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ABSTRACT

This project exposed students to varying methods of project-based learning
strategies throughout a specific unit. Quantitative assessments, surveys, student
observations, and focus groups were used to collect data. The experimental group
consisted of three class periods that were exposed to the project-based learning strategies,
while the control group consisted of three other class periods that continued their
traditional unit activities. The results suggested that more students score in the proficient
range through project-based learning.



INTRODUCTION AND BACKGROUND

I teach at North Polk High School, a suburban public school, in central Iowa. The
North Polk Community School District includes the towns of Polk City, Alleman,
Elkhart, Sheldahl, and northern Ankeny. The combined population total of these towns is
6,667, with Polk City making up the majority of population at 5,189. The median
household incomes for the towns that make up the district range from $64,479 to
$105,699. This range in median household incomes is a direct correlation to our wide
range of parent/guardian careers. Careers in our communities range from farmer to
factory worker to downtown Des Moines commuting financial advisors.

North Polk High School contains grades 9-12 and currently educates 471
students. The student-teacher ratio is 17 to 1. North Polk High School has a free or
reduced lunch rate of 10.7%, which ranks in the top 1.3% statewide, meaning the vast
majority of our students have a high socioeconomic status. We are a rapidly growing
school district due to our close location to the Des Moines metro area. Plans are also
underway to add more student classrooms by the 2021-22 school year.

The high school students involved in this study were all enrolled in a required
physical science class. Of the 50 students in the experimental group, 40 were freshman
and 10 were sophomores. Of the 48 students in the control group, 35 were freshman, 9
were sophomores, 3 were juniors, and 1 was a senior. The majority of high school
science students take this as their opening course for our science pathway. This physical
science course contains five physics based units and five earth science based units. The
action research described in this paper was done during the physics portion of the

curriculum in a “work, power, and energy’’ unit.



I have taught secondary science for eight years. Due to the small nature of lowa
schools I have taught very wide range of grade levels as well as a wide range of science
courses. [ have taught a version of this physical science class for three years now.

The main focus question for my action research was, How does project-based
learning influence student engagement and achievement? 1 have chosen this focus
question for my action research because my eight years of teaching observations in the
science classroom have shown that some students are not motivated or engaged even
during project-based learning activities. Lack of interest is a major frustration for me as I
see project-based learning activities as real-life learning examples that should catch
student interests and lead to high levels of student engagement. This action research
should provide me with the reasons behind my students’ engagement or lack of
engagement in my project-based learning (PBL) activities, potentially enabling me to
adjust lessons accordingly in order to reach more students. Student engagement may
increase student achievement in time.

Sub-questions for me also included: /) How does PBL influence student
engagement? 2) How does PBL influence student achievement? 3) What factors of
project-based learning appeal to students?

This research has the potential to have a huge impact on the science department at
my school district and possibly other core areas that engage in PBL. Some methods of
data collection that will be described include: pretests, formative assessments, summative
assessments, video-archived lessons, student focus group interviews, and Likert
surveys. I have established a balance between quantitative data and well-detailed

unbiased qualitative data.



CONCEPTUAL FRAMEWORK

Project-based learning is not a new strategy to the education world. For the past
eight years I have used project-based learning strategies sporadically throughout my
lessons. For my action research I wanted to explore existing studies on project-based
work in order to mold my data collection methods. Research has shown that students who
make real-life connections to curriculum are more likely to be engaged in the actual
learning and not just concerned with “getting a grade” (Calore, 2018).

While my research will be conducted in an lowa high school, recently it was
noted that Oregon’s state common core is to be designed to teach, “21st century skills for
21st century jobs.” Oregon’s common core is meant to go deeper and prepare students
for future jobs. College professors claim that the common core does not prepare students
for college and that common core standards are not aligned with collegiate expectations
(Beck, 2014).

In 2015 Iowa adopted the Next Generation Science Standards (NGSS). These
standards are set up in a way that the science education community has never seen.

There are not only standards, known as disciplinary core ideas, but there are also
crosscutting concepts and science and engineering practices. The crosscutting concepts
include broad concepts such as cause and effect or systems and models. These concepts
are intended to be spiraled throughout the entire science curriculum. Science and
engineering practices call for educators to engage students in planning, investigating, and
developing related to real world science phenomena. Phenomena are the driving force
for all three parts of the NGSS. Phenomena must be designed to catch students’ attention

and “must not be easily ‘googled’ by students for answers.”



“Just as the draft NGSS calls for deeper understanding and the application of
knowledge, PBL demands the same,” (Miller, 2013). PBL can be used to strongly
support all three dimensions of the NGSS. In correlation with NGSS, projects are no
longer meant to be an add-on at the end of unit. Projects are now the context for the
learning. (Miller, 2013). The NGSS calls for students to build upon and prerequisite
knowledge from all aspects of science. PBL is “not just one encounter with the content
per se, but multiple encounters,” (Miller, 2013). When students have multiple
encounters with the content they build a much deeper understanding for the content. This
deep understanding is then communicated via PBL to their peers, teachers, and other
outside audiences. The learning is authentic and meaningful to each and every student.

The closest connection between the NGSS and PBL lies with the science and
engineering practices embedded in the NGSS. (Larmer, 2015). These practices include
core PBL ideas: ask questions, develop models, carry out investigations, analyze data,
and design solutions. (Larmer, 2015). Some of the disciplinary core ideas of NGSS even
call for specific project-based learning. One example of this is HS-LS2-7 “Design,
evaluate, and refine a solution for reducing the impacts of human activities on the
environment and biodiversity.” (Larmer, 2015). This detailed example show the strong
connection between PBL opportunities in the classroom and fulfillment of NGSS based
science-teaching practices.

One very interesting connection to my action research lied in the idea that parents
do not understand the new common core wording and therefore often become frustrated
and do not help their kids with learning at home. The professors also mock the idea that

common core claims to have “content discovery.” They argue that content discovery is



not always appropriate, that students often need background knowledge in a topic. The
final big idea from this chapter is that “the common core creates dronelike workers, when
right now we need to be creating doers, thinkers, and innovators” (Beck, 2014, p. 96).
Building a project-based learning classroom is not an easy task. One key point made is
that project-based learning requires the teacher to “let go” of traditional teaching and
some traditional classroom management strategies. Teachers must allow discussion and
discovery amongst students and their peers (Nelson, 2016). Students must find the tasks
authentic, students must have freedoms for their learning paths, and students must see the
teacher as a mentor not as a guide (Flowers, 2015). When building a project-based
learning classroom the most important factor is the teacher. The most effective teachers
do not always have the best test scores. This means that a project-based learning
environment may not always translate to higher test scores for students.

Ravitch (2014) describes that reformers drive change and they use statistics like,
“a highly effective teacher has three times the amount of learning occurring in their room
as a hapless ineffective teacher.” A USC professor, Michelle Rhee also states, “a poor
minority student undergoes a change in life trajectory if they have three highly effective
teachers in a row”’(Ravitch, 2014). The author does counter some of these statements by
saying that the majority of people who say a teacher changed their life often remember an
unusually inspiring style of teaching, not that the teacher improved their standardized test
score (Ravitch, 2014). “An unusually inspiring style of teaching” sounds like a project-
based learning environment!

Project-based learning happens in the classroom and can be extended at

home. Teachers must foster open-ended extended learning, which is spot on for



engagement in project-based learning. One of the only times homework is appropriate
according to Alfie Kohn is when students are doing further research and inquiry on their
own. This is due to the fact that they are already intrinsically motivated on the

topic. Students must have choice in learning; free reading opportunities, and family
homework. “Family” homework takes place when a family can log an activity they do in
order for the student to share their experience back at school (Kohn, 2007). Choice is a
large component of project-based learning. Student groups can set their own deadlines
and hold themselves accountable; if work is needed outside of class time, they

decide. Students must be so excited about a topic or project that they continue to work on
it outside of school hours (Kohn, 2007).

Project-based learning is not an end-of-unit activity or a supplemental activity, it
is the entire curriculum (Jones, 2016). Teachers must be all-in for project-based learning
to be effective. Jones’data collection methods included: pre-tests and post-tests, student
surveys, and student interviews (Jones, 2016). Jones concluded that PBL doesn’t always
increase student learning for a topic, but it does increase student engagement and
interests. Students also gain real-life experiences that lead them to future careers (Jones,
2016).

A project-based classroom looks very different from a traditional
classroom. Students cannot view their teacher as their only resource. This thinking must
be shifted in order for students to take ownership of their learning and therefore become
more intrinsically motivated to learn. Student choice and voice is a major factor in

increasing student engagement with project-based learning (English, 2012).



The future jobs for our students will be challenging, and ever changing. Project-
based learning prepares students for real-world applications much more than traditional
lectures and direct instruction. Research shows that vast amounts of employers state that
applicants have technical skills but lack communication, decision-making, and problem-
solving skills (Youki, 2018). General strategies that can be used in project-based learning
to increase student engagement include: comparing content to relevant situations,
participating in discussions, and having students describe ideas in their own words
(Youki, 2018).

Assessing PBL can be a challenge for teachers. Students often become frustrated
with “team” grades. One idea to ensure equality in workload is to rotate students’ roles
from project to project. Students can shift from lead roles to secondary roles (Piper,
2012). Students can also be graded on specific individual skills throughout the school
year. Some examples of those include: oral communication, written communication, role
fulfillment, and leadership (Piper, 2012). Students are aware of the enjoyment and
deeper learning behind PBL (Piper, 2012). Teachers must be willing to step outside of
their own comfort zones alongside their students to make viable PBL experiences in their
classroom.

A wide variety of information and resources can be found in relation to project-
based learning and teaching techniques related to PBL. I have seen many examples of
why project-based learning is a positive experience for students, and why many other
traditional forms of teaching are negative experiences for students. I have gained great
examples of data collection and am excited to share what my data helped me discover

about the students’ engagement and achievement in relation to project-based learning.



METHODOLOGY
Introduction

My research was conducted in order to determine if project-based learning
influences student engagement and student achievement. My first sub-question of “How
does PBL influence student engagement?”” was measured through student observations,
Likert surveys, and focus group interviews. This sub-question was the driving force
behind my desire to catch all students’ interests in each and every lesson.

My second sub-question of “How does PBL influence student achievement?” was
measured mainly through student assessment data. The use of a pre-test, multiple
formative assessments, and a summative assessment allowed me to gauge where students
were achieving at specific points throughout the unit.

My final sub-questions ask, “What factors of project-based learning appeal to
students?” This question has value in my teaching for years to come. I must discover
what triggers student attention and what does not.

Treatment

The research was conducted in a freshman level physical science classroom. The
unit being covered was “Work, Power, and Energy” and the unit lasted approximately 17
school days. Data was gathered from six class sections. Three of those class sections
were used as an experimental group (n=50). Three of those class sections were used as a
control group (n=48). The control group received the work, power, and energy unit as
they would have prior to my project based learning research. Their unit had the basic

setup of: lecture notes, activities, quiz, group project, and assessment.



The experimental group received a unit integrated with a variety of PBL activities
and strategies. A specific example relates to a pendulum lab. Traditionally students
would perform a “cookbook” lab with detailed step-by-step instructions to measure the
potential energy of a pendulum. For my project-based learners there were no
instructions, only a prompt. How much potential energy is needed to crack an egg?
Students then designed a lab, built a pendulum, and tediously tested their pendulums to
find the minimum amount of potential energy needed to crack an egg. Students faced
frustration, disappointment, teamwork issues, and some even gave up at times. By the
end of the lab, they had a very clear understanding of how potential energy was
calculated and had built a strong series of connections related to the physics associated
with a pendulum’s design. Other strategies throughout the unit ranged from inquiry-
based learning, student choice, and many other student-driven learning activities.

Study Population

All of the students in this study are enrolled in physical science as a required
class. They did not elect to take the class. Students’ ages range from 14-17 years old
with the majority of students being 14. All of the students in this study have had vey
little exposure to PBL. Some of their past teachers may have had projects included in
their curriculum but it was not truly PBL. These students see projects as a fun add on at
the end of a unit. In previous physical science units in the current school year students
have learning that projects can now be the way they actually learn. They have also
discovered that project can be used to assess their knowledge of specific NGSS skills.
However this action research exposed the experimental group to full PBL

implementation.
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Both the behavioral plans and individualized education programs (IEPs) for the
control group and experimental group are very low. The total for both is less than 4%.
North Polk High School is not on standards based grading so this does offer a challenging
hurdle for PBL. Project standards must be manufactured into assessment questions and
scored on a rubric to reflect student achievement. (Appendix C)

Data Collection Methods

Table 1
Data Triangulation Matrix

Research Matrix:
How does project-based learning influence student engagement and achievement?

Data Data Data
Collection Collection Collection
Method 1 Method 2 Method 3
Research SQ 1: Student Likert Survey | Student Interviews
How does PBL influence | Engagement (Focus Group)
student engagement? Observations
Research SQ 2: Quantitative Student Video Data
How does PBL influence | Assessment Interviews
student achievement? Comparisons
Research SQ 3: Likert Scale survey [ Student Student
What factors of project- | for preferences Interviews Engagement
based learning appeal to (Focus Group) | Observations
students?
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Throughout this action research a variety of data collection methods were used
(Table 1). The most impactful methods included formative and summative assessments,
student focus groups, and Likert scale survey data. Quantitative data gathered throughout
the unit included: pretest, formative assessments, summative assessments, and student
Likert survey responses. The control group and experimental group all received the same
assessments and Likert surveys. Likert surveys were given at the conclusion of the unit.
Most of this quantitative data was gathered using Google Forms and Google Sheets. The
summative assessment did include free response questions that were graded based on a
rubric. (Appendix C) The assessment results are represents with boxplots to show
student growth throughout the unit. The boxplots also indicate a smaller achievement
gap in the experimental group. (Figures 1-4)

Halfway through the unit all six class sections were asked a series of questions
during a focus group session. All focus group sessions were audio recorded and student
responses were sorted according to specific categories. Key quotations from these focus
group sessions as well as overarching themes are noted in the data and analysis section.
Detailed student observations related to student engagement were tracked throughout
specific student activities. A Google spreadsheet (Appendix J) was used by a teacher
assistant to mark engaged and disengaged student numbers. The information from this
spreadsheet is mentioned in the data and analysis section.

Likert surveys were given to the students following their unit summative
assessment. Questions were mainly based on their interests in project-based learning
opportunities, and their reasoning behind their level engagement in a science specific

learning environment. These results are displayed in figures 5-6.
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Video data was gathered during assessment level lab activities to ensure that
student achievement could be observed in the form of student-student interactions and
communication. This video data was used to clarify on several other forms of data
collection. For example, the number of engaged versus disengaged students.

In conclusion, all of the data collection methods noted in the Data Triangulation
Matrix (Table 1) were effective in displaying the entire student engagement and
achievement picture. The most effective data collection methods included formative and
summative assessments, student focus groups, and Likert scale survey data. Specific
subgroups of students preferred to have voice in Likert surveys, while others enjoyed the
focus group sessions. The variety of methods allowed me to see the true data associated
with each student.

DATA AND ANALYSIS

The first data analyzed was the pretest and formative assessments. This data was
used in real-time to influence any instructional changes needed. For example towards the
end of the unit an optional “math and equations” station was offered to students still
struggling with work, power, and energy equations. Focus question data was then
organized followed by video reviews and finally the collection of Likert survey data.
Likert survey data was discussed with students following the unit. This discussion helped
bring the big picture together for the unit as a whole.

In regards to subquestion two, How does PBL influence student
achievement? Both the control group and experimental groups began the unit with a pre-

test. The boxplot below displays the initial starting point for all students in the unit
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(Figure 1). The pre-test results show that students in both groups clearly lack knowledge

in work, power, and energy concepts.

Work, Power, Energy Pretest Results

80
1
o

Grades

20
|

T T
Pretest Experimental Group Pretest Control Group

Figure 1. Pre-test score distributions of the experimental group (N=50) and the control
group, (N=48).

Following the pre-test the control group completed a note-taking activity, sample
problems practice, and an inclined plane lab described in the textbook. Control group
students were then given formative assessment #1. (Appendix H) Students in the
experimental group were given choice on a class presentation. Students were able to
choose their media avenue and their content related topic. Students were then able to

view peer presentations of their choosing to gain access to vocabulary and math related
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content. (Appendix G) Students also did sample problems on their own. A small group
session was also offered for any students still struggling with math related

calculations. Experimental group students were then given formative assessment #1.
(Appendix H)

The boxplot below shows the results of formative assessment #1 for both the
control group and the experimental group (Figure 2). The mean score for the control
group was 57.48% while the mean score for the experimental group was 58%. The
boxplots also show nearly identical results, which means that up to this point in the unit

the project-based learning approach had shown little to no effect on student achievement.
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Work, Power, Energy Formative Assessment #1 Results
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Figure 2. Formative Assessment #1 score distributions of the experimental group (N=50)

and the control group, (N=48).

Following formative assessment #1 students in the control group compared
kinetic energy and potential energy using lists, created their own video demonstrations,
read an article on roller coaster physics, and manipulated roller coaster simulations. The
control group students were then given formative assessment #2. (Appendix I) Students
in the experimental group conducted their own mechanical advantage lab, created kinetic
energy and potential energy video demonstrations, and designed their own pendulum lab

to determine the potential energy needed to crack an egg. The experimental group
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students were then given formative assessment #2. The boxplots below (Figure 3) show
that while both groups have identical median scores, the control group has substantially
improved the majority of its students’ scores, while the experimental group has a wide
range of assessment scores below the mean score.

The average normalized gain for the control group between formative assessment
1 and formative assessment 2 was 56.96%. The average normalized gain for the
experimental group between formative assessment 1 and formative assessment 2 was
50%. Both of these results show vast student increase in achievement. The control group
is actually achieving at a higher level at this point in the unit than the experimental
group.

Work, Power, Energy Formative Assessment #2 Results

100
|

Grades

S - o

T T
FA #2 Experimental Group FA #2 Control Group
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Figure 3. Formative Assessment #2 score distributions of the experimental group (N=50)
and the control group, (N=48).

Following formative assessment #2 the students in the control group conducted a
step by step pendulum lab, were assigned groups and roles for a Rube Goldberg project,
built a successful Rube Goldberg machine, completed a unit study guide, and participated
in a classroom review game. Control group students were then given the summative
assessment. Experimental group students completed several roller coaster simulations,
were assigned groups and roles for a Rube Goldberg project, built a successful Rube
Goldberg machine, completed a unit study guide, and participated in a partner oriented
unit review game. Experimental group students were then given the summative
assessment. The boxplots below (Figure 4) show that the median score for the control
group was higher (87.5%) than the experimental group (82.5%). However the boxplots
also indicate that more students scored in the proficient range in the experimental group
than did in the control group. The Interquartile range (IQR) for the experimental group
was 7.5 (18.75%) while the IQR for the control group was 12.5 (31.25%). This means
that in the experimental group the majority of the students scored in the range of 73.75%
t0 92.50%. In the control group the majority of students scored in the range of 63.75% to
95.00%. This wide range of scores in the control group indicates major inconsistencies in
student learning. There were still high achieving students in the control group but they
were larger numbers of below proficiency students.

The average normalized gain for the control group from formative assessment 2 to
the summative assessment was -10.92%. The average normalized gain for the

experimental group from formative assessment 2 to the summative assessment was
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15.95%. We now see that by the end of the unit the experimental group students have
“leap frogged” the control group in means of achievement. Students in the control group
showed higher achievement at the earlier stages of the unit but by the time the summative
assessment was administered the control group students had plateaued and possibly lost
some learning from the start of the unit. Experimental group students continued to learn
throughout the entire unit and displayed peak achievement for the summative assessment.
The number of students to score over 80% on the summative assessment in the
control group was 31 out of 48 [64.6%]. In the experimental group 33 out of 50 [66%].
This may seem like only a slight increase, but this along with the smaller range of scores
shows that more students in the experimental group were able to display proficiency on

the summative assessment.
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Work, Power, Energy Summative Assessment Results

Grades

50
1

T T
Summative Experimental Group Summative Control Group

Figure 4. Summative Assessment score distributions of the experimental group (N=54)
and the control group, (N=48).

Student interviews in the form of small focus groups were used to address all
three sub-questions. Focus groups consisted of 10 students from the experimental group
and 10 students from the control group. These group sizes often lead to the most
meaningful discussions. Students are not overwhelmed like a class discussion and are

willing to share their specific thoughts.
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I began focus group sessions by focusing on sub-question #1, How does PBL
influence student engagement? 1 asked students, “Are you more engaged when the
teacher is speaking or when working with peers. Both the control group and
experimental group unanimously responded, “peers.” I also asked the students, “What
does an engaged student look like?” Common responses included: “involved, problem
solving, participation, eye contact.” I also asked what a disengaged student looks like
and most responses were simply the opposite of the engaged students responses. When
asked, “What causes a student to be disengaged?” several students had notable
remarks. Some included, “boredom,” “distractions,” “the teacher,” and “tired.”

One student even stated, “When students are disengaged that’s the teacher’s fault, they

"’

need to make it interesting!” A follow up question of mine was “How do teachers
respond if you appear bored or disinterested?” Student responses included, “they yell at
us,” or “they just keep talking and let us sit there.”

I then asked the focus groups to agree upon a percentage for the amount of time
they are truly engaged in class throughout the school day. The majority of female
students responded that they were engaged about 80% of the time. One student stated, “I
am engaged 80-90% of the time if I like the class.” The male student answers ranged
from 40% to 60% of the time. The student's reasoning for these answers, “I don’t care,”
“I don’t like school,” “I get distracted easily.”

For sub-question #3, “What factors of project based learning appeal to students?”
the best data was collected via Likert Scale survey and through student engagement

observations. For the student engagement observations I was fortunate enough to have a

student aid in the classroom to fill out a spreadsheet that I designed to show the number
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of engaged students versus disengaged students throughout an entire class period. Every
five minutes my student aid noted the number of engaged students, disengaged students,
the current classroom activity, and the actions of the disengaged students. I am aware
that this is a very subjective exercise but I did have the fortune of a very blunt student
aid. He noted every detail, especially if I was late to class! I am confident that these
observations do depict what happens in my classroom. I also have watched several video
recordings of my class as a reference to these observations.

After one week of these detailed observations it was very clear that students were
very rarely engaged an entire class period. The most common times for students to
display engagement correlated to times when they were interested, or working on a
project with a small group. The only class period of the week in which it was noted that
all students were engaged throughout the entire 46 minutes was the climactic end to our
Rube Goldberg projects. Student choice led to student interest, which then led to higher
numbers of engaged students. The most common actions of disengaged students
included: talking, heads down, and off task actions. Disengaged students often spread
like wildfire in a classroom. Some of the most vital students to keep engaged are the
initial students that teeter on the edge of engagement at the beginning of class. Many of
my data points showed that once a student was labeled “disengaged” they rarely showed
engagement for the remainder of the class period.

A Likert Scale survey was also given to students pertaining to the appeal of
PBL. Figure 5 below displays the control group student responses at the conclusion of
the unit. Figure 6 below shows experimental group student responses at the conclusion

of the unit. You can see that these stacked bar charts indicate the majority of students
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agree with the statements provided. Students enjoy real-life project-based learning
opportunities, choice throughout projects, and students feel they learn more in classes

they enjoy. Results were very similar amongst the control group and experimental group.

Control Group Post-Unit Likert Survey

| 'would rather do a project or lab than take a test.
| would rather give a presentation than take a test.

| prefer leaming about topics that relate to real-ife scenarios.
¥ Strongly Agres
= Agree

Neutral

| learn more in classes that | enjoy.
I am more engaged in learning when offered choices.

" Dizagree
I like having choice in project type. ¥ Strongly Disagres
I like having choice in project topics.

Working in peer groups is enjoyable to me.

o 5 10 15 20 a5 30 35

F igure 5. This stacked bar chart displays control group student survey responses to

questions regarding project-based learning and specific learning opportunities in the
classroom.

Experimental Group Post-Unit Likert Survey

1'would rather do a project or lab than take a test. 4 .
| would rather give a presentation than tzke a test. 12 [T
| prefer learning about topics that relate io real-life scenarios. 22 '
¥ Strangly Agree
| learn more in classes that | enjoy. 3 _ = Agree
MNeutral
| am more engaged in learning when offered choices. 12 1]
" Disagrea
| liker having choice in project type. 6 0 = Strongly Disagres
1 like hawving choice in project topics. 7 L]
Working in peer groups is enjoyable to me. 5 '
Q g 10 15 20 25 30 35 40 45 50

Figure 6. This stacked bar chart displays experimental group student survey responses to
questions regarding project-based learning and specific learning opportunities in the
classroom.

The first key finding from my data was the fact that experimental group students
took more time in the unit to begin displaying proficiency on formative assessments. The

summative assessment showed that the experimental group of students had a smaller
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achievement gap with more students around the proficiency range. The control group
still had high achieving students, but also had more low scoring students than the
experimental group. Focus group results showed through blatant student honesty that
students are bored at school and disengaged. Students are well aware of what helps
engage them in content and what does not. Likert survey results showed that students
enjoy many factors of PBL that can lead to higher levels of student engagement. These
factors include: student choice, enjoyment, real-life connections and working in peer

groups.

INTERPRETATION AND CONCLUSION

The purpose of this action research project was to determine the influence that
PBL can have on student engagement and student achievement. Through the use of
multiple assessments, Likert surveys, focus group interviews, and student observations it
was clear that project-based learning creates higher levels of student engagement and
achievement. The PBL taught experimental group showed higher numbers of students
scoring in the proficiency range [EG 66% were above 80%, CG 64.6% were above
80%]. The experimental group also showed a level playing field for student
achievement. The majority of students scored between 73.75% and 92.50%. The control
group had a much wider range of student achievement [63.75-95.00%], which indicated
that several students had been “left behind.” Consequently, an achievement gap had been
created in the control group.

Assessment data from my action research showed that students exposed to PBL
may take more class minutes to display learning and achievement, but by the unit’s end

these students display higher levels of achievement. This is evident in comparing my
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formative assessment data to my summative assessment data. The PBL classroom also
demonstrates a much smaller gap in achievement than the control group did. In the
control group “high flyers” still achieved at high levels while the rest of the students were
left behind. PBL offered the experimental group a variety of ways to learn via student
choice, peer help, and basic joy in learning.

The experimental group likely lagged behind in early unit achievement because
they had not been exposed to as much content as the control group. The experimental
group was diving deeper while the control group was brushing the surface. Students in
the control group that can easily memorize information with very little deep
understanding were able to display proficiency on the formative assessment as their were
no free response questions to elicit deep learning.

In a PBL classroom, students must find the tasks authentic, students must have
freedoms for their learning paths, and students must see the teacher as a mentor not as a
guide (Flowers, 2015). Throughout my work, power, and energy unit the students in the
experimental group were able to exercise choice in their learning, collaborate with peers,
and reflect on what they had or had not mastered in the learning.

Focus group responses indicated that students clearly understand the differences
between engaged students and disengaged students. One student stated, “Engaged
students are always asking lots of questions, while disengaged students just don't care.”
Students also voiced that the main cause of their disengagement is most often
boredom. Research has shown that students who make real-life connections to curriculum
are more likely to be engaged in the actual learning and not just concerned with “getting a

grade” (Calore, 2018). Classes must connect to students and spark their joy for



25

learning. PBL opens up the curriculum in ways that the students respond to. Students
take ownership in their learning, which in turn creates higher levels of student
engagement and achievement in a much more enjoyable classroom setting.

Likert surveys administered to students indicated that the majority of students feel
that they learn more in a class they enjoy, and in classes that offer student choice in topics
and project completion (67.5%). Likert surveys also showed that students enjoy working
in peer groups and most prefer this to direct teacher instruction or lectures (67.5%).

VALUE

All science students should get the opportunity to learn in a PBL classroom. PBL
classrooms offer real-life connections to content. Research has shown that students who
make real-life connections to curriculum are more likely to be engaged in the actual
learning and not just concerned with “getting a grade” (Calore, 2018). Students should
be able to create their own learning experiences through inquiry-based learning in a PBL
classroom. It has been argued by many workplace managers and owners that, “the
common core creates dronelike workers, when right now we need to be creating doers,
thinkers, and innovators.” (Beck, 2014). My action research data urges teachers to create
a classroom of doers, thinkers, and innovators through project-based learning.

It is with confidence that I can say that students who are enjoying learning will be
more engaged. This was indicated in my Likert survey data. PBL can be specifically
crafted for student enjoyment, and therefore student engagement. STEM education and
STEM related work fields call for high levels of problem solving and teamwork. PBL

can provide that framework for many students seeking a STEM career. Higher levels of
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student engagement inevitably lead to higher levels of student achievement as shown in
my summative assessment results.

It is not easy for teachers to “let go” of their classrooms, so they must be provided
with training and support from local administration. A PBL classroom must have a sense
of controlled chaos amongst the teacher and the students. Teachers must allow
discussion and discovery amongst students and their peers (Nelson, 2016). Students must
find the tasks authentic, students must have freedoms for their learning paths, and
students must see the teacher as a mentor not as a guide (Flowers, 2015).

It really felt like the experimental group enjoyed the unit much more than the
control group. At one point I even felt sincere empathy for the control group as some
students asked why their unit was going differently than the other class periods.
Experimental group students showed more curiosity and initiative while control group
students were just trying to “get through it.”

Low achieving students struggled in the traditional control group. These students
don't always respond to my style of teaching and when they have no peer interactions to
rely on they drop below proficiency. In the experimental group, low achieving students
had more of a spark to their work ethic. They enjoyed working with peers to find new
ways of learning that were much more useful to them than my direct instruction.

High achieving students in the experimental group were annoyed at times. They
are good at “traditional” school and saw project-based learning as a threat to their grade
at first. In time they realized that actual learning was more enjoyable than grade hunting.
High achieving students in the control group were able to remain confortable due to their

ability to be good “traditional” school. However high achieving students in the control
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groups did not help any of their peers and did not improve any communication or
leadership skills.

In doing this action research I had several realizations as a science teacher. The
PBL I thought I had been doing in previous years wasn’t truly PBL. I have a lot of work
to do to create units with ongoing and meaningful PBL as I move forward. As I move
forward I plan to gather student feedback much more often on specific projects,
assessments, and units. Student feedback not only helps my future implementation of
lessons, but also provides an opportunity for student metacognition. I will also take pride
in allowing my classroom to have some controlled chaos. A culture must be set at the
beginning of the school year for high levels of student collaboration, enjoyment,
engagement, and achievement.

A change I would need to make the next time I conduct similar research is my
overall organization of student data. I did well organizing a unit for my research to be
conducted, but struggled after collecting all of my data. Now that [ have a better idea of
how this process works I will be able to better envision which statistical analysis tests
should be conducted and referenced.

PBL may require more time in the classroom for students to reach high levels of
achievement. This extended time and real-life connections leads to higher levels of
student engagement and achievement by the end of a unit. Meaningful PBL experiences
that actively engage students can inspire them to pursue STEM related careers. Students
will remember exciting projects that involved student choice, peer involvement, and even

frustrations along the way. Students will not remember worksheet 42A.



28

REFERENCES CITED



29

Beck, G. (2014). Conform: Exposing the Truth about Common Core and Public
Education. Threshold Editions.

Calore, D. C. (2018). The Effect of Project-Based Learning on Student Engagement and
Attitude in the Science Classroom. (Unpublished professional paper). Montana
State University, Bozeman, Montana.

Flowers, G. (2015). Increase Student Engagement Through Project-Based
Learning, SREB: High Schools That Work, 1-8.

Jones, A. M. (2016). Does Project-Based Learning as a Teaching Strategy Increase
Student Learning and Interest in Earth Science? (Unpublished professional
paper). Montana State University, Bozeman, Montana.

Kohn, A. (2007). The Homework Myth: Why Our Kids Get Too Much of a Bad Thing.
Philadelphia, PA: Da Capo Lifelong.

Larmer, J., Mergendoller, J. R., & Boss, S. (2015). Setting the Standard for Project Based
Learning: A Proven Approach to Rigorous Classroom Instruction. Alexandria:
ASCD.

Mertler, C. A. (2019). Action Research: Improving Schools and Empowering Educators.
Los Angeles: SAGE.

Miller, A. (2013) Project-Based Learning and the Next Generation Science Standards.
NSTA Blog. Retrieved May 19, 2020.

Nelson, Noelle J., "Student Engagement and Project-Based learning in the Social Studies
Classroom." (2016). School of Education Student Capstone Theses and
Dissertations. 4243. https://digitalcommons.hamline.edu/hse all/4243

Piper, K. (2012). Practical PBL: The Ongoing Challenges of Assessment. Retrieved from
https://www.edutopia.org/blog/practical-pbl-challenges-of-assessment-katherine-

piper

Problem- and Project-Based Learning, Interdisciplinary Journal of Problem-Based
Learning, 7 (2), 128-150.

Ravitch, D. (2014). Reign of Error: The Hoax of the Privatization Movement and the
Danger to America’s Public Schools. New York: Vintage Books.’

Youki Terada. (2018). Boosting Student Engagement Through Project-Based Learning.
Edutopia.



30

APPENDICES



31

APPENDIX A

INSTITUTIONAL REVIEW BOARD



32

MONTANA

STATE UNIVERSITY

MEMORANDUM

Aaron Dose and Marcie Reuer

Mark Quinn ”M

Chair, Institutional Review Board for the Protection of
December 6, 2019

X_ ®m

X_ (@)

linked to the
section 16.111(a)(7).

— O

interview
if: (i) the human subjects are
statute(s) without




33

During the next unit, |
Education degree from Mor
in Bozeman, Montana on the

Since we already implement many
unit will not look unfamiliar to stud

By signing below you ag|
throughout the next unit.

aaron.dose@northpolk.org

Parent Signature



34



35

APPENDIX B
WORK, POWER, AND ENERGY
QUESTION PROMPTS USED IN
PRE-TEST

AND SUMMATIVE ASSESSMENT
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Work, Power, Energy Pre-Test
Form description

This form is automatically collecting email addresses for North Polk Community School District users. Change
settings

The rate at which work is done

Efficiency

Work

Power

Kinetic Energy

Reflection

Guessed

Unsure

Sure



Compares the work input to the work output

O efficiency

O mechanical advantage

O potential energy

O power

Reflection

O Guessed

O Unsure
O Sure

Energy of objects in motion

O kinetic energy

O potential energy

O force

(O efficiency

Reflection

O Guessed

O Unsure
O Sure

37

1 point

1 point
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Force exerted over a distance 1 point

() work
(O Power
(O Energy
() Force

Reflection

O Guessed
O Unsure
O Sure

When kinetic energy and potential before an action are the same as kinetic 1 point
energy and potential energy after an action. This shows...

() Efficiency

o Mechanical Advantage

O Work Input

() Law of Conservation of Energy

Reflection

O Guessed
O Unsure
O Sure



Stored energy or energy due to position

O
O
O
O

Kinetic energy
Projectile energy
Potential energy

work

Reflection

Which of the following would increase the mechanical advantage of a

ramp?

O

Adding resistance
increasing the distance of the ramp
increasing friction

increasing the mass of the object being moved

Reflection

O
O
O

Guessed

Unsure

Sure

39

1 point

1 point
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Which of the following statements is true about the law of conservation of 1 point

energy?

O Energy cannot be created
O Energy cannot be destroyed
O Energy can be converted to other forms

O All of the above

Reflection

O Guessed
O Unsure
O Sure

If someone does work very quickly they have a lot of:

O potential energy

mechanical advantage

O
(O power
O

Newtons

Reflection

O Guessed
O Unsure
O Sure

1 point
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Which stage of the pendulum swing has the most kinetic energy? 1 point

O 0OO0O0

Reflection

O Guessed
O Unsure
O Sure
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Which stage of the pendulum swing has the most potential energy? 1 point

O 2
O 3
O 4
O s

Reflection

O Guessed
O Unsure
O Sure
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A baseball with a mass of 0.15 kg is traveling at a speed of 40 m/s. Whatis 1 point
the baseball's kinetic energy from this motion?

O 6 Joules

(O 120 Joules

(O 100 Joules

O 12 Joules

Reflection

It takes you 500 J of work to lift a piano onto the second floor of your 1 point
home using a pulley system. Between the piano and friction, the work
output is 300 J. What is the efficiency of the pulley system?

() 60%
() 600%
(O 166%
() 30%

Reflection

O Guessed
O Unsure
O Sure
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A baseball with a mass of 0.15 kg is traveling at a speed of 40 m/s. Whatis 1 point
the baseball's kinetic energy from this motion?

o 6 Joules

(O 120 Joules

() 100 Joules

o 12 Joules

Reflection

It takes you 500 J of work to lift a piano onto the second floor of your 1 point
home using a pulley system. Between the piano and friction, the work
output is 300 J. What is the efficiency of the pulley system?

() 60%
() 600%
() 166%
() 30%

Reflection

o Guessed
O Unsure
o Sure
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APPENDIX C
WORK, POWER, AND ENERGY
SUMMATIVE ASSESSMENT
FREE RESPONSE QUESTIONS

& SCORING RUBRICS



Work, Energy, Power Free Response Questions Name:

1. Draw two ramps. (5 points)

46

5

3

1

Drawing includes two ramps. One
ramp must have a greater
mechanical advantage than the
other. Ramps must be labeled with
ramp distance and ramp

height. Ramp drawings also include
labeled forces required to drag a
mass up the ramp. Force required
to lift the mass is noted near the
ramp and mechanical advantage has
been calculated.

Drawing includes two
ramps. One ramp has a
greater mechanical
advantage than the

other. Ramp heights and
distances are labeled. Ramp
forces are labeled but
mechanical advantage
calculations are incorrect.

Drawing includes two
ramps. One ramp has a
greater mechanical
advantage than the
other. Ramps are not
clearly labeled and
mechanical advantage
has not been calculated.
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2. Graphing Pendulum data. (5 points)

5

3

1

Gravitational Potential Energy
has been calculated correctly
for each stage of the pendulum
and has been graphed in
comparison to height. Graph
is properly labeled.

Gravitational Potential Energy
has been calculated correctly
for each stage of the pendulum
and has been graphed in
comparison to height. Graph
lacks proper labels.

Errors have been made in
gravitational potential
energy calculations. Graph
lacks correct labels.

Mass of Pendulum =1 Kg

Stage | Height in meters

GPE in Joules

1 0.5

2 1.0

3 1.5

4 2.0

5 2.5

6 3.0




3. Draw a Rube Goldberg machine. (5§

48

points)

5

3

1

Drawing includes all six simple
machines. All six simple machines are
labeled. Rube Goldberg machine has
a clear simple task to

accomplish. Kinetic energy (KE) is
correctly labeled in 3

locations. Potential energy locations
is correctly labeled in 3 locations.

Drawing includes all six
simple machines. Rube
Goldberg has a clear
simple task. Kinetic
energy and potential
energy labels are not
entirely correct.

Drawing has 5 or fewer
simple

machines. Kinetic and
potential energy
locations are not label
correctly.

4. Energy Transformation. (5 points)

5

3

1

Student explains how radiant energy
be transformed several times to
produce human motion and

work. Must have multiple steps.

Student explains how
radiant energy can be
transformed but is missing
several steps.

Student does not
adequately explain
radiant energy
transformation.
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APPENDIX D

PROJECT-BASED LEARNING

STUDENT LIKERT SURVEY



| am most engaged when working in peer groups.

o Strongly Disagree

Disagree

Agree

O
O Neutral
O
O

Strongly Agree

| am most engaged when the teacher is lecturing.

O

Strongly Agree
() Agree
(O Neutral
(O Dpisagree
O

Strongly Disagree

Working in peer groups is enjoyable to me.

() strongly Agree
(O Agree

() Neutral

(O Disagree

O Strongly Disagree

50



51

Working alone is enjoyable to me.

() strongly Agree
(O Agree

(O Neutral

() Dpisagree

O Strongly Disagree

| like having choice in project topics.

() strongly Agree
() Agree

(O Neutral

() Dpisagree

O Strongly Disagree

| like having choice in which type of project | will complete over a specific topic.

(O strongly Agree
O Agree

(O Neutral

(O Disagree

O Strongly Disagree
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| am more engaged in learning when offered choices.

Strongly Agree
Agree
Neutral

Disagree

O OO0O0O0O

Strongly Disagree

| learn more in classes that | enjoy.

O Strongly disagree
O Disagree

O Neutral

O Agree

O Strongly agree

| prefer learning about topics that relate to real-life scenarios.

() strongly Agree
() Agree

O Neutral

O Disagree

O Strongly Disagree
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| would rather give a presentation than take a test.

Strongly Agree
Agree
Neutral

Disagree

O OO0OO0O

Strongly Disagree

I would rather do a project or lab than take a test.

Strongly Agree
Agree

Neutral
Disagree

Strongly Disagree

O OO0O0O0O

My favorite part about the previous unit was:

Your answer

My least favorite part about the previous unit was:

Your answer
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APPENDIX E
STUDENT FOCUS GROUP

INTERVIEW QUESTIONS
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SQ#1: How does PBL influence student engagement?

Unit: Energy, Work, Power

Focus Group 1 Makeup: 10 students from class periods 6, 7, 8 (Control Group)
Focus Group 2 Makeup: 10 students from class periods 2, 3, 4 (Experimental Group)

Each focus group will consist of students with varying academic achievement levels.

BEFORE UNIT QUESTIONS:

Question 1:
Are you more engaged when the teacher is talking or when you are working with
peers? Why?

Question 2:
Do you enjoy answering open-ended questions? Why?

Question 3:
Describe a time when you have been frustrated with a teacher for not giving you the
answer to a question:

SQI1: How did you feel?
SQ2: Why do you think the teacher did this?

Question 4:
What is your favorite part of physical science class? Why?

Question 5:
Describe what an engaged student looks like in the classroom:

Question 6:
What type of classroom activities often lead to students being off task? Or what part of

class?

SQ: What does an off-task student look like?
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AFTER UNIT QUESTIONS:
Focus Group 1: CONTROL

Question 1:
What was your favorite part of the unit?

Question 2:
What part of the unit led to the most learning for you?

Question 3:
What is one part of the unit you would change? Why?

Question 4:
When were you frustrated during this unit? Did this lead to learning?

AFTER UNIT QUESTIONS:
Focus Group 2: EXPERIMENTAL

Question 1:
What was your favorite part of the unit?

Question 2:
What part of the unit led to the most learning for you?

Question 3:
What is one part of the unit you would change? Why?

Question 4:
Did you like having choice in projects during this unit?

Question 5:
When were you frustrated during this unit? Did this lead to learning?
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APPENDIX F
RUBE GOLDBERG PROJECT ROLES



SIMPLE MACHINE:
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Period

Student
Name

Role

Role Description

Communicator

Figure out how to mesh your simple machine with other
simple machines in the class. Discuss location and materials
needed to make transitions smooth. Must be in constant
contact with other communicators.

Architect

Major role in designing how simple machine will work. Has
final say in design decisions. Must work closely to get input
from all group members.

Sketch Artist

Sketch simple machine. List materials you will need.
Ensure machine will transition into yours well and that your
machine can transition into the next machine.

Materials
Prepper

Guarantee that all materials needed will be available the day
of the competition. You are not responsible for bringing all
the materials. You are responsible for dividing up materials
for group members to bring. The day of the build you help
the architect build with the needed materials.
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APPENDIX G

EXPERIMENTAL GROUP STUDENT PRESENTATION EXAMPLES
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Choose your group # and the number of members you want in your group.
Choose to make a video, google slideshow, poster, skit, smore, canva, efc.)

Group # | Topics that need to be covered Resources
1 Work, Equation for Work, unit for https://docs.google.com/presentation/d/1-]
work, unit for force, 8vpkB8ueWGamJZiQZkpTF1TLaBQg Avv
create 3 work sample math problems | Oe-TgtzOsk/edit?usp=sharing
Student Names Here
Student Names Here https://docs.google.com/presentation/d/1bj
Student Names Here BcowdHF7W91uhtotpP4JT86CtDed3eXK
C4amtdgX7A/edit?usp=sharing
2 Define machine, define simple https://drive.google.com/file/d/1aKBFfIp1
machine, list 6 types of simple ESEa2vShFAvgAYMHg606pGOy/view?us
machines, draw and explain six types | p=sharing
of simple machines
Student Names Here https://drive.google.com/file/d/19dT2IFgot
Student Names Here pbAuSKeougFJugCBNPW1Cgh/view?usp
Student Names Here =sharing
bLHfylu74Fb15u92 kLbfOOxS5Yz7P9JD
BiMiFzrVE/edit?usp=sharing
https://drive.google.com/file/d/1Du2k9L r2
iewusp=
sharing
3 Mechanical Advantage equation, htips://docs.google.com/presentation/d/12
create 3 mechanical advantage s-er3ruEs6CXYxbpGAgL6GhSsIte7fOrGU
sample problems, What is efficiency 8C4yNYGol/edit?usp=sharing
equation, create 3 efficiency sample
problems https://docs.google.com/presentation/d/1t
Student Names Here dEiQzPBsNiwaAEzkYQqarkgllemPn4WQzv
Student Names Here TLIhObBdY/edit?usp=sharing
Student Names Here
https://docs.google.com/presentation/d/1x
Work Units Work
Using a force to move an object a distance WeF*d

2
49

£ £

Work- Joule())

1) W=6N*7m a2



Machine

Pulley

61

Simple Machine

Wheel and Axle

wiheeland e rotate together nd rasfer forcefromone to thether

(=~

Lever

end o the i barcauss it o pivot about th fukcrum,
Force you
produce

Lal

Fulrum  oppy

Screw

Ascrewis aninclned plane wrapped around cyinrical shatt.

A
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APPENDIX H

FORMATIVE ASSESSMENT #1 QUESTIONS



WPE Formative Assessment #1

Form description

This form is automatically collecting email addresses for North Polk Community School District users. Change

settings

63

Compares the work input to the work output

efficiency

mechanical advantage

potential energy

power

Reflection

Guessed

Unsure

Sure

Energy of abjects in motion
kinetic energy
potential energy
force

efficiency

M B i @

L mn
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Force exerted over a distance
Work
Power
Energy

Force

Reflection

Guessed

Unsure

Sure

Stored energy or energy due to position

Kinetic energy

Projectile energy

Potential energy

work

Reflection
Guessed
Unsure

Sure
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A baseball with a mass of 0.15 kg is traveling at a speed of 40 m/s. What is the baseball's kinetic
energy from this motion?

6 Joules
120 Joules
100 Joules

12 Joules

Reflection

Guessed
Unsure

Sure

It takes you 500 J of work to lift a piano onto the second floor of your home using a pulley system.
Between the piano and friction, the work output is 300 J. What is the efficiency of the pulley
system?

60%

600%

166%

30%

Reflection
Guessed
Unsure

Sure

= IO

il O B
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You drop a 10,000 kg watermelon off the top of the school which is 25 meters high. What was the
gravitational potential energy prior to releasing the watermelon?

245,000 Joules

2,450,000 Joules

2,450,000 Watts

245 Watts

Reflection

Guessed

Unsure

Sure
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APPENDIX I

FORMATIVE ASSESSMENT #2 QUESTIONS
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WPE Formative Assessment #2 (CG)

Form description

This form is automatically collecting email addresses for North Polk Community School District users. Change
settings

Compares the work input to the work output

efficiency

mechanical advantage

potential energy

power

Reflection

Guessed

Unsure

Sure

Energy of objects in motion

kinetic energy

potential energy

force

efficiency
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Force exerted over a distance
Work
Power
Energy

Force

Reflection

Guessed
Unsure

Sure

Stored energy or energy due to position

Kinetic energy
Projectile energy
Potential energy

work

Reflection
Guessed
Unsure

Sure
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A baseball with a mass of 0.15 kg is traveling at a speed of 40 m/s. What is the baseball's kinetic
energy from this motion?

6 Joules
120 Joules
100 Joules

12 Joules

Reflection

Guessed
Unsure

Sure

It takes you 500 J of work to lift a piano onto the second floor of your home using a pulley system.
Between the piano and friction, the work output is 300 J. What is the efficiency of the pulley
system?

60%

600%

166%

30%

Reflection

Guessed
Unsure

Sure

3 O

1[I 3]
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You drop a 10,000 kg watermelon off the top of the school which is 25 meters high. What was the
potential energy prior to releasing the watermelon?

245,000 Joules
2,450,000 Joules
2,450,000 Watts

245 Watts

Reflection

Guessed
Unsure

Sure

Which of the following would increase the mechanical advantage of a ramp?

Adding resistance
increasing the distance of the ramp
increasing friction

increasing the mass of the object being moved

Reflection

Guessed
Unsure

Sure

= PN O

il B
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Which of the following statements is true about the law of conservation of energy?
Energy cannot be created
Energy cannot be destroyed
Energy can be converted to other forms

All of the above

Reflection

Guessed
Unsure

Sure

How much gravitational potential energy would a 5 kg object with a height of zero meters have?
49 Joules
49 Watts
490 Joules

0 Joules

Reflection

Guessed
Unsure

Sure

4w e

1[I 3|



73

APPENDIX]
STUDENT ENGAGEMENT SPREADSHEET
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Date: 9-17
9:20-9:25 ‘
9:26-9:31

| 9:32-9:37
9:38-9:43

| 9:44-9:49
19:50-9:55
|9:56-10:01
10:02-10:06

Date: 9-18
9:20-9:26
9:26-9:31
9:32-9:37
9:38-9:43
9:44-9.49
9:50-9:556
9:56-10:01
10:02-10:06

Date: 9-19
9:20-9:25
9:26-0:31
9:32-9:37
9:38-9:43
9:44-9:49
9:50-9:55
9:56-10:01
110:02-10:06

Date: 9-20

9:20-9:25 i

9:26-9:31

| 9:32-937
9:38-9:43

| 9:44-9:49
9:50-9:55

| 9:56-10:01






