P — TAP CHI KHOA HQC HO CHI MINH CITY UNIVERSITY OF EDUCATION
g e P TRUONG DAI HOC SU PHAM TP HO CHi MINH JOURNAL OF SCIENCE
_'J Tap 21, S6 4 (2024): 759-770 Vol. 21, No. 4 (2024): 759-770
ISSN: Website: https://journal.hcmue.edu.vn https://doi.org/10.54607/hcmue.js.21.4.4116(2024)
2734-9918

Research Article
SELF-STUDY OPPORTUNITIES FOR STUDENTS TO SOLVE

LINEAR EQUATIONS THROUGH MOBILE LEARNING WITH

MICROSOFT MATH SOLVER APPLICATION ON SMARTPHONES

Le Thai Bao Thien Trung*, Tang Minh Dung!, Tran Dinh Khai?
'Ho Chi Minh City University of Education, Vietnam
2Nguyen Tri Phuong Middle School, Ho Chi Minh City, Vietnam
*Corresponding author: Le Thai Bao Thien Trung — Email: trungltbt@hcmue.edu.vn
Received: January 22, 2024; Revised: March 25, 2024; Accepted: March 28, 2024

ABSTRACT

Mobile learning refers to the process of learning using mobile devices such as smartphones,
tablets, and other handheld devices to provide educational content, study materials, and learning
experiences for users anytime and anywhere, thanks to internet connectivity. With the advancement
of the Internet, smartphones have evolved into a ubiquitous cultural instrument on a global scale.
Mobile learning is suitable for developing self-management and self-study competencies, one of the
three general competencies in the Vietnam 2018 General Education Curriculum. We have developed
self-study activities for students by leveraging the Microsoft Math Solver application, an Al app
predating Al Chatboxes, for learning linear equations for 8th graders. The results of this study
confirm the effectiveness of self-study through the selected mobile learning app. Students are active
in self-study at home as required in the 2018 Mathematics Curriculum. Teachers can rely on what
students study at home to consolidate this knowledge in the classroom.

Keywords: linear equations; Microsoft Math Solver; mobile learning; self-study; smartphone

1.  Introduction

The proliferation of mobile devices and technologies in schools has inspired
educational researchers to introduce the term 'mobile learning' (or m-learning) to transcend
the boundaries of traditional pedagogical methods (Tang et al., 2023). Mobile learning
involves using smartphones and other mobile devices to access educational materials
anytime and anywhere through the Internet. Over the past decade, this form of learning
through smartphones has become increasingly popular due to their features, such as
convenient access to educational resources, portability enabling learning at any time and
place, compatibility with diverse multimedia teaching formats, facilitation of immediate
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feedback on learner interactions with study materials, personalized learning experiences, the
establishment of a conducive environment for social interaction, and the capability to support
offline learning. Although smartphone usage is widespread among learners, not many
schools implement mobile learning in the teaching and learning process (Pranama 2018; Le
& Tran 2021). Trinh (2014) argues that learning in a mobile learning environment can
support self-study, such as enhancing the learner's autonomy, facilitating learning and
assessment both inside and outside the classroom, and adopting new forms of learning as
science and technology evolve. Furthermore, mobile learning outside the classroom can
leverage an incredibly rich source of resources through internet connectivity and Al software
that can help students access these resources. Alongside the irreversible trend of the
widespread use of smartphones, concerns about the downsides of these devices for students
have been raised, particularly in terms of their impact on student concentration if not well
managed.
1.1. Self-study and self-study competency

Self-study is the process of autonomously acquiring knowledge by assimilating,
processing, and transforming external information into internal understanding (Dao, 2018;
Nguyen, 200). Self-study competency is an individual's ability to independently and
effectively tackle challenges by applying learned knowledge to real-life situations and
activities. This competency enables learners to explore the world around them, adapt to it,
and transform it to achieve learning goals and individual development (Ministry of
Education and Training — MOET, 2018a; Nguyen, 2001).
1.2. Linear equations in eighth-grade mathematics program

MOET (2018b) stipulates two requirements for teaching this content: understanding
the concept of linear equations and how to solve them (content 1) and being able to solve
practical problems related to linear equations (content 2). There are various textbooks, and
teachers can choose or design teaching materials to meet the requirements. For example,
with the second requirement, teachers can choose problems with practical or
interdisciplinary elements and implement teaching following the mathematical modeling
process consisting of three steps as outlined in the 8th-grade mathematics textbook by Ha et
al. (2023): (1) Formulate the equation (including selecting the unknown and setting
appropriate conditions for it, representing the unknown quantity in terms of the unknown
and known quantities, formulating equations representing the relationships between
quantities); (2) Solve the equation; and (3) Answer (including checking which solutions
satisfy the conditions of the unknown in the equation, which ones do not, and then drawing
conclusions). In the self-study process, we will arrange for students to independently
generalize how to solve a linear equation using the Microsoft Math Solver application
(MMS) on their smartphones (content 1). Additionally, students can also search for and
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independently solve real-world problems suggested on websites linked to this application
(content 2).
1.3. Microsoft Math Solver application on smartphones

Created by Microsoft, MMS was officially released in 2019. This mobile application
is compatible with both iOS and Android platforms, utilizing artificial intelligence (Al)
technology to assist users in solving mathematical problems. MMS is free, user-friendly, ad-
free, and supports multiple languages, including Vietnamese. The application enables users
to capture images of hand-written or printed mathematical problems, offering step-by-step
solutions accompanied by explanations. This feature is particularly beneficial for students
seeking assistance in solving mathematical problems during the learning process.
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Figure 1. The interface of MMS on a smartphone

This application allows users to visualize algebraic expressions and graphs of
equations or functions. Additionally, it suggests and enables students to connect with other
popular math education websites.

2.  This study
2.1. Research questions

The learning process was applied to teach both content 1 and 2. The goal is to examine
the impact of the self-study stage at home using MMS on students' learning for the selected
content, both qualitatively and quantitatively. The research aims to address the following
questions:

Research question 1: Is there a significant difference in learning outcomes between
students learning through mobile learning with MMS (experimental group) and students
learning through traditional methods (control group)?

Research question 2: What do students discover during the self-study process with MMS?
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2.2. Mobile learning with MMS

Mobile learning was organized for students using the following steps:

Step 1. Teachers assign tasks and instruct students to install and use the MMS
application on their smartphones. Teachers can guide these tasks online and request students
to borrow their parents’ smartphones. Teachers communicate with students' parents to
explain and seek permission for students to participate in mobile learning.

Step 2. Students engage in self-study at home with the assistance of the MMS
application on their smartphones. This step consists of three stages: Stage 1 — individual
work on content 1; Stage 2 — group work on content 1; Stage 3 — group work on content 2.

Step 3. Students report their self-study results, and the teacher consolidates the
knowledge.

2.3. Participants

An experimental group and a control group were conveniently selected from 8th-grade
classes at Nguyen Tri Phuong Middle School, Ho Chi Minh City, for the academic year of
2021-2022. The experimental group was class 8/4 with 42 students. The control group was
class 8/3 with 42 students. The experimental group followed a teaching process with a self-
study phase, while the control group learned with traditional methods. The experiment took
place over two weeks, from October 4, 2021, to October 18, 2021. During this Covid-19
pandemic period, teaching occurred online using Google's free platforms, Google Meet, and
Google Classroom.

Firstly, we analyzed the academic results of these groups based on the mathematics scores
from the previous year (2020-2021). Using Excel, we conducted a paired hypothesis test:

HO: The average math scores from the previous year of the two groups are equal,

H1: The average math scores from the previous year of the two groups are different.

Testing the equality of variances between the two groups shows a P-value = 0.07>
0.05. Thus, it is possible to accept that these two groups have equal variances.

t-Test: Two-Sample Assuming Equal Variances

Ldp 8/3 Ldp 8/4
Mean 7.061904762 6.992857143
Variance 3.14583043 1.96945993
Observations 42 42
Pooled Variance 2.55764518
Hypothesized Mean Difference 0
df 82
tStat 0.197850981
P(T<=t} one-tail 0.421825656
t Critical one-tail 1.663649184
P(T==t} two-tail 0.843651311
t Critical two-tail 1.989318557

Figure 2. Statistical testing for the equivalence of the two groups
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With a p-value = 0.599 significantly greater than 0.05, the null hypothesis HO is
accepted. Therefore, it can be concluded that the academic performance in mathematics of
the experimental group and the control group before the experiment is considered equivalent.
2.4. Instruments
2.4.1. Quantitative data

After the experiment, students from the experimental group and the control group take
a 30-minute essay test. The test was designed based on the requirements in the Mathematics
Curriculum. The test for the experimental group and the control group is as follows:

Question 1(2.0 points). Fill in the blanks with appropriate terms:

a) The equation has the form............ , with a and b being two given numbers, and a 4

0 is called a linear equation.
b) If an equation is a linear equation, with the formax + b=0and a4 0, then it always
has a unique solution, that is..............
Question 2. (4.0 points). Solve the following equations:

8) 2x+5=3(x-1)+2 b) (x-1)* =4(2x-1)+1

Question 3. (4.0 points). A car travels from A to B with an average speed of 40 km/h,
then returns from B to A with an average speed of 50 km/h. Therefore, the time to return is
30 minutes less than the time to go. Calculate the distance from A to B.

2.4.2. Qualitative data

To assess the effectiveness of the self-study of students in the experimental group using
MMS on smartphones, we qualitatively analyzed the worksheets given to students in step 2
of the mobile learning process. With Worksheet 1, students independently explored how to
solve equations that can be transformed into linear equations and began to connect with the
general method of solving a linear equation. Students collaborated in groups in Worksheet 2
to investigate, agree on ideas, and present knowledge about converting certain equations into
linear equations. In Worksheet 3, student groups independently explored how to solve a real-
world problem by formulating an equation, transforming it into a linear equation, solving it,
and providing answers. These tasks were developed based on the two curriculum
requirements mentioned at the beginning of section 1.2.

Individual work on content 1 - Worksheet 1:
Given the following equations:

2x+5=3(x-1)+2 (1) (x=1) 2 +x+1=x(x=2)+4 (2)
Y T T @
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a) Using MMS on a smartphone, find the solutions to the given equations.
b) Using MMS on a smartphone, present the solution steps for each equation.
¢) Using MMS on a smartphone, provide two similar exercises and give detailed solutions
for those exercises.
d) Based on the examples above, describe how to solve an equation that can be
transformed into the formax + b = 0.

Group work on content 1 - Worksheet 2:
Recall the definition: A linear equation in the variable x is an equation of the form ax + b =
0, where a, b are given numbers, and a # 0.
Illustrative example: 3x + 1 = 0 is a linear equation in the variable x witha =3 and b = 1.
Given the following equations:

2x+5=3(x-1)+2 (1) (x=1) 2+ x+1=x(x=2)+4 (2)
s e o
X3 —x(x+1)=(x=2)(x+1)-2 (5) (2x-1)? +13=4x(x+1)+3 (6)

a) Which equation can be reduced to the form of a linear equation? Why?
b) Using MMS and the textbook, present the knowledge that your group knows about
equations in general and linear equations in particular.
Group work on content 2 - Worksheet 3:

a) Solve problems 1 and 2
Problem 1. This year, the mother's age is three times Phuong's age. Phuong calculates that in
13 years, the mother's age will be only twice Phuong's age. How old is Phuong this year?
Problem 2. A canoe travels downstream from pier A to pier B in 4 hours and upstream from
pier B to pier A in 5 hours. Calculate the distance between piers A and B, knowing that the
water current speed is 2 km/h. Solve the two problems following the steps as suggested in
the worksheet.
b) Present a general method for solving real-world problems by setting up equations.
¢) Using MMS, the group should search for two real-world problems and present detailed
solutions for those problems using the general solving method mentioned.
2.5. Results and Discussion
2.5.1. Quantitative result

To answer research question 1, we analyzed test scores between the experimental
group and the control group to test the following hypotheses:

HO: After the intervention, the average test score of the experimental group is equal to
the control group.

H1: After the intervention, the average test score of the experimental group is higher
than the control group.
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Testing the equality of variances between the two groups shows a P-value = 0.2> 0.05.
Thus, it is possible to accept that these two groups have equal variances.

t-Test: Two-Sample Assuming Equal Variances

Control group Experimental group

Mean 6.928571429 7.797619048
Variance 3.787456446 2.915360046
Chservations 42 42
Pooled Variance 3.351408246
Hypothesized Mean Difference 0
df 82
t5tat -2.175402155
P{T<=t} one-tail 0.0162396560
t Critical one-tail 1.663649184
P{T<=t} two-tail 0.032479313
t Critical two-tail 1.989318557

Figure 3. Statistical testing on the output scores of the two groups

With a P-value = 0.032 < 0.05, the null hypothesis (HO) is rejected. Since the average
score of the experimental group (7.8) is higher than the average score of the control group
(6.93), the alternative hypothesis (H1) is accepted. The results indicate the effectiveness of
the mobile learning process with MMS-supported self-study.
2.5.2. Qualitative analysis

The responses in the worksheets created during the self-study stage of the experimental
group provide data for research question 2.
a. Stage 1 - Individual work on content 1

The content of worksheet 1 aims at students using the MMS application on their
smartphones to understand how to solve equations that can be transformed into linear
equations. The time allocated for this worksheet was four days, and it was an individual task.
The students engaged in mobile learning and responded to the worksheets in Word files,
submitting their assignments through Google Classroom. The results show that all students
were able to use the MMS application to find solutions and understand how to solve the four
equations provided in worksheet 1. For instance, one student (S19) answered the equation
(4) as follows:
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) Cac bwde gidi phuong trinh .
Phirong trinh L ) (Giai thich
hién thi trong (ng dung
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—O+zr=06c+3

Budc 3. Thye hign cac bude trong iy

nhir cic cdua va b di gidi.

: 12
Dipso: x= =

Figure 4. The answer of student 19

For question d (describe how to solve an equation that can be transformed into the form ax
+ b = 0), only two students did not respond and there were 14 correct answers (out of 40
responses). For example, the solution provided by S19 is as follows:

d) Trinh bay cach giai tong quat cho cac phuwong trinh c6 thé dua vé dang ax + b =0.

Véi phuong trinh ¢6 phan thitc, ta can quy dong mau cac phan thire & hai vé, 16i bo mau di,

VBt CAC 1 8O DANG NNAW........ .ot

Thue hién chuyén Vé céc hang tir da viét trong budc trén deé co dang mot 0 nhan véi x cong

IO SO DANG 0. oot
. . b

Glalax +b=01a 0 ax = =D NEN X = —— e
a

Nhumg néu a = 0 ta khong c6 x vi b khéng chia dwge ¢ho 0............coo.ovvovorvoerieeeees
Connéub = 0ta co vo s6 x vimoi s6 nhan véi 0 déubAng 0.......oooovorvviviiiiieenee e,
Figure 5. The answer of student 19
b. Stage 2 - Group work on content 1
In stages 2 and 3, the teacher divided the 42 students into 10 groups (8 groups of 4 and 2
groups of 5). Students had 3 days to organize group work in stage 2 through Google Meet
and Google Classroom (the teacher created 10 classrooms for the 10 groups).
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Figure 6. Classrooms for the groups
The results indicate that 8 out of 10 groups provided accurate answers for question a
(recognizing equations that can be reduced to linear equations). For question b (summarizing
definitions of concepts related to linear equations), 6 out of 10 groups answered accurately,
and 4 out of 10 groups answered partially accurately.
c. Stage 3 - Group work on content 2
After a week, all groups provided accurate answers to problems 1 and 2 by formulating
equations and solving them independently or using MMS.
Bii toan 1. Goi x (don vi: tudi) 1 s8 tudi cia ban Phurong ndm nay (digu kién x > 0).
Theo dé bai, ta c6: 56 tudi ctia me ndm nay la x.3 = 3x (tudi)
S& tudi clia Phuong 13 n¥m nita 1a x + 13 (tudi)
S6 tudi ctia me 13 nim nita 1a 3x + 13 (tudi)
Vi 13 n&m nita thi tudi ctia me g&p hai lan tudi Phurong nén ta cé phuong trinh:
3x+13=2.(x+13)

Giai phwong trinh bi‘i:ng tmng dung trén DTDD, tacéx =13.

Tim x

r=13

Két luan: Nam nay, ban Phuong 13 tubi.

Figure 7. The answer of Group 5
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Bii todn 2. Goi x (don v j::lmlﬂn I vin toc thyre té cia chiée cano (diéu kiénx > 0).
Theo dé bai, ta cé: Viin tdc cano khi xuéi domg la. 2ted. oo (don v i:.")‘ﬂ-,f’ni]
Vin t6c cano khi nguge dong 1a.... Bomede.............. (dom \i.‘.‘ﬁm”b]
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¢6 phuong trinh: .........ov0e.. 4[Lfi}=5(£'oﬁ:)
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Figure 8. The answer of Group 6
All groups presented a general solution method for the real-world problem (question b).

_Cﬁmﬁ;uﬁ’mﬁ‘dda%ﬁarﬂm .............................................................
B Buwo&szacdm,ﬂwngzoémJuxzf&am .....................................

Figure 9. The answer of Group 4

All groups completed question ¢ with a variety of real-world problems. As mentioned
in section 1.3, besides carrying out detailed steps for solving a mathematical equation, MMS
also suggests learning websites on this topic such as the Google search engine. This feature
helps students to independently explore real-world problems and detailed solutions on these
websites. Therefore, the process of independently finding similar problems with the help of
Al and solving them assists students in reinforcing the theory learned before. This facilitates
teachers in summarizing the overall knowledge in step 3 of the mobile learning process.
3. Conclusions and Recommendations

Mobile learning offers numerous advantages in leveraging learning resources,
particularly with Al applications. Our research provides evidence that this form of learning
effectively enhances students' self-study competency. The learning outcomes are based on
the 2018 Mathematics requirements, focusing on teaching linear equations. The results show
that students perform better when self-studying through mobile learning compared to
traditional methods. Experimental group students were able to self-study the content of this
topic through Mobile learning with the support of the MMS application. In today's context,
fundamental math knowledge can be addressed and learned through Al applications. This
study aligns with the findings of Duong et al. (2022), indicating that students and teachers
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benefited from a blended approach of online and face-to-face teaching during the COVID-
19 lockdown. Our recommendation is that teachers should be trained to guide students in
self-study using these applications through mobile learning anytime and anywhere. Utilizing
students' self-learned knowledge, teachers can organize and structure them during in-person
classes: students can present their findings in groups, allowing teachers to adjust (if
necessary) and solidify the collective knowledge. Based on this research, we suggest the
need for instructional materials to guide teachers in the appropriate use of software and Al
applications.
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TO CHUC CHO HQC SINH TU' HOC PHUONG TRINH BAC NHAT MQT AN
BANG HINH THUC HQC TAP DI PONG
VOI UNG DUNG MICROSOFT MATH SOLVER TREN PIEN THOAI THONG MINH
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TOM TAT

Hoc tdp di dong (mobile learning ) dé cap qud trinh hoc tdp thdng qua thiét bi di dong nhu
dién thogi théng minh, may tinh bang nham cung cap néi dung gido duc, tai liéu hoc tdp va trdi
nghiém hoc tdp cho nguoi ding bat Ki luc nao va ¢ bdt ki dau nho vao két néi internet. Ngay nay,
dién thogi théng minh da tré thanh céng cu van hda todn cau va rat phi hop dé thuc hién hoc tdp di
déng. Hoc tdp di déng la phirong tién phl hop dé thyc hién myc tidu phat trién nang luc tw chi va
tw hoc, mét trong ba nang luc chung trong chwong trinh Gido duc phé phéng 2018. Chiing ti da xdy
dung cac hoat dong tu hoc cho hoc sinh bcing céch khai thac ing dung Microsoft Math Solver, mgt
ung dung AI ra doi truéc cée Al Chatbox, trong hoc tdp phuwong trinh bdc nhat mét dan ¢ 16p 8. Keét
qud phdn tich dinh tinh va dinh luwong xac nhdn hiéu qud cua viéc tu hoc trong hinh thuic hoc tdp di
déng thdng qua ing dung da chon. Hoc sinh ¢6 thé tir hoc ¢ nha theo cac yéu cau can dat cua
chuong trinh Gido duc pho thdng mon Toan 2018. Gido vién dia vao két qua tu hoc dé tong két kién
thuc trén lop.

Tir khod: phuong trinh bac nhit mot 4n; dién thoai théng minh; Microsoft Math Solver; hoc
tap di dong; tu hoc
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