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Abstract

Project-based learning is one of the modern teaching methods utilizing student group intelligence to
perform the learning task designed by the teacher. Through this method, students can acquire knowledge and
develop necessary skills in learning such as communication, collaboration, critical thinking, and problem-
solving. This paper aimed to investigate the effectiveness of implementing a learning project on the topic of
the quadratic function at high school. A quasi-experimental method was conducted in one month involving
two classes of tenth-grade students, consisting of an experiment and a control class (conventional learning).
Qualitative and quantitative data were collected through student activity observation sheets, mathematics

pre-test and post-test. This study could provide an effect of utilizing project-based learning and opportunities
to implement learning projects in high schools.

Keywords: Learning project, project-based learning, project teaching method, process of learning
project, quadratic function.

DOI: https://doi.org/10.52714/dthu.13.7.2024.1341.

Cite: Vo, X. M., & Nguyen, T. N. T. (2024). The effectiveness of implementing learning project on the quadratic function in
high school. Dong Thap University Journal of Science, 13(7), 89-98. https://doi.org/10.52714/dthu.13.7.2024.1341.
Copyright © 2024 The author(s). This work is licensed under a CC BY-NC 4.0 License.

89



Scocial Sciences and Humanities Issue

HIEU QUA CUA VIEC THUC HIEN DU’ AN
HQC TAP TRONG CHU PE HAM SO BAC HAI
O TRUONG TRUNG HQC PHO THONG

V6 Xuin Mai'" va Nguyén Thi Ngoc Tam?
'Khoa Sw pham Todn - Tin, Truong Su pham,
Truong Pai hoc Béng Thap, Viét Nam
2Trweong Trung hoc phé théng Himng Vieong, tinh Binh Phude, Viét Nam
"Tac giad lién hé: Vo Xudn Mai, Email: vxmai@dthu.edu.vn
Lich swr bai bao
Ngay nhan: 25/3/2024,; Ngay nhdn chinh swa: 28/8/2024; Duyét dang: 04/9/2024

Toém tit

Day hoc du an la mot trong nhu"ngphm)’ngphap day hoc hién dai nham phat huy tri tué ciia nhém hoc
sinh dé thiee hién nhiém vu hoc tdp do glao vién thiét ké. Thong qua phu’o‘ng phdp nay, hoc sinh c6 thé tiép
thu kién thu"c va phat trién cdc kj nang can thiét trong hoc tdp nhw glao tiép, hop tdc, tw duy phan bzen va
gidi quyét van dé. Bai bdo nay nham khdo sat hiéu quda cia viéc trién khai duw dn hoc tdp chii dé ham sé bdc
hai ¢ trwong trung hoc phé théng. Phirong phdp ban thiee nghiém dwoc tién hanh trong mét thang véi hai
16p hoc sinh 16p 10, gom mét I6p thwe nghiém va mot 16p doi chbi"ng (hoc théng thwong). Poi véi phan tich
dinh tinh va dinh lu’ong, dit liéu dwoc thu thap thong qua phiéu quan sdt hoat dong cia hoc sinh, phan hoi
ciia hoc sinh va tién nghiém - hdu nghiém véi bai kiém tra. Nghzen civu nay c6 thé mang lai hiéu qud cia
viéc sur dung phwong phap hoc tdp dwa trén du an va cac co hgi dé thue hién qua trinh hoc tap theo du an
o truong trung hoc.

Tiwr khéa: Dy dn hoc tdp, day hoc theo dir dn, ham sé bdc hai, phirong phdp day hoc dw én, quy trinh
thyc hién dy an hoc tap.
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1. Introduction

Project-based learning (PBL) is a modern
student-centered learning model in the teaching
process. By this method, knowledge is acquired
to create students' products through implementing
tasks in learning projects and assigning them to
groups, so students are encouraged to explore and
practice to improve their knowledge and skills.
However, this teaching method requires teachers
to have the ability to design projects, organize
group activities, and evaluate project products
appropriately. Finding suitable math topics in high
school to design learning projects for students is
also a challenge for teachers. Therefore, designing
and building learning projects on specific topics in
math is a necessary task in mathematics teaching.
The study aimed to investigate the effectiveness
of implementing the learning project on quadratic
function topics (Math grade 10) at high school
through the process of the learning project. We
address the following research questions:

1. What difference does a project-based learning
make in students' understanding quadratic function
topics at the high school level?

2. Can students' problem-solving skills be
improved via a learning project?

2. Research results
2.1. Project-based learning

PBL is a learning model that involves students
directly according to their experience and abilities in
building a mathematics completion process through
real-life projects. The term “project method” was
developed by Dewey and Kilpatrick (Burlbaw, 2013).
According to Kilpatrick, the key to the “project
method” lay in its being “an activity undertaken by
students that interested them. PBL is an essential
strategy for creating independent thinkers and
learners. Students solve real-world problems by
designing their inquiries, planning their learning,
organizing their research, and implementing multiple
learning strategies (Bell, 2010). Moreover, students
were able to revise their designs after consulting
resources, which demonstrates a high level of
motivation that is uncommon in traditional learning
settings. Furthermore, these students demonstrated a
solid grasp of the concepts and were able to perform
well on traditional tests (Thomas, 2000).

Thus, PBL and other instructional approaches
that emphasize deeper learning and the development
of skills needed for success in college, career,
and civic life have become increasingly popular
(Huberman et al., 2014). PBL usually require
students to participate willingly in the meaningful
learning activities proposed, mostly teamwork. In
PBL environments, students learn primarily by
constructing knowledge and making meaning through
iterative processes of questioning, active learning,
sharing, and reflection (English & Kitsantas, 2013).
It emphasizes educational opportunities that are
interdisciplinary, student-centered, collaborative,
and integrated with real-world issues and practices.

2.2. Learning project

A learning project is a project which learners
actively perform complex learning tasks that
combine theory and practice; combine knowledge,
skills, practical experience in many fields to create
recommendable products with the guidance of a
teacher. The PBL design principles are intended to
clarify the meaning of PBL and help teachers identify
the difference between project-based learning and
simply “doing projects”. As a result, PBL design
principles do not communicate specific disciplinary
concepts and practices. However, some PBL scholars
set guidelines for the types of questions and topics
that students should encounter.

Driving questions are at the core of the project-
based science design principles (Krajcik & Shin,
2014). Krajcik and Naaman (2006) explained:
“a driving question is a well-designed question
that students and teachers elaborate, explore,
and answer throughout a project”. Krajcik and
Mamlok-Naaman (2006), Krajcik and Shin (2014)
provided the following five criteria for high-quality
driving questions: (1) feasible, (2) worthwhile, (3)
contextualized, (4) meaningful, and (5) ethical. For
example, a driving question from project-based
learning in teaching Mathematics at high school is
“How is knowledge of functions and their graphs
applied to solving real-world problems?”.

2.3. Students’ problem-solving and
collaboration capacity in project-based learning

PBL has been argued to result in high levels
of student engagement because of the freedom
and challenges students experience in solving the
problems that arise in designing and building their
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projects (Wurdinger et al., 2007), as well as in
designed projects' affective, ethical, and aesthetic
dimensions in addition to cognitive challenges
(Wrigley, 2007). Students collaborate with others in
their classroom and their teacher to ask questions,
write explanations, make sense of information, discuss
data, solve problems, and present findings (Krajcik
& Blumenfeld, 2006). In another publication (Patton,
2012), the significance of student collaboration,
reflection, redrafting, and presentations is emphasized
from the result of Thomas (2000) with five essential
characteristics of projects: (1) Centrality, (2)
Driving question, (3) Constructive investigations,
(4) Autonomy, and (5) Realism. Students learn to
be self-reliant through goal-setting, planning, and
organization; they develop collaboration skills
through social learning and become intrinsically
motivated by being encouraged to exercise an element
of choice while learning at their level (Bell, 2010).

2.4. The process of implementing learning
project

Some previous studies have proposed the
process of implementing learning projects. Bell
(2010) emphasized the process of implementing a
PBL includes the following steps: Step 1: Start with
the essential question, Step 2: Design a plan for the
project, Step 3: Create a schedule, Step 4: Monitor
the students and the progress of the project, Step 5:
Assess the outcome, Step 6: Evaluate the experience.
According to Vu and Nguyen (2019), the process
of building a learning project is determined: (1)
Determine the name of the learning project, (2) Orient
reference sources, (3) Plan activities, (4) Choose
appropriate learning methods, (5) Evaluate students’
development.

On the basis of studying the process of building
a learning project, we propose the process of
implementing a teaching project related to real-life
in teaching mathematics as follows:

* Stage 1: Building a learning project

- Ideas to build a learning project: The teacher
proposes an idea of the project topic from a problem
situation or learning task to be solved.

- Proposing project names: Teachers introduce
some project names on topics for students to choose
from or students and groups of students propose
project names.
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- Selection of project name: Students discuss
and conclude that the learning project name,
thereby agreeing to choose the project name on
the basis of the teacher's orientation on ensuring
the suitability of the program's objectives, contents
and conditions.

- Define learning project goals.
- Assignment of project content:

+ The teacher divides the class into groups in
accordance with the tasks of the project, in accordance
with the students' ability.

+ The teacher anticipates the content of the
project, builds a set of suggested questions (including
theoretical questions and practical questions or
practical tasks)

+ Assign project content to each group. Each
group performs the following tasks:

General task: each group read references related
to the topic and project name, answer theoretical
questions, systematize knowledge and design into
mind maps or tables.

Separate tasks: Each group performing practical
tasks is divided to perform 2 tasks: Applying math
knowledge of the topic studied in the set of theoretical
questions to solve real-world problems, assumed by
the teacher (assigned corresponding practical tasks)
and research to state 2 other real-life problems that
the group has collected and solved.

- The teacher stated the project implementation
time: 4 periods (1 theory period, 2 exercise periods,
1 practical period) and conducted in two weeks of
the academic year.

- Groups receive tasks, select group leaders, and
assign tasks to group members.

- Groups collect information from documentary
sources, conduct field surveys, compile documents
presenting relevant issues.

- Prepare draft documents.
- Teams carry out assigned work.
- Report to the class about the group's products.

- Complete the learning project, return the
project product.

o Stage 2: Planning the implementation of the
learning project

- The group of students answered theoretical
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questions and practical questions, researched and
raised two other practical problems related to the
content of the group's assigned learning project that
the group had solved.

- The group of students assigns individual
tasks with specific detailed learning activities about
work content, references, methods, tools, means of
implementation, completion time of individuals.

- Groups of students discuss and exchange to
summarize the answers, the results of completing
individual tasks, edit the results and write the content
of the product report.

- Based on the project goals and time budget for
implementing the joint learning project, the teacher
supervises, comments, and edits the plans of the
groups to help students follow the right direction.

* Stage 3: Presentation of the product of the
learning and assessment project

- Students report the results of the learning
project in the classroom (theory and practical tasks
and 2 additional research proposals of the group).

- Students discuss to other groups of students
and the teacher.

- Students self-assess and comment on the
results achieved by the group and its members.

- Teacher evaluates the process of implementing
the learning project of each group.

2.5. Implementing the learning project on the
quadratic function topic (Math grade 10)

2.5.1. Objectives of the quadratic function in
Math grade 10

Under the General Education Program in
Mathematics (Ministry of Education and Training,
2018), the requirements to meet the topic of
quadratic functions include: Establishing a table
of values of quadratic functions; Draw a parabola
which is a graph of a quadratic function; Recognize
the basic properties of parabola such as vertex
and axis of symmetry; Recognize and explain
the properties of quadratic functions through
graphs; Apply knowledge of quadratic functions
and graphs to solve real problems (for example:
determining the height of bridges, parabola-shaped
gates,...).

2.5.2. Implementing the learning project on the
topic of the quadratic function

Based on the proposed process, we apply it to
carry out a learning project on the topic of quadratic
functions. The results of the project implementation
process are recorded through the following main stages:

* Stage 1- Building a learning project:

The learning projects’ name: The application of
the quadratic function in solving real-life problems.
The tasks of the project: Set of suggested questions
in this topic as follows:

- Driving question: What problems can the
application of functions and graphs solve in real-life?

- Theoretical questions: What is a quadratic
function? What is a definite set, a set of values, and a
graph of a quadratic function? Variation of quadratic
function? What is the quadratic function like? What
are the characteristics of the graph?

- Some real-world problems: How to apply
knowledge of quadratic functions to solve real-world
problems? Perform the following tasks:

Task 1: The Arch Gate in the US city of St Louis
is shaped like a parabola. The distance between the
legs of the gong is 162m. On the gate wall, at a height
of 43m above the ground, a rope was dropped to the
ground. The ground position of the end of this rope
is 10m from the foot of the gate. Calculate the height
of the gate (Figure 1).

Task 2. In the Angry bird game, there is a bird
from 5Sm (meter) above the ground from the left bank.
The player scores when the bird falls on the right or
over the ground 6m away. Know that the land mine
is 2m high and the bird can fly as high as 2m at a
position 4m from the starting shore. Does the player
to score points or not? (Figure 2).

Task 3: Let's pose a practical problem that
applies knowledge of quadratic functions to solve
the problem

o Stage 2: Planning the implementation of the
learning project

- The group of students answered theoretical
questions and practical questions, researched and
raised two other practical problems related to the
content of the group's assigned learning project that
the group had solved. Solutions from student groups:

Task 1: 4(0;0), B(162;0), C(10;43) (Figure 1).
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Figure 1

Equation of parabola: ¥ = azx’ + bz + ¢ (1). We have:
__8
c=0 152
162°a+162b+c =0 < b:%
100a +10b + ¢ = 43 c=0
43 , 3483
>YyY=—-——" +—2
152 76

b
So the height of the gate: © = —— =81 = h =185,6m .

2a

Task 2: A is the bird's starting point, B is the point of maximum altitude (the top of the parabola), C is
the land mine, and D is the bird's grounding point. So A(0;5), B(4;7) (Figure 2).

Figure 2

We have:

1
c=5 *=73
l6a+4b+c=T<b=1

b c=5

]
2a

1
=>y= —gscz + o + 5 . Therefore, withx =6

=y=65>2,withy=0=>x=11,48>6.So
the player has a score.

Task 3: Some problems that are proposed from
the groups’ results.
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Problem 1: The supporting transmission wire
on the suspension bridge has the shape of Parabola
ACB as shown. The beginning and end of the
wire are attached to points A and B on each axis
AA'and BB' at a height of 30 meters. The length
of section A'B' on the bridge foundation is 200
meters. The shortest height of the transmission
line on the bridge is OC = 5 meters. Let Q', P', H',
C, I', J', K' be the points dividing segment A'B'
into equal parts. The vertical bars connecting the
bridge foundation with the bottom of transmission
lines QQ', PP', HH', CC', II', JJ', KK' are called
suspension cables. Calculate the total length of the
suspension cables? (Figure 3).
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B' Q' p’

H": ¢

I' J' K' 4'

Figure 3

Problem 2: A rescue helicopter is preparing
to spray water on a forest fire from the air.
The height h (feet) of water above the ground
calculated according to time t (s) from the time
the aircraft ejected is determined by the formula

Figure 4

* Stage 3: Presentation of the product of the
learning and assessment project

Students report the results of the learning project

h(t) =-16£ -2t + 500. The horizontal distance from
the fire point to the aircraft is x = 91.t (feet), t (s)
is also the time since the aircraft sprayed water.
So, what is the horizontal distance from the fire
to the plane? (Figure 4).

Problem 3: The height h (feet) from the bridge
deck of the Golden Gate Bridge is determined by

1

the formula h(x) = x* —lx+ 500, in which

9000 15
x (feet) is the distance from the left pillar. Calculate
the height of the bridge piers (Figure 5).

Figure 5
in the classroom and discuss on the results. Finally,

the teacher evaluates the process of implementing the
learning project of each group.

- & q'la'l -

Figure 6. Students’ collaboration and presentation

2.6. Method
2.6.1. Research design

This study was a quasi-experimental study
using a pretest-posttest control group design. The
experimental class was taught using a project-
based learning method, while the control class was
taught using a conventional learning method. The

two selected classes have equivalent levels of math
ability based on the average Math test scores of
semester 1 before conducting project-based learning.
The experimental class was divided into small
groups, in which each group was heterogeneous
(including students with low, average, and high
math ability).
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2.6.2. Research sample

Research participants came from two classes
from a high school (Hung Vuong High School) in Binh
Phuoc, Vietnam, selected with similar math proficiency
levels. The participants were divided into two groups:
experimental and control. The control class consisted
of'42 students (Class 10D4) and the experimental class
consisted of 42 students (Class 10D3). All students
were in grade ten and aged between 15 - 16 years old.
There was no difference in variance between the two
groups with results in Mathematics semester 1.

The research instruments were developed a
student observation activity, pre-test, and post-tests.
The observation sheet and response questionnaire
were adapted from previous research. The pre-test
and post-test were developed by the researchers. The
post-test comprised eight questions, each of which
consists of fifth essay items. All the items were then
tested to examine the validity and reliability to a class
that was different from the control and experiment
classes. The collection of experimental results is
shown in Table 1.

Table 1. The Collection of Experimental Results

Group Pre-test

Treatment Post-test

Experimental class
(use PBL)

Average result in
Mathematics semester 1

The lessons with applying
the process of implementing
learning project

Test results after the
experiment
Student opinion survey

Control class
(regular learning)

Average result in
Mathematics semester 1

No treatment

Test results after the
experiment

3. Result

Descriptive statistics in Table 2 show that
the mean values of the experimental and control
classes were 8.00 and 7.02, respectively, reflecting
significant differences. The independent t-test results

show the Sig value. (2-tailed) equals 0.001 < 0.05,
so the difference in mean score between the two
classes was statistically significant. Accordingly,
the null hypothesis was rejected, and the alternative
hypothesis was accepted.

Table 2. Results after treatment

Class N Mean Std. Deviation Std. Error Mean
Experimental class 42 8.00 0.68 0.016
Control class 42 7.02 1.35 0.208

t-test for Equality of Means
t Df

Equal variances assumed 27.222 56.578

Sig.(2-tailed) Mean Difference

Std. Error Difference

0.001 0.98 0.192

4. Discussion

PBL allows students to apply mathematical
concepts and skills to real-world problems or
scenarios. This approach helps them understand the
practical applications of mathematics, making the
subject more engaging and meaningful. Responses
from participating students show that students
engage in PBL when they interact in school as
well as in real life. Understanding the experience,
reflecting, transforming, and problem-solving is
a collaborative process that substantially changes
depending on the learning environment. Projects
often involve open-ended problems that require
students to analyze, strategize, and devise solutions.
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This process enhances their problem-solving
abilities, critical thinking, and decision-making
skills, which are essential in mathematics. As a
result, the skills acquired through participation in
the learning project process are equally diverse,
encompassing knowledge and abilities relevant to
a specific subject.

PBL typically involves group work where
students collaborate, share ideas, and learn from
one another. This approach fosters teamwork,
communication, and interpersonal skills, which are
valuable for their future academic and professional
endeavors. The implementation of a learning project
related to real-life problems in teaching mathematics
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brings excitement, stimulates the development of
student proficiency in mathematics, and provides a
working environment among group members in a
comfortable and free classroom. Students actively
participate to contribute ideas in speeches and support
each other to complete assigned tasks, and students'
ability to express themselves in presentations is
increasingly improved. Students are confident in
finding ways to solve problems when encountering
unfamiliar situations in practice.

Through these projects, students can learn
mathematical knowledge not only in textbooks but
also through books and the internet, an essential
academic skill that they must gain, such as the skills
of using technology, solving problems independently,
collaborative work, critical thinking, and finding
resources. PBL often involves research, data
collection, as well as presenting findings or solutions.
This process helps students develop valuable research,
organizational, and presentation skills.

5. Conclusion

PBL is an innovative approach to learning
for the development of students' competence. By
actively engaging with mathematical concepts
through projects, students develop a deeper
understanding of the subject matter and construct
their knowledge. They have the opportunity to
explore, apply, and solve the problems, leading to
more meaningful learning. This study investigated
the effect of implementing a learning project on the
quadratic function when solving real-life problems.
The results showed the significant effectiveness
of implementing a learning project, and the PBL
approach needs further investigation in mathematics
teaching in high school.
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