the meaning and implementation of STEM
education will assist in the development of a common understanding among
teachers. To be able to implement STEM approaches, teachers require more
training to use new strategies for teaching certain skills and content, and to
familiarize themselves with the technology available. Therefore, professional
development in STEM education is vital when trying to ensure a proper
understanding and implementation of STEM education. To make it easier for
teachers to implement STEM practices, they need to think of STEM as an
approach to learning that goes hand in hand with their PYP Curriculum as both
aim at allowing students to build connections with the real world.
In addition, integrating STEM disciplines like Math and Science or
Science and Engineering is not enough. Teachers need to have access to resources
that allow them to plan proper STEM-based units. This would also provide
students with meaningful learning experiences and would guarantee that rigorous
STEM content was taught.
Moreover, in order to reduce the barriers of STEM education, it is
recommended that the school modifies its curricula to fit the STEM-approach.
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This can be made possible by providing more hands-on activities and including
general objectives for teachers to be able to be more flexible when preparing for
the unit.
Schools, in general, who intend to adopt the STEM approach may find this
research paper helpful and useful, when planning a STEM-based unit, as it
provides teachers with the barriers they may face in school when implementing
the STEM approach.

5.6 Suggestions Future research
In order for this research to become a multiple-case study, this research
should be conducted across the school’s divisions and in different schools across
Lebanon. For the results to be generalized in Lebanon, this research can be
applied with a larger sample that represents the population. Test scores can be
taken from different sections and grade levels and compared with archived tests in
order to show progress. Moreover, observations can be conducted for more than
two grade levels and students can be observed for not only engagements but also
for critical thinking, understanding and challenges faced. Also, taking pictures
and video-taping the observed sessions will allow the researcher to analyze the
data in depth. Furthermore, the teacher should take anecdotal records to enrich her
teacher’s journals, and the journal entries should be guided with questions. The
questions in the interview should be related to the teachers’ beliefs about
integrated STEM education to obtain a clearer understanding about teaching using
the STEM-based approach.
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Furthermore, the results of the study showed certain areas of the school
that would benefit from further research. As teachers noted the connection
between the STEM-based unit and PYP, the school may choose to adopt the
STEM approach and apply it across all grade levels as it also fits perfectly with
the school’s vision and mission. This however, means that amendments to the
PYP Program of Inquiry (PYP POI) can be made to include more STEM activities
and engagements related to the unit of inquiry (UOI), experiments, as well as
STEM rigorous content.
However, students and teachers noted the lack of age-appropriate
resources concerning the content of the unit following the STEM-approach, and
therefore the school needs to invest on interactive content-based, age appropriate
resources. When the content and activities are consistent, the teacher will acquire
a shared understanding of STEM education. It would be helpful if we are able to
conduct the same study after STEM education has been introduced to the
students.
This research was conducted in a Science-based unit; however, it may be
conducted on a mathematics unit as well. Moreover, this research may be
conducted in other grade levels such as middle school and secondary school or
even in other schools such as private schools.

119

References
Abell, S., & Lederman, N. (2007). Handbook on research in science education.
Thousand Oaks: Sage.
Alper, C. (2018). Embracing inquiry-based instruction. Retrieved online from
https://www.edutopia.org/article/embracing-inquiry-based-instruction
Ananiadou, K., & Claro, M. (2009). 21st century skills and competences for new
millennium learners in OECD countries. OECD Publishing.
doi:10.1787/218525261154
Anderson, R. D. (2007). Inquiry as an organizing theme for science curricula. In
S.K. Abell, & N.G. Lederman (Eds.), Handbook of research on science
education (pp. 807-830). New Jersey: Lawrence Erlbaum Associates.
Bandura, A. (1997). Self-efficacy: The exercise of control (pp. 1-3). New York:
W. H. Freeman and Company.
Barker, A. (2013). What is communication? In Improve your communication
skills (3rd ed.). London: Kogan Page.
Bosworth, D., Lyonette, C., Wilson, R., Bayliss, M., & Fathers, S. (2013). The
supply of and demand for high-level STEM skills. Retrieved online from
https://assets.publishing.service.gov.uk/government/uploads/system/uploa
ds/attachment_data/file/302973/evidence-report-77-high-level-stemskills_1_.pdf
Brain Pop Jr. (2019). Gravity. [ Video File]. Retrieved online from
https://jr.brainpop.com/science/forces/gravity/
Brown, J. (2012). The current status of STEM education research. Journal of
STEM Education: Innovations and Research, 13(5), 7.
Bruce-Davis, M. N., Gubbins, E. J., Gilson, C. M., Villanueva, M., Foreman, J.
L., & Rubenstein, L. D. (2014). STEM high school administrators’,
teachers’, and students’ perceptions of curricular and instructional
strategies and practices. Journal of Advanced Academics, 25(3), 272-306.
Bryant, M. 2015. Conducting Observational Research. Retrieved online
from https://www.deakin.edu.au/__data/assets/pdf_file/0004/681025/Parti
cipant-observation.pdf
120

Burrows, A., Lockwood, M., Borowczak, M., Janak, E., & Barber, B. (2018).
Integrated STEM: Focus on informal education and community
collaboration through engineering. Education Sciences, 8(1), 4.
doi:http://dx.doi.org.ezproxy.lau.edu.lb:2048/10.3390/educsci8010004
Bybee, R. W. (2010). What is STEM education? Science (New York,
N.Y.), 329(5995), 996-996. doi:10.1126/science.1194998
Cambridge Dictionary. (2017). Barriers. Retrieved online from
https://dictionary.cambridge.org/dictionary/english/barrier?q=barriers
Colburn, A. (2000). An inquiry primer. Science Scope, 23, 42-44. Retrieved
online from http://www.cyberbee.com/inquiryprimer.pdf
Cross, T. L., & Frazier, Costa, A. L. & Association for Supervision and
Curriculum Development. (2001). Developing minds: A resource book for
teaching thinking (3rd ed.). Alexandria, VA: Association for Supervision
and Curriculum Development.
A. D. (2010). Guiding the psychosocial development of gifted students attending
specialized residential STEM schools. Roeper Review, 32(1), 32-41.
doi:10.1080/02783190903386868
De Witt, N. (1961). Education and Professional Employment in the USSR (Vol.
61, No. 40). National Academies.
Dewey, J. (1998). How we think: A restatement of the relation of reflective
thinking to the educative process. Boston, MA: Houghton Mifflin
Company.
Diab, H. (2011). Towards modernization: Rescue plan, projects and achievements
of the Ministry of Education and Higher Education. Beirut,
Lebanon: Typopress.
Dwyer, D.C., Ringstaff, C. & Sandholtz,J.H. (1990).The evolution of teachers’
instructional beliefs and practices in high-access-to-technology
classrooms. The American Education Research Association. ERIC
Document Reproduction Service. Retrieved online on July 17, 2016 from
http://www.apple.com/euro/pdfs/acotlibrary/rpt8.pdf
Egbert, J. L. (2009). Supporting learning with technology: Essentials of
classroom practice. Upper Saddle River, NJ: Pearson Education.

121

Ejiwale, J. A. (2013). Barriers to successful implementation of STEM
education. Journal of Education and Learning (EduLearn), 7(2), 63-74.
English, L. D. (2017). Advancing elementary and middle school STEM
education. International Journal of Science and Mathematics
Education, 15(S1), 5-24. doi:10.1007/s10763-017-9802-x
Evamy, C. (2005). Bridge aesthetics study. Edmonton, Canada: Alberta
infrastructure and transportation
Farnsworth, V., Kleanthous, I., & Wenger-Trayner, E. (2016). Communities of
practice as a social theory of learning: A conversation with etienne
wenger. British Journal of Educational Studies, 64(2), 139-160.
doi:10.1080/00071005.2015.1133799
Franco, M. S., & Patel, N. H. (2017). Exploring student engagement in STEM
education: An examination of STEM schools, STEM programs, and
traditional schools. Research in the Schools, 24(1), 10-30.
Gardner, D. P., Larsen, Y. W., Baker, W., Campbell, A., & Crosby, E. A.
(1983). A nation at risk: The imperative for educational reform (p. 65).
USA: United States Department of Education.
Gardner, R. C. (2005). Integrative motivation and second language acquisition.
Paper presented at the Canadian Association of Applied
Linguistics/Canadian Linguistics Association, London, Canada.
Gasiewski, J. A., Eagan, M. K., Garcia, G. A., Hurtado, S., & Chang, M. J.
(2012). From gatekeeping to engagement: A multicontextual, mixed
method study of student academic engagement in introductory STEM
courses. Research in higher education, 53(2), 229-261
Graham, S. J. (2006). A study of students’ metacognitive beliefs about foreign
language study and their impact on learning. Foreign Language Annals,
39, 296–309.
Hacker, A. (2016). The Math Myth, and Other STEM Delusions (New York, NY:
The New Press). (pp. 256). ISBN 978-1-62097-068-3
Hastuti, M.T.(2018). STEM Integration into the Unit of Inquiry. Retrieved online
from https://pypduniablog.wordpress.com/2018/02/27/stem-integrationinto-the-unit-of-inquiry/

122

International Baccalaureate Organization. (2018). Primary Years Programme
(PYP). [Webinar]. Retrieved online from https://www.ibo.org/uk/schoolsteachers/pyp-webinar/
International Baccalaureate Organization (2012). Developing a transdisciplinary
programme of inquiry. Cardiff, Wales: Author.
Jho, H., Hong, O., & Song, J. (2016). An analysis of STEM/STEAM teacher
education in Korea with a case study of two schools from a community of
practice perspective. Eurasia Journal of Mathematics, Science &
Technology Education, 12(7), 1843–1862.
Jolly, A. (2014). STEM vs. STEAM: Do the arts belong. Education Week, 18, 16.
Kanzer-Lewis, G. (2015). What is problem solving? AADE in Practice, 3(3), 3841. doi:10.1177/2325160315576361
Kelley, T. R., & Knowles, J. G. (2016). A conceptual framework for integrated
STEM education. International Journal of STEM Education, 3(1), 1-11.
Kroeger, J. (2016). Importance of STEM education in elementary school.
Retrieved online from https://education.fsu.edu/importance-stemeducation-elementary-school
Labov, J. B., Reid, A. H., & Yamamoto, K. R. (2010). Integrated biology and
undergraduate science education: A new biology education for the twentyfirst century? CBE Life Science Education, 9, 10–16.
Lamberg, T., & Trzynadlowski, N. (2015). How STEM academy teachers
conceptualize and implement STEM education. Journal of Research in
STEM Education, 1(1), 45-58.
Lofgren, K. 2013. Qualitative analysis of interview data: a step-by-step guide. [
Video File]. Retrieved online on August 9th, 2019 from
https://www.youtube.com/watch?v=DRL4PF2u9XA
Marshall, C., & Rossman, G.B. (1989). Designing qualitative research. Newbury
Park, CA: Sage.
Marshall, S. P., McGee, G. W. M., McLaren, E., & Veal, C. C. (2011).
Discovering and developing diverse STEM talent: Enabling academically
talented urban youth to flourish. Gifted Child Today, 34(1), 16-23.
doi:10.1177/107621751103400107
123

Mortensen, D. (2019). How to do a thematic analysis of user interviews.
Interaction Design Foundation. Retrieved online on August 9th, 2019
from https://www.interaction-design.org/literature/article/how-to-do-athematic-analysis-of-user-interviews
Mukhopadhyay, R. (2013). Problem-solving in science learning. IOSR Journal of
Humanities and Social Science, 8(6), 21-25.
Murdoch, K. (2018). Kath Murdoch’s inquiry cycle. Retrieved online from
http://pypinquiryworkshop.weebly.com/uploads/1/1/9/6/11963536/inquiry
_cycle_hexagons_a4_-_with_descriptions.pdf
National Defense Education Act, P.L. 85-864. (1958). Retrieved online from
http://wwwedu.oulu.fi/tohtorikoulutus/jarjestettava_opetus/Troehler/NDE
A_1958.pdf
NERD. (2019). Creating fun with STEM. Retrieved online from
https://www.nerdlebanon.com/about.html
Pang, J., & Good, R. (2000). A review of the integration of science and
mathematics: Implications for further research. School Science and
Mathematics, 100(2), 73-82.
Parry, E.A. (2015). The “E” in STEM: Explicitly Teaching Engineering.
Retrieved online from https://www.advanc-ed.org/source/e-stemexplicitly-teaching-engineering
Paul, R., & Elder, L. (2005). Critical thinking competency standards. Tomales,
CA: Foundation for Critical Thinking
Pfeiffer, S. I., Overstreet, J. M., & Park, A. (2009;2010). The state of science and
mathematics education in state-supported residential academies: A
nationwide survey. Roeper Review, 32(1), 25-31.
doi:10.1080/02783190903386579
Rebello, E. & Suri, C. (2017). Integration in the PYP. Retrieved online from
https://www.mbis.org/integration-in-the-pyp/
Sanders, M. (2009). STEM, STEM Education, STEMmania. The Technology
Teacher, 68(4), 20-26.

124

Sayegh, N. A. E., & Lebanese American University. Department of Education.
(2018). Investigating the adoption of integrated STEM education within
classrooms: A case study
Shaunessy, E. (2005). Questioning strategies for teaching the gifted. PRUFROCK
PRESS INC.
Skinner, E., Furrer, C., Marchand, G., & Kindermann, T. (2008). Engagement and
disaffection in the classroom: Part of a larger motivational dynamic?
Journal of Educational Psychology, 100(4), 765–781
Sobel, I. (1978). The human capital revolution in economic development: its
current history and status. Comparative Education Review, 22(2), 278308.
Stinson, K., Harkness, S. S., Meyer, H., & Stallworth, J. (2009). Mathematics and
science integration: Models and characterizations. School Science and
Mathematics, 109(3), 153-161. doi:10.1111/j.1949-8594.2009.tb17951.x
The glossary of education reform. (2016). Student engagement. Retrieved online
from https://www.edglossary.org/student-engagement/
The oxford English dictionary (1989). England: United Kingdom.
The United States Department of Education. (2007). Report of the academic
competitiveness council. Washington, D.C.
Vogt, K. (2013). Seneca. In Zalta (Ed.),The Stanford Encyclopedia of Philosophy.
Retrieved online from
https://plato.stanford.edu/archives/sum2013/entries/seneca/
Wang, C. L. (2006). Learning. In M. Cohen, The essentials of philosophy and
ethics. London, UK: Routledge. Retrieved from
https://search.credoreference.com/content/entry/hodderepe/learning/0
Wang, H., Moore, T. J., Roehrig, G. H., & Park, M. S. (2011). STEM integration:
teacher perceptions and practice. Journal of Pre-College Engineering
Education Research, 1(2), 1–13.
Wu, H. K., & Huang, Y. L. (2007). Ninth grade student engagement in teacher
centered and student centered technology enhanced learning
environments. Science Education, 91(5), 727-749.

125

Williams, M., & Burden, R. (1999). Students' developing conceptions of
themselves as language learners. The Modern Language Journal, 83(2),
193-201. doi:10.1111/0026-7902.00015
Yashima, T. (2009). International posture and the ideal L2 self in the Japanese
EFL context. In Z. Dörnyei & E. Ushioda (Eds.), Motivation, language
identity and the L2 self (pp. 144– 163). Clevedon, UK: Multilingual
Matters.
Zakaria, F. (2015). In defense of a liberal education. New York, NY: W. W.
Norton & Company. 208 pp. (ISBN 978-0-393-24768-8)
Zemelman, S., Daniels, H., & Hyde, A. (2005). Best practice: New standards for
teaching and learning in America’s school (3rd Edition). Portsmouth, NH:
Heinemann.

126

Appendices
Appendix A– STEM-Based Unit Plan
Unit Title: How the World Works
Theme: How the World Works
Central Idea: An inquiry into the natural world and its laws.
An Inquiry into:
1. The different uses of force
2. The changes caused by the use of force
3. How understanding force helps us understand our world
Key Concepts:
Function: How does it work?
Change: How is it changing?
Connection: How is it connected to other things?
Related Concepts:
Physics – mechanics
Approaches to Learning:
• Thinking skills
• Communication skills
• Social skills
• Self-management skills
• Research skills
Approaches to Teaching:
• Teaching based on inquiry
• Teaching focused on conceptual understanding
• Teaching developed in local and global contexts
• Teaching focused on effective teamwork and collaboration
• Teaching differentiated to meet the needs of all learners
• Teaching informed by assessment (formative and summative)
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Week

Sessions

Lesson Plan

Pre – assessment for the new unit: students will independently
answer a question. This will be followed by sharing time for
their answers and posting any students’ questions. (The pre
assessment ticket for each student is found under the HTWW
folder – pre assessment.)
Students will then watch a video about forces (5min)
https://www.youtube.com/watch?v=IJWEtCRWGvI
Session 1 Students will discuss the video with a partner (5min)
Class discussion: What are Forces? (10min)
Exit Ticket
1.What did you learn today?
2.What questions do you have?
3.What are the challenges you faced?
4.How can you improve?

Week 1

Students will watch the brainpop.jr video. They will write notes
and keywords on their UOI journal. This is followed by a class
discussion on what a force, push and pull, friction, motion, and
position are according to the video.
https://jr.brainpop.com/science/forces/pushesandpulls/
*key words and their definitions will also be written and
Session 2 displayed in class.
Exit Ticket
1.What did you learn today?
2.What questions do you have?
3.What are the challenges you faced?
4.How can you improve?
Students will prepare 3 questions they would like to inquire into
about forces.
Students will take with them their UOI journal to the
playground.
Session 3

Students will write down what they have observed.
Students will mention who is applying the force and who is
receiving the force.
Exit Ticket
1.What did you learn today?
2.What questions do you have?
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3.What are the challenges you faced?
4.How can you improve?
Students will visit the maker space and explore five stations
(magnetic, muscular, gravity, friction and electrostatic).
Students will have a graphic organizer to record their
observation. (Found in the shared folder HTWW).
Students will then share with the class their observations and
Session 4 record any student questions on the question wall.
Exit Ticket
1.What did you learn today?
2.What questions do you have?
3.What are the challenges you faced?
4.How can you improve?
Exploring how forces go faster or slower and change direction.
The teacher will display a picture of dogs with a sled sliding on
the snow.
Students are asked to answer the following question:
Does it take a strong force or a weak force to move the dog
sled? How do you turn the sled left or right? (page 69 - Forces)
Session 5

Students then read and discuss page.70.
Students will individually solve pg.71 Exercise 3 and pg.72
exercise 5 and pg. 73 exercise 6.
Exit Ticket
1.What did you learn today?
2.What questions do you have?
3.What are the challenges you faced?
4.How can you improve?
A Strong or Weak force

Students will think about the following question:
Session 6 Is a stronger force always better? (pg. 74)
Students will turn to a partner, read page. 74 and discuss it.
Then students will share their discoveries with the class.
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Students will then solve individually pg. 75 and share their
thinking with the class.
Exit Ticket
1.What did you learn today?
2.What questions do you have?
3.What are the challenges you faced?
4.How can you improve?
The teacher will push an object on the table (a pencil case).
The teacher will ask the students to turn to a partner and discuss
what they saw. Then students share with the class. Then the
teacher will ask the students what caused the pencil case to stop
moving and why? Students will discuss with a partner and then
share their answers with the class.
The teacher will then roll a pencil on the table. The teacher will
wait for the pencil to stop moving. Then the teacher will ask the
students what caused the pencil to stop moving?
The teacher will then ask the students to make a prediction:
What do you think will happen when I give the pencil more
force? Will the pencil stop moving? Why? The students will
first turn to a partner and share their answer and then share with
Session 7 the class.
Students will then read page 80 and solve exercise 13 - class
checkStudents will individually solve page 81 exercises 14 and 15 class checkThen students will read page 82 and solve exercises 16 and 17 class check.
Exit Ticket
1.What did you learn today?
2.What questions do you have?
3.What are the challenges you faced?
4.How can you improve?

Week 2

Students will watch the video
https://www.youtube.com/watch?v=rfeVlNL7d9U
https://www.scienceaSession 8
z.com/main/ScienceSearch/?searchTerms=forces
Students will discuss the video as the teacher pauses the video.
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After watching and discussing the video students will choose a
scenario not mentioned in the video and describe how do forces
speed up.
Share with the class.
Exit Ticket
1.What did you learn today?
2.What questions do you have?
3.What are the challenges you faced?
4.How can you improve?
The teacher will begin the session with asking the students what
is a catapult? Then the students will observe the picture of a
catapult and try to guess what it is used for.

Students will then work in teams in order to create a catapult
that will throw the farthest (discussing how the object moved
faster, slower, stopped…).
Materials will be provided/team:
•
•
•
•

4 rubber bands
8 popsicle sticks
Session 9
1 Spoon
1 small crumpled ball
The students then start designing their catapult.
Students fix their design based on trial and error.
Students share their design.
The teacher shows her design and a class discussion will
follow.
The students will fill in the STEM challenge worksheet
Exit Ticket
1.What did you learn today?
2.What questions do you have?
3.What are the challenges you faced?
131

4.How can you improve?
Students will watch a video and count how many times an
object was pushed and how many times an object was pulled.
Video
https://www.youtube.com/watch?v=E-SnC WKsCg
Session
10

Then students will begin popcorn reading “Things Move.”
Exit Ticket
1.What did you learn today?
2.What questions do you have?
3.What are the challenges you faced?
4.How can you improve?

Session
11

Students will observe the picture on p.89 and read the caption.
Then students will answer question 1. As a class students will
read pg. 90 and answer individually questions 2 and 3 and then
share. Students will then read as a class page 91 and solve
exercise 4 and 5 individually and then share. Students will then
read page 92 and solve individually question 6 then share
answers with the class.
Exit Ticket
1.What did you learn today?
2.What questions do you have?
3.What are the challenges you faced?
4.How can you improve?

Session
12

Students will read and discuss pg. 94 as a class. The students
will answer questions 9 and 10 and perform the activity 11 on
pg. 95. In the activity students are asked to push a few objects
made up of different materials across the surface of their desk
(wood pencil, plastic ruler and a rubber eraser). Students should
determine which materials causes the most friction and then
discuss their observations with a partner and compare the
materials they chose.
https://www.youtube.com/watch?v=9ePpWrvOXGY
Exit Ticket
1.What did you learn today?
2.What questions do you have?
3.What are the challenges you faced?
4.How can you improve?
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Students will read page 96 and answer question 12 and page 97
questions 13 and 14. Read page 98 and answer questions 15 and
16.
Continue reading pg. 99 and answer question
18.

Session
13

Exit Ticket
1.What did you learn today?
2.What questions do you have?
3.What are the challenges you faced?
4.How can you improve?
Home learning
Students read page 103 and Research about the the Wright
brothers and learn about the forces that affect the plane OR
research about Christine Darden and her work with the sonic
boom. Then students answer the following prompt: Pretend you
can interview the Wright brothers or Christine Darden. Write
your interview questions about their work below (write at least
3 questions).
Students observe the picture on pg. 109 and discuss its caption.
Then students answer question 1 and share their answer with
the class.
Students will then read and discuss as a class pages 110 and 111
and answer questions 2 and 3 individually and then share
answers with the class.

Session
14

Activity and Discussion: The teacher will model
Prediction: What might happen if you move a compass around a
bar magnet?
Move a compass around a bar magnet What do you observe
about the magnetic poles? What can you tell about how the
compass works from this activity?
Exit Ticket
1.What did you learn today?
2.What questions do you have?
3.What are the challenges you faced?
4.How can you improve?

Week 3

Session
15

Students watched videos about static electricity and class
discussions were held.
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https://www.pbslearningmedia.org/resource/phy03.sci.phys.mfe
.zele/testing-for-static-electricity/
https://www.pbslearningmedia.org/resource/phy03.sci.phys.mfe
.zsnap/static-electricity-snap-crackle-jump/
The teacher will pause the videos and leave room for
discussions and inquiry.
Exit Ticket
1.What did you learn today?
2.What questions do you have?
3.What are the challenges you faced?
4.How can you improve?
Home learning
Research other methods that allow people to convert energy
from their own bodies to power small electrical devices.
Describe one device, and explain how it works. Add pictures
and post to Seesaw or sent it to me in a word document.
Find out what students' know about gravity. Ask:
• What is gravity?
• Where is gravity?
• What does gravity do?
Give students time to explain their ideas. Record their thoughts
on the board.

Session
16

Students will then watch a video about gravity and hold a class
discussion about it
https://www.pbslearningmedia.org/resource/idptv11.sci.phys.m
af.d4kgrav/gravity/
Students will then solve pages from their forces booklet (page
96 -97- 98)
Exit Ticket
1.What did you learn today?
2.What questions do you have?
3.What are the challenges you faced?
4.How can you improve?

Session
17

Students will explore different videos (pbl learning, bbc
bitesize…) on forces.
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https://mysteryscience.com/lessons/seasonal/spring
https://www.exploratorium.edu/snacks/subject/mechanics

Exit Ticket
1.What did you learn today?
2.What questions do you have?
3.What are the challenges you faced?
4.How can you improve?
Students practice how to describe the forces answering the
questions: type of force, contact / non-contact - push/ pull - who
applied the force - who received the force - is it a strong / weak
force - what change in motion is caused…
Session
18

Exit Ticket
1.What did you learn today?
2.What questions do you have?
3.What are the challenges you faced?
4.How can you improve?
Formative assessment in the makerspace

Session
19

Exit Ticket
1.What did you learn today?
2.What questions do you have?
3.What are the challenges you faced?
4.How can you improve?
Students will first complete the graphic organizer for the
assessment. Then students will go over collectively the five
stations and discuss their findings as a class while the teacher
writes their answers on the active board.

Session
20

Session
21

Exit Ticket
1.What did you learn today?
2.What questions do you have?
3.What are the challenges you faced?
4.How can you improve?
What is Kun Hadi? Who is our guest speaker? (class discussion
using their online website http://www.kunhadi.org/kunhadi/)
Kun - Hadi’s visit at 9
Exit Ticket
135

1.What did you learn today?
2.What questions do you have?
3.What are the challenges you faced?
4.How can you improve?
Reflection on guest speaker - discussing examples of forces
and safety measures used in our daily life (seat belts, helmets,
knee and elbow pads, and dance/ basketball shoes)
Session
22

Exit Ticket
1.What did you learn today?
2.What questions do you have?
3.What are the challenges you faced?
4.How can you improve?
Go over the task and the tool for the summative assessment
with the students to share clear expectations / group students
according to their interest of the forces.

Session
23

Week 4

Exit Ticket
1.What did you learn today?
2.What questions do you have?
3.What are the challenges you faced?
4.How can you improve?
Research: In groups, students will explore different videos (pbl
learning, bbc bitesize…) on forces.
By the end of the session, students will decide on their first two
priorities.

Session
24

Exit Ticket
1.What did you learn today?
2.What questions do you have?
3.What are the challenges you faced?
4.How can you improve?
Research: Students will sit in groups to decide on 1 experiment
for the common interest. They will start planning the materials
and their roles.

Session
25

Exit Ticket
1.What did you learn today?
2.What questions do you have?
3.What are the challenges you faced?
4.How can you improve?
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Research: Students will continue working on their planning for
the experiments.
Session
26

Exit Ticket
1.What did you learn today?
2.What questions do you have?
3.What are the challenges you faced?
4.How can you improve?
Implementation: Students will start preparing their stands and
decorations.

Session
27

Exit Ticket
1.What did you learn today?
2.What questions do you have?
3.What are the challenges you faced?
4.How can you improve?
Implementation: Students will continue preparing their stands
and decorations.

Session
28

Exit Ticket
1.What did you learn today?
2.What questions do you have?
3.What are the challenges you faced?
4.How can you improve?
Implementation: Students will start preparing a game that
matches their experiment to share with Grade 1 students on
“Freeky Forces Day.”

Session
29

Week 5

Exit Ticket
1.What did you learn today?
2.What questions do you have?
3.What are the challenges you faced?
4.How can you improve?
Implementation: Students will continue planning for their
experiments / games and preparing their stands and decorations.

Session
30

Exit Ticket
1.What did you learn today?
2.What questions do you have?
3.What are the challenges you faced?
4.How can you improve?
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Implementation: Students will continue planning for their
experiments / games and preparing their stands and decorations.
Session
31

Exit Ticket
1.What did you learn today?
2.What questions do you have?
3.What are the challenges you faced?
4.How can you improve?
Implementation: Students will continue planning for their
experiments / games and preparing their stands and decorations.

Session
32

Exit Ticket
1.What did you learn today?
2.What questions do you have?
3.What are the challenges you faced?
4.How can you improve?
Students will re-watch the video and then write a procedural
writing on how to make a catapult to share with grade 1
students and teach them how to make a catapult since they are
learning about simple machines.
https://www.youtube.com/watch?v=A6hQsJxzIws

Session
33
Exit Ticket
1.What did you learn today?
2.What questions do you have?
3.What are the challenges you faced?
4.How can you improve?
Each student will design a flyer on how to make a catapult to
give to their partner (the grade 1 student).
Session
34

Session
35

Exit Ticket
1.What did you learn today?
2.What questions do you have?
3.What are the challenges you faced?
4.How can you improve?
Students will take turns coming up to the interactive board to
help in writing and designing an invitation card to give to the
grade 1 students. We should include in our invitation card an
agreed place, date and time.
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Exit Ticket
1.What did you learn today?
2.What questions do you have?
3.What are the challenges you faced?
4.How can you improve?
Students will continue planning for their experiments / games
and preparing their stands and decorations.
Session
36

Exit Ticket
1.What did you learn today?
2.What questions do you have?
3.What are the challenges you faced?
4.How can you improve?
Students will continue planning for their experiments / games
and preparing their stands and decorations.

Session
37

Exit Ticket
1.What did you learn today?
2.What questions do you have?
3.What are the challenges you faced?
4.How can you improve?
Students will continue planning for their experiments / games
and preparing their stands and decorations.

Week 6
Session
38

Exit Ticket
1.What did you learn today?
2.What questions do you have?
3.What are the challenges you faced?
4.How can you improve?
Students will continue planning for their experiments / games
and preparing their stands and decorations.

Session
39

Exit Ticket
1.What did you learn today?
2.What questions do you have?
3.What are the challenges you faced?
4.How can you improve?

Session
40

Students will finalize designing and building their experiment,
game and stand and practice presenting.
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Exit Ticket
1.What did you learn today?
2.What questions do you have?
3.What are the challenges you faced?
4.How can you improve?
Sharing Session: Freaky Forces Day. Grade 1 students will
move from one station to the next and explore with the Grade 3
students the different types of forces.
Session
41

Exit Ticket
1.What did you learn today?
2.What questions do you have?
3.What are the challenges you faced?
4.How can you improve?
Sharing Session: Students will visit grade 1 and explain to them
how to make a catapult and give them their flyer to follow as
guidance.

Session
42

Exit Ticket
1.What did you learn today?
2.What questions do you have?
3.What are the challenges you faced?
4.How can you improve?
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Appendix B: Experiment Worksheet

https://lifeofahomeschoolmom.com/2014/06/free-scientific-methodworksheet-kids/
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Appendix D: Observation Checklist for Engagement

Appendix E: Task and Tool for the Formative Assessment
How the World Works
Makerspace (2) - Graphic Organizer
You are going to visit 5 stations in the makerspace. For each station, there will be
specific instructions for you to follow and a graphic organizer to fill out. Give
detailed explanation using your acquired scientific terminology and you can also
use the space provided to illustrate your thinking.

Checklist

Teacher’s Assessment

Students Self-Assessment
I was able to:

Yes No Explain

Follow the instructions to conduct my experiment.

Use scientific terminology to explain my
observations/thinking.

Cooperate with my group and wait patiently for my turn.

Illustrate to explain my thinking. Optional
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Station 1:
You have a record disc and a plate full of rice krispies. Move the record close to
the plate. Does anything happen? Then take the record and rub it against a
woolen cloth. Place the record close to the rice krispies plate. What happened?
Why? Make sure that in your answer you identify and explain the force(s)
that caused change. Use scientific terminology to explain your thinking.
Materials used:
a.
A plate full of rice krispies
b.
A record disc
c.
A woolen cloth

_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________

Station 2:
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Observe what happened to the ping-pong ball when the teacher turned on the
hairdryer. Why did the ball not go into space? Describe what happened to the
ball when the teacher turned off the hairdryer. Identify and explain the force
applied on the ball. Use scientific terminology to explain your thinking.
Materials used:
a.
hairdryer
b.
Ping-pong ball

________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________

Station 3:
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You have on the table three different types of shoes. Rub and slide each shoe
against the surface of the table. Identify the force(s) and explain what
happened. Which shoe will slide the farthest? Why? Use scientific
terminology in your answer.
Materials used:
a.
b.

3 different shoes
Surface of the table

________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
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Station 4:
Sit in the plastic box. Then pull yourself along the floor using the rope to reach
the wall. What happened? Why? Identify and explain the force(s) that were
used to help you reach your destination. Use scientific terminology to explain
your thinking.
Materials used:
a.
2 plastic boxes
b.
Rope

________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
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Station 5:
There are two cardboards placed on the table in front of you. Observe them. What
are the similarities and differences between the two cardboards? The paper
boat contains a magnet. Place another magnet beneath the cardboards to move the
paper boat. What did you observe? Why? Identify and explain the forces that
caused movement. On which cardboard did the boat move and why? Use
scientific terminology to explain your thinking.
Materials used:
a.
Paper boats
b.
2 Cardboards (one thin and one thick)
d. Little strong magnets

________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
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Appendix F: Tool – Checklist- Summative Assessment
Your task is to build a device that uses force to create controlled movement. You
need to make sure that your creation helps solve a suggested problem. Fill in the
STEM challenge Worksheet.
My creation:

Yes

No

Is a device that shows the use of forces.
Is a device that shows controlled movement.
Is a device that shows the changes caused by the
use of these forces.
Helps solve a suggested problem.

Appendix G: Rubric – Summative Assessment
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Explain

Beginning

Developing

Competent

Proficient

Understanding Shows very little
Form/Function knowledge or no
knowledge at all
of the use of
contact and noncontact forces
and the changes
caused by the
use of these
forces.

Shows basic
knowledge of
the use of
contact and noncontact forces
and the changes
caused by the
use of these
forces.

Shows clear
knowledge of
the use of
contact and
non-contact
forces and the
changes
caused by the
use of these
forces.

Shows precise
and accurate
knowledge of
the use of
contact and noncontact forces
and the changes
caused by the
use of these
forces.

Understanding Shows limited
Causation
critical analysis
of how
understanding
forces helps us
understand our
world while
constructing.

Shows basic
critical analysis
of how
understanding
forces helps us
understand our
world while
constructing.

Shows
sufficient
critical
analysis of
how
understanding
forces helps
us understand
our world
while
constructing.

Shows in-depth
critical analysis
of the how
understanding
forces helps us
understand our
world while
constructing.

Is capable to
communicate
partially what
has been learned
through
construction.

Is capable to
communicate
what has been
learned
through
construction.

Is capable to
communicate
what has been
learned through
construction.

Learning
Methods

Presenting

Needs great help
to communicate
what has been
learned through
construction.
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Accepting
Responsibility

Needs important
guidance to
assume
responsibility to
complete the
assigned task
correctly.

Needs some
guidance to
assume
responsibility to
complete the
assigned task
correctly.

Needs little
guidance to
assume
responsibility
to complete
the assigned
task correctly.

Cooperation

Needs important
reminders to
work
cooperatively
with others;
needs
continuous
reminders to be
courteous with
others.

Needs some
reminders to
work
cooperatively
with others;
needs some
reminders to be
courteous with
others.

Is able to
work
cooperatively
with others
with minimal
reminders;
needs minimal
reminders to
be courteous
with others.
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Is able to work
independently
to assume
responsibility to
complete the
assigned task
correctly.

Is able to work
cooperatively
with others; Is
always
courteous with
others.

Appendix H: Google Form - Exit Ticket
1.
2.
3.
4.

What did you learn today?
What questions do you have?
What are the challenges you faced?
How can you improve?
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Appendix I: Interview questions (semi-structured interview)
1. Describe how the unit went.
-

How comfortable were you teaching the content?

-

How comfortable were you with the approach?

-

How was the classroom management like?

-

When were your students engaged and when were they not engaged?

2. What were some of the challenges that you faced while implementing this
STEM-based unit?
-

Aligning the STEM lessons with the curriculum

-

Time restraints

-

Financial restraints

-

Use of technology

-

Space / facilities

-

Knowledge and content

3. What were some of the challenges faced while implementing the activities
throughout the unit?
-

Materials

-

Space

-

Level of noise (management)

4. What were the difficulties faced by the students during this unit?
5. What will you do differently when re-teaching this unit?
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Appendix J: Concept Distribution of the Pre-Assessment

Concept Distribution of the Pre-Assessment
Concept
Science Concept 1:
Demonstrate an
understanding of contact
forces that involve direct
(push/pull)

Question

What can you observe in
the picture

Appendix K: Skills Distribution of the Pre-Assessment

Skill Distribution of the Pre-Assessment
Skill
Critical Thinking Skill 1:
Making inferences using
inductive or deductive
reasoning

Question

Explain what is happening

Appendix L: Concept Distribution of Formative 1

Concept Distribution of Formative 1
Concept
Math Concept 1: Ordinal Number

Science Concept 1: Contact forces
that involve direct (push/pull)

Question
Station 3: Which car will reach the finish line
first? Why?
Station 2: What did you notice while s/he was
opening the bottle? Why?
Station 4: What will happen if a toy car rolls
different materials? Why?

155

Station 1: What did you observe? Why?
Science Concept 2: Non- contact
forces that include magnetic and
gravitational forces that involve
forces acting at a distance, with
three related questions.

Station 3: Which car will reach the finish line
first? Why?
Station 5: What happened? Why do you think this
happened?
Station 1: What did you observe? Why?
Station 2: What did you notice while s/he was
opening the bottle? Why?

Science Concept 3: How forces
cause objects to move, speed up,
slow down, change direction, stop,
or deform

Station 3: Which car will reach the finish line
first? Why?
Station 4: What will happen if a toy car rolls
different materials? Why?
Station 5: What happened? Why do you think this
happened?

Appendix M: Skills Distribution of Formative 1

Skill Distribution of Formative 1
Skill

Question
Station 1: What did you observe? Why?
Station 2: What did you notice while s/he was
opening the bottle? Why?

Critical Thinking Skills 1: Making Station 3: Which car will reach the finish line first?
inferences using inductive or
Why?
deductive reasoning
Station 4: What will happen if a toy car rolls
different materials? Why?
Station 5: What happened? Why do you think this
happened?
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Station 1: What did you observe? Why?
Station 2: What did you notice while s/he was
opening the bottle? Why?
Critical thinking skills 5:
interpreting and explaining

Station 3: Which car will reach the finish line first?
Why?
Station 4: What will happen if a toy car rolls
different materials? Why?
Station 5: What happened? Why do you think this
happened?
Station 1: What did you observe? Why?
Station 2: What did you notice while s/he was
opening the bottle? Why?

Station 3: Which car will reach the finish line first?
Critical thinking skills 6: reasoning Why?
Station 4: What will happen if a toy car rolls
different materials? Why?
Station 5: What happened? Who do you think this
happened?
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Appendix N: Concept Distribution of Formative 2

Concept Distribution of Formative 2
Concept

Question
Station 3: Identify the force(s) and explain what
happened? Which shoe will slide the farthest?
Why? Use scientific terminology in your answer.

Science Concept 1: Contact forces
Station 4: What happened? Why? Identify and
that involve direct (push/pull)
explain the force(s) that were used to help you
reach your destination. Use scientific
terminology to explain your thinking.
Station 1: Does anything happen? What
happened? Why? Make sure that in your answer
you identify and explain the force(s) that caused
change. Use scientific terminology to explain
your thinking.
Science Concept 2: Non- contact
forces that include magnetic and
gravitational forces that involve
forces acting at a distance, with
three related questions.

Station 2: Why did the ball not go into space?
Describe what happened to the ball when the
teacher turned off the hairdryer, Identify and
explain the force applied on the ball. Use
scientific terminology to explain your thinking.
Station 5: What are the similarities and
differences between the two cardboards? What
do you observe? Why? Identify and explain the
forces that caused movement. On which
cardboard did the boat move and why? use
scientific terminology to explain your thinking.
Station 1: Does anything happen? What
happened? Why? Make sure that in your answer
you identify and explain the force(s) that caused
change. Use scientific terminology to explain
your thinking.

Science Concept 3: How forces
cause objects to move, speed up,
slow down, change direction, stop,
Station 2: Why did the ball not go into space?
or deform
Describe what happened to the ball when the
teacher turned off the hairdryer, Identify and
explain the force applied on the ball. Use
scientific terminology to explain your thinking.
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Station 3: Identify the force(s) and explain what
happened? Which shoe will slide the farthest?
Why? Use scientific terminology in your answer.
Station 4: What happened? Why? Identify and
explain the force(s) that were used to help you
reach your destination. Use scientific
terminology to explain your thinking.
Station 5: What are the similarities and
differences between the two cardboards? What
do you observe? Why? Identify and explain the
forces that caused movement. On which
cardboard did the boat move and why? use
scientific terminology to explain your thinking.

Appendix O: Skills Distribution of Formative 2

Skill Distribution of Formative 2
Skill

Question
Station 1: Why? Make sure that in your answer you identify and explain the
force(s) that caused change. Use scientific terminology to explain your
thinking.

Critical Thinking
Skills 1: Making
inferences using
inductive or
deductive
reasoning

Station 2: Why did the ball not go into space? Identify and explain the force
applied on the ball. Use scientific terminology to explain your thinking.
Station 3: Identify the force(s) and explain what happened? Which shoe will
slide the farthest? Why? Use scientific terminology in your answer.
Station 4: Why? Identify and explain the force(s) that were used to help you
reach your destination. Use scientific terminology to explain your thinking.
Station 5: Why? Identify and explain the forces that caused movement. On
which cardboard did the boat move and why? use scientific terminology to
explain your thinking.

Critical thinking
skills 5:
interpreting and
explaining

Station 1: Does anything happen? What happened? Why? Make sure that in
your answer you identify and explain the force(s) that caused change. Use
scientific terminology to explain your thinking.
Station 2: Why did the ball not go into space? Describe what happened to
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the ball when the teacher turned off the hairdryer, Identify and explain the
force applied on the ball. Use scientific terminology to explain your
thinking.
Station 3: Identify the force(s) and explain what happened? Which shoe will
slide the farthest? Why? Use scientific terminology in your answer.
Station 4: What happened? Why? Identify and explain the force(s) that were
used to help you reach your destination. Use scientific terminology to
explain your thinking.
Station 5: What are the similarities and differences between the two
cardboards? What do you observe? Why? Identify and explain the forces
that caused movement. On which cardboard did the boat move and why? use
scientific terminology to explain your thinking.
Station 1: Why? Make sure that in your answer you identify and explain the
force(s) that caused change. Use scientific terminology to explain your
thinking.
Station 2: Why did the ball not go into space? Identify and explain the force
applied on the ball. Use scientific terminology to explain your thinking.
Station 3: Identify the force(s) and explain what happened? Which shoe will
Critical thinking slide the farthest? Why? Use scientific terminology in your answer.
skills 6: reasoning
Station 4: What happened? Why? Identify and explain the force(s) that were
used to help you reach your destination. Use scientific terminology to
explain your thinking.
Station 5: What are the similarities and differences between the two
cardboards? What do you observe? Why? Identify and explain the forces
that caused movement. On which cardboard did the boat move and why? use
scientific terminology to explain your thinking.
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Appendix P: Concept Distribution of Formative 3

Concept Distribution of Formative 3
Concept

Question
3. What is my plan?
6. This is what my final project looks like.

Math Concept 2: Angles

7. What did I learn?
8. What can I conclude about my STEM challenge?

4. What worked for me?
Science Concept 1: Contact forces that
involve direct (push/pull)
6. This is what my final project looks like.
7. What did I learn?
4. What worked for me?
Science Concept 3: How forces cause
objects to move, speed up, slow down, 7. What did I learn?
change direction, stop, or deform
8. What can I conclude about my STEM challenge?
Science Concept 4: Forces used in our
8. What can I conclude about my STEM challenge?
daily lives
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Appendix Q: Skills Distribution of Formative 3

Skills Distribution of Formative 3
Skill

Question
4. What worked for me?
5. What did not work for me?

Critical thinking skills 2: judging or
evaluating

6. This is what my final project looks like.
7. What did I learn?
8. What can I conclude about my STEM
challenge?
1. What problem do I need to solve?

Critical thinking skills 3: making
decisions

2. What supplies will I use?
3. What is my plan?
5. What did not work for me?
1. What problem do I need to solve?
2. What supplies will I use?

Critical thinking skills 4: asking and 5. What did not work for me?
answering questions for clarification
8. What can I conclude about my STEM
challenge?
4. What worked for me?
5. What did not work for me?
Critical thinking skills 5: interpreting 6. This is what my final project looks like.
and explaining
7. What did I learn?
8. What can I conclude about my STEM
challenge?
Critical thinking skill 6: reasoning

4. What worked for me?
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5. What did not work for me?
6. This is what my final project looks like.
7. What did I learn?
8. What can I conclude about my STEM
challenge?
Problem-solving skills 1: Identify the
problem

1. What problem do I need to solve?
5. What did not work for me?
3. What is my plan?

4. What worked for me?
Problem-solving skills 2: Gather
information and analyze the problem
5. What did not work for me?
3. What is my plan?
Problem-solving skills 3: Generate
potential solutions

4. What worked for me?
6. This is what my final project looks like.
7. What did I learn?
3. What is my plan?

Problem-solving skills 4: Choose a
solution and test it

4. What worked for me?
5. What did not work for me?
4. What worked for me?
5. What did not work for me?

Problem-solving skills 5: Analyze
and evaluate the results

6. This is what my final project looks like.
7. What did I learn?
8. What can I conclude about my STEM
challenge?
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Appendix R: Concept Distribution of the Summative Assessment

Concept Distribution of the Summative Assessment
Concept
Math Concept 3: Shapes

Question
2. What supplies will I use?

Science Concept 1: Contact forces
that involve direct (push/pull) - If
applicable depending on the choice
of force
4. What worked for me?
6. This is what my final project looks like.
Science Concept 2: Non- contact
forces that include magnetic and
7. What did I learn?
gravitational forces that involve
forces acting at a distance - If
applicable depending on the choice
of force
4. What worked for me?
Science Concept 3:How forces
cause objects to move, speed up,
7. What did I learn?
slow down, change direction , stop,
8. What can I conclude about my STEM
or deform
challenge?
Science Concept 4:Forces used in
our daily lives

8. What can I conclude about my STEM
challenge?
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Appendix S: Skills Distribution of the Summative Assessment

Skills Distribution of the Summative Assessment
Skill

Question
4. What worked for me?
5. What did not work for me?

Critical thinking skills 2: judging or
evaluating

6. This is what my final project looks like.
7. What did I learn?
8. What can I conclude about my STEM
challenge?
1. What problem do I need to solve?

Critical thinking skills 3: making
decisions

2. What supplies will I use?
3. What is my plan?
5. What did not work for me?
1. What problem do I need to solve?
2. What supplies will I use?

Critical thinking skills 4: asking and
answering questions for clarification

5. What did not work for me?
8. What can I conclude about my STEM
challenge?
4. What worked for me?

Critical thinking skills 5: interpreting
and explaining

5. What did not work for me?
6. This is what my final project looks like.
7. What did I learn?
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8. What can I conclude about my STEM
challenge?
4. What worked for me?
5. What did not work for me?
Critical thinking skill 6: reasoning

6. This is what my final project looks like.
7. What did I learn?
8. What can I conclude about my STEM
challenge?

Problem-solving skills 1: Identify the
problem

1. What problem do I need to solve?
5. What did not work for me?
3. What is my plan?

Problem-solving skills 2: Gather
information and analyze the problem

4. What worked for me?
5. What did not work for me?
3. What is my plan?

Problem-solving skills 3: Generate
potential solutions

4. What worked for me?
6. This is what my final project looks like.
7. What did I learn?
3. What is my plan?

Problem-solving skills 4: Choose a
solution and test it

4. What worked for me?
5. What did not work for me?
4. What worked for me?

Problem-solving skills 5: Analyze and
evaluate the results

5. What did not work for me?
6. This is what my final project looks like.
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7. What did I learn?
8. What can I conclude about my STEM
challenge?

167

Appendix T: Scores of concepts from all the instrument
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Appendix U: Scores of skills from all the instruments (Pre-Assessment and Formative 1-2
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Appendix V: Scores of skills from all the instruments (Formative 3)

170

Appendix W: Scores of skills from all the instruments (Summative Assessment)
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Appendix X1: What did you learn today?
Student

What did they learn?

1

I learned that force is when an object interacts with another object.
I learned that when you apply force you set an object in motion.
I learned that there are five different forces.
I learned that objects can move faster, slow down and stop.
I learned about strong and weak forces.
I learned that it takes more force to push a sled uphill than on level
ground.
I learned how to build a catapult.
I learned that some things move quickly and some things move
slowly.
There is no motion when forces are balanced and there is motion
when they are unbalanced.
Friction is when two objects get in-contact with one another; it is a
contact force.
Gravity is the force that makes things not float and pulls them to the
ground.
In space there is no gravity because gravity is on earth. An example
is.If you are in a rocket ship and you pour water it will float because
its without gravity (mis-conception).
I learned about magnets (opposite poles stick together, same poles
repel each other. I learned about muscular forces and about how
balloons on the wall fall to the ground due to gravity and if they are
rubbed with hair or wool they stuck to the wall. I learned that there
is a force called electrostatic. I learned that a muscular force is a
contact force. I learned that gravity, magnetic and electrostatic
forces are non-contact forces.
I learned that if you don’t put the seatbelt you will fly and the
seatbelt pulls you. For example if you're driving a car and you were
putting the seat belt you will not fly.
We watched experiments about electrostatic and friction: I learned
that whenever we rub something, and get it close to an object, they
might attract or repel. I also learned that whenever I roll a car on a
rough surface, it will not go very far, and if I roll a car on a smooth
surface it will go very far.
Gravitational forces is when you have a ping pong ball and a hair
dryer you turn on the hair dryer and put the ping pong ball on top of
it the ping pong ball will not go to space because there is gravity.
Another example is when you jump you will come back down and
not jump very high because there is gravity.
Group Work and sharing information :
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I learned that I have to be patient and I have to let my group mates
have turns to write.
I learned that we have to know what to do and if we make a mistake
we don’t give up.
I learned that sharing information with grade 1 is not easy.
2

I learned about force.
I learned when you change your position you are in motion.
I learned that everything around us that moves needs a force. Like
when you go down the slide you are moving and their is a force that
is making you move.
I learned that in air hockey you should know what direction you
want the puck to go in order to win the game.
I learned about forces and how you can use them in the playground
in the class. For example in the playground someone can push you
on the swing or if you push yourself with your legs.
I learned today what is a catapult, what is it used for and how to
build one.
I learned that many things change direction as they move.
I learned that a pencil can roll more than a pencil case because the
pencil has less friction. Friction is a force that makes an object stop .
I learned today that gravity is a force that pulls you down.
I learned that gravity is found everywhere except in space (misconception). Magnets can attract or pull objects that have iron. It
will not attract wood, paper, plastic or rubber. It can be different
sizes and strengths. It has two poles ( north & south). The poles are
where the pull of a magnet is strongest. Same pole do not attract.
The magnetic field represents the force around a magnet.
I learned about electrostatic force, for example if you rub a balloon
on your hair your hair will be stick to it. BUT IT WON'T STAY
LIKE THAT FOREVER. Muscular force is the force that is created
through the use of muscles.
I learned that friction is a contact force.
I learned that when the teacher turned on the hair dryer and put the
ball on top of it, it started flying in the air near the blow dryer; it
couldn’t go to space because of gravity pulling it down to earth.
I learned that you have to wear a seatbelt while you’re driving or if
you are just sitting in the car, you should especially put the seatbelt
if you are sitting in the middle so you don’t bump your head and get
out of the car and the glass might break. If you are on a motorcycle
and you fall down you have to wear a helmet because if you fall on
the ground your skin might rub on the floor and start to bleed
because of friction.
I learned about different types of forces like when you are pulling a
rope to the wall and your in a box there will be friction between the
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floor and the box. But at the same time there is also a muscular force
because you are using your muscles to pull the rope.
I learned about gravitational forces. Gravitational forces is when you
have a hair dryer and a ping pong ball, you turn on the hair dryer and
put the ping pong ball on top of it, the ball will not go to space
because there is gravity. Another example is when you jump you
will not jump very high because there is gravity.
Group work and sharing information:
I learned that we need to use the things wisely.
I learned that we need to take turns.
I learned today that when you are presenting you need to be ready.
I learned that when you are explaining to grade 1 you need to use
simple words.
3

I learned about forces today. For example about the gravity, and
about pulling and pushing.
I learned that to know if there is force you need motion.
I learned that a force is a push or pull. You need to pull hard to win
in tug of war.
I learned that If you want a dog sled to change direction you can pull
the saddle in the way you want them to go.
Today I learned about strong and weak forces.
Today I learned that the direction that is a force is applied depends
on how strong the force is.
I learned about forces and how they speed up and slow down.
Today I learned how to capault objects.
Today I learned that some things move in a straight line and others
move in a circle. Balanced forces do not cause a change in motion.
Forces that cause a change in the motion of an object are unbalanced
forces. Friction is a force that makes an object stop.
I learnt about magnets that if you put the South Pole and the South
Pole it will repel and if you put the North Pole and the South Pole it.
Won't repel.
Today we learned about muscular force . Muscular force means
when you apply lots of force and when we use our muscles. I learned
that the muscular force is a contact force. I learned today about
different forces. 2 examples are when you rub a record disc on to
cloth and put the record disc in the plate the Rice Krispies in the
plate will attract with the record disc. Another example is when you
use a hair dryer and a ping pong ball and put it on top of the hair
dryer and turn on the hair dryer the ping pong ball will not go up to
space because there is gravity which is making the ping pong ball
fall down and the air is not that strong.
We learned about safety measures that you have to wear your seat
belt and other things you need to know about when you are driving.
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We watched videos about the forces we learned about to prepare for
presentations for grade one. One of them was magnet. We need to
make a small fishing rod with magnet at the top. We gather stuff and
try to attract it. The ones that stick means they are metal with iron.
The ones that did not stick means its metal or something else with no
iron on or in the object. Another force was muscular force. There is
a game called tug of war we divide into two groups. then we say go
and start the team that is pulling stronger will win. And while
playing we use our muscle which is muscular force. We also
watched about the other three videos which are gravitational force,
electrostatic and friction. We are doing that because they are
learning about forces with simple machines.I learned about
electrostatic force that if you rub wool or cloth against a pvc pipe,
and then throw a plastic bag on it the plastic bag will fly. I learned
that putting a scotch tape over the two magnets, doesn't stop the
force of pulling each other. Any object must be made from iron to be
stuck on the magnet. We learned the steps of making the
electroscope (related to electrostatic forces).
Group Work and sharing information:
I learned that if we are in a group we get information so fast and it’s
easier.
I learned that we need to be cooperative and communicate also you
need to wait patiently.
I learned that it is important to list the materials needed (when
constructing our project).
I learned that simplifying the information for grade 1 is hard.
4

I learned about forces.
I learned that motion is a change in position. When a soccer ball
moves there is a force that is changing its position. We say the ball is
in motion.
Today I learned about friction, magnetic force, muscular force,
gravitational force and electrostatic.
If you want the dog sled to stop you need to pull the rope back/
towards you.
Today I learned about strong and weak forces. In sports for example
soccer if you kick the ball using a strong force you can lose the
game. So you need to kick it using the proper amount of force.
I learned that more than one push or pull often happens to an object
at the same time.
Today I learned about different forces being applied using different
strengths.
I learned that the car on the streets are in motion while those in the
parking lot are at rest.
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I learned that when 2 people are pulling a rope that is a balanced
force if 1 person is pulling the rope stronger that is an unbalanced
force.
I learned that the less friction the more speed and distance. Gravity
is a force that pulls you toward the ground. Magnets can get stuck to
specific objects like metals, Iron, nickel and cobalt are strongly
attracted to magnets. If you have two charges of the same nature
they would push each other away meaning repel because of the
electrostatic force and if they are opposite nature then they would
attract each other also because of the electrostatic force. For
example, two electrons repel each other and a negatively charged
electron attracts a positively charged proton. I learned that muscular
force is a contact force. Today I learned that a contact force is a
force that can cause of change motion of an object by touching it.
I learned about safety measures and forces. Safety measures and
forces are for example a safety gear is Elbow Pads , Helmet
Basketball Shoes and Dance Shoes ............ Basketball Shoes helps
us because when you are trying to score a goal you will not slip but
if we wear dance shoes and try to score a goal you will slip so it’s
always safe to wear safety gear.
I learned that the electrostatic force attracts particles or objects
because of their electric charge. I also learned that two alike electric
charges, both positive or both negative, repel each other along a
straight line between their centres. I learned that even bubbles and
bags have charges.
Group Work:
I learned how to communicate with my group.
I also learned how to stay on task. To stay on task, you have to focus
on your work.
To communicate, you have to share and take turns with your group.
I learned that THE COOPERATION THAT MY TEAM DID
PAYED OFF.
I learned that it is important to give grade 1 students some
guidelines.
5

I learned that forces are wherever you go and in whatever you are
doing.
For example, when playing soccer you need to apply a force to kick
the ball.
I learned that motion is a change of an object's place. today we
learned about forces in five different ways. We could pull a rope in
the same time and we can pull a rope . If you want to shoot a ball so
strong you need to apply more force and you use your muscles to
kick the ball.This force is called muscular. I learned that different
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forces may be applied in different directions. I learned that Forces
are push and pull.
I learned that if you catapult heavy objects they do not go as far and
light objects.
I learned that some objects may remain at rest and not in motion.
Balanced and unbalanced fiction is a balance thing is things that
stops moving and the unbalanced thing is something that is moving.
I learned today that friction is low when you move swiftly down an
icy track. Today I learned that gravity is a force that pulls you down.
and their is gravity everywhere except in space.
I learned that the same magnetic poles repel and different poles
attract.
I learned that when you rub a balloon or a ruler on your hair, your
hair goes up and the ruler can also stick to papers . This is happening
because your hair charges an object and makes it stick to something
light. today
I learned that gravity is a force that pulls you down. and their is
gravity everywhere except in space.
I learned about muscular forces. Muscular forces is for an example
holding weights or using your muscles to do something.
I learned today that a non-contact force is when two objects are not
in physical contact with each other. When an accident happens the
force pulls your body forward but the seat belt forces your body
backwards.
I learned about the different forces. The different forces are
Gravitational Force Electrostatic Magnetic Friction Muscular Force.
1 example is Friction. Friction is when something rubs something
else. Another example is Muscular force. Muscular force is when u
use your Muscles to do something like holding weights. Muscular
force: 1) It is using muscles to move something from one place to
another. 2) It helps by caring things.
I learned that friction has different categories such as the kinetic
friction force and static friction force. I learned that friction only acts
with contact surfaces. I learned that when you construct your project
test it out to see if it works and practice reading/acting...
Group Work:
Working in groups helps us to be cooperative and to accept others'
opinions. when we did the cardboard we did the posters and each
one did a part.
While working in groups I learned about 2 things.To always stay on
task and to always respect your friends ideas .To stay on task, you
need to focus on what your doing and when someone in your group
is saying something that is off topic ,stop him in a respectful way
and tell him to stay on task.
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To be respectful to your friends ideas, whenever someone tells you
an idea and you don't like it, don't tell him in a mean way like ''no
your idea is not nice'' ! Tell him in a nice way like ''I am sorry but I
don't agree with your idea, maybe we could do _______ '' .
I learned how to be patient and wait for my turn.
When we did the cardboard we did the posters and each one did a
part.
6

Today, I learned about force in class. You can push ,pull or twist.
I learned that when you are in motion you change your position.
I learned that you need force to make motion and that position
means the location of something. For example, when you play
baseball and run from one base to the other you are changing your
position.
I learned about how objects move faster, slower and stop due to
force reaction. I learned about forces. People apply strong forces
while playing tug of war.
I learned that the motion happens in the direction of the stronger
force.
I learned that a long time ago people used catapults during wars.
Today I learned about balanced and unbalanced forces, we also
learned about push and pull forces. at the end we learned about
friction and how it opposes motion.
Today we learned about friction, I learned that rough things don't
slide down easily.
I learned that gravity pulls you down. today we learned about
magnetic forces.Magnetic forces surround magnets .Magnets always
have a north pole and a south pole . When you get two magnet bars
and make the same poles face each other they will repel . However
,when opposite poles face each other they stick to each other/attract .
A shape of a magnet may be a horseshoe ,a bar , a button or another
form .Iron fillings are small bits of iron .They can be used to show
the area around a magnet in which it repels or attracts . The farther
from the magnet ,the fewer fillings collect.
Today we learned about static electricity. Static electricity is a
charge that builds up on an object. Static charges also repel and
attract. In static electricity, two like charges repel each other. But
opposite static charges attract or stick together. Electric force can
apply by distances. Another fact is about the electric field. Which is
the distance that the force can apply. The closer the stronger and the
farther the weaker. Today we learned about the muscular forces.
I learned that when there is a force applied there is someone who is
applying it and someone or something that is receiving it.
I learned that when I rub a disc I give it negative charges and it
attracts the rice krispies because they have positive charges, this
force when negative charges attract positive charges is called
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electrostatic. I also learned about the friction of three shoes with a
table, the three shoes were ballerina, adidas and hiking. The
ballerina crossed the longest distance because its bottom is so
slippery on the table.
I learned that when you are in a car you have to put on your safety
seatbelt. the same with bicycle when you are on it you need to put on
a helmet and elbow pads and knee pads. STAY SAFE.
Today I learned about all the forces. For example, two types of
forces are the muscular force and magnetic force. There is friction,
gravitational force and electrostatic force.
I Learned that gravity pulls you down and muscular force is when
you use your muscles. Electrostatic force is the force that exists
between electrically charged particles or objects at rest. Electrostatic
forces are non-contact forces; they pull or push on objects without
touching them.
I learned that a catapult is real.
Group Work:
I learned that when we work in groups we need to work in a
cooperative way. I also learned that we need to work properly.
I learned that we should not waste time while working and work as a
team and make a good presentation for the first graders.
I learned that it is not easy to work in a very big group.
I learned that we cannot all talk at the same time.
7

I learned about forces. Forces are push and pull. When you slide you
change position. We learned about what is a force and how it works .
For example, we saw how to slide faster.
I learned that rubbing a balloon to your hair or wool will make the
balloon stick to a wall. It’s called electro static.we learned about
forces. If you push a pencil case very hard on the table it will go fast,
but if you push it with no force it will not go fast.
I learned about strong / weak force because if you don't have so
much power you can't hold heavy stuff.
I learned that the strongest pull wins in a game of tug of war.
I LEARNED THAT IN DOG SLEDDING THE HEAVIER THE
SLOWER YOU WILL GO.
We learned about motion, and catapult.
I learned that energy helps people make forces.
I learned about the balanced and unbalanced forces. When the forces
are equal, we call them balanced forces. I also learned that friction
decreases the force.
I learned today that friction is a force that opposes motion between
objects that are touching. we learned about gravity. we learned about
magnetic forces. We continued reading in our booklets and
answering questions related to it. We learned two new words which
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are repel and attract. Repel is to push apart and attract means pull
towards. Later we were partnered with a classmate on our table and
the teacher gave us compasses and magnets to observe the magnetic
poles and see how to use them. We also learned about the iron
fillings which are small bites of iron. Furthermore, we learned about
different kinds of poles (north and south).
I learned that OPPOSITE CHARGES ATTRACT. We learned that
muscular forces use muscles.
I learned that some forces are strong and some are weak.
I learned about different kinds of forces that we explored in the
makerspace that if there's a cardboard and one is thinner than the
other and you put one magnet inside a boat then you put another
magnet under the card boat and use the thin cardboard it would
move but the one that is thicker cardboard It wouldn't move.
I learned about how the rocket in our experiment flew .When the
rocket flew, my group mates and I was curious about how did the
rocket flew . When we stepped on the big soda bottle, the strong air
from the bottle went through the 4 foot PVC pipe then up the 30 cm
PVC pipe, the air pushed the paper rocket up and the rocket flew
.However, if you had a heavier material than paper ,the rocket may
fly but not as high as the paper rocket. I learned that making a
catapult is not easy.
Group Work and sharing:
I learned how to share and take turns when I am in a group. I also
learned that I should always cooperate when I am in a group.
I learned that if we are in groups we need to take turns.
I learned that if we are in groups we need to work as a team with my
teammates.
I learned that working in big groups, takes more time than small
group and need more cooperation and coordination.
Today I learned that doing experiments with grade 1 students is not
easy.
8

I learned about forces. I learned that a push or a pull is an example of
forces.
I learned that we cannot see force.
I learned about the different types of forces in physics, such as
pushing, pulling and twisting. I also learned about friction and how it
moves the opposite direction to make you slow down and make you
soon stop. And finally the last thing I learned is that friction, forces
and gravity are part of physics. You can apply a strong or weak force.
I learned that the sled goes faster on a level ground than up a steep
hill.
I learned how to build a catapult. A catapult is an old weapon that was
used in war.
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I learned that humans and cars need energy. The energy for humans
comes from the food they eat.
We learned that when you rub friction with something it becomes hot
and that if you are roller skating on grass the friction makes you stop
or fall.
I learned that when you rub your hands quickly you feel warmth
because of friction. Gravity is a force that pulls you down. That force
attracts the body towards the earth or towards a physical body that
have mass.
I learned that magnets can attract objects that have iron in them. I
learned that magnets have a south pole and a north pole. I also learned
that if you for example try to stick south with south the magnets will
repel but if you put the opposite sides of the magnet they will attract.
I learned that electrostatic forces is charging something or static
electricity.
I learned about muscular force. For example: 1. If I was on the
playground, on the swing I would use muscular force to pull me up to
the swing so I can sit on it. I learned that forces can change their
motion. Friction is one kind of force we learned about. There were
three shoes the Ballerinas, hiking shoes and soccer shoes. The friction
between the table and the surface of the hiking shoes was low. The
friction between the ballerina is high. The friction with the soccer is
low. Another force is the electrostatic. We rubbed a record to a piece
of cloth and put it on top of the rice krispies it got attracted by the
record. A third force is the magnet. There was a thin card board and a
thick one . there also was a paper boat with magnets. We put one
magnet in the boat and put the thick one and put the other magnet
under trying to attract and move the boat with it. then we put the thin
one put the magnet under and it attracted it with the boat. A fourth is
the muscular force. We sat in a box and tried to pull ourselves
towards the wall using a rope. Last force is about the pushing and
pulling. We had a hair dryer and a ping pong ball. The teacher turned
on the hair dryer and we put the ball and the hair dryer was pushing it
away. But when the teacher turned it of it got pulled by gravity and no
force was applied on it except gravity. I got interested in the
electrostatic with the record. We sat in a box and tried to pull
ourselves towards the wall using a rope. Last force is about the
pushing and pulling. We had a hair dryer and a ping pong ball. The
teacher turned on the hair dryer and we put the ball and the hair dryer
was pushing it away. But when the teacher turned it of it got pulled by
gravity and no force was applied on it except gravity. I got interested
in the electrostatic with the record.
We learned about safety. like when diving it is very important to put
the seatbelt incase of a car crash.
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I learned that some material repelled when faced with each other, also
when something is moving fast it’s slower to fall I learned about
gravity that like a ball it you throw it it will not go all the way up it
will come back to you because of gravity . And also that gravity pulls
you down and if there was no gravity you will float .I learned about
friction which is something that slows you down and sometimes stops
you from like sliding on the floor and on sand. I learned that when we
need to repel a static force before we do it we need to negative charge
the object that you want the other object to repel on. I learned that you
can learn science and languages at the same time. I learned that when
we need to repel a static force before we do it we need to negative
charge the object that you want the other object to repel on.
Group Work and sharing:
I learned that we have to share the pens to draw on the paper and we
need to take turns otherwise it’s not fair for the other people and
respect the people in your group.
I learned that being prepared is very important.
I learnt how to work with a team and share ideas.
I learned that it is important to share information.
9

Today we learned about force. Force is pushing or pulling or twisting.
Friction means it stops, gravity means taking you down. To make a
bowling ball roll faster you need to apply more force. We learned that
in tug of war we pull the rope. When we run we are applying a force.
I LEARNED THAT THE ROUGHER THE SURFACE THE LESS
CHANCE IT IS GOING TO MOVE FAST. ALSO THE STEEPER
THE RAMP IS THE FASTER IT WILL GO.
I learned that you need the right amount of force to shoot a good
basketball shot. I learned that you need a stronger force to go uphill
than on a level ground. Today we learned about forces and watched a
video about how forces speed up. I learned that you can catapult
different objects.
Today I learned that the motor uses energy to make a force that turns
the wheels. A balanced force when it’s not moving. Unbalanced force
is when it’s moving. Friction is when 2 surfaces touches each other.
Friction is the force that makes it difficult to slide one surface past
another. For example ,today we watched a video about a man who
tries to pull a tablecloth out from under a glass vase ,it did not work
because he used a table cloth with a rough surface. He then tried to
find the table cloth that gives the least friction and a smooth surface
and it worked .
I LEARNED THAT GRAVITY PULLS YOU DOWN TOWARD
THE CENTER OF THE EARTH.
Today we learned about forces magnets.
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Today I learnt about electrostatic forces if you rube ruler on your hair
then put it on tiny pieces of paper it will it catch it.
I learned today about the Muscular force. The muscular force is the
force that is created through the use of muscles . It is a contact force .
For example ,when your lifting weights you are using your muscles to
help you push the weight up !!!
I learned that a push or a pull if a force.
Today I learned about different forces. For example: If you rub a
cloth on a disc then put the disc next to a bowl of rice krispies the rice
krispies will stick to the disc. Another example: If you sit in a box and
theres a rope and you pull the rope,you will start moving and the box
will make friction with the floor. Today we learned about car safety.
We watched a video about metal. like not all metals stick to
magnets.Negative charges can attract anything even bubbles
(Electrostatic).
I learned about friction which is something that slows you down and
sometimes stops you from like sliding on the floor and on the sand.
I learned that Math and science can be mixed together.
Group work and sharing:
I learned that we are fast in group work. We also have more
information and ideas.
I learned that I have to cooperate and to listen to others .
I have to respect others and have team spirit.
We learned that our projects worked and some did not. so we
improved it.
I learned that designing a flyer requires a force.
Today we learned how to work in a big group.
Today I learned that we need to be patient.
10

I learned about force. force means pushing and pulling.
You can push the door or pull it to close it.
Today we went to the playground and explored different forces. Like
when someone sat on a carriage and the other pulled them.
I learned that not all metal can stick to a magnet like 250 coin is
copper so it can't stick to a magnet but 500 coin can stick to a magnet.
Today we learned about forces and how does friction stop things
Today I learned about strong and weak forces. If you want to throw a
pizza in the air make sure you do not apply a strong force.
I learned that if you pull an object using a stronger force than the
direction of the object will move towards you.
I learned about how forces move fast, slow and move directions. For
example ,people in sleds with huskies go fast, slow and move
directions. For the sleds to move , the huskies need to PULL
[FORCE] the sled towards them . To stop, the person on the sled has
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to PULL [FORCE] the ropes toward himself/herself. To move left or
right , the person has to use force to TILT [FORCE] his hands and
body left or right for the dogs to move.
I learned that to build a catapult you need to make sure it has a 45
degree angle. I learned that objects can't move on their own.
I learned that in tug of war a fair game would need a balanced force.
I learned that when friction is low you glide along easily.
Today I learned about gravity. Gravity is something that pushes you
down to the ground. Gravity prevents you from flying into the air.
Without gravity, everyone and everything would be flying in the air
and if you jump you will fly.
That the south pole and the north pole stick but if we put the north
pole with the north pole it does not stick it repels. they have to be
opposite.
Today we learned about the electrostatic force. When someone
touches you , sometimes the person electrifies you because he was
rubbing his hands with an object before he touched you . That is
called static electricity or an electrical charge. Static electricity is a
charge that builds up on an object. Static electricity can happen when
two objects rub together .Electricity can produce a field . An electrical
field is strongest nearest the charged object . The static electricity is
similar to the magnetic force . Static electricity also attracts and repels
.In static electricity two like charges repel each other and two
opposite charges attract each other.
Today we did an experiment .we used a ruler and tiny pieces of paper.
We first put the ruler close to the papers and nothing happened, after
,we rubbed the ruler on our hair and put it close to the papers and the
papers started sticking because of electricity !
I learned that a muscular force can be pushing and pulling a muscular
force is a type of force.
I learned that the muscular force is a contact force.
I learned that if you put a ball on top of a hair dryer it wont go to
space (I already knew that) but it would not go to space because of
gravity and what gravity is doing to the is that it is pulling it down. I
also learned that if you rub a cloth onto a disc and then put the disc on
top of rice krispies the rice krispies will stick onto the disc. and that
happened because of the electrostatic force. When I rubbed the cloth
on the disc I was charging the disc.
Today I learned about safety is you always need a seat belt
I learned that the magnetic force is a force that attracts magnets.it can
repel.
I learned that electrostatic forces need to be charged by rubbing
something smooth on a plate that has to be made out of Styrofoam.
Today I learned about how to use forces to make a game about forces.
Today I learned that you can learn Math and Science together.
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Today I learned how to design and include in it the procedural
writing.
I learned that teaching grade 1 is very hard.
Group work and sharing:
Today,we were working in groups and finding materials that we need.
We wrote down the things we need on a piece of paper.
We learned how to cooperate with groups and work silently.
I learned today how to make an invitation card.
We learned how to cooperate with groups and work silently.
11

You need to apply a greater force to carry heavy objects.
Today we learned that forces cause movement. Like kicking the ball.
Today we went to the makers space and it was very interesting. There
were 5 stations and each station had different materials to experiment
with.
Today I learned that friction slows the movement of pencil and pencil
case and then they will stop. The strength of a force can be changed, it
can be weak or strong.
Today we learned about strong or weak forces.
Sometimes you need to use a strong force and sometimes you need to
use a weak force.
I learned about strong and weak forces and how it affects the speed of
objects.
Today I learned about force that it is a big deal, and if we did not have
force we will not have anything that swings for example swings.
We learned about what is a catapult. A catapult is an object that
throws an object to another place.
Today I learned that force can come from a living or a nonliving
thing.
I learned about balanced and unbalanced and friction that when you
balance you have to stand still and put one leg up. When you
unbalanced have to move.
I also learnt that friction is when you stop something.
Today we learned friction it is when the surface between two objects
rub together. As an example, when my dad drives the car the tiers are
rubbing the floor that is called friction.
WHAT GOES UP MUST COME DOWN. that is what I learned.
I learned that in a bar magnet the south pole attracts the north pole of
another magnet. And the north or south pole does not attract to
another one on another bar magnet.
When you touch it your hair stands up, also when you rub the balloon.
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Today we learned about muscular forces. A muscular force is when
we use our muscles to apply a force. When people exercise they use
their muscles that’s called muscular force.
Today I learned that there are contact and non-contact forces.
I learned that if you rub something it might stick.
I learned about different types of forces. Electrostatic : like if a plastic
ruler is rubbed with a woolen cloth the plastic ruler will be charged .
Magnetic : like a magnet can work on iron and metal because the
magnet is metal so it can only stick on hard things .
That when you rub some material on wool and bring it next to
something magnetic it will repel.
Today we wrote a procedural paragraph of how we were gonna build
the rocket launcher. A procedural paragraph is a paragraph that
teaches you steps of how to do something, for example how to make
salad or how to make a cake .When you want to start a procedural
paragraph, the first thing you write is the title . After, write down the
materials you need for the thing your doing (add everything you need)
.Later ,write down the steps to do your object .Add words like first ,
later, after, second ,next . . . or add bullet points .Another strategy is
to add numbers like 1 ,2 ,3. . . Finally you can draw a picture
supporting your writing! TITLE MATERIALS : . . . . STEPPS 1 - 2 3 - 4 - 5 - PICTURE SUPPORTING YOUR WRITING
Today I learned that we should work from one station to another, this
is better so we are not confused.
I learned about forces How to make game about forces
I learned how to write a procedural writing on how to make a
catapult.
I learned how to write a procedural writing on a flyer and design it.
I learned that it is hard to teach grade 1.
Group work and sharing:
We should not let only one person do all of the work.
Today we made an invitation card.
12

Today I learned about today forces. A force is a push or a pull. We
learned that there are different types of forces. Like friction and
gravity. I learned about two other kinds of forces which are
electrostatic and muscular.
We also went to the maker space and observed five stations about all
kinds of forces we have learned.
I learned about strong and weak forces.
Today I learned how to change the direction of objects.
We learned more about forces, the push and pull.
I learned that the best way to catapult an object is at a 45 degree
angle.
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I learned today that if you push or pull on the side of a ball rolling in a
straight line, it will change direction.
I learned that two forces are balanced when they are of equal
strengths and are in opposite directions but there is o motion.
Unbalanced forces are two forces where one force is stronger than the
other and are in different directions.
Friction is a force that opposes motion between objects that are
touching. Today I learned that friction helps with stopping and
slowing something.
I learned about gravity. In space we don’t have gravity so we fly.
I learned that some magnets don't attract. The earth is a kind of
magnet.
Today we learned about electrostatic forces.
Today I learned about a muscular force which is when you use your
muscles.
I learned today that a contact force is when two objects are in physical
contact with each other.
I learned today in the maker space about forces. The forces that I
explored are example gravity and static electricity. In gravity I
learned that the ping pong doesn't go to space when its on a hair dryer
because gravity is pulling it down. I learned about static electricity
that when you rub wool on a record it absorbs the positive energy
then when you get it close to serial they will stick on it.
When we put on the seat belt, the seat belt makes a pulling force to
prevent me from flying into the glass.
Electrostatic experiment :You need an aluminum plate ,a cardboard
cup, a straw, a string, an aluminum ball ,a foam plate and a piece of
cloth.First, they glued the cardboard cup upside down on the side of
the aluminum plate .Next they cut two holes on the sides of the cup
.Later, they put the straw in one hole from one side and it came out
from the other side .After ,they tied the string to the end of the straw
about 1 inch away from the plate and got a piece of aluminum ,
crumbled it into a ball and stuck it on the string. Later, they stuck the
foam plate upside down on the table and then rubbed the surface with
the piece of cloth.They put the aluminum plate on the foam plate and
the aluminum ball started moving from side to side because the
electrons from the foam plate went to the aluminum plate all the way
to the ball. Gravity experiment :You need a transparent glass vase
which is empty and a ping-pong ball.If you put the ping-pong ball in
the vase and tip it over ,the ball will fall because of gravity. However
,if you spin the vase with the ping-pong ball in while its upside down
the ball will start spinning with the vase with makes it stay in the vase
.
I learned about friction which is something that slows you down and
sometimes stops you from like sliding on the floor or the sand.
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I learnt about how to make a bubble trouble and flying paper that is an
electrostatic force and how to list objects I need a pvc
pipe,cloth,plastic bag and a bubble solution.
I learnt how to do a bubble trouble and moving it with the pvc pipe
and how to make a flying paper fly and stay a long time in the air.
Today I wrote a procedural writing on how to make a catapult.
I learned today how to make a flyer on the ipad.
Group work and sharing:
I learned that we finish faster in group work and we have more
information and ideas.
I learned today that I need to be patient.
Today I learned that we need to be prepared to present.
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I learned about forces. A force is when you push something, pull
something, you cause action when you put an object on another
object. Stapling papers is a push.
I learned that when the ball is moving there are many forces acting on
it like gravity and friction for example.
Today I learnt about 5 forces that are
magnetic,muscular,gravity,friction and elocstractic.
Today I learned about forces.forces include pushing,pulling and
twisting.
I learned that if your playing tug of war the tame applying more force
will cause the rope to go in that direction I also found out that
muscular force is a contact force.
I learned today that to move a sled up-hill you need to apply a greater
force.
I learned about what is more helpful a push or a pull. For example
what is more helpful a husky pushing a sled or a husky pulling a sled.
Furthermore I learned about is it easier to move a heavy sled or a light
sled.
I learned that a catapult is at a 45 degree angle
I learned that a force can also stop things that are moving.
I learned about balanced and unbalanced forces and friction. An
unbalanced force is when something is moving and a balanced force
is when something is not moving. friction is how things contact
together,it makes friction.
I learned today that friction stops you from sliding.
Gravity is a force that pulls one down and prevents one from falling.
Today I learned about magnets that when you try to connect same
poles on a magnet they repel and when you try to connect different
poles they attract.
Today I learned about electrostatic forces that if you rub a ruler on
your hair then put it on small pieces of paper it will stick because your
188

hair has negative energy and the ruler and paper have positive. So
when you rub the ruler against your hair the ruler gets negative
energy. Then it stuck to the papers because opposite poles on a
magnet attract. Same thing with positive and negative energy.
Everyday you use a muscular force like opening a door.
I learned that the gravitational force is a non-contact force.
Today I learned about safety measures while I am driving a car, riding
a motorcycle, crossing the road and doing sports. For example, you
should put a seat belt when you are in a car.
I learned that each force acts differently, it has different uses and
properties. for example: I can use an electroscope to test for the
presence of static electricity. Rubbing certain materials together
causes electrical charges to build up on the surface of one of the
objects and that charge moves easily through conductors but not
through insulators. Magnet can only attract iron containing objects.
the force created by the magnet is due to a magnetic field that
surrounds the magnet itself.
Today we learned about gravity in the choice I chose. Gravity on
earth comes from the core of earth. And the planets are not flying
around because of the suns’ gravity pulling them.
Today I learned that in tug of war you don't only pull but you also
push with your feet.
I also learned a lot about the muscular force from the pictures.
I learned from tug of war that we need to use force to pull and that
muscles help us when pulling.
I learned how to write a procedural writing.
Today I learned how to make a flyer with information to share.
Today I learned how to make an invitation card.
Group work and sharing:
Today while working in groups I learned how to communicate and
share the markers.
I learned that sharing information is very important.
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I learned today about forces. A jack is useful because it helps lift a car
or any heavy object.
In the playground someone went down the slide faster than the other.
This was because of friction.
Today I learned about forces. Forces are pushes and pulls and twists .
We also learned that when you play you also use forces for example
football. In football you have to kick the ball using a lot of force .
I learned that it is easier for a dog sled to move on ground level then
to go uphill.
Today I learned that a catapult is the same as angry bird.
Today I learned that it takes very little force to push or pull something
that has a small amount of weight.
189

Today ,I learned about balanced forces ,unbalanced forces and
friction.Balanced forces are forces that act in opposite directions.For
example when you push a wall neither you or the wall will
move.However, any two forces acting in different directions are
unbalanced forces, for example there is a dog and a horse playing tug
of war with their mouths,they are both pulling on the rope in different
directions.
Friction : Friction is a force that holds back the movement of sliding
objects.For example, a sled that is sliding on snow has breaks, when
you pull the breaks, the breaks rub with the snow and stops the sled.
That is friction!!!
I learned today that when you ice skate on ice the friction is low and
when you wear your ice stakes on the ground the friction is hight.
Today we learned about gravitational force. Gravity is a force that
pulls you down. The gravity on earth is applied by the core of earth.
The planets do not float around because the sun gravity is pulling
them towards it. If there was no gravity we would have been flying.
Heavier objects fall faster than lighter objects. Like a slide race if you
are heavier you slide faster by gravity. And last we reviewed about all
forces we learned about. We also learned about the net forces. Net
force is the way the object is going.
I learned that magnet attracts iron only or objects that contain iron in
them. I learned that magnet has two poles the south pole and the north
pole, and the strongest pole is the north pole. learned about the
magnetic field and how a magnet can attract an object that is in the
range of its field.
I learned today about electrostatic forces is when you robe a Robles
on your hair and put on paper it will make paper stick
Today I had so much fun in school I learned something new. I learned
that the muscular force is a contact force.
I learned that the frictional force is a contact force because two
objects are touching.
I learned that if you use a hairdryer and a ping pong ball the ping
pong will fly but not in space because 2 forces are acting on it the
wind and gravity.when we were sitting on the box we where using our
muscles that is muscular and their was friction
So in the car we put the seat belt right so when we are wearing the
seat belt and we had a car Accident the car is gonna push the out the
window when the seat belt is gonna push you .
I learned today about the different forces is motion and friction from
video.
I learned more about electrostatic forces, and gravitational force
I learned that magnets are made by putting a magnetic object under a
magnetic field. Also the examples of magnetic force is a compass.
The difference between magnetic and electric force is magnetic fields
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do not work on charges. Magnetic forces are always normal to the
direction of the velocity of the charge it acts upon.
Group work and sharing:
Today I learned to share and be respectful.
That it won't be easy doing it and you will need a lot of confidence.
I learned today how to make a catapult and explain it in steps.
I learned today how to write a procedural writing using the ipad.
I learned how to work in a big group.
Today I learned that teaching grade 1 students about forces is not
easy. They did not know many words.
Today I learned that teaching grade 1 students about how to make a
catapult is not easy.
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I learned that there are forces in our everyday life. Like opening and
closing a bottle or door.
We learned forces. A force is a pull or push or twisting.
If you want to change a direction of a sled you need to change the
direction by using the rope and controlling it.
Today I learned about weak and strong forces. If the force is weak I
need to apply more force when I cannot do something with weak
force. So the force changes according to what you want to do. Also
we did an experiment about the strength and the weakness of force to
stop or move an object. So a fact is we need to apply the appropriate
force for the right action.
Today, I continued learning about forces. A force is a push, pull or
twist.
I learned that if a dog sled will go uphill it will move slower than at
ground level.
We were reading more about pushing and pulling. But they included
about the GPS. You ride a sled like riding horse. I also learned about
how forces going faster, slower and change direction. We also need
forces when we are playing a kind of sport.
Today we learned about forces and how to build a catapult
I learned that it takes more force to move heavy objects than it does to
move light objects.
I learned that if something is balanced it has no motion but if it is
balanced it has motion.
I learned that friction can be low or high. for example ice skates the
surface of it is ice and it is low friction. And another example is snow
tires have a snowy surface so it is high friction.
Friction is the surface between two objects.
Today we learned about gravity.Gravity is the force that pulls things
down to the center of the earth.An object's weight is the strength of
gravity's pull on it.For example, a full plastic bottle is heavier than a
bottle tap.Gravity pulls the plastic bottle down with strong force.The
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more kg or g an object has, gravity needs to add a stronger force to
make it not float .
Magnets have 2 poles north and south...they can attract or pull objects
that have iron in them.Not all metals attract because they don’t have
iron in them opposite poles attract while same poles repel.I also learnt
about magnetic field that is the force around the magnet.
I learned that an electrostatic force can act across a distance and static
charges attract or they can repel .
Today I learned that muscular force is the force created by action of
muscles example throwing a ball, riding on a bicycle, etc...
I learned today that the muscular force is a contact force.
I learned that when you sit in a box and try to pull yourself you are
using your muscular force and there is friction acting on the box.
I learned about force and safety measures. Which are like for an
example, if you are driving a car and you don't put on your seatbelt
after you had an accident you might bump your head into the glass
you will die. But if you are putting a seatbelt and you had a car
accident you will stay safe and seated because the car will push you
forward but at the same time the seatbelt is pulling back.
Today I learned about different forces when watching the videos is
that tug of war is not only about pulling it’s also about pushing.
Because you push your feet to the ground. Another thing I learned
about is that if you put a ping pong ball in a pitcher and shake it it will
stay for a couple of seconds then fall, like a hula hoop. This will
happen because of gravity.
Today we tried to find experiments for the magnetic force and we
were working in groups about it.
Today I learned from my experiment that whenever I rub an object on
a wool cloth and take the object near another object they will attract
each other.
Group work and sharing:
I learned that I have to be open minded & kind to the others, show
respect, patient , don't interrupt, team work cooperative.
I learned that some projects are easier than you think they are and
some are harder than you think they are.
I learned that steps should be in order.
I learned how to make a flyer.
Today I learned how to make an invitation card.
I learned today that it is not easy to prepare an experiment for grade 1
students.
I learned today that it is not easy to teach grade 1 students how to
make a catapult.
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I learned about force. Force is when you pull,push,and twist
something . This is what force means. Speed is how fast something
moves.
I learned that there are forces all around us.
Today I learned that if you rub a balloon to your hair it will stick to
the wall and attract paper. This force is called electrostatic.
I learned about what slows objects down that is friction and we learnt
about using less force and more force.
I learned about forces. forces can be strong or weak and can change
direction.
Today I learned that objects can go faster, slower and change
direction.
Today I learned about forces we also watched a video about how
forces speed up.
Today we learned about forces and consted a catapult the materials
we used are 8 popsicle sticks 4 rubber bands 1 bowl and 1 spoon.
I learned that you can make something move faster by applying more
force on it.
I learned about unbalanced forces and friction is when the engine of a
car applies a force stronger than gravity the car moves forward very
quickly. When a parachute opens it pulls the car in the opposite
direction and applies a greater force than that pushing it forward, so
the car stops.
I learned that friction is more in rougher surfaces.
I learned about how to measure grams and kilograms into the exact
measure.
I learned about heavy objects fall faster than light objects.
I learned that magnets can attract or pull objects that have iron in
them. Magnets can be different sizes and strengths. Magnets have two
poles, north pole and south pole. Opposite poles always attract, so
north pole attracts the south pole and the south pole attracts the north
pole, but like poles do not attract but the repel each other. Magnets
can attract or rebel through solids or liquids.
Like magnetic force, electrostatic forces can work across a distance.
They also repel and attract. They are caused by objects rubbing
together. They are a charge that build up on objects. They are a type
of electricity.
I learned that muscular forces are contact with you forces.
Today I learned that gravity, magnetic and electrostatic forces are
non-contact forces.
I LEARNED THAT WHEN YOU RUB WOOL ON A RECORD IT
GIVES IT A NEGATIVE CHARGE AND THAT ALL MY
MUSCLES ARE NEEDED TO PULL A BOX ACROSS THE
ROOM.
Today I learned about safety measures and forces that if you don’t put
a seatbelt in a car you might drift through the window and if you
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don’t have something covering/protecting your skin it will have a
greater friction and your body will peel.
One video is about magnetic force: a girl had a magnet that was tied
to a stick, she was sorting the stuff that are magnetic and put the other
things that are not magnetic a side. I learned that not all things are
magnetic, somethings are magnetic like things that are made out of
metal, steel ... The things that are not magnetic are plastic, paper,
cloth…
I learnt about electrostatic forces and positive and negative charges
and about how aluminum cans follow the direction of the balloon.
I learned about muscular and that we need force everywhere!
I learned about forces. My force was gravitational force gravitational
force is when u put a ping pong ball on top of a hair dryer and turn on
the hair dryer the ball will not go to space because there is gravity.
Another example is when u jump u will not jump very high because
there is gravity.
I learned that a catapult is not easy to make.
Group work and sharing:
Today I learned how to make a flyer using a procedural writing.
I learned how to make an invitation card.
I learned that we have to be patient.
17

Cars slip on icy roads because there is less friction.
I learned that tug of war is the force of pulling. People are pulling in
opposite directions. THe one that applies the grater force will win.
Today I learned that when you twist a bottle cap you are using your
muscular force.
I learned about force and what does it mean. We also learned about
gravity.
I learned about a new fact about forces. Which is the direction or the
way of applying the force on an object going towards you, away from
you . We can also call it motion. Our force is changing the motion of
the object. As an example, we studied about air hockey. In addition to
that we also classified the forces into contact forces and the non
contact forces. Contact forces are friction and muscular and the noncontact forces are gravity, magnet, and electrostatic.
I learned that you can change the direction an object is heading to win
a game of air hokey for example.
Today i learned more about forces. A force can be a push,pull or a
twist.
I learned about force and how to build a catapult.
Today I learned that you can turn a boat, make it slow down, or even
stop by applying force in a different direction than the boat is moving.
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We learned about friction and the smoothness and roughness of the
surfaces. I apply low friction with smooth surface and high friction
with rough surfaces. Contact force means touching the object to move
it, change its direction, stop it, deform it, make it slow or fast. A
second fact about forces is balanced and unbalanced. When two
forces are applied on an object, it will move or stop. When they are
equal, strength there is no motion. Therefore, they are balanced. The
object will move when there is a stronger force between the two
forces.
I learned that friction is the movement between two things.
I learned that when you are on another planet or in space our weight
changes but not our mass because of gravity.
Today I learned that you can make papers stick to a ruler by rubbing
the ruler on your head. it was so cool !
I learned that when you are on another planet or in space our weight
changes but not our mass because of gravity. I learned that the
muscular force is the type of force when you use your muscles to
apply the force.
I learned today that the muscular force is a
contact force.
Today we learned about several forces such as friction, static
electricity and magnetic forces. For example, we rubbed a disc on our
hair, and made it stick to cereals. We also made a ping pong ball fly
from the strong force of the hair dryer.
Today I learned about safety and forces. For example: if your driving
a car,you should wear your seatbelt.
Stuff that do not have iron do not stick to the magnet while stuff that
are made of iron stick to magnets like in the video where we watched
about magnetic force. When the teachers played tug of war with
students, the teachers number was less than that of students and the
teachers won because they have more muscles than the kids.
I learned how electrostatic forces work. For example, if I rub a
balloon on my head and get it near an aluminum can it will roll to the
balloon. Another example is when I rub a stick and a piece of paper to
a cloth made out of wool and then I throw the paper in the air and put
the stick under it, the piece of paper will float.
I LEARNED THAT SCIENCE CAN BE FUN WHEN MY GROUP
DECIDED TO DO THE BUBBLE TRICK.
I know now how to make a catapult.
Group work and sharing:
I learned that you need to be patient.
I learned that we need to take turns.
Today I learned that it is important to be organized.
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I learnt about forces. Also, I learnt that every movement has a force.
Finally, I learned that every action has a reaction.
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The harder you push the more force you are using.
I learned that to swing fast you need to apply a greater force.
Today I learned that when you want to slide on the floor you need to
use a smooth shoes. This is called frictional force.
Today I learned about if we use strong force or weak force. Like
example flipping a pancake you use weak force because if you are
using strong force you will stick it on the ceiling. Another example is
throwing a basketball. You need to throw it not strong because it will
go above the basket and to weak will go under it so you need to throw
it on a medium force.
Today I learned that forces can go in different directions for example
you are playing soccer and you shoot the ball in the wrong direction it
can go out.
Today I learned that objects can go faster, slower and
change direction.
Today I learned that forces are in all objects around us such as sleds
and I also learned that to move the sled right, you have to pull the
right rope. And to make the sled go left you have to pull the left rope.
Today I was learning about force. A force is a push,pull or twist.
I also learned how to build a catapult.
I learned that when you are in the car you are moving at the same
speed of the car.
I learned that in balanced forces there is no motion and in unbalanced
forces their is motion. I also learned that the sum of forces equals to
net force.0 net force means motion does not change.friction is a force
that opposes between objects that are touching.
I learned that friction is the interaction between two surfaces or
things.
There is gravity on the moon , and when you jump you can go higher
than on earth
I learned that magnets stick to metal but not all metal some metal.
I learned about electrostatic forces. Electrostatic forces is when I rub
the ruler to my hair and get the ruler close to papers the papers will
stick to the ruler.
I learned that muscular force is the type of force when you use your
muscles to apply the force.
Today I learned that friction is a contact force.
We used a paper boat and a magnet when you move the magnet the
boat moves, because of magnetic force .
We used a paper boat and a magnet when you move the magnet the
boat moves, because of magnetic force .
You must put your seatbelt,helmets and all safety gears.you can use a
shovel and a spoon to measure only if their the same size.
I learned that there are 5 kinds of forces. Electrostatic force, magnetic
force, muscular force, gravitational force & Friction force for
example, the friction force becomes higher when you have a rough
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surface. and the magnetic force on the earth is stronger when you
become closer to the field.
Today I learned that a muscular force can be used in many different
ways like in games for example tug of war. it can also be used in
activities like when you sit in a box and a rope is connected to it you
need to use the muscular force to push yourself to the all.
I learned about forces. Gravitational forces is when u have a ping
pong ball and a hair dryer u turn on the hair dryer and put the ping
pong ball on top of it the ping pong ball will not go to space because
there is gravity. Another example is when u jump u will come back
down and not jump very high because there is gravity.
I learned about electrostatic force that if you rub wool or cloth against
a pvc pipe, and then throw a plastic bag on it the plastic bag will fly.
I learned that science, math and languages can be taught together.
Today I learned how to make a procedural writing.
I learned how to make an invitation card.
Group work and sharing:
I learned that we should work as a team.
I learned that planning for an event is very demanding.
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I learned today about forces.
To make objects move you can push or pull them.
I learned that a force is a push or a pull or even a twist.
I learned that smooth surface means less friction.
We learned more about forces and how magnets work. I learned what
metals it attracts
I learned about forces and that to push something I use force to move
it away from me and to pull something I use force to move it toward
me.
I learned that objects speed up, change directions and slow down.
This depends on how strong or weak the force applied is.
Today I learned about how forces go faster, slower and change
direction. A force can be a push or pull, to move anything we have to
push or pull. When I pull something I use force to make it move
toward me and if I push the thing I use force to make it move away
from me. To move a sled, dogs should pull it and the faster they run,
the faster they will go. Less weight on a sled makes it move faster. If I
want to move the sled to the left, I pull the left rope to the left side
and if I want to move the sled to the right, I pull the right rope to the
right side.
I learned how to build a catapult.
I learned today that it is very important to keep your seatbelt on.
I learned that a balanced force is balanced (Lacks elaboration).
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Today I learned about friction, that if you place a vase on a smooth
towel and remove the towel quickly the vase will not fall. I also
learned that you can ski on snow and ice fast, slow on rocky surfaces
and not move in mud. That was what i learned about friction.
that if something goes up comes down .
That compasses are magnetic and south is north and north is south on
a compass towards a magnet because north and north do not attract
and so do south and south. Only north and south attract and same to
south and north.
Attraction or of particles or objects because of their electric charge.
..Two unlike charges, one positive, one negative, attract each other
along a straight line .
Today I learned about muscular force that you push yourself on a
swing,push the ball by kicking it, pull someone on a carriage, push
someone on a carriage and pull a rope to win a game of tug of war.
Today I learned that margentic forces are non-contact forces.
I learned today in the maker space ,that Ii used the muscular force of
pulling. As an example when I pulled myself to the wall. And the
second force was pushing force when the hair dryer pushed the ball
which was flying.
Today we had a guest speaker which talked about safety which is
related to forces. I learned that when we are driving a car and we
crash we will fly when you were the seat belt it will pull you and you
will not fly. When you want to cross the street first look for a zebra
line second you look left then right two times then cross. we also
learned about the traffic lights but it is not related. Don't play in the
wrong place. Walk on the sidewalk. Don't put your baby on your lap
on the front seat. Don't distract the driver. get in the bus when it stops.
Is that when you charge something it sticks or repels to the object
I learned about the magnetic force that can attract or pull objects that
have iron. which means that the objects like paper, wood , plastic or
rubber are not attracted. the magnetic does not attract the same pole.
I learned today about the force of my choice that friction stops
something. They are two kinds of friction they are kinetic friction and
static friction : kinetic friction means when something stops and static
friction is when you move something.
I learned that even bubbles and bags have charges
I learned that you can write a procedural writing on how to make a
catapult.
I learned how to make a flyer.
Group work and sharing:
I learned that to work in a big group you need cooperation,
coordination and to be patient.
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I learned that deciding who will say what and organizing our
presentation is very important.
Today I learned that time is valuable and we shouldn't waste it.
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I learned about force. A force is pushing and pulling.
Friction can slow objects down.
I learned that forces set objects in motion.
I learned that gravity pulls objects towards earth.
I learned today about how forces change directions.When you push
something, you use force to move it away from you.When you pull
something, you use a force to pull it towards you.For example when
you play Soccer , the player applies a force on the ball using his leg, if
it is a strong force the ball can be shot far.
I learned about how rough the surface is and the more it slows you
down the more friction. We learnt about push or pull and opposite
directions.
I learned that different forces may be applied in different directions.
I learned about forces. A force is a push, pull or a twist...
Today I learned that a catapult is related to forces.
Today I learned that a car has a harder time stopping on a smooth, icy
road than on a rough road because there is little friction on ice.
I learned about friction, Gravity : (when you slide on grass it will be
hard to slide better on snow) and (gravity pulls you down to the floor
/ground ).
Friction is a force that slows down moving things and goes in
opposite directions and friction is a contact force.
Today I learned that gravity is a force that pulls you down if you are
above the ground. This force is different in each planet.
I learned about magnets. If u put something magnetic on top of a table
and a magnet under the table it will stick to the table.
Today I learned about electrostatic forces. It is the force that includes
electricity.
I learned that muscular is a force to use your muscles like in tug of
war the team that applies more force wins. I learned that a contact
force happens between two objects that are touching.
Today I learned about a lot of different forces but i will explain 2 of
them that are: 1. muscular force is for example if i was in a plastic
box and I needed to reach to the wall then i will need muscular force,
so I need to use my muscles to perform the force. 2. friction force: for
the same example, the floor was not smooth and the plastic box too,
so rough surfaces cause friction forces.
I learned that while I am in the car I have to fasten my seatbelt
because if any hard break is done I can be pulled and bumping into
the glass of the car.

199

Friction is when two surfaces rub against each other and gravity is a
force that pulls you down.
I learned how to make bubbles move and how to make paper fly
we learned about gravitational forces.
I learned that friction has different categories such as the kinetic
friction force and static friction force. I learned that friction only acts
with contact to surfaces Materials needed: 2 plastic bottles, 2 pencils,
rice, measuring cup, cardboard or paper, and scotch tape.
Writing steps in order is very important.
I learned how to make a flyer and include a procedural writing on
how to make a catapult.
Group work and sharing:
I learned today how to work in big groups.
I learned that when we are presenting we should know what we want
to say in order to be able to explain it properly.
I learned today that we should be patient.
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I learned today about forces.
You need force to move light objects but not as much as heavy
objects.
I learned that there are forces all around us.
I learned that when an object is in motion there is a force acting on it.
I learned that 2 different forces can be done at the same time.
I learned that you can apply a strong or a weak force. Do not always
apply a strong force because it’s not always good to do so.
Today I learned that more than one push or pull often happens to an
object at the same time.
Today I learned from the video that the heavier the object, the slower
you can push it
I learned that to make a catapult it needs to be at a 45 degree angle.
"Today I learned that speed is how fast or slow an object moves."
Friction is a force that stops motion. I learned that friction is when
two things are in contact with each other.
Gravity is the force pulling us down to the Earth's core. we also need
the opposite force (net force) to lift us up.
Magnet can attract or pull objects.
Static electricity is a charge that builds up on an object.It is a type of
electricity.Static charges also attract or repel.When opposite charges
come together we can see a spark.
Gravity is the force pulling us down to the Earth's core. we also need
the opposite force (net force) to lift us up.Muscular force you need
strength.
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I learned about different types of forces. I learned about muscular
force that for example if you were playing tug of war and you are VS
the adults like 12 adults and 25 or 26 kids then the adults would win
because their muscular force is bigger and they use their legs for
backup and support so they will not fall.
I learned that one should put on the seat belt when in car and not sit
on parents lap or in the front seat. One should not get his head out of
the car window and not talk to the driver. If you have a seat belt your
body force will push you back, if you do not have the seat belt your
body force will pull you to the front and one will hit the car's window
and die. Also one should stay away from bus wheels,should look at
the signs before crossing.
I learned that electrostatic forces can sometimes either push or pull
away an object.
I learned that it does not mean that something is larger means it is
heavier. and it does not mean that if something is smaller means it is
lighter.
The things I know about the force I worked on is that attraction of
particles or objects because of their electric charge. ... Two like
electric charges, both positive or both negative, repel each other along
a straight line between their centres.
Electrostatic force is the force that exists between electrically charged
particles or objects at rest. Electrostatic forces are non-contact forces;
they pull or push on objects without touching them.
I learned how to make a flyer on how to make a catapult.
Today we learned how to make an invitation card.
Group work and sharing:
I learned that you need to follow directions carefully.
I learned that presenting is not easy.
Today I learned that we should not waste time and we should be
organized.
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I learned today about force. A force is a push and pull.
A force is a push or a pull.
I learned that when you are pushing or pulling a wagon with heavy
objects you need to apply a greater force.
Today I learned that not all metals are magnetic.
I built a catapult.a catapult is an old device that is used in war.
Today I learned that sometimes you need to apply a strong force and
sometimes you need a weak force.
Today I learned that how strong or weak a force is matters as much as
the direction that the force is being applied.
The heavier the object is the slower you can push it the lighter the
object is the faster you can push it. The object changes direction
depending on how you pull the rope either to the left or to the right
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side. When you pull something,force moves towards you. When you
push something, force moves away from you.
Today I learned how to build a catapult. I learned that if you apply
more force on the spoon the ball goes further. Also if you build a
catapult you need to form an angle less than 90 degrees.
I learned today something interesting. I learned that once a force gets
something moving, that thing will continue to move until something
stops it.
I learned that friction is a force that holds back the movement of
sliding objects.
Today I learned that friction force is the force applied to stop
something from moving.
I learned that gravity pulls you down or it prevents you from flying.
We did an interesting experiment, with the magnet under the table and
how it attracts the compass
I learned that electrostatic forces act upon rubbing and charging. This
makes the hair stick to the object (balloon). The force happens when
the object is within the electrostatic field.
Muscular force is the force applied and helps us to move.
I learned today that a contact force is a force that can cause of change
motion of an object by touching it.
Today I learned that when you rub the disc on the piece of cloth and
put the disc on the top of the cereals and then the cereal started to get
stuck to the disc. This is called electrostatic force.
Today I learned that when you rub the disc on the piece of cloth and
put the disc on the top of the cereals and then the cereal started to get
stuck to the disc. This is called electrostatic force.
Today we learned about safety measures and how they relate to
forces.safety measures are safety tips to use on the road .For example,
wearing a seatbelt in the car , look left or right before you cross the
street . . . how is this related to forces ? Well ,when your in a car,
wearing your seat belt and your driver or parent pushes the brake hard
,the seatbelt will PULL(FORCE) you toward the seat instead of flying
and bumping your head on the glass.when your in a
motorcycle,wearing a helmet and you press the break hard ,you would
fly but your helmet will protect your head from bleeding and it will
rub with the ground instead of your head and when the helmet rubs
with the ground it is FRICTION(FORCE) !!!
I learned today that in the game tug of war we divide into two groups.
Then we say go and start the team that is pulling stronger will win. In
this game people, are using their muscular force. The strongest force
wins.
I learned how to make a rocket fly.
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Muscular force: 1) It is using muscles to move something from one
place to another. 2) It helps by caring things. Today learned about
force is motion.
I learned that a catapult has forces applied.
Group work and sharing:
I learned that organization and being ready is very important when
there is a presentation.
I learned that organizing an event is not easy.
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I learned that pushing and pulling is a force.
Friction slows objects down.
I learned that objects need a force to change positions.
Today I learned that friction is a contact force and magnetic is a
noncontact force.
I learned if you want an object to stop you need to apply a force in the
opposite direction.
I learned that to toss a pizza in the air you need a weak force.
I learned more about forces and how they change direction.
Today we learned about forces and the lighter the object the faster it
goes.
Today I learned how to build a catapult.
Today I learned that it is hard to snowboard on grass than on snow
because there would be too much friction.
Today I learned that changes in motion are caused by forces too.
I learned friction is surface between two objects. when the surface is
rough then the friction will be higher .
I learned that different planets have different gravity.
I learned that magnets can attract or pull objects that have iron.
Today I learned that when you rub an object you are giving it a
charge.
I learned that the Muscular Force is a force by using our muscles in
pulling and pushing.
I learned today that a magnetic force is a non-contact force.
I learned today that when the floor is not smooth and the plastic box
too, this means that the surface is rough and there is high friction
forces. I learned today that when the floor is not smooth and the
plastic box too, this means that the surface is rough and there is high
friction forces.
Today I learned that if you were driving a car and you weren't putting
the seat belt you will fly.
Today I learned that the gravitational force pulls you towards the
earth. It is different on different planets.
I learned how to make a bubble move without touching it.
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I learned about gravity that like a ball it you throw it it will not go all
the way up it will come back to you because of gravity . And also that
gravity pulls you down and if there was no gravity you will float .
I learned about friction which is something that slows you down and
sometimes stops you from like sliding on the floor and on sand.
I learned that you can catapult heavy and light objects depending on
how far you want them to go.
I learned that on a flyer you only include important ideas.
Today I learned the components of an invitation card.
Group work and sharing:
I learned that we need to time manage ourselves when working.
Today I learned that teaching grade 1 is not easy.
24

Today we learned about forces and gravity.
I learned that when you set an object in motion it changes position.
I learned that when there is a force there is motion.
I learned that the smoother the surface the faster you slide.
Today I learned that if you want objects to speed up you need to apply
a greater force in the same direction.
I learned that to shoot a basketball, if you are standing far you need s
strong force, and if you are close you need a weaker force.
Today I learned that objects can speed up and slow down.
I learned that there can be a strong and a weak force.For example , if
you tap a drum with one finger it will barely make any sound because
you are using a weak force. Therefore ,if you bang a drum so hard
with your fist it will create a loud noise because you are using a
strong force.The strength of any force can be changed ,like when you
call your friend from one room to another and your using a normal
voice he will not hear you but when you higher your voice he may
hear you.You are changing the strength of a force from a weak voice
to a strong voice!!!!!!!!!!!
I learned that a catapult needs to be at a 45 degree angle for it to work
properly.
I learned that air can cause friction and it helps to slow down a rolling
object.
I learned that when you push or pull an object by touching it you
apply a contact force to it.
I learned the difference between 2 types of friction high and low
friction.
I learned that the moon has less gravity than earth.
Today I learned that opposite poles attract and similar poles repel.
Today I learned that when the charged balloon starts to lose its
charges it will fall.
I learned that the moon has less gravity than earth.
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I learned that the muscular force is a contact force.
Today I learned that a non-contact force is when two objects are not
in physical contact with each other.
I learned that when you rub a cloth on a disc you give it a charge.
This is called electrostatic force.
I learned that if you are on a motorcycle and you fall down you have
to wear a helmet because if you fall on the ground your skin might
rub on the floor and start to bleed because of friction.
I learned that in the frictional force is a contact force and it involves
the rubbing of different objects across each other.
I learned how to stick paper to balloons without using glue.
Negative charges can attract anything even bubbles.
I learned about friction which is something that slows you down and
sometimes stops you from like sliding on the floor and on the sand.
I learned that to build a catapult you need to follow steps in order.
I learned when you are writing a procedural writing you do not
include unrealistic ideas. I learned today what to include in an
invitation card.
Group work and sharing:
I learned that time is very valuable and we cannot waste it.
I learned that grade 1 students need simple words.
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I learned today about forces.
When you set an object in motion it changes position.
I learned that a force cannot be seen. What you see is the motion and
the change in position.
I learned that to open a sealed bottle you need to apply a lot of
muscular force.
I learned that if you want an object to change direction you need to
apply a force in the direction you want.
Today I learned that sometimes you need a strong force and
sometimes you need a weak force.
Today I learned that there is a link between the strength of forces and
the direction that they go in.
Today we learned about forces and the video showed that heavy
objects move slower and lighter objects went faster.
On Friday we learned about catapults. Catapults are weapons they
used in old times in wars. We made our own catapults. After building
it we tried several tries to explore which one can launch farther
applying more or less force. We have to apply the right force to reach
our target.
I learned that if the car comes to a quick stop, you will keep moving
until something stops you.
Today I learned that there is no motion when a force is balanced.
I learned that friction is a contact force.
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I learned that your weight changes on the moon but your mass is still
the same.
I learned that magnets do not attract all metals.
I learned that an object gets charged by rubbing it.
I learned that your weight changes on the moon but your mass is still
the same.
Today I learned that using your muscles is a force and you need
energy which you get from food.
Today I learned that electrostatic is a non-contact force.
Today I learned that when you turn on a hairdryer and put a ball on
top of it, it flies in the air but it can't go into space because of the
gravity pulling it down to earth.
Today I learned that safety gears include: Elbow Pads , Helmet
Basketball Shoes and Dance Shoes. Dance Shoes are safety gears
because when we want to dance ballet it is safer if the shoes have low
friction because if they have high friction will might break your leg.
Today I learned that in electrostatic force has charges and when it
loses it charge it will fall back down.
I learned how to make rice krispies stick to a disk without glue.
I learned that electrostatic forces need to be charged by rubbing
something smooth on a plate that has to be made out of Styrofoam.
Today,we were working in groups and finding materials that we need.
We wrote down the things we need on a piece of paper.
Today I learned that science and math can be taught together.
I learned how to do a flyer on the ipad.
How to add pictures to an invitation card.
Group work and sharing:
Today I learned that it is important to agree with your team and
negotiate.
I learned that sharing information is very important.
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A force is a push or a pull or a twist.
I learned about forces.
I learned that there are many types of forces.
I learned that not all metal can stick to magnets.
Today I learned that if you want an object to stop you need to apply
an equal force in the opposite direction.
I learned today that you shouldn’t always apply a strong force.
I learned that forces can speed up slow down and change direction
and this depends on the strength of the force.
Today I learned that heavy objects move slower than light objects.
I learned how to construct a catapult that was used during wars, it
uses force to throw stones, bombs at enemies.
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I learned that some forces can move things without touching them
like Gravity.
I learned that when one force is stronger than the other and the forces
act in different directions, they are unbalanced forces.
I learned that friction is a force that opposes motion between objects
that are touching.
I learned about the relationship between weight, and gravity and the
difference between mass and weight.
I learned that a compass has a magnetic field.
I learned that our bodies have charges.
I learned today that muscular force is a contact force.
I learned that a non-contact force happens when two objects are not
touching.
I learned today that sometimes you have more than one force acting
on the same object.
I learned that the car will push you forward but at the same time the
seatbelt will be pulling back and this keeps you safe from bumping
your head.
I learned today that the gravitational force pulls you toward earth.
I learned how to make small papers stick to a balloon
That when you rub some material on wool and bring it next to
something magnetic it will repel
I learned that making a catapult is not easy.
I learned that you can share information on a flyer.
How to make a card.
Group work and sharing:
I learned that to be productive we should not waste time.
Today I learned that grade 1 students did not know what is
electrostatic.
Today I learned that grade 1 students did not know how to make a
catapult.
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I learned today about forces.
When you slide you are in motion.
Today I learned that there are many forces.
I learned that forces cause objects to move.
I learned that forces cause objects to move fast, slow down or even
stop.
Today I learned that rough surfaces have high friction and it is hard to
slide on them.
I learned that objects can go faster or slower, change direction or stop
I learned that strong forces are not always what you need.
Sometimes you need to apply a weak force.
Today I learned more about forces.
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We learned about how objects move faster, slower and stop due to the
force applied.
Today I learned the catapult meaning.
Today I learned that seat belts and car seats keep you safe when a car
stops because you are moving at the same speed of the car.
Today I learned that a net force is when you add the sum of all the
forces that push or pull an object.
Today I learned that you slide more easily when there is less friction
and less easily when there is high friction.
Today I learned that gravity is different on different planets. Even on
earth different areas have different gravity like near the sea or in the
mountains.
I learned that not all metals are magnetic.
I learned that there is a force called electrostatic.
Today I learned that gravity is different on different planets. Even on
earth different areas have different gravity like near the sea or in the
mountains.
Today Ilearned that the muscular force is like when you push or pull
and object using your muscles.
I learned that friction is a contact force.
Today I learned that gravity is very important it is what keeps us
stuck to the ground.
Today I learned that to stay safe in a car babies need to be in a car
seat and we should always wear your seatbelt.
I learned that the frictional force can be low of high friction.
I learned how to make use of my muscular force to play tug of war.
I learned about friction which is something that slows you down and
sometimes stops you from like sliding on the floor or the sand.
Today I learned how to write a procedural writing on how to make a
catapult.
I learned how to make a flyer.
I learned today how to make an invitation card.
Group work and sharing:
Today I learned that working in groups helps makes things clearer
and easier.
I learned that it is hard to teach grade 1.
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Appendix X2: What questions do you have?

Student

What questions do you have?

1

Are we going to learn more about science or only about forces?
Can you make objects move without a push or a pull?
Why is gravity on earth is greater than gravity on moon?
How can you change the direction of objects?
What do you need to do to win a game of tug of war with a group of
people who are older than you?
What are the real materials used to build a real catapult?
Why do turtles more slower than other animals?
How can the water float in a rocket without gravity?
How does a magnet stick on metal?
How can you test the strength of a magnet?
How can we measure things?
Is there another word to replace an electrostatic?
What is an electric charge field?
Can you make a catapult in fewer steps?
Who created the catapult?

2

What are the different kinds of forces?
What happens when you skate on grass?
What can you do to pull a sled with heavy stuff on it uphill?
When something is heavy why do we have to apply a lot of force?
How did they know a long time ago at what angle to build the
catapult?
How can you change the direction of a plane?
What moves faster a car or a boat?
How can air stop objects from moving?
What is the cause of gravity?
What forces help the hot air balloon move?
What if your seatbelt is broken what would you do?
Who found out about electrostatic?
How did she or he find out about electrostatic?
In which direction frictional force acts on a moving object?
How do you build a catapult in real life?
What year was the first catapult created and in which country?

3

How strong is the force of the engine to fly a plane, to drive a car...?
What happens if you play soccer on the snow?
How do these different ways explain forces?
How does a car change directions?
Why are forces sometimes strong and sometimes weak?
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How can you speed up a dog sled?
How does a force applied on a heavy sled going uphill work?
What is the heaviest object that a real catapult can throw?
How can you change the direction of an object that is moving in a
straight line without making it stop?
What is the sum of all forces acting on an object called?
What units do we measure force in?
What might happen if I was wearing ballet shoes and there was oil
on the ground?
How does gravity work?
How does north work on a compass?
When you scrub two sponges why can't we see the electricity?
What forces act on a rocket when it flies up in the sky?
Why do you have to wear a seatbelt while driving if it also would
hurt you?
How do plastic bags fly when you do the following steps?
Does everything attract?How?
How do we build the electroscope in real which means not just
watching people do it?
What is the purpose to present the project in front of grade 1?
4

What makes gravity pull you down?
How can you go fast on a slide?
Can we see at least 2 or 1 forces ?
What is the unit of measure for force?
How does a car stop? Are the brakes applying an opposite force?
Why doesn't gravity pull you down when you are swimming in
water?
What do you need to do to go up the hill at a good speed?
How does force work?
If an object is at rest, are there any forces acting on it?
How is a balanced force different from an unbalanced force?
Is there gravity on other planets that are in other universes other than
the Milky Way?
Why do magnets repel?
Is pull and push related to a muscular force?
Who created a contact force and noncontact force?
How does the ballon charge ?
Will the experiments work ?
Can we have a table for our stand please?
Why are we making a stand for our experiment?
WHY DOESN'T THE FLYING BAG WORK?
What is the longest distance that you can catapult?

5

Can we measure force? How?
What is the sum of all forces acting on all objects called?
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Do I need to apply a strong force of a weak force to win a swimming
competition?
How does a plane move and there is gravity?
When an object is not in motion are there any forces acting on it?
Why are balanced things have to be something that's stopped to be
balanced?
Is there friction in space?
Why is there no gravity in space?
If earth is a very strong magnet, then can earth get stuck to the
planets close to it?
What are the two types electrostatic forces?
If you’re muscles are a force meaning muscular force, is your whole
body a force?
What are the forces acting on a car when it moves?
Since gravity is a force, do you see the gravity of earth when you’re
standing on another planet?
What force happens to the seat belt when an accident happens that
keeps your body from going forward?
How is friction related to all forces?
What is the relation between friction and pressure in the experiment?
When you are writing a procedural writing do you have to follow the
same format?
Why is respect important in a team ?
6

What force makes an airplane to fly?
How can you run fast?
Is there a place on earth without gravity or has less gravity?
Are there more forces in space rather than on earth?
What causes an object to stop moving other than surface condition?
When do we use a weak force or a strong force while dancing?
When do I apply a strong force and when do I apply a weak force?
How many types of forces do we have ?
How did they use it? Why did they make it? Who created it?
(Catapults)
How does a crane tower work?
Is gravity balanced or unbalanced?
What is the difference between balanced and unbalanced forces?
Why does friction damage the machines?
In what way can friction be reduced?
Why is it that when I move the table cloth very quickly on the table
nothing will fall?
Why is gravity important?
Why do magnets only attract iron?
How does your hair get the charge?
Why is gravity important?
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How is the muscular force related to friction.
What are the forces acting on a sled when it goes up the hill?
Where do forces come from?
What are the two types of electrostatic forces?
Can we test our experiment before presenting because it might not
work?
What are the real materials that you need to build a real catapult?
Can you make a catapult in fewer steps?
Can we test our experiment before presenting because it might not
work?
If I catapult a heavy object how far will it go?
7

How can birds fly if there is gravity that should pull them down ?
What is friction?
Is rubbing the balloon to your hair or wool then sticking it to the
wall friction?
Which one would go further a bottle or a pencilcase ?
If I was on the moon and I want to open a sealed bottle, do I need to
apply a strong or a weak force?
HOW DOES YOUR HAIR MAKE ELECTRICITY ?
Why are we building catapults?
What are the types of forces that people can make?
What is the relationship between speed and friction?
If you are far away in space not as much as jupiter a bit less can
earth's gravity catch you?
Why do magnets attract and repel ?
What kind of material does electrify?
Does all objects when rubbed electrify?
How did people discover muscular force?
When are strong forces used and when are weak forces used?
I still do not understand how they negative charge?
WHY DO YOU NEED THE SEAT BELT TO ACCESS THE
AIRBAG?
Can you rub pencil and then make it stick to something that is
magnetic?
When you rub the balloon on your head and take up the balloon,
your hair would be sticking out. But will your head get static
electricity?
Sometimes I feeling something that tickles that is like electricity,
when my skin touches my moms or any one it rubs and then I feel
electricity. Why?
Why are forces important?
How is friction an important force?
How heavy is a real catapult?
How do you build a catapult in real life?
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If we had a smaller bottle to step on and we used a very strong force
when we step on the small bottle ,will the paper rocket fly as high as
the other paper rocket t?
What are the forces that act on a catapult?
Group Work:
What should I do if someone from my group does not take turns
with me? How do I handle it?
What should I do if someone from my group does not take turns
with me?
8

How do boats float if the gravity under the ocean is pulling the boat
down?
How can you score a goal in soccer?
Is a strong force always better than a weak force?
if you are flying in the air why wont gravity pull you down?
What is the strength of the engine of a plane?
If there is something heavy and you need to drag it from place to
place......how is pulling easier than pushing?
Who created the first catapult?
Where does the energy for the car come from?
If you are ice skating on another smooth surface will friction rub and
make you stop or fall?
Does friction create heat? If yes how can you make fire?
What is the cause of gravity?
What does N and S poles mean on the magnet?
WHY DO YOU NEED OPPOSITE CHARGES TO ATTRACT
SOMETHING?
How can you measure the strength of forces?
How many forces do we have in all?
How is the rice strong enough to make a pencil get stuck in a bottle
full of rice?
How can electrostatic forces work on bigger machines and not just
simple experiments in class?
How much weight can a real catapult throw?
What are the real materials that you need to build a real catapult?
How can electrostatic forces work on bigger machines and not just
simple experiments in class?
How many people can carry a catapult?

9

Why can't we see forces ?
How can students win teachers in tug of war?
How can an object move fast without falling down ?
Does the electrostatic force come from you?
Can you see every effect of a force why don’t all metals stick to
magnets?
213

How can we change the direction of a ball, car, or plane?
When do I apply a strong force?
Why is force a really important?
Does the real catapult still exist today?
What is the energy used in a car?
Is gravity is balanced or unbalanced ?
Why is a rolling ball down a hill considered unbalanced ?
Why do we fall down when we step on a banana peel?
Why can magnets only attract iron?
Is an electrostatic force friction?
HOW IS GRAVITY CONNECTED TO WEIGHT ?
How can you know the strength of a magnet?
What causes the electricity when rubbing wool on a balloon?
If you need to cross the road why do you need to look left and right
twice before you cross? why not once?
How did people build magnets?
How do you conduct an experiment?
How is rice strong enough to make a pencil get stuck in a bottle full
with rice?
How many people do you need to build a catapult?
Why do sometimes people boss the other's?
10

How does force help in life?
Are all forces a push or a pull?
What is physics?
Why does friction stop heavy materials before light materials?
Does gravity pull you down when you are swimming? why?
To make a horse go faster what force do I need to apply?
To pull the ropes to make the dogs stop, is it friction or muscular
force?
Who created a catapult?
What is the force of the wind moving a leaf called?
How can you tell if the force is balanced?
What would happen if there is gravity pushing you up, not down?
In space does the magnetic force pull you down and the heavier you
are the more it pulls you down, back to earth?
Why are most of electrostatic forces used with balloons?
What would happen if there is gravity pushing you up, not down?
Is swimming required as a muscular force?
How can you measure gravity?
How can a record disc catch Rice Krispies just if you take a cloth and
robe it on the disc?
Why did they do cars?
How is the bubble trouble relate to electrostatic forces?
What are the forces that act on the object that you catapult?
Did the army in Lebanon use a catapult?
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11

How can we change the position of a car?
If gravity pulls you down what keeps you in the middle of a pool for
example, not floating and not sinking?
I know it cannot be gravity or friction I know it is a force but what
force?
How did the balloon stick onto the wall just by rubbing it to my hair?
How are push, pull, twist forces why not sit, play, and anything else?
How can I make a horse stop speeding and slow down?
Why can't we see force and gravity?
if you use a heavier object than a crumpled ball and you use a very
strong force would that object go as far , less , or further than a
crumpled ball ?
What is an example of a force that comes from a non-living thing?
If you are standing still is that a balanced force?
What is easier rolling or sliding?
Why when the balloon goes up it stays going up and does not come
down, why does not the helium effect?
Why when there is no gravity you way less?
How is the electrostatic force helpful in our daily life?
Why when the balloon goes up it stays going up and does not come
down, why does not the helium effect?
Who discovered muscular force?
When did they discover it? Did they become famous because of it?
(Catapult)
Why is it important to measure forces?
How does the electrons move from one object to the other?
How can I improve in Research ?
When was gravity discovered ?
If the Rocket in our experiment was made out of something heavier
than paper, will it fly as high as the paper rocket using a stronger
force when stepping on the bottle ?
How do you make a real catapult?
Did every castle have a catapult?

12

Why do I get hurt when I fall down? Is it because of friction?
Is motion and position a force?
How does the airplane fly if there is gravity?
What happens when I hit the brakes of my bike? What force is being
applied?
How can planes and helicopters fly when there is gravity?
How do they now the catapult is at a 45 degree angle?
How can you change the direction of a flying kite?
What do we call the force of the horse when he pushes a cart?
What are the factors that affect friction?
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Why does the south pole repel to another south pole?
What’s the reason our hair stands up?
If you pull a wagon on grass with a heavy material on it, is it friction
or the muscular force ?
Are there more forces?
Should we wear a full uniform when we are driving a motorcycle?
Why are there so many different kinds of forces?
How do people know how to do this (Catapult)?
How is a bubble trouble and flying paper related to electrostatic
force?
How do you make a real catapult?
What are the real materials used to build a real catapult?
13

Are pushing and pulling the only forces?
What is friction?
Are there objects that can move in space?
Does some heavy stuff include less force than a light object?
Why are not all forces contact forces?
When do I need to apply a weak force?
Why does the heavier win the race in a slide?
How can you stop a boat from moving in the sea if there is a lot of
waves?
How can we increase friction?
Who discovered gravity?
How is the earth a magnet?
How does the balloon stick to your hair(i know that the balloon is
negative charge)?
Is a muscular force only pushing and pulling?
What are all the types of forces?
Why are there so many types of forces? How many are there?
Is it okay to speed in a car when there are no cars in front of you?
How does earth or other planets just float?
Why do we need to push with or feet ?
Why can’t we move them around everywhere we want?

14

What is the force that makes a plane fly called?
How can I make objects move fast?
How do forces work ?
Can forces stop working ?
Are there any other kinds of forces we are going to learn about?
What will go faster a water bottle rolling on a carpet or a bottle rolling
on a carpet?
Is force the most important thing in the world?
What force do I need to apply to push a baby carriage on a glass land?
Why is gravity and force important? Why do we need them?
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How much force do you need to apply to launch a catapult very far?
How much force do you need to apply to push a car forward?
Is a parachute a balanced force or an unbalanced force ?
Does friction always have to be high?
How does a can follow a balloon when you rub the balloon against
your hair?
If the other object from the two is heavier by half a gram will it land
first and will it make a difference?
Who discovered the muscular forces?
I was spinning a tennis ball with a string hit the wall and bounced
back on me so is it applied by me or the wall?
Can all forces be measured? How?
If you rub something to something that is magnetic will it stick?
Is friction dangerous?
How can we create it?
Why plastic do not attract to magnet?
What are the real materials used to build a real catapult?
How can you measure the force applied by the catapult?
Do we have catapults in Lebanon?
15

Are forces only about pushing and pulling?
What makes using your muscles and elocstractic a force?
How does NASA isolate the gravity in a small room to practice?
When you are swimming is gravity pushing you down?
What force do I need to apply when trying to score a goal in soccer?
Is electricity also counted as using forces?
Is the cooler a gravity force to take out water?
Why do you need to put on a lot of force to make the ball go far?
Why is it that some flowers are easy to pick while other plants need a
stronger force?
Why if there is ice skates and a ice surface it is low friction and if you
have snow tires witch has a snowy surface it is a high friction?
Which planet has the strongest gravitational pull ?
Why same poles repel while opposite poles attract?
How does electric force work?
Is a push or a pull a muscular force?
Why is static electricity important?
Does the electrostatic force work on the magnetic force ?
Is there friction on ice?
Why does this experiment contain electricity?
What are the real materials used to build a catapult?
How did people know that 45 angle is the best angle?
Why do sometimes the experiment works in the video but doesn't
work with you?
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Why should we do a stand and why do we need to design it?
What are the real materials that make a catapult?
16

Do we make force?
How can I score a goal in soccer?
Why don’t all magnets attract alł metals?
Why does the ball roll faster than a pencil if the ball is heavier than
the pencil?
How much force do u apply to throw a ball?
What force does the goalie need to apply to kick the ball far from his
area?
How can an airplane fly if there is gravity?
Can you put heavy things on a catapult? What will happen if you do?
How does a car move faster?
Can friction be reduced? How? Why?
What factors does the electrostatics forces depend ?
How do muscular forces work
Why is it important to measure the strength of a force?
How are snickers a safety measure?
Can we produce electricity if we rubbed any object with a woolen
cloth ?
If the sun is pulling the planets towards it how they stay in there
place?
Who created the real catapult?

17

When I shoot in the basketball, why doesn't the ball go in the net
sometimes?
What is the name of the force that makes you swing faster?
How can we measure forces?
Why is gravity and force so important?
How did the force of gravity come to earth? Why is there only gravity
only on earth?
When do I need to apply a weak force?
Is a real catapult big or small?
What if the river is strong, what do you need to do to make the boat
go in the direction you need?
How when I raise my hand the gravity is not strong enough to pull
them down?
What are the different types of friction?
How come Jupiter has a stronger gravity than earth and how did they
find out?
Also why do other planets don’t have this gravity?
What are magnets made of? How come Jupiter has a stronger gravity
than earth and How did they find out? Also why do other planets
don’t have this gravity?
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Why do snaps help you in building?
Why is muscular force a contact force?
Why is the normal force on an object electrostatic in nature?
How do you strengthen a magnet?
What makes one magnet stronger than another?
Is gravity related to electrostatic?
How can you measure the force applied by the catapult?
What are all the forces that act on a catapult when you throw
something with it?
Can the catapult be at a different angle?
18

How can a bird fly?
Why is friction a force? Is it a push or a pull?
How can you change the direction of an object if it is already in
motion?
How can you measure friction?
When the pancake sticks on the ceiling does it stay for long?
What will happen if we add too much force when we are moving an
object?
When do I apply a strong force?
When the swing swings there is a force making it do that, what force?
What is the longest distance a heavy object can catapult?
What makes you stop moving at the speed of the car when you hit the
breaks?
Does air resistance on a flying airplane slow it down?
Why doesn't it make it stop?
Is there gravity on the sun?
Why did the papers stick to the ruler Is there gravity on the sun?
When we chew food in our mouth, is this a muscular force?
Why are forces so important?
What other forces did we do?
How does motion work?
Does NASA use electrostatic in any situation?
Why should the catapult be at a 45 degree angle?

19

What makes objects move?
What is the force of friction?
What makes a car go fast?
How can you know what shoes to wear so you do not fall or slip?
Why doesn’t magnet stick to gold?
Does gravity pull you down while swimming?
When playing baseball, do I need to apply a strong force?
What will happen if I apply a very weak force?
What are the materials used to build a real catapult?
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When you are riding a bike, is your body also moving at the same
speed? What might happen when you stop instantly?
When a plane is flying is there friction between the air and the plane?
If friction causes heat why doesn't the plane catch fire?
Where is gravity?
Can magnets stick to a picture that is made out of metal.
Where is gravity?
HOW DID PEOPLE DISCOVER FORCES?
Will the seat belt sometimes injure us?
What type of force is launching a catapult?
When was gravity discovered ?
Who created the real catapult?
How do you know how much weight your catapult can hold?
When was gravity discovered ?
What is the heaviest object that a catapult can throw?
20

How can we make a car move fast?
How can we change the position of a heavy object?
What about in space is there gravity?
When you swim do you apply a strong or a weak force to kick and
move your hands in the water ?
Is it okay to apply both a strong force and a weak force?
Who discovered what is a force?
Who created the name "force"?
Who was the person who created the concept of a catapult?
How can you stop when you are ice skating?
Why do we need gravity?
How does friction help us in our everyday lives?
On a compass east and west attract to the north or south pole of a
magnet?
How is electrostatic related to weight?
Can the force of gravity stop or become weaker ? What happens then
?
What happens if you apply a lot of force on a weak object?
What happens when you ride a motorcycle? How does it work?
Where do forces comes from, and why they come, and can we control
these forces ?
What are all the major categories of control measures?
How many forces are there?
Why does this experiment contain/make electricity?
How much force can a catapult apply?
Who discovered gravity and what were they doing when they
discovered it?

21

Why is a motorcycle faster than a car?
Why don't people fall from a roller coaster?
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What force makes an object stop moving?
What if the object is not moving, isn't gravity still acting on it?
When you take a step to the side in tennis, what force are you using
push or pull and is it strong or weak?
Can you do 3 different forces at the same time?
How strong is the holder of the curtain to hold it with the gravity?
Do people still use catapults?
Why do people say I am speeding if they are going fast and not slow?
Can you get rid of friction?
What happens if a car gets stuck in the mud? How can it get out?
If u put 3 tables on top of each other and a magnet on the first table
and something magnetic on the last table will it stick?
How many muscles we have in our bodies?
What are the forces that act on you when you are ridding your bike?
Do all forces need gravity?
What material is used for making the seat belt?
Can we use the muscular force outside a playground or a school?
How do you conduct an experiment?
What are all the forces that act on a catapult when you throw
something with it?
How can you measure the force applied by a catapult?
How does a catapult work?
22

What are the types of forces?
Why is the rabbit faster than the turtle?
What slides faster a paper or a paper clip when pushed on a table?
Why?
What are the types of metals that are magnetic?
When you swim, how can you change your direction?
When do I use a strong force?
How do I know if the force I applied was strong enough?
What falls faster, a heavy object in a spoon with a lot of force or a
light on a spoon with a little force ?
If you are in space and throw a ball, when will it stop moving?
How can we measure force?
What factors determine the force of gravity between two bodies?
Can magnet attract a big object that have iron ?
What factors determine the force of gravity between two bodies?
Do we need to apply a lot of force if a kid is trying to carry weight ?
How many kinds of forces are there?
If the speed limit was 100 and there was no light for the people
crossing the street how can we cross the road if cars are speeding a lot
and its night ?
Can the birds get out of gravity ?
221

Why do similar poles repel?
How can I improve in Research ?
How do you know how much weight your catapult can hold?
Why are catapults important?
23

Are there any other forces than a push or a pull?
Why does the bowling ball move slower than the basketball when you
throw it?
Why do you float in space and not in a plane?
Does the force of friction exists on a planet that has low gravity?
What force is acting on you when you are in the car?
When can I use a weak force?
When I want to knock on the door what type of force do I need to
apply?
What will happen if you roll a pencil on the carpet?
How does friction work?
If an object is at rest what might be the forces acting on it?
What happens if I wear my hiking boots on ice?
I would like to know more about how they attract, and if they are
similar to batteries in a way?
Who discovered the electrostatic force and why did they give it this
name?
Can the weight of a child be zero on the moon?
Is muscular force a contact force ?
What forces act on a motorcycle when it is going uphill?
How do balloons have charges?
How do people know how to do this (catapult)?
How do you build a real catapult?
Why plastic does not attract to a magnet?

24

What are the types of forces that act on us?
What if the roads on the streets had low friction? What will happen to
the cars?
Why is it not allowed to wear cleats to the gym?
Why do objects stop moving on their own after you have applied a
force?
Is gravity a strong force or a weak force on earth?
If we roll a bottle and a pencil on the carpet ,with the same force,
which object will roll faster and why ?
How strong is the catapult to push the object very far with the
gravity?
If air causes friction, does this mean that friction is a non contact
force?
Why don't the army tanks have normal wheels like a car?
What is gravity made up of?
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How did the boy remove the blanket and the vase stood over the
table?
Why is a muscular force a contact force?
What might happen if I stand up when the bus was moving?
How much gravity is on earth?
Where are we going to get the materials from?
When was gravity discovered?
How much force can a catapult apply?
Why does this experiment contain electricity?
What are all the forces acting on a catapult?
25

What force do we apply when we open a bottle?
What happens when you hammer a nail to build a treehouse?
What keeps the earth floating if there is gravity on earth?
How can I make my muscles stronger?
If I push an object in space does it stop moving on it's own?
Which planet has the strongest force of gravity?
How can the
strength of a force be changed?
What happens when the pencil case Rolls on the carpet?
What stops you from moving when the car comes to a quick stop?
What happens when you roller skate on grass?
Can the weight of an object on the moon be a negative number?
How powerful magnetic forces can be?
Can the weight of an object on the moon be a negative number?
How do you use force in your daily life?
Why is electrostatic a non-contact force is you need to rub the object
to charge it?
What might happen if you fall into space?
Why are safety measures important if some of them harm us?
What are the forces acting on a catapult?

26

Why can't I open a soda can? What force do I need to apply to open
it?
What is the name of the force that slows objects down?
Why do magnets that have the same color of poles repel each other?
What do we call the metals that do not stick?
If I throw a ball on the moon does it fall to the ground?
Is it possible to swim, if earth had a very strong gravity?
Is a strong force always better?
How do you build a catapult out of those specific materials.
Are there other types of forces that move things without touching
them?
Why is gravity important?
Can you make fire by rubbing two objects together? How?
Are magnets found in nature or are they man made?
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Where does the charge in our body come from?
How does the muscular force function?
What forces act on a rocket when it flies?
What is the force that keeps the planets in their orbits?
How can you measure the force applied by a catapult?
How can I explain to grade 1 how to make a catapult in a simple way?
27

What force makes a car go fast?
What force is pressing the button on the phone?
What is inertia?
Why is it that on a roller coaster when it flips we do not fall down?
What happens in the car when you hit the breaks? When you speed
up?
What happens when you drive a plane and apply a force stronger than
gravity?
What materials should the sled be made of in order for it to be light
and easy to pull?
What causes an object to stop moving other than the surface
condition?
What is the heaviest object that a real catapult can throw?
How strong is the force applied by the seat belt?
Why is friction important?
Why does it burn you when your skin rubbed to the slide?
How much weight can I hole when I am on the moon?
Who created or discovered the magnet?
How much weight can I hole when I am on the moon?
How many muscles do we need to push an object?
What forces make a hot air balloon fly?
Can an object move without a force acting on it?
Who discovered gravity and what were they doing when they
discovered it?
How do you build a real catapult?
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Appendix X3: What are the challenges that you faced?

Student

What are the challenges that you faced?

1

I found a challenge in understanding the difference between motion
and speed.
It is hard to understand charges if you can't see them.
I still don't understand how electrostatic is a non-contact force.
The challenge I faced is finding the information during my research.
Our project wasn’t working.
I struggled first with remembering the steps of how to make a
catapult.
I struggled with typing.
Being patient and waiting for my turn.
Trying to get grade 1 to do the catapult.

2

I found it difficult to remember the name of where the object is
located.
Finding the links
We did not have enough time to finish everything we had to do.
I struggled with the design.
Deciding what to include.
Grade 1 following our steps.

3

I struggled with wrapping a rubber band around the sticks I asked for
help from the teacher.
I have faced a little bit of challenges on working on balanced and
unbalanced forces.Is trying to understand that they repel.
The challenges that I faced while trying to understand safety
measures and how they relate to forces that you have to read the
signs on the street so you know what to do while driving .
The research was hard because we had trouble understanding it
I faced the challenge of trying to end the procedural writing about the
electroscope.
The challenge that I faced during the experiment was when trying to
separate the magnets into two parts, the cotton thread cut due to the
force of pulling
I did not include every material when making the catapult.
Working in a big group
Explaining to grade 1 how to make a catapult.

4

It's hard to understand static electricity if I can't see it.
We faced many challenges for example we rubes the balloon to our
hair then we put it next to the rice krispies then it stuck to the ballon
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another example we sat in a box then we pulled the rope and much
more.
The challenges I faced was working on our experiment.
The research was hard because we had trouble understanding it.
I did not have enough time.to finish.
The challenge that I faced was that I did not stay on task the whole
time.
Deciding in a big group
I had trouble managing my time properly (finishing my task on time).
I couldn't be patient.
5

The challenges I faced while trying to understand balanced and
unbalanced forces is remembering that a balanced thing is something
that stop or just stays in its place. and the unbalanced thing is
something that's moving.
I faced a challenge when I found out that muscular force is a contact
force
The challenge I faced was understanding how the needle of the
compass was moving when I turned the magnet
The speaker was talking too fast so I could barely keep up.
I didn't find lots of experiments.
I tried telling everyone to stay on task but they did not listen .
We always restarted when we practiced because there was always a
mistake and we had trouble because we were not looking in front of
us while we were practicing so we kept on looking were the
cardboard/poster was so we know what to say. but then we found a
way/solution how to solve this problem.
It is not easy to make a catapult on your own.
I faced many challenges like knowing how many sticks I need.
raising my hand
Giving grade 1 time to figure it out without our help was
challenging.

6

I didn't understand how balanced and unbalanced forces work, then
after reviewing what we did in class the idea became clear.
At the beginning I didn't really understand how safety measures
relates to forces but then the teacher explained it.
We faced many challenges like trying to find information .
My challenge was to work all together in groups and share the
materials.
It is confusing when you try to figure out the forces acting on the
catapult.
I found it hard to simplify my thoughts.
Waiting for my turn.
Explaining to grade 1 was very hard.
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7

The challenge that I faced is the magnet station because when I tried
to stick the coin to the magnet the coin was already stuck to the table
which was magnetic
I found it’s hard to know how much energy do we need to push
something
The challenges I faced is building a catapult .
The challenges that I faced today is writing a paragraph about
muscular forces and explaining what I understand it
I only faced one challenge which is when we talked about the iron
fillings.
The challenge is understanding where does electrostatic forces come
from.
THE CHALLENGES WAS TO UNDERSTAND THE
DANGEROUS PLACES OF A BUS
The challenges I faced today is that I was not able to watch the
videos because it was not letting me to watch them on the iPad.
The challenge I faced was to work properly in groups.
The challenges that I faced when we were doing the research.
The challenge I faced is when we had to tape every PVC pipe
together.
I struggled with remembering all the steps of how to make a catapult.
It was hard to use easy words with grade 1.

8

I found it’s hard to know how much energy do we need to push
something
The challenges that I faced are to attach the spoon to the stick and to
do the angle of the 2 sticks.
Challenges are to know why gravity is the strongest force among all
forces.
I faced a challenge when i found out that muscular force is a contact
force
Understanding the videos
The challenge I faced is finding the information during my research.
The challenge that I faced is trying to catch up with my group at
writing the steps and materials of the experiment.
A CHALLENGE WHEN I TRIED TO BUILD THE
ELECTROSCOPE WITH MY FRIENDS AND TRYING TO SEE IF
IT WOULD WORK
It was hard to think of words to write an invitation card.
It was hard to teach grade 1 how to make a catapult.

9

I am having trouble understanding that if you pull a wagon on grass
with a heavy material on it , is it the muscular force or is it friction .

227

WHEN AN APPLE FELL ON THE GUYS HEAD HOW DID HE
DISCOVER IT
LIKE WHEN YOU RUB THE RULER ON YOUR HAIR IT’S
HARD TO UNDERSTAND
Contact and non contact forces are still a bit confusing.
Finding the links
To design the stand
The challenges I faced were only two people in my group were
writing.
A challenge I faced is blowing a bubble to move it. It kept on popping.
It was hard to remember to include everything about how to make a
catapult.
the challenges I faced was separating tasks evenly with my group.
10

it was hard to get the concept
I faced a challenge that was when I was trying to understand muscular
forces I didn't really understand if a muscular force means only a pull
and a push.
the challenges I faced while trying to understand electrostatic forces
were I didn't really understand if electrostatic is electricity.
The challenges that I faced today is writing a paragraph about
muscular forces and explaining what I understand it
The challenge that I faced today while trying to understand how forces
work are the challenges that we did in the makerspace.
The research was hard because we had trouble understanding it
we faced some challenges in finding a suitable and interesting
experiment to share.
I don’t know how to draw a bubble for the bubble trouble
I struggled with using proper vocabulary that will simplify the
information for grade 1.
It was hard to fit all the information about how to make a catapult on
one page.
I struggled with keeping my eyes on the audience.

11

I still don't know what is friction.
I had trouble understanding if you want move right you need to tilt to
the right
The challenges I faced was when we had to build our own catapult and
it was hard to build it.
The challenges that I faced today when trying to understand
electrostatic forces is trying to do one
The challenges that I faced one trying to understand is trying to
understand how do you do the experiments.
I didn’t really know how to find the websites for the gravitational
force.
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We did not have enough time to finish all the work you had to do.
My challenge is that we had to decide on things to do.
Working in groups we have to take decision together.
I found it hard to do a flyer.
12

I struggled with building the base of the catapult !
I faced finding important ideas.
I struggled with making the papers stick to the ruler.
I am having trouble understanding that if you pull a wagon on grass
with a heavy material on it , is it the muscular force or is it friction .
I was confused and did not understand how safety measure and forces
are related. Trying to find videos
Working in groups
the challenge I faced was trying to finish my stand while being timed,
but gladly we finished.
The first 3 times trying to make the bubble trouble and flying paper it
didn’t work but when we did it the last time we felt it to easy and it
worked.
I found it hard to fit all the information on the flyer.
It was challenging to write an invitation card as a class.
The challenge I faced was trying to finish my presentation on time.

13

I faced a challenge that was when I was trying to understand muscular
forces I didn't really understand if a muscular force means only a pull
and a push.
I could not understand how the ball was moving if gravity was pulling
it down.
I faced a lot of challenges trying to understand some information to
present to the 1st graders.
My group had trouble because we were talking sometimes about
things that were not related.
My group and I were not focusing enough so we just wrote the
materials we needed to build the force.
It was hard to choose the proper words to explain to Grade 1 how
forces work and how to make a catapult..
Working in groups was challenging.

14

I argued with my mom if a parachute is a balanced force or a
unbalanced force !
They didn't explain much about my force in the video.
I did not understand how a pencil can balance on your nose.
The challenge I faced was trying to find information, and our choice is
really hard
I had trouble finding out what is the answer of my question .
I didn't know the steps of work.
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Trying to work has a team.
It was hard to do a flyer.
It is hard to be patient.
I struggled with finishing my presentation on time.
Explaining to grade 1 was a challenge.
15

Building the catapult and understanding it. but because I watched the
video again I understood it.
I faced a challenge which was I didn't really understand what is a high
friction and a low friction.
The challenge that I faced is trying to make the papers stick to the
ruler.
The challenge I faced is that I don’t really get it how magnet sticks on
paper
To research and take a lot of notes.
The challenge I faced is not to make a mess.
I struggled with finding appropriate words to explain to grade 1.

16

I am always relying on the flip chart to write my exit ticket.
The challenge that I faced today is trying to make a catapult
Trying to make paper stick to the balloon.
Understanding how gravity pulls things down while a force is pushing
it up so the object stays in the middle.
There were many steps to do the experiment.
The challenge we faced was trying to come up with something that the
grade 1 student will enjoy and experiments we will enjoy doing with
them.
The challenges that we Face today or trying to make a catapult
I felt challenged writing an invitation card.
The challenge we faced was trying to finish my presentation on time.
It was hard explaining to grade 1 what to do.

17

the challenges that we faced are when you rub a balloon to your hair it
can stick to the wall.
The challenges I faced were how to build a catapult and where to put
the materials.
One challenge I faced when trying to understand the balanced and
unbalanced is about the net force.
The challenge when trying to understand muscular forces is paying
attention to how people use their muscles in the videos.
Challenges is about knowing more example about electrostatic forces
We had to search a lot of sites to find out what we need to know about
that force
I was challenged with finishing my work on time.
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18

I struggled with sharing the materials.
The challenge I faced was to build a catapult.
I am still not understanding if there is gravity on all the planets.
Trying to know how to do it (catapult)
Trying to find experiments for the magnetic force was challenging.
At the same time, working in groups was hard .
My group and I were arguing on what materials to use for the stand of
our experiment
It was hard to explain how to make a catapult.
It is not easy to fit all the information on one page.

19

I struggled with my group with taking turns.
I faced challenges with building the catapult on my own without any
steps to follow.
The challenge that I faced was trying to get the papers to stick on a
balloon (static electricity).
THE CHALLENGES WERE TO UNDERSTAND AND EXPLAIN
THE FORCES IN THE ASSESSMENT
The challenge I had is I don’t know how to do the experiment in real
life
Deciding what should we do and is easy for grade one.
The challenge I faced was to work properly in groups
I faced challenges with building the catapult on my own without any
steps to follow.
It was hard to explain how to put the rubber bands and where when
making a catapult.

20

It was hard to just look at a picture of a catapult and try to make one
like it.
The challenge was to know how is muscular forces produced
The challenge when trying to understand muscular forces is paying
attention how people use their muscles in the videos.
I did not understand why does my hair give charge to the disc, and
make the cereals stick to it.
The challenges that I had, was finding easy information for my age
about electrostatic forces.
AGREEING ON THE POSTERS
I need to take my time.
It was hard to just look at a picture of a catapult and try to make one
like it.
It was hard to make things simple for grade 1 students to understand.

21

I struggled with rubbing the balloon and sticking it on the wall.
understanding what makes friction
I had challenges faced when trying to understand the relationship
between muscles and forces.
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I found challenging relating the gravitational force to the idea of
having a magnet in the Earth's core.
I understand that magnet cannot attract paper or plastic. Magnet have
2 poles south and north.
I had to write down so much information.
The challenge I faced was trying to find an activity or a video to watch
take notes about and make it (construct it).
the other challenge was picking 2 things and deciding which one to do
between both of them
It was hard to explain how to make a catapult in words.
It was challenging to get grade 1 students to do a catapult.
22

The challenge I faced today is trying not to be confused.
The balloon did not stick on the wall with me but it did with my
friend.
I have some difficulties to find the information and the website.
Agreeing with my team members.
The challenges that I faced are building the catapult and tying the
rubber band.
It is hard to fit all the information on one page.
I had a hard time explaining to grade 1 students how to make a
catapult.

23

I wasn't able to stick the balloon to the wall.
At first building the catapult seemed complicated but after I was done
I felt it was easy.i learnt that catapults need to have acute angles for
them to go farther.
The challenge was to know how is muscular forces produced.
The challenges I faced is doing the experiment.
I found it hard to understand the link between safety measures and
forces.
Working in groups
I struggled with explaining in words how to make a catapult.
I had trouble finding out what is the answer of my question .
I had trouble with explaining to first graders and simplifying the
information.
I struggled with explaining to grade 1 students.

24

I struggled with differentiating between motion and position.
I struggled with opening a sealed water bottle.
The challenge I faced was trying to build a catapult that can make a
small ball fly.
I found challenging to understand how the transfer of charges occurs.
I had challenges faced when trying to understand the relationship
between muscles and forces.
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Trying to understand what ballet and gym shoes have to do with safety
measures and forces.
To find a video and to pick an idea for our project.
It is hard to wait for your turn.
I was challenged when I had to explain to Grade 1 and not show them
how to do it.
25

My partner and I faced some challenges. One challenge was to design
our catapult. Another challenge was to choose an appropriate angle to
launch the object. I need help with the steps.
I still don't understand why the muscular force is a contact force.
It was hard explaining to grade 1 what to do.

26

I struggled with sticking the balloon to the wall.
Working with my group members and agreeing together.
I couldn't remember how to make a catapult and include all the steps.
I had a hard time searching for simple words to explain to grade 1 how
the catapult works.

27

The challenges I faced is trying to focus.
I did NOT know how to BUILD a CATAPULT
PROPERLY!!!!!!!!!!!!!!!!!!!!!!!!!!!! IT WAS REALLLLY
HARD!!!!!!!!!!!!!!!!!!!

233

Appendix X4: How can you improve?

Student

How can you improve?

1

I need to learn about forces more.
I need to read more books about forces.
I can improve by remembering important words more.
I can improve by asking the teacher for help when I need it.
I can improve by asking more questions in class.
Practice build by only looking at a picture.
I can improve by reading more books.
I can improve by doing more experiments.
I can improve by learning more.
Testing more stuff about it.
I can improve by reading more about contact and noncontact forces.
I can improve by searching more.
I can improve by listening more in class.
I can watch more videos about the electrostatic force.
I can watch videos on how to make a catapult.
I can watch more videos about the electrostatic force.
I can improve by reading more about gravitational forces and
understanding them more.
I can read more.
I can improve by being patient.

2

I can improve by memorizing what is force more
I need to ask more questions.
I can improve by making my sentences more detailed and specific.
I can improve by exploring other ways to use a forces.
I can improve by repeating the activity at home.
I can improve by reading and searching more about gravity.
I can improve by reading more books and articles.
I need to remember to use a soft voice.
I can improve by researching more.
I can improve by reading more about forces and understanding them
more.
I need to be more patient.
I can improve by using a louder voice when presenting.
I can improve by listening to others.

3

I need to read more books and articles.
I think that I can improve more by reading about force more often.
I improve by learning from my mistakes.
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I can improve by asking questions about forces and when we answer
questions about forces.
I need to think more about the question before answering it .
I can improve by doing work
I can improve by listening more actively in class, and by following
directions.
I can improve by reviewing at home.
I can read more about forces and watch more videos about forces.
I can watch my brain pop videos.
I can watch my videos about magnetic forces.
I can read more books about electrostatic forces.
I can research more to learn more.
I need to ask more questions.
I need to remember to stay on task.
I can read and explore more about forces.
I can improve by trying to catch up with my group at writing the
steps and materials of the experiment.
I can improve by trying to end the procedural writing.
I can improve my experiment by trying to getting smaller magnets or
getting a stronger thread.
I need to have more self-control.
I can improve by asking being more prepared .
4

I can improve by asking the teacher questions that i want to know
the answers to .
I need to ask more.
Read more, focus in class and practice more.
I can improve by trying harder to find the answer to my question
I learn from my mistakes.
I can improve by concentrating more.
I can improve by reading more.
I can improve by researching more.
By reading and exploring more information
I would like to read more about gravity.
I can see it in real life with a real magnet
I can improve by asking more questions about how electrostatic
forces work.
I need to pay more attention in class.
I can improve by taking more tips from the internet so I can learn
about forces more.
I can improve on not talking in the group work
Watch brain pop and compare it with wikipedia
I can improve by staying on task the whole time.
I was distracted from the other groups and I was doing other things.
I should improve by being patient.
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5

I can improve by studying and reviewing on a daily basis.
I can improve by searching information and reading.
I can improve by reading more about forces and know more about
them.
Building more Leo so I can be better at building.
I can improve by reading more about forces and know more about
them.
I can improve my listening more and understanding more about the
topic and asking more questions.
I can see the skeleton in the doctor's clinic and see what moves
I can improve by watching documentaries about magnets !
I can improve on understanding more of gravitational forces by
focusing more in class.
I can improve by working more about forces.
I need to review at home and ask more questions.
I can improve by reading more about Safety Measures and Forces.
Pay more attention in class time.
I can watch on YouTube other peoples projects about electrostatic
force so I can get an idea for what I can do in my project.
Asking older students about what they know about friction, this
might help us gather extra information.
I can get tips from people on how to make people stay on task in a
group
We can improve on memorising our steps by practicing and trying
our best.
To improve I need to see the steps and follow them.
I need to ask more questions.

6

I can improve more by reading more books about force and learning
about it more .
I need to ask the teacher more questions.
I can add more ideas to my writings
I can improve by reading more about forces and their movement.
I have to read and get more information about all types of forces
I can improve by building it more often and practice building the
catapult.
I can improve by reviewing what we did in class and applying some
extra work.
I can improve by reading more about muscular forces and
understanding them more.
Pay more attention in class
I CAN WATCH JOJOES SIENCE SHOW ABOUT THIS TOPIC
To stop talking
I need to stay focused and on task.
Watching more videos about it.
I can read more books.
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I can improve by working in my groups properly.
I need to improve the design
I need to study more about catapults.
I need to read more articles.
I can improve by being patient.
7

I can improve by reading more about forces to know more
information.
I need to read more books about forces.
I can improve by paying attention to the magnet more.
I can read more books so I can learn more about forces.
Reading and doing experiments about forces.
I CAN ASK MY DAD
I can always improve myself by reading more and exploring the
internet about forces.
I can read and explore more about different forces.
I can try to ask more questions in class
I can improve by focusing more in class and using my listening
skills more in class and I should try not to get distracted...
I can watch my brain pop videos.
I need to make sure I manage my time properly.
I CAN ASK A RALLY DRIVER FOR SOME TIPS
I can watch more videos
Making more experiments
I can improve by keeping on cooperating and taking turns with my
group.
I can improve by working on my research skills.
I can improve by watching videos of how people make the rocket
launcher !
I can improve by keeping on cooperating and taking turns with my
group.
I can improve by working on my research skills.
I need to watch more videos and read more.

8

When I explain or answer a question I have to make it clear.
I need to research more.
I can improve by asking my parents or teacher the answers of my
question or to help me understand better.
I think that i can improve by reading more about forces, making
projects with my friends and sharing them with the class and continue
learning more about forces.
I can improve by reading more about forces and ask more questions
about forces.
I can improve by reading a chapter book about forces.
I can improve by asking the teacher more questions to understand
muscular forces
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By learning more about electronic forces
By reading and exploring more information
I can improve by focusing more in class...
I can improve by reading more about forces and watching more
videos and understanding them more.
By trying harder to understand the research
Pay more attention in class.
I can improve by all of my team/group and I can take turns and share.
By reading more about electrostatic forces
I CAN IMPROVE BY TRYING HARDER ON TESTING THE
EXPERIMENT
9

I can improve by asking more questions about force.
I need to research more about forces.
I CAN GOOGLE THE TOPICS
Visit a basketball court and play basketball and discover the forces
I can search more about forces so I get more information and as well I
can read more books.
By learning more about forces and remembering the questions I say in
school important ones about what we learned
I can read more articles and books to know what really is a catapult.
I can improve by remembering the important questions we say at
school and review at home.
I want to improve to know more about friction to ask my teacher to
give me informations about it.
I can research answers for my questions.
I CAN WATCH BRAIN POP
I can try the experiment with different objects.
I can see the skeleton in the doctor’s clinic and see what moves
Read more books
I can improve by reading more about forces, asking more questions
about forces and researching more questions about forces.
I can try doing it at home .
I need to pay more attention in class.
Watch more videos about your force.
I should read more books.
I can read more articles and books to know what really is a catapult.
I need to ask more questions.
I need to raise my hand.
Not read when presenting.

10

I need to raise my hand more.
I can improve by paying more attention.
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I can improve by practicing the motion
I can improve by practicing how to build a catapult !
I can improve by practicing and using real objects.
Do some extra work sheets
I can improve by reading more about forces and watching
documentaries !
I can improve by reading more about gravity on different planets and
trying to ask more questions and facing more challenges.
I can improve understanding the concept by trying to attract magnets
more.
I would like to know more about this and ask more questions
I can improve by reading more about muscular forces and
understanding them more.
Ask more questions.
Google (research) about this topic
I can improve by listening and asking more questions.
I can read articles
I can Improve by working more on forces.
Focusing more on how to do a stand and draw well.
I need to pay more attention.
I can improve by practicing how to build a catapult !
To improve I need to pay more attention.
I need to be patient.
Focusing more on how to make my presentation interesting.
11

I can improve by learning more about forces and concentrate more.
I have to practice more
I need to concentrate more in class.
I can improve by: 1.asking more questions. 2.learning and watching
videos of forces.
I can ask you and my friends for advice
I can improve by.asking more questions.
Pay more attention in class and research about it.
I can improve on focusing more in class.
by researching.
Watching more brain pop jr.
I can improve by getting more examples.
By asking and searching about it more
I can improve by focusing more in class.
I can make the experiment at home and do the rocket with a heavier
material than paper then I step on the bottle with all my might and I
will see what will happen !
Letting other people take a turn.
By asking my partners for help
I can ask you and my friends for advice
I need to listen more in class.
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12

I can improve on raising my hand in class and sharing my ideas in
front of the class
I need to participate more.
Read more about the subject
I need to pay more attention.
I want to ask more questions.
I can read more about friction.
I can improve by reading more about gravity and understanding them
more.
I can improve by paying attention in class to have more critical
questions to ask on the exit ticket.
I can improve by working harder in class.
I can improve by reading more about gravity and understanding them
more.
I can improve by asking the teacher more questions to understand
muscular forces
I need to ask more questions.
I can improve by looking for more tips on the internet about safety
measures.
By searching more about it
To read about how electrostatic forces work.
Watch more videos
To keep on reading on electrostatic force electrons,bubble trouble and
flying paper.
I need to follow directions.
I need to pay more attention.
Presenting clearly

13

by asking more questions.
I need to speak up.
review them more
find out more stuff about forces
I can read online articles
By raising my hand more often
I can improve by asking more questions about force and learning
more about forces
Pay more attention in class and research about it.
I can improve by searching for more videos about the topic or some
articles.
By doing more force
I can research answers for my questions.
listening in class and focusing will help me improve.
I can improve by researching more.
I can improve by being faster.
I can improve by paying more attention in class
I need to ask more questions.
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I can improve by keeping my eyes on the audience.
14

I can read more about forces and gravity to know more.
I will try to look for many examples about forces and share with my
friends.
I can improve by reading more about forces and understanding more.
I can practice and pay attention in class.
I can improve by not giving up.
I can improve by asking my mom or dad if they can go sky diving and
after the parachute comes out of their bag I am gonna ask them if the
parachute is a balanced force or an unbalanced force !!!
By reading about magnets deeply
I can improve by Researching and Reading a lot of books .
I can improve by reading more about forces and watching
documentaries !
I need to stay focused.
Pay more attention in class.
I can improve by Listening more and reading more .
By getting more examples
Studying and practicing more.
sticking on one thing and not talking about other stuff.
Not arguing.

15

By reading and exploring physics
The improvement is to participate more and distrust less :))
I can improve by asking more questions about force and researching
more about force.
I need to remember what we did in class without using the flip chart.
Try harder and pay more attention.
I can improve on focusing more in class when the teacher is
explaining something.
I can watch documentaries about gravity.
I can improve on focusing more in class.
By asking more questions
I can improve by researching !
Study more about the force
I can improve by convincing my group to stop arguing about the
experiment.
By watching videos how is the experiment should be . by listening to
the teacher.
Watch more videos about my experiment.
Try harder and pay more attention.
I need to read more articles.
Listening to others.
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16

I will pay attention in class and will practice at home.
I need to read more and ask more questions.
I can improve by thinking deeper and experimenting more and
researching more.
I can also improve by taking lots of notes and focusing really hard.
By keep on reading every day
to study more
I can improve by asking more questions about forces.
I need to improve on not talking to my friends and paying attention.
I can improve by reading more about balanced and unbalanced forces
and friction.
By reading more about gravitational pulls
I can improve by researching
I can improve by learning more about safety, reading more about it,
searching more about it and asking more questions about it.
I can improve by watching more interesting videos about forces and
how they work.
I can improve by trying to search more experiments for the magnetic
force.
Working as a team and we all do something and working in more
groups.
I can improve by asking more questions about forces.
I need to pay more attention in class.
Being patient.

17

I need to ask more questions to understand more about forces.
I can improve by reading information from books.
I can practice more.
I can improve by asking more questions about force.
I can improve myself by learning more about force.
Asking and reading more about it
I can pay more attention in class.
I can improve by reading more about electrostatic forces and
understand them more.
Pay more attention in class and research about it.
I need to use a proper voice level.
To keep on reading about safety cars rules.
By reading more about electrostatic forces
ASK TEACHERS
I need to read more articles.
Paying attention.

18

Asking more questions.
I need to read more books.
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I need to participate more.
I need to be more understanding.
I can improve by following with the class more.
I can improve by trying all the questions I have and answer them by
myself with no research.
By asking the teacher what it means and to help me understand things
better.
Repeating the activity at home.
By reading and exploring more about forces
I can improve by paying closer attention to how their body is moving
when using their muscles.
Help would do.
I can improve by reading.
I need to stay focused.
I can improve by participating more in class
I can improve by finding more information.
I can also ask more questions.
i can improve by researching more.
I need to improve by raising my hand.
Listening to others.
19

Asking for clarification and reading more.
I need to research and read more books.
I need to read more to learn more.
I need to learn how to be patient.
By asking more questions
I need to pay more attention in class.
I can read about forces.
I am improving by watching videos and do experiments about things
at school and home.
By reading more about muscular forces
I can improve on not talking
I can improve by reading more about magnetic forces and
understanding them more
I can improve by learning more about electrostatic forces.
I can improve by following the rules of the safety measure and learn
more about it by exploring the streets, the roads and the signs.
I can watch more videos that we watched in class.
I can improve by looking further
Asking more questions.
I need to speak up.
Be patient.

20

I need to pay more attention.
When I have swimming lessons ,I can practice if it takes a strong or a
weak force to kick and move my hands in the water!!!
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By always reading about physics related topics
I can read more books to learn more about forces.
I can improve by thinking more deeply when building a catapult
BECAUSE WHEN I KNEW HOW I WAS SO MAD HOW EASY IT
WAS :(
I can improve by making a list of objects and try to guess what will
happen to each object if there was no gravity on earth.
I can improve by watching more videos on BrainPOP.
By reading more about electrostatic books
I need to participate more.
I did not understand why does my hair give charge to the disc, and
make the cereals stick to it.
I can read more about safety rules and how they are applied.
I can read more about forces.
by getting more examples and learning more.
I need to listen and follow directions.
I need to be more patient.
21

Read more books.
I need to read more and research more about forces
I need to learn how to be patient.
I can improve by asking for HELP.
I need to improve by listening more in class.
I can improve by reading more about forces.
I can improve by reviewing at home.
By reading about physics
I can improve by learning and watching videos of forces
to participate more
Everyday I improve with reading articles and see pictures about
objects moving and what kind of forces need to be applied.
I can improve by having more examples to differentiate between
types of forces.
Would like to know more through experiments and asking more
questions
I believe I could improve by learning more examples of electrostatic
forces.
I can improve by having more examples to differentiate between
types of forces.
I need to ask more questions.
I can improve by getting more examples.
I can improve by researching more.
I need to pay more attention in class.

22

I can improve by asking the teacher more questions.
Write and explain more.
I can improve by observing more carefully.
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I can improve by participating more actively and listening.
By keep on reading about forces and gravity
I can improve by thinking deeper.
I can improve by learning more about understand muscular forces .
I can improve by asking more questions.
By reading more books.
I can improve by paying closer attention to how their body is moving
when using their muscles.
I need to pay more attention.
I can improve by researching more about this topic.
ask for help.
I can improve by reading more about forces and understanding them
more.
I can improve by thinking deeper.
23

Ask more questions.
I need to read more.
I can improve by trying to work harder in class and find my answer to
my question.
I can improve by trying more.
To improve I need to ask more questions.
I can improve by paying more attention in class.
I can review what we did in class everyday.
I can improve by researching more and reading more books.
By researching more.
By reading more about muscular forces
I can improve by asking real people about their experiences.
Learning more about forces
I need to ask more questions.
I need to read more and research more.
Being patient.

24

By asking and reading more about it
I need to research and find out more about forces to help me
understand the concept more.
By learning more about forces.
I can improve by making my muscles stronger.
I can improve by reading more books.
I need to ask more questions that will help me understand more.
I would get a bottle and a pencil and will observe which object will go
faster !
I can improve by paying more attention.
I need to ask more questions.
By learning more
trying to understand.
I can improve by listening more in class.
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researching and asking for help are few ways.
I need to research and watch more videos.
I can improve by trying to catch up with my group at writing the steps
and materials of the experiment.
I need to study more.
25

I can improve more by reading more
Organization and read more books.
I can improve by searching on google.
I can improve by fixing my handwriting.
I can improve by researching more.
I can improve by asking questions about forces
by researching.
I need to read and research more about the topic.
I can improve by researching and watching more videos.
I can improve by reading more articles about magnets.
Everyday I improve with reading articles and see pictures about
objects moving and what kind of forces need to be applied.
I need to stay focused.
I can improve by listening more.
I need to research more.
I need to pay more attention in class.

26

I can improve if i use forces myself.
I can improve by researching and trying new experiments.
Reading more books.
I need to pay more attention in class.
By reading more about catapults.
I need to read more about it.
I can improve by trying different experiments.
I can improve by learning more about understand muscular forces .
By reading more about catapults.

27

I need to participate more in class and ask questions.
I can improve by:If I am confused I should tell the miss.
I can improve by reading more about forces.
Researching and asking more questions.
I need to participate more and concentrate more in class.
I can improve by reading more about forces and their movements.
By repeating the activity at home.
I can improve by asking more questions
I can review what we did in class everyday.
I need to stay focused.
I can improve by reading and asking more questions.
By repeating the activity at home.
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Appendix Y: Sample of Resource Shared by the Science Subject Expert
Harcourt Dimensions grade 3
Grade 3- Science PD

Forces

Scientific Terms: force, action, object, effects of a force, push, pull, strong or
weak force, direction, distance, move, stop moving, speed up, slow down,
deform, a surface, friction, rough, smooth, contact, from a distance, attract,
repel, magnet, north pole, south pole.
March- April 2019
What a force is:
A force is a push or a pull. It is an action applied by one object on another object.
We cannot see a force, but we can observe its effect on the object it acts on.
A force applied on an object can make the object:

a- Start to move

b- Stop moving

c- Move faster
d- Move slower
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e- Change the direction

f- Get deformed (change its form or

shape)
of its motion

Activities to explore different types of forces:

1. Playground pushes and pulls
* An interactive simulation of playground pushes and pulls
http://www.eduplace.com/kids/hmsc/activities/simulations/grk/unitf.html
* Students observe and explore activities on a playground. They draw diagrams
and write sentences describing the forces they explored.
- To start a swing moving -> push or pull it -> it moves in the same direction as
the force.
- A stronger force applied on the swing -> it moves further or higher.
- To slow down or stop the swing -> apply a force in direction opposite to how it
is moving.
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* Why do we slide and are not able to walk on ice?
* How are the soles of shoes used by hikers or mountain climbers or football
players?

3. Attraction and repulsion by magnets:

* Students discover which of the different
materials is attracted by a magnet: plastic
block, paper ball, key, paper clip,
aluminum foil- (Among these objects, only
the ones made of iron will get attracted).
Students record their results in tables and
write conclusion statements; such as:
- I observed that the paper and aluminum
foil did not move towards the magnet, I deduce that paper and aluminum are not
attracted by magnets, they are not magnetic.
- The paper clip moved towards the magnet when it was at a close distance.
- I can say that the magnet applied a magnetic force of attraction on the paper clip.
- Paper clip is made of iron, I deduce that iron is magnetic, it is attracted to a
magnet.
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* Magnet and paper clip: explore how the distance between a magnet and a paper
clip affects whether the paper clip gets attracted or not, or how many paper clips
can get attracted.
Students observe that when a magnet attracts a paper clip, the paper clip sticks to
the magnet and moves with it and can attract another paper clip. The attracted
paper clip becomes a temporary magnet.

* Two magnets with each other- The magnets will attract if different poles are
approached to each other, and repel is same poles are approached (north and
north, or south and south)
- The magnets apply magnetic forces of attraction on each other when the
opposite poles are approached.
- The magnets apply magnetic forces of repulsion on each other when the similar
poles are approached.

4. Attraction
and repulsion
by static electricity:
Materials:
- Balloons and wool
- Small pieces of paper of confetti

- Pieces of string if needed
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For each demonstration, students record the used materials, performed steps, and
observations or draw labeled diagrams.

1. Try to stick a blown balloon to the wall, it falls down.
Rub the balloon on a piece of wool and try again. The balloon sticks on the
wall.

2. Approach a balloon to small pieces of paper
or confetti, nothing happens.
Repeat after rubbing the balloon. The pieces of
paper are observed to jump and stick on the
balloon.
- We deduce that a rubbed balloon attracts pieces of paper.
- We can say that a rubbed balloon applied an electric force of attraction on the
papers since the papers were at rest then started to move towards the rubbed
balloon.

3. Approach a balloon to a thin steady flow of tap water.
Then approach a rubbed balloon to the same flow, the stream deviates its path.
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4. Approach two balloons to each other, nothing is
observed.
Rub one balloon and approach it to the second, they
attract.
- We can say that a rubbed balloon applies an
electric
force of attraction on an unrubbed balloon, since
they moved closer to each other.

Rub both balloons and approach them to each other, they repel
- We can say that two rubbed balloons applied an electric force
of repulsion on each other, since they moved away from each other.

Additional information
Classifying forces:
* Contact forces are forces that act only if the object applying it is in contact with
the object receiving that force.
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* Forces acting from a distance are forces that can
act across a distance even if the object applying it
is not in contact with the object receiving it.

* Gravity by Earth: pulls objects or attracts them
towards the center of Earth. When you let go of an
object and it falls, this means that the Earth applied
a gravity force that attracted the object towards it.
* Magnetic forces: Magnets attract iron and a few other metals, they attract or
repel other magnets. Regardless of its shape, the magnet has two poles: north and
south.
Magnets can pull on (attract) each other or can push away (repel) each other
* Electric forces due to static electricity. Static charges also attract or repel. Two
charges of similar sign will repel each other. If two objects have opposite static
charges, they will attract or stick to each other. Balloons, plastic ruler, pieces of
paper...

Observing effects of a force lets us deduce that a force was applied:
You cannot see a force, but you know a force acted on an object because you see
the shape or motion of the object suddenly changed.
The ball started to move, or speeded up, or slowed down, or changed its direction,
or stopped.
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Such observations let you deduce that a force acted on the object.

A force can be strong or weak
The further the ball reaches, the stronger was the force of the kick...
A weak pull may not open a door...

Harcourt Dimensions grade 3 pages 77 till 79.

* Pushes, pulls, friction https://jr.brainpop.com/science/forces/pushesandpulls/
* Forces- Science A-Z https://www.scienceaz.com/main/UnitResource/unit/74/physical-science/grades-k-2/doing-work and
down loaded video
* http://interactivesites.weebly.com/physics-and-motion.html
* http://www.eduplace.com/kids/hmsc/activities/simulations/grk/unitf.html

Additional information for the adults
* A simulation about Earth as a huge magnet and the compass.
http://www.eduplace.com/kids/hmsc/ca/activities/simulations/gr4/unitd.html
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