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In this paper, we present some results concerning an 
assessment practice, composed of oral interaction 
between a teacher and students that a mathematics 
teacher, José, in a context of a collaborative work, uses 
to develop the capacity of self-assessment of his second-
ary school students. The assessment practice developed 
by José includes two ways to promote self-assessment: 
self-assessment of the answer and self-assessment of 
performance. While the former is ensured by cognitive 
and motivational strategies, the latter is mostly based 
on meta-cognitive strategies.
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INTRODUCTION

The tasks that simultaneously serve to teach, learn 
and assess students’ performance have an effect on 
their school results, mainly because they are not as-
sociated with the practice of common assessment and 
aims to promote self-assessment skills for mathemat-
ics learning (Hodgen, 2007). Moreover, when teachers 
analyze students’ answers and give them an appro-
priate feedback, they deepen the knowledge that stu-
dents need to organize information and reply (Price, 
Handley, Millar, & O’Donovan, 2010). This practice 
helps the student to get a better knowledge structure, 
allowing an adequate self-questioning, contributing 
therefore to develop the capacity of the students to 
self-assess. It promotes mathematical efficiency and 
self-assessment of the mathematical knowledge, skills 
and capacities (Quinton & Smallbone, 2010). 

But in Portugal, as in several other countries, this 
kind of practice is really still far from reality in 

mathematics classes (Santiago, Donaldson, Looney, 
& Nusche, 2012). We studied, in a collaborative work 
context, assessment practices done by secondary 
school’s mathematics teachers, whose aim was to 
promote self-assessment of mathematics learning. 
In this text, we present only part of the study (Dias, 
2013), focusing upon a secondary school mathematics 
teacher, José, and one assessment practice, the oral 
interaction between teacher and students (IT-S). In 
particular, we aim to answer to the following research 
question: What is the nature and the characteristics 
of IT-S assessment practice of a secondary school’s 
mathematics teacher, developed in a work context of 
collaborative nature, which seek to promote self-as-
sessment of learning? 

THEORETICAL OVERVIEW

The study of teaching practice of mathematics teach-
ers is relevant to understand their performance in the 
classroom (Ponte & Chapman, 2006). The understand-
ing of the meaning given to the mathematics teach-
ers’ decisions contributes to deepen the knowledge of 
how the mathematics teachers work in the classroom. 
Regarding assessment practices in specific, it is not 
sufficient to assess whether students have mastered 
facts and algorithms or developed attitudes, skills and 
knowledge advocated in mathematics curriculum. It 
is necessary that assessment practices reflect teaching 
and learning processes. For this purpose, rich tasks 
are required (Smith & Smith, 2014) and the assess-
ment questions have to be constructed so that, when 
analyzing the answers of the students, it is possible 
to get an idea of how students organize information 
(Price et al., 2010). To accept that the students have an 
essential part in the construction of their knowledge 
implies that the teacher must pay particular attention 



An assessment practice that teacher José uses to promote self-assessment of mathematics learning (Paulo Dias and Leonor Santos)

3003

to feedback processes and self-assessment of learning 
(Santos, 2002).

The focus on self-assessment of learning is justified 
by the importance of student success in mathematics 
assignments and consequently in mathematics learn-
ing. Self-assessment develops the ability to assess a 
task and to implement the necessary corrections 
or adjustments. It is a group of actions that the stu-
dent develops when regulates his or her own work 
(Zimmerman & Schunk, 2011). Self-assessment is the 
process in which students develop the strategies need-
ed to achieve the desired objectives, creating condi-
tions for a successful learning. But self-assessment of 
mathematics learning do not develops spontaneously 
(De Corte, Mason, Depaepe, & Verschaffel, 2011). It is 
the teacher who has the responsibility to promote 
it through several actions. This study emphasizes 
the oral interaction, conversation between students 
and teacher while performing a mathematical task 
(Henning, McKeny, Foley, & Balong, 2012). Because it 
is an intentional action from the teacher and occurs 
in the daily work of the classroom, may be considered 
an assessment practice for learning (Wiliam, 2007).

Interaction and communication in a mathematics 
classroom is definitely essential to improve student 
learning (Santos & Semana, 2012). Nevertheless, some 
aspects have to be respected. On one hand, teacher has 
to use relevant information about students reasoning 
and ways of learning in order to deal properly with 
the process of teaching and learning (Pinto & Santos, 
2006). On other hand, some conditions have to be re-
spected concerning the act of questioning, such as not 
correcting errors but giving clues, not confirming but 
asking in a way that leads the students to develop a 
convincing argument about their reasoning. 

IT-S is characterized by questions, stimuli and direc-
tions given by the teacher during the implementation 
of a mathematical task. The impact of this practice 
may be conditioned by the opportunity of the in-
tervention and the increased student confidence in 
building their mathematical knowledge (Schwarz, 
Dreyfus, & Hershkowitz, 2009). In this practice, the 
teacher should avoid correcting errors and adopt an 
attitude that contributes to students formulate ques-
tions independently. Students can be referred to their 
own productions or to the proposed tasks, or can be 
suggested to share and discuss, in pairs or in groups, 

their interpretations of the answers (Henning et al., 
2012).

METHODOLOGY 

Following a qualitative and interpretative method-
ology approach, through a case study design (Stake, 
2009), the assessment practice of a secondary school’s 
mathematics teacher, José, has been observed along 
two school years. José was chosen because of his recog-
nized experience (31 years of teaching, both in schools 
of basic and secondary education), and his willing-
ness to develop assessment practices that promote 
self-assessment. 

The collaborative context (Jaworski, 2007), constitut-
ed by José, another secondary school’s mathematics 
teacher and the researcher (first author), was created 
by invitation from the researcher, and has as main 
objective to develop and implement assessment prac-
tices to promote self-assessment. Episodes of class-
room reported in almost all the texts read by the group 
were considered essential to trigger discussions and 
to define the assessment practices to study. After each 
lesson, there were moments of reflection between the 
three members of the group. The selection/creation of 
mathematics tasks was a great challenge for teachers 
when seeking to integrate assessment, teaching and 
learning (James, 2006; Pinto & Santos, 2006) and to 
promote self-assessment of mathematics learning 
(Black & Wiliam, 2006). Noteworthy the assessment 
practices planned by the group features challenging 
tasks (Smith & Smith, 2014), including the themes 
Trigonometry, Geometry and Functions. 

Data collection was done in a 11th grade class (students 
aged 16–17) and included observation of 10 mathemat-
ics classrooms (A), that includes 5 tasks, respective-
ly with trigonometry, geometry and mathematical 
functions, and collaborative work sessions (ST) from 
February 2009 to April 2010, with audio recording, a 
structured interview to José at the beginning of the 
study (E), and documental analysis, that collected 
documents used by the teacher and the mathematical 
work done by the students.

Data analysis was performed by content analysis 
considering three domains, planning, implementa-
tion and reflection (Clark & Peterson, 1986). Planning, 
before class was focused on the role of the teacher in 
interpreting, managing, planning and putting into 
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practice his curricular choices. The implementation, 
during class, focused in the actions of the students 
during the development of the task and the role of the 
teacher in the oral interaction between teacher and 
student. Finally, the third moment, reflection, after 
class, helps teachers to make progress in their pro-
fessional development and to build their own way of 
knowing. In this moment, the teacher makes explicit 
the strengths and weaknesses of his assessment prac-
tice. 

In each of the distinct phases sought by José’s actions 
showed his intention to promote the success in the 

task, either by teacher’s questioning of the analysis, 
and the analysis of the self-regulation of mathematics 
learning by the student. Later, elements were orga-
nized as seen in Table 1.

ORAL INTERACTION TEACHER 
AND STUDENTS (IT-S)

Planning
The assessment practice was defined and planned 
within the collaborative work. Initially, students’ 
difficulties were identified. According to José, the 
most relevant ones were written and oral mathe-
matics’ communication as well as the understanding 
of mathematical content, although students master 
some techniques in solving exercises. In this context, 
the IT-S planning gave attention to the selection of 
the task and to the support given to students during 
the task, avoiding correcting the errors and to give 
too many guidelines for shaping. According to José, 
questions and stimuli are guidelines that can help 
students to increase student confidence in improving 
their mathematical knowledge:

I understand the students’ difficulties, but how 
can I help them? I might answer through inter-
action. Asking, stimulating, and giving clues to 
each one. [ST, 12nd]

Looking for the best approach in the classroom was es-
sentially one of the texts discussed in the collaborative 
group (Santos, 2002). To avoid correcting errors was 
considered an important contribution to help students 
to think for themselves while solving tasks. Some of 
the questions suggested in the text were harnessed 
by José as an example of how it should be the role of 
the teacher in the classroom:

“What have you done?”, “Why did you take that 
option?”, “Why did you think like that?” “Where 
did that idea come from?”, “In which other sit-
uations does this process may be applied?”, “If 
you want to convince someone that this is true, 
what would you say?” and I would wait for their 
reaction. [ST, 12nd]

In achieving the tasks, José prefers that students work 
in pairs, considering that this method may help stu-
dents to learn:

If students work in pairs, they can help each other, 
explore, understand and look for the solutions. 
[E, 1st]

José recognizes the importance of questioning 
to help students to accomplish the task. This ac-
tion neither includes the correction of errors, nor 
provides many guidelines. He seeks students to 
explore their work in pairs or in groups, encour-
aging discussion among students. 

Implementation
While the pairs of students develop the task, José ob-
serves and interacts with them.

In a task of Trigonometry (Figure 1), José pointed out 
for the importance of the task assignment and called 
attention for it, trying to commit the students to the 
task:

José: Read again. You should go on after un-
derstanding the picture \ figure and 
what it is said about it.

David: But we just have to look at it and we un-
derstand.

José:  The information is important. It is es-
sential to the solution. [A, 1st]

In this task, students had difficulty in selecting the 
information and José stimulus to individual strategies, 

Self-assessment 
of the answer

Commitment with mathematical 
tasks

Stimulus to individual strategies

Articulate student ideas

Self-assessment 
of performance

Self-regulate mathematics efficiency 

Self-assessment

Table 1
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supporting this selection and helping them to find 
a solution strategy, encouraging them to continue 
(speaking 9), guiding them to the analysis of the fig-
ure and from the strategies designed for each pair of 
students (speaking 5):

1 David: Teacher, we already know, it is 
the trigonometrically reason: sine, cosine 
and tangent

2 José:  Are you going to use the three?
3 Alexandre:  No, no. we will see. the triangle 

needs the opposite cathetus AB
4 David:  No way! AB is useless, what mat-

ters is h!
5 José:  Where is h?
6 Alexandre:  On the hypotenuse. but we also 

have R in it
7 David:  We will do it with the cosine
8 Alexandre:  We have the adjoining cathetus 

and the hypotenuse that goes for the cosine 
and then we find the value of h, can that be?

9 José:  it can be, there are many ways, 
that´s yours choice. Go on! [A, 1st] 

In the same task, other item (Determine the value of 
h, when R = 1000 meters and α = 60° and when α = 45°. 
Present the results rounded to units. Compare the 
two previous results), he managed the same with two 
other students (Magda and Ruth). These students 
worked  cos 60° =  1000

1000 + h  and cos 45° =  1000
1000 + h  equalities. 

From these equalities, they said, just watching the 
figure, that as h increases, the value of the angle has 
to increase too. José feels a little hesitant, because he 
was not expecting this task solution. He articulated 
students’ ideas, not validating the work and asking 

students to articulate these ideas so that they may be 
able to present arguments of the result:

Rute: Is this true?
Magda: Adjoining cathetus upon the hypote-

nuse
José:  Yes, it is right, but you did not use the 

equality R =  h cos α1 − cos α
Magda: But it is the adjoining cathetus upon the 

hypotenuse or not? 
Rute: It is the cosine!!!
José:  Yes, but how do you justify the compar-

ison? 
Magda: When h increases, the fraction value 

decreases and the obtained angle in-
creases.

José:  But you have to convince me that it is 
right! [A, 1st]

José wanted the students to identify the errors and re-
port it orally. He believed that this explanation would 
help them to self-regulate mathematics efficacy and 
the ability of self-questioning about some important 
issues, such as how to work with the calculator:

For instance, a student answered R =  2,35 cos 1,5564°
1 − cos 1,5564° , 

so R ≈ 0,034, and other student  answered R ≈ 1,35. 
I can identify that the first changed in the cal-
culator “Rad” for “Deg”. I would accept it as 
correct and alerted the student for the lapse. 
But I could not consider correct the second 
one. After some experiences, I could identify 
that the second student wrote on the calculator, 
2,35 × cos 1,5564 ÷ 1 − cos 1,5564. In both cases, 
they are serious mistakes. [ST, 13nd]

The figure illustrates a simple process to determine the ra-
dius of Earth. This method consists in measuring the angle 
α, horizon depression angle, from a high altitude point from 
which one can see the ocean.
The figure is not to scale. Consider that:

 ― B represents the observation point; 
 ― C means the centre of the Earth;
 ― α is the amplitude, in degrees, of the depression angle, 

(0o <α<90o);
 ― h is the altitude of the place, in kilometres;
 ― the triangle [ABC] is rectangle in A;
 ― R , is the radius of Earth, in kilometres;
 ― BC = R + h

1. Show that: 
R =  h cos α1 − cos α

Figure 1
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In this assessment practice, José encourages the iden-
tification of mistakes. For example, he gave clues to the 
students so that they may self-assess their performance:

David: Are these the calculations?
José: How did you do the equations?
Alexandre: I think it was very fast, but it´s right.
José: Remember the change of signs…
David: Let´s see but this way leads us to what 

we wanted [A, 2nd]

In another task (Functions) after identifying a stu-
dent’s difficulty, José questioned him and, in some 
cases, the error was identified by the student through 
self-assessment:

David: It is 40 days.
José: Are you sure?
David: From 4 to 40 it is 30 plus 10.
José: But it is 4th January.
David: January
José: And the month of January has 30 days?
David: Okay, so t=41days [A, 3nd]

When students recognize difficulties to understand 
the mathematical situation, José do not hesitate to give 
them a clue to proceed, to pursue the approximation 
of their work to what the teacher expected them to do 
(self-assessment):

Alexandre: I am going to need help. I cannot un-
derstand.

José: Write first the formula of the area of 
the figure that you want to estimate, to 
calculate.

Alexandre: The area of the triangle?
José: Yes and now you can go on. [A, 5nd] 

Reflection
José highlighted the improvements made by the stu-
dents and the promotion of self-assessment as two 
aspects to value in his assessment practice. IT-S has 
raised José knowledge about the students, about the 
difficulties of writing and oral communication, poor 
connection between trigonometry and geometry con-
tent, the increase mode of understanding of mathemat-
ical content, and how to keep them motivated students.

In the first task, he realized through the help he gave 
the development of the student capacity to select infor-
mation. This support, according to José, was essential 

to meet the first items of the task and to motivate the 
students to achieve it: 

I had to help them at the beginning, but I think 
that with that help they improved and accom-
plished the first questions. It also motivated them, 
it guided them to go through. [ST, 13nd]. 

José remembered the episode where he was confront-
ed by the unexpected strategy followed by Magda and 
Rute, which he decided to not validate. He justified 
his decision by the need to verify the extent to which 
students arrived to the presented solution and to un-
derstand the knowledge that students have applied:

They were confident that they were right, but 
when would they give up? (…) I left it unknown 
so they could think over it and that really amazed 
me, they knew what they were doing and rightly. 
[ST, 13nd]

In his opinion, students used strategies that work out 
things they learned previously. Strategies are not al-
ways predictable, but to use these strategies with con-
fidence reveals effectiveness:

Magda and Rute answered item solving it in a way 
I wasn´t expecting, but even so it was correct. It 
is like this, students use methods that I was not 
expecting, and we must validate them. These stu-
dents knew what they were doing and were very 
confident about it. [ST, 13nd]

Difficulties concerning the understanding of infor-
mation given in a short text are obstacles to self-as-
sessment, which, according to José, make it harder to 
understand the question: 

When students read the assignment of a task and 
are not able to select the information, sometimes 
they get lost through the text. They do not even 
read the given information, which makes it much 
more difficult the approach of self-regulation 
strategy. They cannot use the knowledge they 
have, because they do not understand the work-
sheet. My questions sometimes do not make any 
sense to the students. [ST, 15nd]

One essential characteristic of this assessment prac-
tice is the existence of an understanding between 
teacher and students, so that they can understand 
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the issues that the teacher poses. It is important that 
students understand what is asked in the tasks (on 
paper) or orally (inquiry in the classroom).

This reflection was important to José as it allowed him 
to identify different behaviors in the students: stu-
dents participated more, discussed the tasks among 
themselves and produced work. In addition, José 
avoided answering directly to the questions of the 
students, chose to encourage them to overcome the 
difficulties without help, which resulted in students 
taking the necessary attitudes to comment on each 
other‘s ideas. This outcome has led José to reflect on 
his practice, making him particularly aware of the 
positive consequences of a reduction in the number 
of teacher inputs in the interaction with students. 

FINAL CONSIDERATIONS 

After observing and analyzing José‘s practices, we 
can infer two ways to promote self-assessment of 
learning mathematics: answer and performance. Self-
assessment of the answer includes the action of the 
teacher, providing monitoring of the final work of the 
students, while the performance is concerned to the 
action to monitor processes and knowledge needed 
to find a solution. Self-assessment of the answer is pro-
vided by cognitive strategies and motivation for stu-
dents who face questioning and oral feedback (Santos, 
2002). Since planning, José prepares possible practic-
es such as not correcting errors to help students to 
be autonomous in their cognitive strategies. He also 
pays attention to the need of students’ confidence in 
doing mathematics, continuing in encouraging them 
during the development of the tasks. Once achieved, it 
leads students to increase the engagement with math-
ematical tasks, to develop strategies and to promote 
the integration of students‘ own ideas about learning 
mathematics.

Self-assessment of performance is assured by meta-cog-
nitive strategies. It occurs to assess the efficiency of 
the mathematics performance of students and to en-
courage self-assessment of mathematical strategies 
to solve the tasks. José demands that their students 
deem complete answers, and present arguments to 
support their reasoning. He promotes self-assessment 
by not confirming the answers and guiding students 
to read the question again. To promote self-assess-
ment, José also seeks to assess the depth of knowledge 
of mathematics and to identify errors when needed, 

leading students to think about the results (Quinton 
& Smallbone, 2010). 

Although this assessment practice was new to José, 
he developed it over a whole school year, supported 
by a collaborative context, which led him to develop 
his self-confidence and ability in using it, recognizing 
positive aspects in the capacity of self-assessment of 
their students and, consequently, in the learning of 
mathematics. José assumed that his role is to support 
students’ knowledge and learning processes, helping 
them to learn. Questioning, in IT-S, assumed the char-
acteristics of oral feedback (Hodgen, 2007): to be focus 
on the task and not on the student; to be challenging, 
and to require achievable action. The IT-S practice 
shows progress in how students participate and en-
gage in mathematical tasks, albeit the full understand-
ing of the factors that increase the motivation and 
commitment of students with the mathematics tasks 
can and should be further explored.
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