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Abstract: Learners’ competences-based teaching has been studied and deployed globally for
many years. This teaching perspective is guided by the output being learners’ competence. In
particular, the evaluation of learning outcomes is an important stage in the teaching process and
has a certain influence on the orientation of the output. In Vietnam, this issue has been seriously
considered in the process of innovation in the current general education program. This paper
presents an overview of the basic issues of developing mathematics questions as well as testing
exercises to assess the capacity of high school students.
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1. INTRODUCTION
Learners’ competences-based teaching has been
researched and deployed internationally for decades.
This instructional perspective is led by output being
learners’ competences. In particular, the evaluation of
learning outcomes is a very important link in the
teaching process and has a definite influence on the
orientation of the output. In Vietnam, this issue has
become a focus in the process of innovation in the
current general education program, in which renewing
the assessment of learners, i.e. the forms and tools,
plays an important role in renovating secondary
education curriculum.
This paper presents an overview of the basic issues
of developing mathematics questions as well as testing
exercises to assess the capacity of high school students.
2. LITERATURE REVIEW
The evaluation of academic performance among
learners has been discussed by both Vietnamese and
international scholars. J.A. Comensky, a Czech educator,
laid the first bricks as a foundation for teaching theories
in the fifteenth through eighteenth centuries. In the 18th
century, German educator I.B. Bazeio (1724-1796) was
the first person to propose the system of testing and
assessment in schools (Tran Thi Bich Lieu, 2007). In the
1920s and 1930s, Ralph Tyler emphasized “The process
of examination and assessment is primarily the process of
determining the level of achievement of goals in the
teaching process” (Tran Thi Bich Lieu, 2007).
In Vietnam, there has been a number of educators
who are interested in researching and developing
methods and tools for testing and assessment in
education, such as: (Tran Kieu, 2005; Nguyen Thi Lan
Phuong, 2010; Bui Thi Hanh Lam, 2010)... Learners’
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competence-oriented evaluation has become the major
target in the innovation of assessing academic
performance of school students.
3. METHODS AND RESULTS
3.1. Research Methods
By means of theoretical background, the expert
method and personal teaching experiences, the author of
this paper shares part of her results in studying the
process of developing Mathematics questions and
exercises in testing and assessment of high school
students’ competences. The details are as follows.
3.2. Learners’ competences-oriented assessment of
academic outcomes
3.2.1. Defining learners’ competences-oriented
assessment of academic outcomes
The evaluation of academic outcomes oriented at
learners’ competences can be defined as the application
of knowledge and skills taught at school to practical
situations of learners’ daily life.
This evaluative model can also be known as
“practical evaluation” or “the output evaluation”, in
which products are the competence of employing
knowledge, skills, attitudes, etc. in the implementation
of learning tasks rather than the knowledge and skills
themselves.
3.2.2. Trends of innovations in testing and assessment
of high school students’ academic performance
The innovations in testing and assessment of high
school students’ academic performance tend to focus on
the following features:
- Transforming from the assessment at the final
stages of subjects and courses (summative assessment)
for ranking and classifying purposes, into regular and
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periodical assessments between sections, themes, or
chapters for reflection as well as adjustment of the
teaching process (formative assessment).
- Changing from mono-dimensional into
multidimensional evaluation (self-evaluation, mutual
evaluation).
- Transforming from evaluation as an independent
activity to the integration of evaluative activities into the
teaching process.
- Promoting the employment of information
technology in testing and evaluation: use of the
softwares to evaluate the measurement properties of the
tools (reliability, level of difficulty, differentiation and
validity) and use of statistical models to process,
analyze and interprete results.
- Transforming from the evaluation of knowledge
and skills to that of learners’ competences, that is, to
shift the focus from memorizing, understanding
knowledge, etc. to applying and resolving practical
problems, with a particular attention to high-level
mental competences such as creative thinking.
3.3. Learners’ competences-oriented questions and
exercises
3.3.1. Differences between learners’ competencesoriented and conventional questions and exercises
It is learners’ competences-oriented exercises that
are effective tools for students to formulate
competences and for teachers as well as educational
administrators to test and evaluate students’
competences, not to mention the potential of reflecting
the teaching process with instructional standards.
Through empirical research on employing exercises,
the differences between learners’ competences-oriented
and conventional questions and exercises can be
summarized in the following table.
Learners’
Conventional questions
competences-oriented
and exercises
questions and exercises
Mono-dimensional - The focus of questions
approach,
almost and exercises are not
unchanged
in
the isolated
pieces
of
development
process, knowledge or skills, but
usually in the form of a
combination
of
closed-ended questions.
applying
different
- Lack of applied knowledge and skills to
references transferring resolving a particular
the learnt knowledge to unfamiliar issue.
the unfamiliar as well as Approach
of
practical situations.
competences on the
of
practical
- Focus on achievements, basis
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especially
short-term
memories
and
understanding.
- Modest amount of
regular revision, lack of
connection between the
known and the unknown.
- The accumulation of
learning is not fully
attended...

situations rather than
abstract
concepts.
Therefore, questions are
frequently situational,
contextual and practical.
- A focus on the
application of isolated
pieces of knowledge and
skills into addressing an
unfamiliar and practical
issue.
3.3.2. General requirements for learners’ competencesoriented questions and exercises
For teachers, exercises are the factor that controls
the educational process while they are a task for
students to perform. Exercises may be in different
formats, such as oral tests, compositions, short-term or
long-term practice, group or individual tasks, closedended or open-ended questions. Whichever form the
practice follows, learners’ competences-oriented
exercises essentially include the variability, high
quality, inclusiveness in-between lessons and a mutual
link among different practices.
Exercises could be in the form of a task, a proposal,
a request or a question, and must adhere to the
following standards (Nguyen The Phuc, 2014): - It is
clearly presented; - There is at least one solution;
- Students can resolve the exercises merely based on the
given clues; - There are different levels of difficulty; - It
describes the knowledge and skills necessary to
develop; - It is results-oriented; - It cannot be solved
through guessing.
3.3.3. Classification of learners’ competences- oriented
questions and exercises
- Classification by functions: According to the
functions of teaching theories, the exercises may
include: exercises for learning and exercises for
assessment (Nguyen The Phuc, 2014):
+ Exercises for learning: Include exercises that are
used in lessons to assist learning’s acquisition of new
knowledge, such as exercises in a new situation which
requires a solution for attaining new knowledge, or
exercises to practice, consolidate and apply newly learnt
knowledge.
+ Exercises for assessment: Those are the tests used
in class and developed by the teachers, such as
proficiency tests, graduation and entrance exams.
In reality, exercises are mainly consolidation
practice, tests and examinations. Though exercises for
learning may help learners acquire new knowledge,

VJE

Vietnam Journal of Education, Vol. 5, 2018, pp. 94-99

Special Issue for the 1st ICME at Hanoi National University of Education

those for discovery purposes better promote self
exploration and expansion of knowledge.
- Classification by open and closed attributes:
According to the forms of “open” or “closed” answers,
there are the following types of exercises (Nguyen The
Phuc, 2014):
+ Closed-ended exercises: Those are exercises in
which the learners do not need to present their answer,
but they will choose from the answers that were given.
So in this type of exercises, the teachers have known the
answer and students are given the options that can be
chosen.
+ Open-ended exercises: These are the exercises
without a fixed solution for both teachers (test makers)
and students (test takers). This means the results are
“open”. For example, teachers raises a topic, a problem
or a documents for students to interact and discuss with
their peers.
Open exercises are characterized by the free
response of individuals and do not have a fixed solution,
hence allow room for different approaches and learners’
self-decidedness. They are used in the practice or testing
of the learners’ abilities to apply knowledge from
various fields to solve problems. The independence and
creativity of students are emphasized in doing this kind
of exercises. In the current high school education, open
exercises that have the connectivity to practice are of
little interest. However, open exercises are the form of
exercises that is important in developing students’
competence. In learners’ competences-oriented teaching
and assessment, teachers should appropriately
incorporate various kinds of exercises to ensure that
students are able to master the basic knowledge, skills
and the competencies in applying that knowledge, skills
to solve the complex situations of reality.
3.4. The levels of learners’ perceptions
In terms of perceptions, cognitive competences are
divided into the following levels: recalling,
understanding, and application; process and solve
problems. Teachers can base on this classification to
develop questions and exercises to test and evaluation
high school learners’ competence in mathematics
(Nguyen The Phuc, 2014):

been learned in a way
that does not change.
- Reflect the true
nature and meaning
of what they have
learned.
- Apply the structures
that
have
been
learned in similar
situations.
Research
systematically
and
obtain a general view
of a situation by its
own criteria.
- Apply the structures
that
have
been
learned to the new
situations.
Evaluate
the
circumstances
and
situations
through
their own criteria.

Overall
level
1. Recall
(level 1)

Level of
cognitive
competence
Reappear
Recognize
Recreate

2. Process
information
(level 2)

Understand
Grasp the
meaning
Apply

3. Create
information
(level 3)

Process and
solve
problems

3.5. Developing the questions and exercises to assess
high school students’ competence in Mathematics
Based on the levels of cognition and characteristics
of learners’ competences-oriented development, it is
possible to construct exercises in the following forms:
- Exercises that have the form of reappearing:
Those exercises require understanding and reappearing
the knowledge. This type of exercises is not the focus of
competences-oriented development.
Example 1: Before teaching “Level 2 derivative” the
teacher spends about 3 minutes in asking the students to
repeat the formulas of the level 1 derivative that they
have learned by filling in the blanks.
Fill in the sign ... to get the correct formulas?
a)(sin x)'  ...

b) (cot x)'  

c)( xn )'  ...(n  , n  1)

d) (...)' 
'

Features

1
...

1
cos 2 x

1
1
e)     2 ( x  0)
x
 ... 
1
f ) ( x )' 
( x  0)
....

- Recognize what has
been learned in a way
that does not change.
- Recreate what has
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- Practical exercises: Exercises that apply
knowledge in unchanging situations. These exercises
are aimed at strengthening the knowledge and training
basic skills, not requiring creativity.
Example 2: An object that falls from the shelf has
distances of S in cm is given by the equation
S  4t 2  3t  2 , t in seconds (s). Calculate the velocity
of the object when t  5( s ).
The problem-solving exercises: These exercises
require analysis, synthesis and evaluation to use the
knowledge in changeable situations and solve the
problems. This type of exercise requires the creativity of
the learners.
Example 3 (Football): When teaching on the subject
of derivatives and derivative’s applications, teachers can

give the following exercise to assess the students’
capacities, such as: finding out the problems, solving
problems, and logical thinking:
Problem: When a ball was kicking out of the
vertical, it would reach a certain height and then fell
down. Suppose the ball had been kicked from a height
of 1.2m, after 1s it reached a height of 8.5m and after 2s
it reached a height of 6m.
Question 1: What is the path’ shape of the ball?
Explain and point out the equation of the ball’s path.
A. Straight line
B. Polylines
C. Hyperbolic line

D. Parabolic line

Question 2: Calculate the height that the ball reached
after 4s. Determine the maximum height of the ball?

GUIDELINES FOR ASSESSING STUDENTS’ RESPONSES
Example 3
Competence
(Football)

Question 1

Answer

Level

- The equation of the ball’s way is
Parabol (select D);
- Indicates the general form of the
parabol: f ( x)  at 2  bt  c
- From the informations has given, we
convert into a system of equations to
 f (0)  1.2
Understand

the problem find a, b, c with  f (1)  8.5
 f (2)  6

c  1.2

Find: b  12.2
a  4.9


3

2
1

Assessment
Content
- Selected the correct answer D and
explained the path of the ball;
- Found the equation of the ball’s
path;
- Selected the correct answer D;
- Executed correctly two of the
three above;
- Executed correctly one of the three
above;

0

- Choose wrongly or not selected.

3

- Presented all 3 ideas:
- Explained that after 4 (s) the ball
would be on the ground and the
height of the ball was 0 (m);
- Found the maximum value of f(t)
to find the maximum height;
The ball touches the ground when
f (t )  0 .

2
1

- Executed two of the three above;
- Done one of the three above;

0

- Done wrong or not done;

f ( x)  4.9t 2  12.2t  1.2

- For maximum height: find the
maximum value of the function f(t)
 12.2 
f max  f 
  8.794
 9.8 

- The ball hit the ground when
Question 2

- Solve the
problem.
- Logical
thinking

f (t )  0

 x  2.58

 x  0.095

(eliminate)

So the ball hit the ground at the time
t  2.58  s  .
- So at the time t = 4 (s) (có 4 > 2.58)
- the ball was on the ground, so the
height of the ball was 0 (m).
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In the above table of guidelines for assessing
learners’ responses, the levels of completion are divided
into levels 0, 1, 2, 3 corresponding to the cognitive
levels as well as the levels of competence development
of the learners, specifically:
Level
0
1
2
3

Cognitive level
Not reappearing, recognizing
old knowledge
Reappearing
Understanding and applying
Handling, solving problems

General level
Very low
Low
Medium
High

- The exercises associated with contexts and
practical situations: These exercises apply knowledge
and solve problems associated with contexts and
practical situations. They are open exercises and hence
create opportunities for multiple approaches to have
different solutions.
Example 4 (Designing children’s milk cartons): This
problem can be used when teaching about the derivative
applications. This is an open problem with multiple
solutions where teachers can divide the class into small

groups and require students to discuss to find the
solutions to a realistic issue and thereby are able to
assess and develop the problem-solving, logical
thinking and cooperative competences among students.
Problem: A baby dairy factory needs to design new
packaging for a new product of the factory with the
volume 1dm3. If you are a designer, how will you make
the form of the packaging so that the factory will choose
your design?
The proposed issue is: The designers want the
factory to choose their design. Apart from the aesthetics
of the packaging, it is necessary to take into account
economic costs so that packaging materials are the least
expensive. In the usual ways, we make rectangular or
cylindrical boxes. Therefore, it is necessary to
determine which form is less costly.
The resolution options:
Option 1: Do packaging according to the rectangular
square bottom edge x, height h
Option 2: Do packaging according to the cylindrical
form: radius x, height h

GUIDELINES FOR ASSESSING STUDENTS’ RESPONSES
Example 4
(Designing the
box of milk)

Assessment
The capacities

Answer
Level
- Calculate the volume:

1
V  Sd  h  x2 h  1  h  2
x

3

- For the least amount of material, the total
area must be minimal.
Option 1: Do
packaging
according the
rectangular
square bottom
edge x, height
h

Stp  S xq  S2 day 

4
 2x2
x

2

- Logical thinking; Consider the function:
- Solve the
4
4
problem;
f ( x)   2 x 2 , f '( x)   2  4 x
x
x
- Cooperation.

1

Content
- Shown how to do the
exercise;
- Given the total area in x;
- Calculated the correct x,
h;
- Executed two of the
three above;
- Done one of the three
above;

f '( x)  0  x  1

I tabulated variable table, and:
So
MinStp  6  f (1) .

With

x 1 h 1

0

- Done wrong or not done;

- If you make the carton of milk in the form
of a box, the designer should make the
cubes with their sides are 1dm.
Option 2: Do
packaging
according the
cylindrical
form: radius x,
height h

- Logical thinking;
- Solve the
- Same as above, it is necessary to make the
boxes so that their total area are minimized.
problem;
- Cooperation.
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3

2

- Shown how to do the
exercise;
- Given the total area in x;
- Calculate the correct x, h
- Executed two of the
three above;
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1
 x2

V   x2 h  1  h 
Stp  S xq  S2 day 

1

- Done one of the three
above;

0

- Done wrong or not done;

2
 2 x 2
x

Consider the function:

2
2
 2 x 2 ; f '( x)   2  4 x;
x
x

f ( x) 

f '( x)  0  x 

1
.
2

3

1
MinStp  5,54  S (
)
2
3

1
 0,54dm  h  1.084
2
Note : h = 2x
- If the packaging is cylindrical, the designer
must make the boxes so that the height of
boxes is equal to the bottom diameter.
So: x 

3

As calculated above, both boxes have the volume of
1dm3 but the total area of the cube box is larger than the
cylindrical box, so the cost of materials for making cube
boxes is more expensive. In order for the factory to
choose their design, the designers should choose
cylindrical form to make boxes. However, on the
market today, there are boxes of milk which have the
form of the cube or the rectangular parallelepiped. It is
due to other advantages of the boxes.
4. DISCUSSION AND CONCLUSION
The main objective of evaluating learners’
competences is “the assessment for learning” that aims
at improving students’ own learning process.
Evaluation for this purpose is understood as a
continuous process of interaction between teaching and
learning activities. The learners’ competences-oriented
questions and exercises are a tool for students to
practice in order to formulate their competences. On the
other hand, it is a tool for teachers and educational
administrators to assess students’ competencies, and
recognize how far their teaching process has met
standards. The questions and exercises are the important
part of the learning environment that the teachers need
to perform. Therefore, in order to assess learning
outcomes in mathematics in the orientation of
developing learners’ competencies, the teachers need to
build the learners’ competences- oriented questions and
exercises appropriately and effectively.
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