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Abstract: Mathematics is one of important knowledge in many academic programs at high
schools and universities. Therefore, mathematics education requires a variety of approaches in
order to train learners with essential skills in the new age. In this article, the authors propose to
use the model of research-based learning in mathematics education in order to develop the
necessary skills for the learners. To verify the feasibility, an experiment was conducted in Can
Tho city. Then, the statistical analysis was done to evaluate and refine the model to suit the
context of Vietnam.
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1. INTRODUCTION
In The Education Development Strategy 2011 2020, issued on June 13, 2012, the program
“Development of key research-oriented universities” is
mentioned (Prime Minister, 2012). Clause 4, Article 9,
the Law on Higher Education in 2012 also mentions
research-oriented: “Higher education institutions are
classified into: research-oriented higher education
institutions; application-oriented higher education
institutions; practice-oriented higher education
institution”.
The 2018 General Education Curriculum mentions
model of STEM education for high schools, one of the
educational trends appreciated in many countries over
the world. This model is also of great interest in the
reform of general education in Vietnam (Jenkins &
Healey, 2005). According to Gonzalez and Kuenzi
(2012), STEM is an acronym of Science, Technology,
Engineering, and Mathematics. STEM combines four
discrete subjects into a coherent learning model on the
basis of practical applications.
However, there exists a question: How to reform
mathematics education in the new context? This is a big
and not easy to answer question.
First, with regards to teaching models, within the
period 2003 - 2007, University of Queensland
developed and issued Teaching and Learning
Enhancement Plan which focuses on Research-based
Teaching and Learning (University of Queensland,
2003). The plan was successfully implemented and
from 2008 to present, University of Queensland is

ranked in the top 200 of the Times Higher Education
World University Rankings (It is ranked 65th in 2018).
From the research-based learning model, for specific
application in mathematics education, this study
employs a teaching mathematical approach based on
research revolved competencies of solving
mathematical problems that is proposed by Nguyen Phu
Loc (2016).
In this article, we outline some theoretical
backgrounds about the research-based learning model,
competencies of solving mathematical problems from a
research perspective and present an empirical research
to answer a part of the question which is raised.
2. LITERATURE REVIEW
2.1. Research-based learning
According to Duong Thieu Tong (2005), research is
“a systematic activity to achieve certificated
understanding” Creswell (2008) describes the concept
of research as follows: “Research is a process of steps
used to collect and analyze information to increase our
understanding of a topic or issue. At a general level,
research consists of three steps:+) Posing a question;
+) Collecting data to answer the question; +)
Presenting an answer to the question.
In general, research is quite similar to ordinary
mindset of the human; the biggest difference between
them is research has a high level of systematization and
certification by practice.
According to Poonpan and Suwanmankha (2005),
research-based learning (RBL) is a teaching method
using research in learning process to study new lessons.
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The benefit of using RBL model is that students have
the opportunity to learn not only knowledge but also
ability to practice research skills, such as finding,
constructing hypotheses, collecting and analyzing data.
In addition, RBL model can also help students practise
their skills such as questioning when researching, selfstudying a new problem and grasping the general
knowledge.
According to Jungmann (2011), a higher level
teaching process using RBL has the following
characteristics: - Learners experience, design and reflect
a research process from questioning to presentation of
results; - Learners can practise typical research
situations in their subject. They receive in-depth
training on how to search for documents, answer
questions, and solve problems; - Learners work
individually or in small groups; - Learning process is
facilitated and supported by faculty staff; - New
knowledge is established. This knowledge is new to
individual or group of learners, but not necessarily new
to the scientific community; - Learners acquire mindset
of the researchers: curiosity, critical thinking and multidimensional thinking; - Variations of RBL are used
according to the general conditions.
At present, RBL model has many variations depending
on how the teaching process is organized. Jenkins &
Healey (2005) mapped the variants of RBL as follows:

(IV) Teaching by putting research projects into
lesson content.
It is noted that, when using one of these four
methods, we must also ensure the characteristics that
Jungmann has mentioned. To further clarify, we extract
the structure of a subject using method (II) “Teaching
by participating in research projects with teachers” that
is proposed by Jungmann (2011):

The next question can arise from the characteristic
of RBL model is: What are the ways to conduct RBL
process? According to Pateep (2000) (cited in Poopan
& Suwanmankha, 2005), there are four RBL methods
of teaching:
(I) Teaching by using research methods;
(II) Teaching by participating in research projects
with teachers;
(III) Teaching by studying the research results and
procedures;

results of research when learning new lessons. In this
way, research is solving a mathematical problem posed
in the real life. Therefore, in order to conduct research,
students need to have skills and competencies to solve
mathematical problems.
According to Nguyen Phu Loc (2016), “solving
mathematical problem skills include the skills to
recognize information from or related to the given
problem, and handle them to find a solution.” Sharing
the same view with Creswell (2008), Nguyen Phu Loc
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Figure 2. Structure of an RBL-shaped course
2.2. Using research-based learning in Mathematics
Education
Research-based learning is a teaching method that
gives the learners chances to access to the process or the
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(2016) stated that solving mathematical problem skills
consists of the following component skills:

Figure 3. Mathematical problems solving skills and
component skills
However, in order to solve the problem, learners
should get not only skills of solving mathematical
problems but also competencies of solving
mathematical problems. According to Nguyen Phu Loc
(2016), when specifying the capacity mentioned in the
General Education Curriculum, competencies of
solving mathematical problems of each individual
includes mathematical knowledge (conceptual
knowledge, method knowledge), skills of solving
mathematical problems and attitudes of solving
mathematical problems.

Figure 4. The elements of competencies of
mathematical problems solving
In general, in mathematics education, from the
perspective of forming competencies of solving
mathematical problems for learners, the skills of the
research-based learning model also are the component
skills of solving mathematical problems. It can be said
that this is a reasonable connection of the RBL model in
mathematical education.
3. METHODS AND RESULTS
3.1. Methods
Poopan & Suwanmankha (2005) in a study of
research-based learning model for primary schools in
Thailand shows that the application of RBL model well
supports the development of teaching in primary schools.
The question is whether the model of research-based
learning is feasible in high schools? In order to answer a
part of the above question, we have conducted an
experiment in Can Tho city when teaching chapter
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“Statistics” for 37 students in class 10B1, Practical
Highschool of Can Tho University in 2016.
3.1.1. Experimental process
Problem: Calculate specific indicators in a research
sample (frequency, mode, mean) and write the reports.
Procedure:
We divided the class into 12 small groups of 3 to 4
students. Each group conducted research following 6 steps:
Step 1. Selecting the research topic
Students choose their research topic to increase their
creativity. Then, we adjust the topic to suit the students’
abilities and make the topic feasible.
Step 2. Making research outline and plan
Students discuss, then we give feedback and adjust
to complete research outline and plan
Step 3. Designing questionnaires
Students formulate survey questionnaires that are
appropriate for the purpose of the topic, and then we
check these questionnaires.
Step 4. Collecting data
We give consultation on the method of data
collection based on questionnaires.
Step 5. Analyzing data
Students analyze the data by themselves according
to their own understanding after being instructed.
Step 6. Writing the reports
Students are instructed and then write a report
3.1.2. Qualitative analysis
There are 12 topics conducted by students:
- Topic 1: BMI of grade 10 students in Practical
Highschool of Can Tho University.
- Topic 2: Average time of facebook usage per day
of grade 10 students in Practical Highschool of Can Tho
University.
- Topic 3: The average shoes size of grade 9
students in Luong The Vinh secondary school.
- Topic 4: The number of extra courses for students
in grade 10 in Practical Highschool of Can Tho
University.
- Topic 5: Average number of hours of Internet
usage per day of grade 10 students in Practical
Highschool of Can Tho University.
- Topic 6: The average degree of myopia of grade 10
students in Practical Highschool of Can Tho University.
- Topic 7: The height of grade 10 students in
Practical Highschool of Can Tho University.
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- Topic 8: The average number of hours playing incomplete and they still have many difficulties in using
sports per day of grade 9 students in Doan Thi Diem technical terms.
secondary school.
Through the products obtained by the students in the
- Topic 9: The average time of self-study experiment, it can be confirmed that students are quite
Mathematics per day of grade 10 students in Practical devoted to their scientific research as well as know how to
Highschool of Can Tho University.
apply the knowledge they have learned to solve the
- Topic 10: Statistics on the number of shrimp seed problem and use the results obtained to explain and assess
sold in a month by TCT company.
issues in the real context. Therefore, we believe that
- Topic 11: The average time listening to music per research-based learning model can help students improve
day of grade 10 students in Practical Highschool of Can their mathematical competencies in the high schools.
Tho University.
3.1.3. Quantitative analysis
- Topic 12: The number of extra learning hours in a
We asked the students to answer the questionnaire
week of grade 10 students in Practical Highschool of in order to evaluate the effectiveness of the method.
Can Tho University.
Questionnaire
In terms of selecting the research topics, students tend
Question 1: Would you like to receive the research
to select the topics that are close and relevant to their topic related to the real-world problems from teachers in
ability as well as the ones that can collect data easily. chapter “Statistics”? (choose 1 the answer)
However, some groups select topics that are beyond the
Question 2: In your opinion, in teaching
knowledge learned (for example, the topic about the
mathematics,
the real-world problems should be...
number of shrimps seed were sold, BMI). These topics
(choose
1
the
answer)
show the creativity and understanding of the students.
Question 3: In your opinion, which benefits do you
In terms of making outlines and research plans,
have
when conducting the research which is related to
students have identified the main tasks that need to be
the
real-world
problems? (can choose multiple answers)
done but they don’t specify the objectives, tasks, time
Question 4: In 6 steps of conducting research, which
and methods to perform the topic.
In terms of designing questionnaires, only five steps do you face difficulties? (can choose multiple answers)
groups can design a complete questionnaires. There are
Question 5: Write 1 or 2 interesting things after
7 groups who cannot design complete questionnaires finishing the research.
(for example, groups with topics about the average time
Question 6: Write 1 to 2 things which should be
listening to music, the number of extra learning hours). improved after finishing the research.
The results show that students are unfamiliar with 3.2. Results
designing questionnaires and scientific research skills.
3.3.1. A priori analysis
In terms of data collection, the data collected by the
Question 1, 2: These two questions are designed to
students are quite accurate and complete. However, there
assess
students’ attitudes towards conducting research.
are still some topics that are difficult to collect data (for
Besides,
they also evaluate students’ level of interest
example, the topic about the average time to use facebook)
about using the real-world problems in teaching
because the answers of the survey are not good.
In terms of data analysis, the majority of students mathematics.
Question 3, 4: These questions are built to assess
analyze on the basis of the proposed objectives (for
advantages
and disadvantages of students when
example, the topic about the average shoes size, the
conducting
a
research.
average degree of myopia). It shows that many students
Question 5, 6: These questions serve to find
in the experiment can grasp statistical concepts and
students’ opinions about things related to researchunderstand the meaning of the data obtained.
In terms of writing the reports, students have based learning model in mathematics education.
difficulty in presenting the report; their sentences are 3.2.2. Survey Results
Table 1. Statistical results
Purposes

Questions

Assess students’
attitudes

1

Answers
Strongly dislike
Dislike

Number
0
0
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Proportion
(%)
0
0
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2

3

Assess advantages
and disadvantages

4

5

Assess the results

6
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Neither like nor dislike
Like
Strongly like
Always be showed in the lessons
Frequently be showed in the lessons
Sometimes be showed in the lessons
Seldom be showed in the lessons
Never be showed in the lessons
Mastering the knowledge
Learning how to make a working plan
Increasing teamwork skills
Practicing communication skills when interviewing
Analyzing and processing data
Improving skills of writing reports
Selecting the research topic
Making research outlines and plans
Designing questionnaires
Collecting data
Analyzing data
Writing the report
Have a working plan
Widen knowledge in life
Improve teamwork and communication skills
Can conduct a research
Get more knowledge
Raise the collective spirit
Experience how to process data
Learn how to be careful when working
The real-world problems should be put into the
formal program
The real-world problems should be expanded
The ability of processing data, analyzing data and
writing reports should be improved
The report’s style should be refined
Students should be more honest
The research should have the control group beside
experimental group

3.2.3. A posteriori analysis
The results show that students enjoy receiving research
topics which are related to the real problems from teachers
in chapter “Statistics.” The percentage of students which
choose “like” and “strongly like” is 75.67%. It is shown
that this learning method is quite attractive to students.
Most of respondents’ answers shows that the real-world
problems should frequently be employed in the lessons.
The experimental group also agreed to put the real-world

9
16
12
6
24
7
0
0
24
29
34
23
32
22
15
13
5
6
11
15
1
11
13
8
10
4
4
6

24.32
43.24
32.43
16.22
64.86
18.92
0
0
64.86
78.38
91.89
62.16
86.49
59.46
40.54
35.14
13.51
16.22
29.73
40.54
2.70
29.73
35.14
21.62
27.03
10.81
10.81
16.22

1

2.70

1

2.70

6

16.22

6
3

16.22
8.11

1

2.70

problems into the lessons because the selection rate of
“frequently” and “always” is over 80%.
The results of questions 1 and 2 show that it is
necessary to put the real-world problems into
mathematical lessons. This will make them more
interested in the lessons. The research also illustrates
that students have positive attitude when working with
the research which is related to the real-world problems.
This is a favorable factor for using of RBL in Vietnam.
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Benefits of conducting research
The majority of students think that conducting
research has many benefits such as: learning how to
make a working plan (78.38%); increasing teamwork
skills (91.89%); analyzing and processing data
(86.49%). Besides, certain students think that they can
see and experience the differences between practical
and theoretical math.
This analysis also shows the benefits of RBL when
applying to teaching math.
Disadvantages of conducting research
The majority of students think that conducting
research has some difficulties in such issue as selecting
the research topic (40.54%); making research outline
and plan (35.14%); writing the report (40.54%) The
results show that the majority of students feel difficult
when selecting the topics and writing the reports.
The results from questions 3 and 4 show that it is
helpful for students when conducting a research. At the
same time, in the implementation process, students
encounter some difficulties. Therefore, in teaching
process, students need to practise more in research skills
(problem solving skills) as well as flexible application
of theoretical knowledge into practice.
The skills gained after completing the research
With the results from question 5, we obtained some
of the following comments: students have a working
plan; widen knowledge in life; improve teamwork and
communication skills; can conduct a research; get more
knowledge; raise the collective spirit; experience how to
process data and learn how to be careful when working.
The issues that need to be improved
The results from question 6 are as follows: the realworld problems should be put into the formal program;
the real-world problems should be expanded; the ability
of processing data, analyzing data and writing reports
should be improved; the report’s style should be
refined; students should be more honest; the research
should have control group, beside experimental group.
The results from questions 5 and 6 show that
students should approach research and practiced these
skills more frequently during their studies.
The experiment shows that the model of researchbased learning can be effectively applied in Vietnam.
However, there are still some difficulties, so to teaching
effectively, we need some solutions to improve the
research and steps to do research. Besides, students
should familiarise with scientific research so that they
don’t feel difficult and this will be useful experience for
them throughout the learning process.
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4. DISCUSSION AND CONCLUSION
This article presents some of the perspectives and
several methods of applying RBL in Mathematics
education. A small survey in Can Tho initially shows
that students are capable of participating well in the
model of research-based learning (RBL) in
mathematics. However, to use RBL in mathematical
education effectively, more experiments should be
conducted to improve the model. In addition, a further
research direction is to expand RBL to a number of
other subjects, especially STEM subjects.
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