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Abstract

This paper studied the beliefs about mathematics, mathematics assessment, and written and oral
mathematics assessment in post-secondary education from the mathematics professors’ perspectives.
Seven mathematics professors and instructors were interviewed and asked to explain how they perceive
mathematics and mathematics assessment and how they compare the oral exam to the written exam.
Four out of seven mathematics professors and instructors were educated in Poland, Romania, Bosnia,
and Ukraine, and they are currently teaching mathematics at a university in Canada. The other three
professors were educated in Canada, Germany, and the United States, and they are currently teaching at
a university in Germany. Five participants had previously experienced an oral examination in
mathematics, while the other two had never been exposed to an oral examination in mathematics
throughout their schooling. The results showed that similar beliefs about mathematics and mathematics
assessment result in different beliefs about written and oral mathematics assessment.
Keywords: oral assessment, oral examination, mathematics, beliefs, culture

INTRODUCTION

A large amount of research on teachers’
beliefs focuses on beliefs about mathematics,
mathematics teaching, and mathematics
learning (Beswick, 2007; Cross, 2009; Ernest,
1989; Handal, 2003; Liljedahl, 2009; Maasz &
Schléglmann, 2009; Philipp, 2007; Raymond,
1997; Stipek, Givvin, Salmon, & MacGyvers,
2001; Thompson, 1992; Zalska, 2012).
However, in the most recent review of
assessment in mathematics education, there has
been almost no research on students’ and
teachers’ Dbeliefs about assessment in
mathematics  (Suurtamm et al.,, 2016),
especially about oral assessment in
mathematics.

Many countries, especially in Europe,
have been implementing the interrogatory type
of oral examination as an important part of
assessment practice in their schooling system.
For instance, this is not the case in Canada. The
Canadian educational system is dominated by
closed-book, written examinations. Moreover,
the oral form of assessment in mathematics
courses at the university level in Canada is not

present at all, even though there are a number of
research studies that indicate that oral
assessment has a positive impact on students’
learning of mathematics (Boedigheimer, Ghrist,
Peterson & Kallemyn, 2015; lannone &
Simpson, 2012, 2015; Lianghuo & Mei, 2007,
Nelson, 2010; Nor & Shahrill, 2014; Odafe,
2006).

This paper begins by presenting the
research on the purpose of classroom
assessment, as well as a brief description of
types of oral assessment, the shift from oral to
written assessment, and the disadvantages and
advantages of oral assessment. Next, it presents
the literature on teachers’ beliefs about
mathematics, along with the theoretical
framework, research guestions, and
methodology of this study. The last part of the
paper provides the results, a discussion of the
results, and some recommendations for possible
future research.

The Purpose of Assessment
According to Brown (2008), all teachers’
beliefs about the purposes of assessment fall
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into one of these four categories: assessment as
improvement of teaching and learning
(improvement); assessment as making schools
and teachers accountable for their effectiveness
(school accountability); assessment as making
students accountable for their learning (student
accountability); and assessment as irrelevant to
the life and work of teachers and students
(irrelevant). In assessment as improvement of
teaching and learning, the purpose of assessing
students’ knowledge or understanding is to
gather the information that would lead to
changes in teaching and learning practices, so
that improvement in students’ achievement can
be facilitated. When it comes to assessment as
making schools and teachers accountable for
their effectiveness, it focuses on demonstrating
the quality of teaching and learning. For some,
accountability has come to mean the
responsibility of a school to produce high
achievement test scores (Smith & Fey, 2000).
Student accountability assessment has the goal
of holding students individually accountable for
their learning, grades, and whether they have
met various curriculum objectives. Contrary to
the first three categories of assessment, in the
fourth category, there are a number of reasons
for teachers to consider an assessment irrelevant
to student growth and achievement. Moreover,
the assessment may even unfairly impact
certain students, create negative attitudes
toward testing, or be so inaccurate that it is
unreliable. All of these possibilities contribute
to the notion that assessment could be
irrelevant.

Types of Oral Assessment

There are two main types of assessment:
oral and written. Joughin (1998) defines oral
assessment as “assessment in which a student’s
response to the assessment task is verbal, in the
sense of being ‘expressed or conveyed by
speech instead of writing’ (Oxford English
Dictionary)”.

According to Joughin (2010), they can be
categorized into three forms: presentation on a
prepared topic (individual or in groups);
interrogation (covering everything from short-

form question-and-answer to a doctoral oral
exam); and application (where candidates apply
their knowledge live in a simulated situation,
e.g., having trainee doctors undertake live
diagnoses with an actor-patient).

This paper focuses on oral examination,
with elements of both presentation and dialogue
that come from the interrogation form of oral
assessment, and combines oral medium with
writing on paper and board. The term
assessment is used to represent a broader range
of evaluation activities, but also, as most
assessments in undergraduate mathematics are
exams, in this paper, the terms assessment and
exam are used interchangeably.

The Shift from Oral to Written Assessment

The oral examination has a very long
history in higher education. Prior to the
beginning of the 20" century, oral examinations
were a standard practice in the UK, which later
failed because of accusations of bias and the
apparent efficiency of written exams.
According to Stray (2001), four factors are
identified as being crucial in causing the shift
from oral to written examinations: the move
from group socio-moral to individual cognitive
assessment in the later 18" century; the
differential difficulty of oral testing in different
subjects; the impact of increased student
numbers; and the internal politics of Oxford and
Cambridge.

Despite this shift, the transition from
using oral to written only has not happened
everywhere. There are still many countries that
maintain oral assessment in most academic
subjects as an important part of their assessment
practice (Brown & Knight, 1994; De Vita &
Case, 2003; Forrest, 1985; Hubbard, 1971).
Some of these countries are Hungary, Italy,
Germany, and the Czech Republic.

Looking at the history of written
examinations, Stray (2001) notes that the
written examination became the norm in the UK
starting at the beginning of the 20" century.
Since then, the primary method of assessment
in the mathematics classroom has become
strictly based on closed-book written
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examinations. The USA, in particular, appears
to be dominated by closed-book written
examinations (Crannel, 1999; Nelson, 2010).
Also, the majority of mathematics students in
the UK are to be assessed predominately using
high-stakes, closed-book examinations at the
end of almost every module (lannone &
Simpson, 2011). Written assessment, most
commonly in the form of examinations, can also
take the form of quizzes, projects, assignments,
papers, essays, journals, dissertations, and
portfolios.

Disadvantages and Advantages of Oral
Assessment

Although oral assessment is used in many
areas, there is very little literature examining the
use of oral assessment. The UK’s
comprehensive review of the literature on
innovative assessment shows that less than 2%
of the papers address oral assessment. Of 317
papers considered, only 31 dealt with ‘non-
written assessment’, which includes: oral
examination, group and individual oral
presentation (oral group presentations were by
far the most commonly cited non-written
assessment, at 50% of the total sample), debate,
the artifact (such as a display stand or non-
written poster), audio or video recording, and
role-play. Within this category of non-written
assessment, only 4 papers addressed the use of
oral examinations (Hounsell, Falchikov,
Hounsell, Klampfleitner, Huxham, Thompson
& Blair, 2007). All of these non-written
assessments addressed undergraduate
assessment, with the exception of a single
article considering the use of oral exams for
Ph.D. students. Also, most of the research on
oral assessment focuses mainly on liberal arts
subjects, indicating an almost complete absence
of research that studies oral assessment in
mathematics classrooms.

The main topic that has been discussed in
the oral assessment literature is related to the
disadvantages and advantages of oral in
comparison to written assessment, specifically
focusing on understanding assessment from the
learner’s and the teacher’s perspectives. In

terms of the disadvantages of oral assessment in
comparison to written ones, two things came
up: fairness and anxiety (Henderson, Lloyd, &
Scott, 2002; Hounsell et al., 2007; Huxham,
Campbell & Westwood, 2012; Joughin, 2007).
Videnovic (2017b) reports from her study that
the mathematics professors interviewed believe
that it is not quite clear which type of an exam,
oral or written, can be considered to be more or
less fair in comparison to the other, and which
one of these two can cause more or less anxiety
among students.

Romagnano (2001) believes that all
assessments of  students’ mathematical
understanding are subjective and that
objectivity does not exist. Also, he thinks that a
conclusion about a student’s knowledge would
require the teacher’s judgment and, therefore,
“no objective” assessment occurs; subjective—
that is, human—knowledge, beliefs, judgments,
and decisions are unavoidable parts of any
assessment scheme” (p. 36). Human judgment
about mental constructs is introduced when test
designers decide “what items to include on the
test, the wording and content of the items, the
determination of the ‘correct’ answer,... how the
test is administered, and the uses of the results”
(FairTest: The National Center for Fair and
Open Testing).

When it comes to oral assessment and
anxiety, there is a perception that oral
assessment may make students more anxious
than other forms of assessment for two reasons:
oral assessment anxiety may be primarily
related to its unfamiliarity, and oral assessment
anxiety is associated with the conception that an
oral task requires a deeper understanding and
the need to explain to others. Hounsell et al.
(2007) note that “It is not clear whether oral
assessments are scarier or just more novel” (p.
34). Also, Huxham et al. (2012) note that oral
assessment anxiety may be primarily related to
its unfamiliarity. In his phenomenographic
study of student experiences with oral
presentations, Joughin (2007) notes that greater
anxiety about oral compared to written
assessment is associated with a richer
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conception of the oral task as requiring deeper
understanding and the need to explain to others.

Despite all of these disadvantages, at the
same time, an oral assessment is not without its
advantages. Videnovic (2017a) reports that the
mathematics professors interviewed believe
that written exams can mostly assess procedural
knowledge and instrumental understanding,
while oral exams can better assess conceptual
knowledge and relational understanding in
mathematics. Moreover, the research studies on
the advantages of the oral assessment show that
oral assessment in mathematics and in other
subjects: 1) provides immediate feedback and
immediate grade (Boedigheimer et al., 2015;
lannone & Simpson, 2012; Odafe, 2006;
Roecker, 2007); 2) do not allow plagiarism
(Huxham et al., 2012; Joughin, 1998; Nor &
Shahrill, 2014); 3) helps develop better oral
communication skills (Badger, 2010; Huxham
et al., 2012); 4) promotes deep comprehension
of the learned material (lannone & Simpson,
2012, 2015; Joughin, 2007; Lianghuo & Mei,
2007; Nelson, 2010; Nor & Shahrill, 2014;
Odafe, 2006; Roecker, 2007); 5) encourages
students to deeply/actively engage with the
course material (Boedigheimer et al., 2015;
lannone & Simpson, 2012; Nor & Shahrill,
2014; Odafe, 2006); 6) helps students gain
ownership of the learned  material
(Boedigheimer et al., 2015); 7) is more
personal/  provides individualized contact
between teacher and student (Joughin, 2007); 8)
helps students learn to express technical
material clearly and concisely (Boedigheimer et
al., 2015); 9) allows for probing knowledge
through dialogue (Badger, 2010; Joughin, 1998;
Odafe, 2006); 10) provides long-lasting
mathematical knowledge (lannone & Simpson,
2012); 11) is authentic/helps prepare students
for their professional careers (ex. career
interviews) (Boedigheimer et al.,, 2015;
Henderson et al., 2002; Huxham et al., 2012;
lannone & Simpson, 2015; Joughin, 1998); 12)
helps develop better presentation skills
(Boedigheimer et al., 2015); 13) helps students
build the confidence (Boedigheimer et al.,
2015); 14) is reactive to students’ needs
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(lannone & Simpson, 2015); 15) provides the
opportunity for assessing students’ mental math
skills (ex. mental calculation) and the use of
sketches and free drawing in geometry (Fyhn,
2015); 16) provides the opportunity to better
understand  students’  attitude,  beliefs,
motivation and creativity (Fyhn, 2015); 17)
encourages students to put more effort/time in
preparing for it (lannone & Simpson, 2012;
Joughin, 2007; Odafe, 2006); 18) prevents one
small gap in knowledge completely stalling a
solution (Joughin, 1998); 19) can determine
students’ critical thinking abilities (Badger,
2010).

LITERATURE ON TEACHERS’ BELIEFS
ABOUT MATHEMATICS

Beliefs about mathematics can be
classified into three groups: the traditional
perspective, the formalist perspective, and the
constructivist perspective (Dionne, 1984).
Torner and Grigutsch (1994) refer to these three
groups as a toolbox, systems, and processes. In
the  traditional  perspective ‘toolbox”,
mathematics is seen as a set of skills, which
involves doing mathematical calculations and
using rules, procedures, and formulas. In the
formalist perspective ‘system’, mathematics is
seen as logic and rigor, whereby doing
mathematics is considered writing rigorous
proofs and exact definitions. In the
constructivist perspective ‘process’,
mathematics is seen as a constructive process,
that involves learning mathematics through the
process of problem-solving, building rules and
formulas in order for students to be able to
experience the actual doing of mathematics and
find relations between different notions. In this
constructive  process, two types of
understanding and knowledge of mathematics
could be considered. Relational understanding
— as knowing both what to do and why, and
instrumental understanding — as the ability to
execute mathematical rules and procedures
(Skemp,1976). Similarly, conceptual
knowledge — a knowledge-rich in relationships,
which can be thought of as a connected web of
knowledge, a network in which the linking
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relationships are as prominent as the discrete
pieces of information, and procedural
knowledge — a knowledge that consists of rules
or procedures for solving mathematical
problems (Hiebert & Lefevre, 1986).

In terms of teachers’ views of the nature
of mathematics, like their belief systems on the
nature of mathematics as a whole, they form the
basis of the philosophy of mathematics,
although some teachers’ views may not have
been elaborated into fully articulated
philosophies. Therefore, “teachers' conceptions
of the nature of mathematics by no means have
to be consciously held views; rather they may
be implicitly held philosophies” (Ernest, 1989,
p. 249). Based on their observed occurrence in
the teaching of mathematics, Ernest (1989)
describes three philosophies of mathematics:
instrumentalist, Platonist, and problem-solving.
In the instrumentalist view of mathematics,
mathematics is an accumulation of facts, rules,
and skills to be used in the pursuance of some
external end. Thus, mathematics is a set of
unrelated but utilitarian rules and facts. In the
Platonist view of mathematics, mathematics is
a static but unified body of certain knowledge.
Mathematics is discovered, not created. In the
problem-solving view of mathematics,
mathematics is a dynamic, continually
expanding field of human creation and
invention, a cultural product. Mathematics is a
process of inquiry and coming to know, not a
finished product, for its results remain open to
revision.

According to Ernest (1989), these three
philosophies of mathematics, as systems of
beliefs, can be assumed to form a hierarchy. In
this hierarchy, instrumentalism is at the lowest
level, involving knowledge of mathematical
facts, rules, and methods as separate entities.
The Platonist view would be at the next level,
involving a global understanding  of
mathematics as a consistent, connected, and
objective structure. Finally, at the highest level,
the problem-solving  view  perceives
mathematics as a dynamically organized
structure located in a social and cultural context.

THEORETICAL FRAMEWORK

Green  (1971) introduced  three
dimensions of belief systems: quasi-logical
relationships, psychological strength, and
isolated clusters. In a quasi-logical
relationship, beliefs can be either primary or
derivative (a belief that is derived from a
primary belief). For instance, if a student
believes that learning mathematics is useful for
his/her life, this would be considered a primary
belief. If a student thinks that it would be
important to work hard in mathematics class
and tries to relate problem-solving exercises to
everyday life, these would be considered
derivative beliefs. In the psychological strength
dimension, beliefs can be either central or
peripheral. Central beliefs are held most
strongly, whereas peripheral beliefs are held
less strongly and can be changed more easily.
For instance, an experienced teacher holds more
central, deep-rooted beliefs, whereas a newly
hired teacher holds more peripheral, changeable
beliefs. In the isolated clusters dimension,
beliefs are held in clusters, where “nobody
holds a belief in total independence of all other
beliefs. Beliefs always occur in sets or groups”
(p. 41). An example of this would be when we
talk about mathematics. We could broadly
classify beliefs about mathematics in relation to
the nature of mathematics, teaching and
learning of mathematics, the nature of
mathematical knowledge and understanding,
etc.

Research Questions

Although the goal of this paper is to study
beliefs about mathematics and mathematics
assessment of participants who teach
mathematics at the university level, the vast
majority of research addresses the beliefs and
practices of mathematics school teachers.
Therefore, the lack of research studies on
mathematics  professors'  beliefs  about
mathematics and mathematics assessment, led
me to study the relationships between the
mathematics  professors'  beliefs  about
mathematics, mathematics assessment and
written and oral mathematics assessment. So,
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the following questions have been investigated
in this paper: 1) What are the mathematics
professors’ beliefs about mathematics? 2) What
are the mathematics professors’ beliefs about
mathematics assessment? 3) What are the
mathematics professors’ beliefs about written
mathematics assessment? 4) What are the
mathematics professors’ beliefs about oral
mathematics assessment?

METHOD

The research design for this study is
qualitative. Seven participants ~ were
interviewed using open-ended questions to
gather information about their beliefs about
mathematics and mathematics assessment, and
their personal experiences and perspectives on
using written and oral assessments in the
mathematics classroom. These participants
were selected based on the following criteria:
each participant had been exposed to oral
assessment either as a student and/or professor.
In terms of recruitment, this study used a
methodology of snowball sampling, a technique
for finding research subjects in which one
subject gives the researcher the name of another
subject, who in turn provides the name of a
third, and so on (Vogt, 1999).

Seven mathematics professors and
instructors were selected for interviews:
Melissa, Elisabeth, Van, Nora, Dave, James,
and Jane. These names are pseudonyms.
Melissa, Elisabeth, Van, and Nora were born
and educated in Poland, Romania, Bosnia, and
Ukraine, respectively, and are currently
teaching at a Canadian university, while Dave,
James, and Jane were born and educated in
Canada, Germany, and the United States,
respectively, and are currently teaching at a
university in Germany. With respect to
familiarity with oral assessment, Van, Melissa,
Nora, and Elisabeth had been previously
exposed to oral examination in mathematics
prior to moving to Canada, while Dave and

Jane, who were educated in Canada and the
United States, had never been exposed to oral
examination in mathematics prior to moving to
Germany. James was born and educated in
Germany, and thus, he has had a lot of exposure
to oral assessment in mathematics.

This study used the qualitative research
method for data collection and analysis because
it focuses more on an in-depth understanding of
mathematics  professors’  beliefs  about
mathematics assessment and mathematics
assessment practice from various schooling and
teaching cultures. The audio recordings of
interviews were transcribed, and after they were
transcribed, the possible patterns were looked
for. By looking for patterns throughout the data,
the goal was to identify some shared views
among participants, which helped in defining
the themes for discussing and organizing the
results of the data. These themes are discussed
in what follows.

RESULTS AND DISCUSSION

This section takes a look at the
participants’  beliefs about mathematics,
mathematics assessment, and written and oral
mathematics assessment. It also discusses the
relationships between the participants’ beliefs
about mathematics, mathematics assessment,
and written and oral mathematics assessment.

Beliefs about Mathematics and Mathematics
Assessment

The  participants’  beliefs  about
mathematics and mathematics assessment are
presented in Table 1 and Table 2. The words
highlighted in italics in Table 1 and Table 2 are
the common words identified in the
participants’ shared responses about their
beliefs about mathematics and mathematics
assessment. These common words are:

‘understanding,”  ‘knowing,”  ‘application,’
‘thinking,”  ‘reasoning,”  ‘concept,”’  and
‘procedure.’
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Table 1. Beliefs about Mathematics

Definition

Participants

Mathematics  knowing theory and application
is

a way of thinking about things

Nora; Melissa;
Elisabeth

Dave; Van

art of working with abstract concepts towards their James

understanding
pattern recognition

Jane; Nora

Table 2. Beliefs about Mathematics Assessment

Purpose

Participants

Mathematics
assessment
should

concept and procedure

promote discussion

assess reasoning, logical thinking, and understanding of the Melissa; Van;

Jane; Nora
Elisabeth

sort out future mathematics teachers who are good and not Dave

good in mathematics

assess recipe mathematics to non-mathematics major James
students and conceptual mathematics to mathematics major

students

When it came to the participants’ beliefs
about mathematics, it seemed that most of the
participants’ beliefs about mathematics were in
relation to knowing and understanding the
mathematical concepts and their applications.
Similarly, when it came to the participants’
beliefs about mathematics assessment, what
most of the participants valued about
mathematics assessment was the ability to
assess students’ reasoning and understanding of
the concepts and procedures.

An interesting comment came from Dave
when he talked about his beliefs on what would
be the main purpose of mathematics assessment
in his mathematics course for future school
teachers that he teaches in Germany:

If you like, the primary function

of my assessment isn’t to tell

anybody how good they are at

math. It is to sort out people who

are bad at it. And in the best of

all possible worlds, | would like

to say, “Well you’re only bad at

it because you had ten years of

bad math teaching in school,”

and so we’ll just try and fix that.

But my experience is that it takes

more than ten weeks to fix ten

years of bad teaching.

The  participants’  beliefs  about
mathematics assessment are based on their prior
schooling and teaching experience. Oral
examinations in mathematics were part of the
educational system in some of the participants’
prior schooling and teaching experience.
Therefore, the oral exams were considered to be
an essential and natural part of the examination
process, from primary to higher education.
Melissa, James, and Jane exemplified this:

We were used to it: It was

natural. It was not something that

was that different in high school;

it was a continuation of high

school. (Melissa)

Mathematics | think very much

lives from discussions. So, for

me, the oral examination is much

more natural, and the written
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examination is just out of

necessity. (James)

I have reasons that | feel are good

reasons why | prefer written

exams, but, you know, maybe |

wouldn’t think those things if I

had gone through a system with

oral exams. (Jane)

On the other hand, oral exams can cause
discomfort to those who have never been
exposed to them as being something that is not
completely natural or familiar. Then, Dave
exemplified his view on the possibility of using
the oral exams:

It is primarily, | guess, if you

like, a cultural issue [...] I think

there is going to be a difference

between me doing an oral exam

and somebody who has grown up

with oral exams doing an oral

exam [...]. 'm doing something

that is not part of my cultural

background, so I don’t have any

intuitions about it, even if | have
knowledge about it.

An interesting finding came from the
participants’ responses in relation to the
questions that they were asked, specifically
putting the emphasis on the word ‘assessment.’
Therefore, when the participants were asked
‘What kind of assessment are they currently
using in their mathematics courses?’, Van,
Melissa, Elisabeth, and Nora all used the word
‘assessment’ in their responses, while Dave,
Jane, and James all responded by using the
words ‘exam’ and/or ‘examination’ instead. On
the other hand, when the participants were
asked ‘What kind of assessment were they
exposed to in their mathematics courses before
coming to Canada and Germany?,” Van,
Melissa, Elisabeth, Nora, and James all
responded by using the words' exam ‘and/or'
examination ', while Dave and Jane both used
the word ‘assessment’ in their responses.
Despite the fact that both questions emphasized
the 'assessment' that participants are currently
or have previously used, the words 'assessment,’
‘'exam,” and ‘'examination’ were used

8

interchangeably depending on the participants'
current or previous experiences  with
mathematics assessment. It seems that the
participants who responded with 'assessment’,
their current or past experiences consisted of
using multiple forms of written assessment in
mathematics, such as mid-term exams, final
exams, quizzes, homework assignments, online
assignments, participation, essays, reflections,
etc. On the other hand, the participants who
responded with ‘exam/examination, Said that
their current or past experiences with
mathematics assessment consisted of using only
written and oral exams as the only two forms of
assessment that count for students’ final grades.

Beliefs about Woritten Assessment in
Mathematics

The participants’ beliefs about written
assessment in mathematics can be divided
between the positive aspects and the negative
aspects of written assessment in mathematics.
Based on the positive aspects, written
assessment in mathematics: 1) allows the
relationship only between the student and the
subject that is being assessed; 2) provides an
opportunity to answer questions in order of the
student’s preference; and 3) provides a written
record of the student’s performance.

Allows the relation only between the student
and the subject that is being assessed

When asked to describe some of the
positive aspects of written assessment, Melissa
explained:

| probably had a slight preference

for writing because this was only

between me and the subject.

Provides an opportunity to answer questions in
order of student’s preference

Jane exemplified this based on her
experience with using the written assessment in
mathematics courses during her previous
education:

When you have a written exam,

you have a choice of answering

questions in different orders.

Then you really have time.
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Provides a written record of student’s
performance

Jane also mentioned that one of the
positive aspects of a written assessment is that
during the written exams there is a written
record or a proof of students’” work. She
explained:

When you have a written exam,

there is this record of like a

complete detailed record of what

happened on the exam, so the

student has some sort of form of

recourse if they feel they weren’t

graded correctly. And it’s there,

it’s written.

On the other hand, based on the
negative aspects, written assessment in
mathematics: 1) does not prevent
plagiarism; 2) does not provide an
opportunity to redeem; and 3) limits an
examiner to assess a wide range of
students’ knowledge and understanding
of the subject.

Does not prevent plagiarism

When the participants were asked if it
was possible for students to cheat during the
written exams, Melissa responded:

It was possible because, inaway,

in a large room, possibly

somebody would bring a piece of

paper with something

Does not provide an opportunity to redeem

According to Elisabeth and Nora, when
there is only a written exam, then there is no
opportunity for students to have another chance
to redeem themselves if they do not do well on
the written exam. They explained:

Sometimes, when there is only a

written exam, some people may

claim, "Oh, I knew it, but | got

stuck,” or "I had a bad day, and

everything was on that exam.”

(Elisabeth)

You have no chance to redeem

yourself if, by accident, you got

the questions exactly in the areas

19

where you are not the best.
(Nora)

Limits an examiner to assess a wide range of
student’s knowledge and understanding of the
subject

Nora explained this when she was asked
to describe some of the negative characteristics
of written assessment:

First of all, a written exam can

test some parts, but not

everything of what you have

studied.
Beliefs about Oral  Assessment in
Mathematics

When it comes to the participants’ beliefs
about oral assessment in mathematics, they can
also be divided between the positive aspects and
the negative aspects of oral assessment in
mathematics. Based on the positive aspects, oral
assessment in mathematics: 1) is reactive to
students’ needs in terms of providing an
opportunity for discussion, follow-up questions,
and instant feedback; 2) reaffirms or improves
students’ grades; 3) prevents plagiarism; 4)
provides an opportunity for students to assess
themselves by listening to their classmates; 5)
can assess students’ thinking; 6) provides an
opportunity to redeem; 7) allows differentiated
assessment; 8) provides an opportunity to adapt
the level of questions to each student’s level of
response.

Is reactive to student’s needs in terms of
providing an opportunity for discussion, follow-
up questions, and instant feedback

Melissa and Elisabeth exemplified this
when they were asked to describe some of the
positive characteristics of oral assessment:

It was this instant feedback and

the possibility of follow-up

questions or discussion, and

sometimes it was  also

discussion, because in cases

when the instructor felt that you

were doing a good job, you had

an opportunity for some sort of

exchange. Sometimes it felt like
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a more rewarding experience
than just a written one. (Melissa)
So, you would submit an
assignment, and maybe you get it
back one week or maybe later
than one week after that, and
maybe you don’t care anymore,
and maybe you have read the
solutions that are possible and
then you don’t care about
comparing with your work and
fixing your mistakes or
something like that. But when
you have an oral examination,
maybe you will work on that
instantaneously. This idea of
learning from your mistakes, |
think is more valuable in the oral
examination or in the oral
conversation. (Elisabeth)

Reaffirms/improves students’ grades

Melissa commented that the oral
assessment not only provides an opportunity for
students to confirm their knowledge and
understanding of the material but also usually
provides an opportunity for students to improve
their course grades:

| felt that it was generally an

opportunity to reaffirm or correct

your written examination. And, |

felt that in most cases it was, in

practically all cases, that it was

reaffirming or improving the

grade.

Prevents plagiarism

In terms of cheating during the oral
exams, Melissa, Elisabeth, and Van all
expressed their own opinions based on their
experiences with using the oral exams in
mathematics courses during their previous
teaching and schooling:

Well, you did not have access to

any of your notes or anything. In

theory, you could have

somebody else substitute for

you, but I’ve never heard of

anything like this. 1 don’t
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remember whether there were
any ID checks when entering.
This, I don’t remember. I don’t
see how you can cheat during the
oral. (Melissa)

I don’t think they can cheat.
When you step in front of an
examiner, if the student has the
topic on the notes, so sometimes,
yeah, some people could cheat in
that time given before stepping
into the oral examination, so they
could get access to notes and
write something on that paper.
But, once you are in front of the
examiner, once you are in the
out, what is on the paper through
the process of discussion of
guestion and answer, you can see
if the student got access to that
special formula. (Elisabeth)

You cannot cheat on the oral
exam. That was my always
experience, and for good or bad,
I mean on the oral exam, you are
on your own. (Van)

Provides an opportunity for students to assess
themselves by listening to their classmates

Elisabeth explained this when she talked
about her experience during the oral
examination as a student:

That was a very good way to

know where each and everyone

stands because in college, and in

elementary and high schools,

everybody used to be there, and

the examination is in front of the

entire class.

Can assess students’ thinking
Elisabeth also mentioned that one of the
positive aspects of an oral assessment is that it
provides an opportunity for students to show
their thinking process about the material that is
being assessed. She commented:
That line of thinking is
something that we can assess
through the oral examination.
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Provides an opportunity to redeem
If there is an oral exam, then there is an
opportunity for students to have another chance
to redeem themselves in case they do not do
well on the written exam. Nora explained:

What was fantastic about it, what
I really loved, is that you had a
chance to redeem yourself,
because some students get really
scared when they get a question.
I have seen it. They get frozen.
They stop writing. Some are so
jittery. | have seen it all, here. If
it happens to you, even if you
come with a blank sheet of paper
to the professor, they can start
talking to you, and within 5
minutes you calm down
normally. They would ask you,
“Okay, so what do you say on
this? What is the theorem? Okay,
what do you recall? You forgot
the proof. Okay. So, can you tell
me the actual theorem? Okay.
Where do you start in this
theorem?”

Allows differentiated assessment
With the oral assessment, students also
have the option to show and present their
knowledge and understanding of the material
orally, not just through writing. Dave explained:

The advantage that | can see is
that the written exam format is
one format of assessment, and
not everybody is equally good at
dealing with that format. So, in
general, in assessment, it is
understood that multiple forms
of assessment are better than a
single form of assessment.
Because then the format of the
assessment is having less of a
weight on the outcome. So, then
it would make sense for
everybody to have a mixture of
oral, written  performance,
different kinds of assessment in
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every course, but that doesn’t
happen. And in courses with

hundreds of people, | can
imagine it would get quite
complicated.

Provides an opportunity to adapt the level of
questions to each student’s level of response

During the oral examination, an
examiner is able to adjust the exam questions
according to the student’s knowledge and the
ability to answer the questions. James and
Elisabeth exemplified this:

In the oral exams, | get to know

the person better, how he or she

thinks, and | can very much

adapt the level of questions to the

level of response. This allows me

for  instance, from  the

homework, if | have the

impression this is a really good

person, | would start out asking

difficult questions to allow him

or her to get an A. And, for other

people who I don’t really know,

I would also start high level, but

not very high and then see

whether | can go towards an A

guestion or go towards a

guestion that just gives a D or

something. So, this flexibility is

what | very much value in oral

exams, but at the same time it

involves subjective decisions.

(James)

So usually starting from one

guestion, one problem or one

exercise and then if that was

going nicely, correctly, fluently,

maybe all was good. But if the

student will stumble and not be

able to do it, then giving them

easier and easier questions to

solve because if somebody is

stuck at some topic, maybe if

they cannot do the derivative,

you have to see if they can do

limits, and if they cannot do
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limits, you have to get lower and
so. It takes time. (Elisabeth)

On the other hand, based on the negative
aspects, oral assessment in mathematics: can
make the students feel intimidated or
discriminated by an examiner.

Can make the students feel intimidated or
discriminated by an examiner

As students, Van, Elisabeth, Nora, and
Melissa shared their personal experiences with
oral exams. Van and Elisabeth commented that
during the oral examination, some professors
would even mock a student if he/she was not
well prepared for the exam. They explained:

that was a subsection, which was
more towards the engineering
mathematics. And some of the
professors were very old school,
old gentleman, like 70, I would
say plus. In their opinion, a girl
could never get an A. So, |
challenged that with a professor.
I asked him, “Okays, if you think
that I’'m not getting the level, ask
me as much as you want. Four
hours.” After that, I had the
reputation ‘don’t touch her’
because if | know that | know,
they cannot do anything to me.

Melissa also had a similar
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One thing that I didn’t like about
oral exams was that there were
people that were misusing their
powers over students. And, some
kind of verbal abuse in front of
your peers that we cannot even
imagine here in Canada. Yeah,
making fun of somebody that
he/she feels stupid in front of
twenty, thirty people was a
regular, and, also, | mean there
were extreme cases that sadly
I'm aware of that some
instructors were just corrupted.
(Van)

Sometimes in Romania, they
could make fun of you even in
university.  Professors, yeah
when writing something really
wrong. If there was something
wrong with some of the basics
and you got it incorrect or
something like that. Yeah, they
would make fun of vyou.
(Elisabeth)

Nora talked about how she felt

being discriminated in mathematics
class as a female student:

Discrimination of some sort was
going. | was a victim of
discrimination myself because |
was in the math department, but

experience during her schooling:
There were a couple of those
which I felt I've been too
intimidated, but overall it was a
positive experience. It was
because of the feeling that the
examiner is sort of this
inaccessible person, which is just
examining me and not [...] yes,
S0 it is not somebody | would be
free to ask questions. So,
intimidation was often related to
the personality of the instructor.

Clusters of Beliefs and Their Relationships
The goal of this paper was to identify
relationships between the participants’ beliefs
about mathematics, mathematics assessment,
and written and oral mathematics assessment.
Based on Green’s (1971) concepts of primary
and derivative beliefs, this study looked into
beliefs that have a direct relation to
mathematical beliefs. Moreover, with the
addition of beliefs about written and oral
mathematics assessment, a third belief system is
proposed: sub-derivative belief — a belief that
is derived from a derivative belief (a belief that
is derived from a primary belief). Based on the
participants’ prior schooling and teaching
experience in oral and written assessment
cultures, two clusters of beliefs were identified.
These clusters of beliefs are presented in Figure
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1 and 2. This paper will be referring to the oral
assessment cultures restricted to countries that
are involved in this study, and these are: Bosnia,
Germany, Poland, Romania, and Ukraine. It
will also be referring to the written assessment
cultures of Canada and the United States.
Written assessment culture is defined as a
culture in which oral assessment in mathematics
is not part of the system of education, while oral
assessment culture is one where oral assessment
is an important part of assessment practice in
mathematics.

Mathematics Is Knowing And Understanding The Concepts And Their

Primary Belief Applications

y

Mathematics Assessment Should Assess Reasoning And Understanding

Derivative Belief Of The Concepts And Procedures

Oral Assessment Can Assess Conceptual Knowledge And Relational
Understanding
Sub-Derivative Belief
Written Assessment Can Assess Procedural Knowledge And Instrumental
Understanding

Figure 1. The Cluster of Beliefs Based on the
Participants’ Schooling and Teaching
Experience in Oral Assessment Cultures

Mathematics Is Knowing And Understanding The Concepts And Their

Primary Belief Applications

Mathematics Assessment Should Assess Reasoning And Understanding

Derivative Belief Of The Concepts And Procedures

Written Assessment Can Assess Conceptual Knowledge And Relational
Understanding, And Procedural Knowledge And Instrumental
Understanding

Sub-Derivative Belief

Figure 2. The Cluster of Beliefs Based on the
Participants’ Schooling and Teaching
Experience in Written Assessment Cultures
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Figure 1 and 2 represent both clusters
with a primary belief ‘mathematics is knowing
and understanding the concepts and their
applications’ and a derivative  belief
‘mathematics  assessment should assess
reasoning and understanding of the concepts
and procedures’. These primary and derivative
beliefs are explained in Table 1 and 2. On the
other hand, both sub-derivative beliefs, ‘oral
assessment can assess conceptual knowledge
and relational understanding, and written
assessment can assess procedural knowledge
and instrumental understanding’ (Figure 1), and
‘written assessment can assess conceptual
knowledge and relational understanding, and
procedural knowledge and instrumental
understanding’ (Figure 2), are derived from a
derivative belief. These sub-derivative beliefs
are explained in my previous study (Videnovic,
2017a), in which these same mathematics
professors and instructors were asked to share
their personal experiences of using written and
oral assessments in the mathematics classroom.
Their sub-derivative beliefs are based on their
prior (or lack of) exposure to oral assessment in
mathematics.

CONCLUSION

Initially, the main purpose of this
research was to find out how mathematics
professors experience and view oral and written
assessments in mathematics. In this paper, the
results showed that similar beliefs about
mathematics and mathematics assessment result
in different beliefs about written and oral
mathematics assessment.

The primary belief about mathematics
(‘mathematics is knowing and understanding
the concepts and their applications’) was also
included in the participants’ beliefs about
mathematics assessment. In other words, the
participants’ belief about the purpose of
mathematics assessment was derived from their
primary  belief  about  mathematics—
‘mathematics  assessment should assess
reasoning and understanding of the concepts
and procedures’. This belief about the purpose
of mathematics assessment is closely related to
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one of the three major purposes of assessment
according to Brown (2008), which is that the
purpose of assessment is to improve teaching
and learning. In this ‘assessment as
improvement of teaching and learning’, the
purpose of assessing students’ knowledge and
understanding is to gather the information that
would lead to changes in teaching and learning
practices, so that improvement in students’
achievement can be facilitated.

The participants’ beliefs about written
and oral mathematics assessment were derived
from their belief about the purpose of
mathematics assessment (‘mathematics
assessment should assess reasoning and
understanding of the concepts and procedures’),
and they were strictly based on their prior
exposure (or not) to oral assessment in
mathematics. For the participants who had been
exposed to oral assessment in mathematics,
their sub-derivative belief about written and
oral mathematics assessment was that ‘oral
assessment can assess conceptual knowledge
and relational understanding, and written
assessment can assess procedural knowledge
and instrumental understanding’. On the other
hand, among the participants who had not been
exposed to oral assessment in mathematics,
their sub-derivative belief was that ‘written
assessment can assess conceptual and
procedural  knowledge, and relational
understanding and instrumental understanding’.
These aspects of oral and written assessment in
mathematics have not been specifically
discussed in any of the literature on
mathematics assessment. The closest research
to these results on what can be assessed in oral
assessment is that oral assessment promotes
deep comprehension of the learned material
(lannone & Simpson, 2012, 2015; Joughin,
2007; Lianghuo & Mei, 2007; Nelson, 2010;
Nor & Shahrill, 2014; Odafe, 2006; Roecker,
2007), provides long-lasting mathematical
knowledge (lannone & Simpson, 2012), and
can determine students’ critical thinking
abilities (Badger, 2010).

The participants’ beliefs about the
positive aspects of oral assessment in
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mathematics are consistent with the research
which showed that the oral assessment: is
reactive to students’ needs (lannone &
Simpson, 2015); allows for probing knowledge
through dialogue (Badger, 2010; Joughin, 1998;
Odafe, 2006); provides immediate feedback
(Boedigheimer et al., 2015; lannone &
Simpson, 2012; Odafe, 2006; Roecker, 2007);
prevents plagiarism (Huxham et al., 2012;
Joughin, 1998; Nor & Shahrill, 2014);
encourages students to deeply engage with the
course material (Boedigheimer et al., 2015;
lannone & Simpson, 2012; Nor & Shabhrill,
2014; Odafe, 2006); and prevents one small gap
in knowledge completely stalling a solution
(Joughin, 1998), or, in other words, provides an
opportunity to adapt the level of questions to
each student’s level of response. The
participants also mentioned that the oral
assessment provides an opportunity for students
to assess themselves by listening to their
classmates during the oral examination. This
aspect of oral assessment had not been
introduced in any of the literature on oral
assessment.

When it comes to the limitations of the
findings, the study was conducted in a context
that included participants who were very
successful as students in learning mathematics.
Therefore, this is an important factor in
participants’ perceptions of mathematics and
mathematics assessment. If interviewees of this
study were people who were not successful in
mathematics subjects as students, they may
have had different experiences and perspectives
on mathematics and mathematics assessment.
Other sources of data and other research
methods can be used to study other aspects of
the oral assessment context and experience.
Thus, some of the following research topics are
recommendations for possible future research
studies: 1) to perform a quantitative study in
order to understand whether these beliefs about
mathematics and mathematics assessment,
specifically written and oral mathematics
assessment, from this study, expand to a larger
population of mathematics professors from
different schooling and teaching cultures; 2) to
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compare  mathematics  professor-student
interaction during the teaching in oral and
written assessment cultures; 3) to compare
students’ oral and written responses on oral and
written mathematics exams in order to see
which response meets the standard of what is
considered a satisfying mathematical answer
(for instance, by video recording an oral
examination in a mathematics classroom).
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