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ABSTRACT The researchers report on findings obtained by means of a sequential, explanatory, mixed-method
study with a convenient and purposefully selected group of second-year Mathematics students at a South African
university (n = 29). Using a self-developed questionnaire, the researchers profiled how important students perceive
critical thinking dispositions to be in Mathematics. Further, narratives focused on understanding the factors that
may influence these perceptions.The findings revealed that dimensions of inquisitiveness, judiciousness,open-
mindedness, Systematicity, truth seeking, analyticity and confidence appear to require encouragement.  In particular,
the factors that influenced the perceptions of the students centred on classroom-related issues.

INTRODUCTION

A changing and challenging world demands
not only the teaching of facts, but also the culti-
vation of critical thinking, including the devel-
opment of critical thinking skills, as well as dis-
positions at all levels of education (Qing et al.
2010). The new Curriculum and Assessment Pol-
icy Statement (CAPS), which guides yet anoth-
er reform in South African education, aims to
equip students for the changes and challenges
of the 21st century.  Students should be able to
“use mathematical process skills to identify, in-
vestigate and solve problems creatively and crit-
ically” (Department of Basic Education 2011).
Although, this is a noble goal, an average of
only 13 percent and 14 per cent was obtained by
Grade 9 learners in the Annual National Assess-
ments (ANA) for Mathematics in 2012, and 2013,
respectively (Fredericks 2012; Department of
Basic Education 2013), which indicates that the
development of the mentioned process skills
appears to be problematic (Leong et al.  2013;
Gunhan, 2014; Tsanwani et al.  2014).  Similar
trends in Mathematics performance are noted
internationally.  Canada has dropped out of the
top ten in international math education stand-
ings (Alphonso 2013).  In comparison to the 28
percent of Taiwanese and about 20 percent of
students in Hong Kong, Korea and Finland who

achieved an advanced level in Mathematics,
only 6 percent of high school students graduat-
ed in the United States during 2009 at an ad-
vanced level in Mathematics (Kilpatrick 2011).

Palmer (2007) and Paul and Elder (2008) con-
sider critical thinking to be a prerequisite for crit-
ical thinking dispositions, while Facione (2000)
and Profetto-McGrath (2003) highlight the im-
portance of dispositions to improve learning in
Mathematics.  Knowing Mathematics involves
more than just memorizing facts, it also involves
dispositions to explain convincingly one’s ideas
to others (Francisco 2013).  The researchers sup-
port the view of Profetto-McGrath (2003), and
therefore state that a lack of critical thinking dis-
positions may contribute to the perturbing re-
sults in Mathematics nationally and internation-
ally.  Eli and Mohr-Schroeder (n. d. ) continue to
emphasize the importance of building habits of
mind in Mathematics as they promote a broad
foundation for mathematical knowledge and are
essential for problem-solving.

Research and working group discussions
determined that dispositions among Science and
Mathematics students at school level are prob-
lematic (Cuoco et al. 1996; Saleh and Khine 2011;
Elyousif and Abdelhamied 2013; Matsuura et al.
2013; Temel 2014).  Curriculum development ef-
forts attempt to provide students with skills to
successfully practice thinking dispositions. In
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this regard Francisco (2013) and Temel (2014)
advocated for student-centred approaches to
teaching Mathematics, where collaborative work,
discovery learning, discussions, problem-solv-
ing and construction of knowledge are used to
shape students’ views on learning and thinking
and enhance achievement in Mathematics (Cuo-
co et al. 1996; National Centre for Education
Evaluation and Regional Assistance 2013); how-
ever, teachers’ understanding of these disposi-
tions is problematic and they lack the experi-
ence and skills to develop them (Elyousif and
Abdelhamied 2013). Three international quanti-
tative studies determined the critical thinking
dispositions of pre-service teachers at a private
university (Facione et al. 1995), among commu-
nity college student teachers (Bers et al. 1996),
as well as pre-service physical education teach-
ers at nine universities in the USA (McBride et
al.  2002).  Among others, truth seeking appears
to be a disposition that could be more positively
endorsed by student teachers.

To the best of the researchers’ knowledge,
no national or international research on critical
thinking dispositions among pre-service Math-
ematics teachers has been conducted. The cur-
rent paper extends the international research base
on critical thinking dispositions, as it is a first
attempt at creating a profile of the characteris-
tics of critical thinking dispositions among pre-
service Mathematics teachers at a South Afri-
can university, and at establishing the factors
that may influence the importance with which
critical thinking dispositions are viewed.  The
findings of this paper can be compared to the
findings of the international studies, according
to which tendencies in the dispositional devel-
opment of pre-service teachers in general can
be identified. The identification of these tenden-
cies could lead to suggestions for enhanc-
ing teacher-training curricula nationally and
internationally.

In order to emphasize the important role of
critical thinking dispositions in Mathematics, the
following section elucidates this relationship.

The Importance of Critical Thinking
Dispositions in Mathematics

Mathematics has mainly been regarded as a
set of rules that has to be mastered, comprising
arithmetic operations, mysterious algebraic equa-
tions and geometric evidence (Van de Walle

2004).  The “follow-the-rules”, calculation-dom-
inated and response-oriented view is a distor-
tion of what Mathematics really is (Van de Walle
2004). On the contrary, students should ask
questions and evaluate their own answers (Van
de Walle 2004), which implies the application of
critical thinking skills.  A certain disposition is
therefore necessary to recognize when critical
thinking skills are needed and there must be a
willing mental effort to apply the skills (Facione
2000, 2011).  In support of Facione (2000) and
Profetto-McGrath (2003), the present paper elu-
cidates that such dispositions are crucial for crit-
ical thinking and that critical thinking will not
take place or will be inferior if these dispositions
are not regarded as important. According to
Anderson (2010), these dispositions are tools
that are employed skilfully and mindfully by peo-
ple when confronted with problems, the solu-
tions to which are not immediately apparent.

Thinking dispositions develop in classroom
environments where students have opportuni-
ties to reason and construct their own knowl-
edge (Staples 2007; Van de Walle et al.  2010).  In
order to learn Mathematics, students must learn
to think critically through problem-solving
(M·rcuþ 2005). They should be able to commu-
nicate and reason mathematically, and develop
confidence in their ability to use Mathematics
(Heddens et al. 2009). For this purpose they re-
quire the dispositions of having confidence in
reasoning, being committed to solving challeng-
ing problems (Facione 2011), and seeking the
truth by probing and searching for the best pos-
sible solution to a problem (Facione and Facione
2010; Facione 2011).

Important critical thinking dispositions in
Mathematics include an open mind and appreci-
ation of new ideas, scepticism, searching for
evidence and logic, the consideration of alter-
natives, perseverance, a tendency to reflect on
learning, the creative use of imagination and
curiosity, and integrity, diligence and fairness
(Grotzer n. d. ; NCTM 1989). Open-mindedness
calls for respect of others’ opinions (Carroll 2004).
Being alert to alternatives and the consequenc-
es of decisions (Facione 2011), as well as being
attentive to reasoning (Ricketts et al.  2003), are
tenets of effective critical thinking dispositions
in Mathematics.

Inquisitiveness or intellectual curiosity (Fa-
cione 2010, 2011) is required to obtain the back-
ground knowledge for solving basic problems
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(M·rcuþ 2005; Winch 2006; Sezer 2008) for which
a systematic approach is needed (Consiglio 2003;
Department of Education 2003; Ayalon and Even
2008; Fradkin et al. 2010; Van de Walle et al.  2010).
Problem-solving in Mathematics requires fo-
cused and persistent ways of working (Ricketts
et al.  2003), distinguishing between crucial and
unimportant facts (Facione 2011), as well as re-
flecting on the decisions made.  In this regard,
judiciousness as a disposition drives the evalu-
ation of decisions to solve problems (Facione
2011).  The researchers explored that if students
do not work systematically, are not open-minded
and do not seek the truth, it will be difficult for
them to apply the higher-order thinking skills re-
quired in Mathematics (such as gathering, ana-
lyzing, organizing and evaluating information).

Cuoco et al.  (1996) and Maree et al.  (2004)
make it clear that dispositions are more impor-
tant than Mathematics results.  Cobb and Hodge,
as well as Ames and Archer (cited by Gresalfi
and Cobb 2006), agree that positive critical think-
ing dispositions serve as a motivation for learn-
ing and that students are intensively and more
effectively involved in Mathematics activities
when critical thinking dispositions are present.
There are, however, factors that might restrict
the development of students’ critical thinking
dispositions.

Factors Affecting Critical Thinking
Dispositions

The cultural environment and cultural dif-
ferences could contribute to poor thinking dis-
positions (Nisbett et al.  2001; Nisbett and Noren-
zayan 2002).  Individuals from a Western culture
who grow up in conditions where the focus is
on personal freedom, choice, curiosity and di-
versity will most likely show characteristics of
analyticity (Nisbett et al.  2001).  Emotional fac-
tors can also affect critical thinking dispositions
(Carroll 2004).  If a person fears that he or she
will not succeed in solving a problem, he or she
probably will not even try to do so (Carroll 2004).
Tension, nervousness, withdrawal, negative
feedback, fear and previous negative or posi-
tive experiences in the teaching and learning sit-
uation can impact on the manifestation of criti-
cal thinking dispositions, such as having or lack-
ing self-confidence in reasoning (Costa and
Kallick  2009b).

A teacher, who acts as a mediator,  who in-
tentionally selects and organizes the stimuli for
the students (Fraser 2006), enables them to dis-
tinguish between relevant and irrelevant infor-
mation, helps them to solve problems with con-
fidence, and contributes to their students’ dis-
positions of working efficiently and systemati-
cally (Fraser 2006; Costa and Kallick 2009c).

Questioning can encourage the development
of critical thinking dispositions (Elder and Paul
2004; Woolfolk 2004; Costa and Kallick 2009b).
When students are exposed to higher-order ques-
tioning, critical thinking dispositions, such as
curiosity, which encourage the construction of
new ideas, are aroused.

Students who rely on memorizing content
do not develop skills to gather and use informa-
tion (Grabe and Grabe 2004). They must be taught
to generalize and analyze effectively to solve
complex problems and draw valid conclusions
(English 2008; Weimer 2010; Hanford 2011;
Johnson 2012).When students are taught to
analyze and generalize when solving complex
problems, as well as to draw conclusions, a
sense of competence and confidence in their
own critical thinking is encouraged.

The use of reflection during teaching is im-
portant to encourage the development of criti-
cal thinking dispositions. If students do not learn
to develop the ability to reflect on ideas, they
will find it difficult to think about a problem or to
apply their ideas in other situations (Costa and
Kallick 2009c).

The classroom should contain a variety of
data sources such as books, encyclopaedias,
databases, calendars and dictionaries that serve
as sources from which students can collect in-
formation to encourage the critical thinking dis-
positions of curiosity and truth seeking (Costa
and Kallick 2009b).

Objectives

The objective of the paper is to determine
the perceptions of prospective Mathematics
teachers regarding the different critical thinking
dispositions.

METHODOLOGY

Framed within a pragmatic research para-
digm, explanatory, sequential, mixed-method re-
search was employed to collect data. A quanti-
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tative, descriptive survey research strategy with
a self-developed closed questionnaire compris-
ing 46 semantic scale items was employed as a
data-collection instrument. The researchers
wanted to determine objectively how important
the participants considered critical thinking dis-
positions in Mathematics.  The participants had
to rate the importance of the critical thinking
dispositions on a seven-point semantic scale
that ranged from 1 (important) to 7 (unimpor-
tant).  A number of questions related to different
dimensions of each of the seven critical think-
ing dispositions as identified by Facione (2000)
were posed.

Qualitative non-interactive phenomenologi-
cal research was undertaken by means of the
writing of narratives (Bold 2012). The results were
used to better understand the factors and expe-
riences that may influence the development of
the students’ critical thinking dispositions. The
narratives required an individual explanation from
each student regarding their rating as important
or unimportant in the questionnaire of the fac-
tors that influence their perceptions of the dif-
ferent critical thinking dispositions.

In order to ensure validity and reliability, the
researchers adhered to the following procedures
as explained below.

Reliability and Validity of Instruments

The reliability of the questionnaire was de-
termined using a pilot study with a group of
second-year Mathematics education students
for 2010.  Since the reliability of the first and
second pilot studies was low, some questions
were omitted or altered and new questions were
formulated.  After a third pilot study, acceptable
Cronbach alpha coefficients (which varied be-
tween 0. 596 and 0. 871) were noted for all ques-
tionnaire items.

Credibility of the qualitative research was
assured by the empanelment of a colleague who
is an expert in the field of critical thinking dispo-
sitions to verify the questions in the question-
naire, as well as the researchers’ interpretation
and analysis of the data.  Further, detailed and
rich descriptions of the students’ experiences
were obtained about the factors that influenced
their view regarding the importance of their crit-
ical thinking dispositions.

Sample

The population for this study comprised all
education students in South Africa majoring in
Mathematics. It was impossible to involve the
entire student population in the study, and there-
fore a study population that consisted of edu-
cation students (n = 29) majoring in Mathemat-
ics at a university in one of the nine provinces,
Gauteng, was chosen.  Non-probability, conve-
nient, purposeful sampling was used, because
the students were taught by the researchers and
therefore easily accessible.  As lecturers, the re-
searchers became aware of second-year educa-
tion students’ lack of critical thinking disposi-
tions, hence the purposeful focus on second-
year students.

Data Analysis

Frequencies were calculated for the respons-
es obtained on the seven-point scale for each of
the questionnaire items.  It was important to the
researchers that the students consider all the
different dimensions related to each of the criti-
cal thinking dispositions as important (1) and
indispensable for Mathematics.  Dimensions of
the critical thinking dispositions to which the mi-
nority and majority of the participants assigned a
value of 1 guided the formulation of the ques-
tions for the narratives to understand what fac-
tors influenced the students to regard certain di-
mensions of the critical thinking dispositions more
or less important than other dimensions.

Deductive and inductive content analyses
of the factors that influenced the participants’
perceptions of critical thinking dispositions were
used to extract the themes from the narratives
(Nieuwenhuis 2007) according to the following
categories: person, incidents, experiences and
the use of language and meaning attached to
events, as proposed by the literature for a narra-
tive analysis (McMillan and Schumacher 2006).

Ethical Issues

Ethical aspects related to the research prob-
lem, objectives and research questions, data
collection, data analysis and interpretation, and
the reporting and dissemination of the research
were taken into consideration (Creswell 2009).
The research aim and the students’ voluntary
involvement in the research were discussed with
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the students, after which written consent was
obtained. A code was allocated to each student
to ensure confidentiality and anonymity.

RESULTS

Quantitative Data Analysis

It is disconcerting to note that none of the
dimensions related to the various critical think-
ing dispositions were regarded as very impor-
tant by any of the students. A response of 1
(important) was considered as ideal because the
literature confirms that students should consid-
er all critical thinking dispositions as very im-
portant in order to apply critical thinking skills
successfully in Mathematics (Facione 1990;
Bailin et al.  1999). Certain dimensions within the

various dispositions appeared to be regarded
as less important than others.  In Table 1 a de-
scriptive analysis of the data is reported. For the
purpose of the paper, the researchers firstly draw
attention to problematic dimensions in each of
the dispositions that possibly require encour-
agement.  In addition, the dimensions which the
students appeared to value are also highlight-
ed, as these dimensions need to be reinforced
so that students stay committed and internally
attuned to keep on applying them.

Truth Seeking

Seeking the truth is concerned with finding
the best possible solution to a problem and un-
derstanding an issue thoroughly before making
a decision regarding the best way to solve a
problem.

Table 1: Frequencies for dispositions

Semantic scale 1 2 3 4 5 6 7
Question f f f f f f f n

Truth Seeking

2: …understand a Maths problem completely before making a decision
17   7   3  1  1 29

5: …not allow prejudice to influence decisions
  8 10   8  3 29

Open-mindedness
11: …show understanding for the worldviews of others

  6   8   9  2  3 1 29
12: . . .  show respect towards people whose ideas differ from mine

16 11  2 29
Analyticity
14: … my decisions should add meaning to my life

18   6   3  1 1 29
15: …foresee short-term outcomes for decisions

  6 13   6  3  1 29
Systematicity
21: …plan thoroughly before tackling a Maths assignment

  6 10   4  7  2 29
23: …set goals for myself according to which I tackle my studies

14   6   6  2  1 29
Confidence in Reasoning
25: …reflect on decisions that impact on my future

18   9   2 29
30: …reflect on (think about) my decisions

  7 14   5  2 1 29
Inquisitiveness
40:…study new information that has no relevance to my studies

  2   3   6  8  3 3 4 29
43:…work in advance and come to the Maths class prepared

13   5   5  2  3 1 29
Judiciousness
46:… when I am in doubt, I use other sources to verify my facts

16   7   5  1 29
50:… acknowledge that I am wrong

  3   9 11  5  1 29
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Although in the majority, only 17 participants
(58. 6%) viewed it as important to understand a
Mathematics problem fully before making a de-
cision, while only eight participants (27. 5%)
considered it important not to let prejudice af-
fect their decisions.

Mathematics relies on deductive evidence
and not on discovery and experiments (Ben-Hur
2006). Two important factors in the teaching of
Mathematics are procedural and conceptual
knowledge and the interaction between the two
(Bennie 2005; Ben-Hur 2006). Therefore students
should be able to give reasons for statements in
order to verify the truth. Halmos (quoted by
Schoenfeld 1992) claims that Mathematics fo-
cuses on problems and problem-solving, for
which the critical thinking disposition to seek
the truth is inseparable from the problem-solv-
ing process. When students are unplanned, im-
pulsive and unsystematic in solving problems,
they may not consider it important to identify
reasons for the steps in problem-solving and
the quality of their knowledge would possibly
be inadequate (Feuerstein 2007; O’Daffer et al.
2008; Eggen and Kauchak 2010). It would thus
appear that the majority of the participants act-
ed impulsively and did not have all the facts to
hand before making a decision.

The researchers argue that a lack of knowl-
edge or vague and cursory observation can con-
tribute to the reason why students are not able
to explain why a certain mathematical step is
followed when solving a problem (Feuerstein et
al.  2002; Feuerstein 2007). Students who are not
able to identify reasons for solving problems in a
specific way may also not be aware of the conse-
quences of their actions.  From the data it seems
that many students do not consider truth seek-
ing very important, as there were many students
who did not allocate a 1 on the semantic scale to
the dimensions related to this disposition.

Open-mindedness

Only six (20. 6%) participants considered it
important to understand the worldview of oth-
ers.  Sixteen participants (55. 1%) felt it was im-
portant to show respect toward someone whose
ideas differ from theirs.

Being open to a variety of ideas has the po-
tential to improve learning (Eggen and Kauchak
2010). The question arises as to whether and

how prospective teachers will develop this criti-
cal thinking disposition in their students against
the apparent unimportance with which open-
mindedness is viewed.  The critical and creative
identification and solving of problems may not
be successful when a person is not receptive to
the ideas of others.  The challenge in a Mathe-
matics class should be to seek alternative strat-
egies to solve problems (Krulik and Rudnick
1999; Paul and Elder 2008), and therefore an open
mind, respect, patience and tolerance toward
others are essential.

Analyticity

The majority, 18 participants (62%) in all,
apparently considered it important that their
decisions should add meaning to their lives,
while 6 participants (20. 6%) claimed that it is
important to be aware of the short-term outcomes
of decisions. To be aware of consequences
means to be aware of potential problems and to
note the foreseeable consequences of outcomes
(Facione 2011).

Inductive and deductive reasoning, as well
as the critical thinking dispositions needed to
analyze, synthesize and evaluate, are used in
Mathematics (Borich 2004; Ayalon and Even
2008). To use these skills successfully, it is es-
sential that students should be aware of rea-
sons and facts when problems are solved (Fa-
cione 2010), as well as of the consequences of
their decisions.  Mistakes made in Mathematics
should serve as opportunities from which they
can learn (Hiebert cited by Van deWalle et al.
2010). Prospective teachers must have the critical
thinking disposition to be aware of consequenc-
es, so that they may be able to explain to their
students the implications of the application of an
incorrect decision in respect of problem-solving.
Based on the responses, it could be argued that
there are many participants who do not regard
the disposition as very important (1) and there-
fore might need encouragement in developing the
propensity for working analytically.

Systematicity

Six participants (20. 6%) apparently planned
carefully before they tackled a Mathematics as-
signment, while only 14 participants (48. 2%)
probably set goals for themselves according to
which they tackled their studies.
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Since a systematic approach in Mathemat-
ics is essential (Ayalonand Even 2008; Fradki-
net al. 2010), the responses indicate that the ap-
parent unimportance with which this disposi-
tion is perceived could attribute to poor perfor-
mance in Mathematics.

Mathematics involves the systematic gen-
erating and applying of strategies for problem-
solving, and deciding whether they lead to sen-
sible solutions to problems (Ricketts et al.  2003;
Van deWalle et al.  2010; Facione 2011).  A sys-
tematic approach is an important critical think-
ing disposition in Mathematics (Department of
Education 2003; Jacobs 2004), and students who
consider a systematic approach to be unimpor-
tant might not persist and might not be focused,
orderly and diligent in the way they solve prob-
lems (Ricketts et al.  2003).

Strategies that can be used for a systematic
approach include having a problem-solving plan
(Woolfolk 2004; Tileston 2005; O’Daffer et al.
2008; Eggen and Kauchak 2010), analysing prob-
lems in the finest detail and distinguishing be-
tween relevant and irrelevant information (Fa-
cione 2011). It seems reasonable to conclude
that many of the participants might not have
strategies available for a systematic approach
to problem-solving, or that they might not be
capable of and dedicated to applying strategies,
because many of them did not view this disposi-
tion as very important (1).

Confidence in Reasoning

Confidence in reasoning needs encourage-
ment, as only seven participants (24. 1%) con-
sidered it important to reflect on their decisions
and 18 (62%) considered it important to reflect
on decisions that impact on their future.

Students must develop self-confidence, per-
severance and the courage to logically and crit-
ically solve problems (Van de Walle et al.  2010).
In addition, they need to think about the an-
swers to problems, ensure that sufficient infor-
mation for solving problems is available and re-
flect on their answers as important steps in the
problem-solving process (Woolfolk 2004;
Tileston 2005; O’Daffer et al. 2008; Eggen and
Kauchak 2010). These steps can encourage self-
confidence in reasoning as they encourage sys-
tematic thinking and problem-solving.  The re-
sponses are worrying as they indicate that stu-
dents might lack self-confidence. The research-

ers argue that a lack of confidence could be one
reason why students give up so easily, do not
complete Grade 12 or do not succeed at univer-
sity. If pre-service Mathematics teachers are not
confident in reasoning, they may also fail to cul-
tivate confidence in their learners.  Lacking con-
fidence in reasoning could also be attributed to
limited availability of strategies to solve prob-
lems.

Inquisitiveness

To be inquisitive means to continue to be
well informed and implies intellectual curiosity
(Costa 2009; Costa and Kallick 2009a; Facione
2011). The value of inquisitiveness in Mathe-
matics implies, among other things, that students
seek alternative solution methods (Elder and Paul
2002).  Only 13 participants (44. 8%) indicated
that they worked ahead to prepare themselves
for the Mathematics class, and two participants
(6. 9%) indicated that they consulted and stud-
ied new information.

The responses are alarming, especially when
seen against the background of the knowledge
explosion in technological fields, where inquisi-
tiveness is central to teaching and learning (Egg-
en and Kauchak 2004; Facione 2010).

Further, a lack of curiosity may result in stu-
dents not being receptive to others’ ideas, act-
ing impulsively and not persevering.

Judiciousness

A small number of participants (16, 55. 1%)
indicated that they regarded it as important to
recognize when they were wrong, where as only
three participants (10. 3%) indicated that it was
important to change their views on a matter.

Students must have an understanding of
other methods for problem-solving and recog-
nize that they have to adopt a variety of meth-
ods that lead to a solution (Hiebert cited by Van
de Walle et al. 2010). Since the students appeared
not to consider this critical thinking disposition
to be important, it appears that their responses
to this question do not support the statements
in the literature which argue that problem-solv-
ing should be accompanied by investigating di-
verse problem-solving methods (O’Daffer et al.
2008).

To have well-considered judgement means,
among other things, that students will realize
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that problems can have more than one solution
(Facione  2011).  It would appear that the partic-
ipants did not realize the meaning and value of
judiciousness, as only a few of them indicated
that they were able to recognize when they were
wrong, and were able to change their views on
an issue.

Qualitative Data Analysis

With regard to the category person, parents,
teachers and peers, the personal attitude of the
participants themselves, and teaching and learn-
ing experiences, as well as realising the positive
meaning that the dispositions have for living
were consistently mentioned by most partici-
pants as factors that contributed to their regard-
ing critical thinking dispositions as important:

Both groups, namely those who considered
critical thinking dispositions to be unimportant,
and those who considered them to be impor-
tant, mentioned the significant role of the per-
son himself or herself: “my personal best in what
I set my mind to and what I find interesting”,
“dedication within myself in getting to enjoy
Maths problems” and “to see or prove that I
can do rough problems”. Moreover, educators,
parents, family and friends were also regarded
as important in the development of critical think-
ing dispositions, as evidenced in the following
words of the participants: “my lecturer always
says that if you are given a problem you should
ask yourself questions like what am I given,
what can I do with it, what do I know about it,
and write all the steps or the possibilities to
tackle or solve the problem”, “[my lecturer]
taught us steps on approaching assignments”.
Parents provide guidance by encouraging stu-
dents to do the following: “before making deci-
sions you should think critically about your
decisions”.  Friends contribute by” motivate[ing]
me to acknowledge that I’m wrong”.

In addition, the responsibility to be curious,
open to ideas, thoughtful in judgement and aware
of consequences, to have a desire to improve
oneself, and to possess endurance, inner moti-
vation and a positive attitude towards Mathe-
matics, were mentioned as factors that could
promote the development of critical thinking dis-
positions: “it makes a person more open-mind-
ed and give you respect toward each individu-
al ideas or reasoning”.  “it will bring you clos-

er to your long-term goals or outcomes”, “to
add meaning to personal life and what [he]
can provide to the community,“to work on a
[Mathematics] problem till the end”, “contrib-
ute to my future and life” and “gives you confi-
dence and positive attitude when approaching
a problem”.

Emotional factors mentioned by the group
of participants who considered critical thinking
dispositions to be unimportant, which seeming-
ly have a negative effect on such development,
were mainly negative comments from peers, own
stubbornness, shyness and low self-esteem.
Some of the responses were “[I am] embarrassed
to ask a question”, “I feel like a looser if I got
maths problem[s] wrong” and friends who
“[raise] lousy points”. The group of participants
who considered critical thinking dispositions
important highlighted positive self-esteem and
a sense of self-satisfaction as essential for de-
veloping dispositions:“[dispositions]boost
your confidence in solving maths problems”,
“[you] find a way of dealing with your studies
and obtain better marks”, and “[dispositions]
give you confidence and a positive attitude
when approaching a problem”.

The participants who regarded critical think-
ing dispositions as unimportant noted that they
lacked time and therefore did not plan.  On the
other hand, participants who considered critical
thinking dispositions important used time to
understand problems and persevered to reach
an answer.  For both groups time thus played a
role in the application of critical thinking dispo-
sitions. According to the participants, disposi-
tions to critical thinking will develop when they
“start caring more about how to get to the
answer”,“look back to check your mistakes”,
spend more time “to understand the problem”
and to “look at what [you] have and where
[you are] heading”, showing “more interest in
the work”, and “slow[ing] down” when solv-
ing problems, to “first gain perspective” and
base decisions to solve problems on “facts and
not on feelings”, and constantly “check if you
[are]on the right track”.

Insufficient skills and giving up too easily
when the work is regarded as too hard and chal-
lenging are factors that contribute to the view of
critical thinking dispositions as being unimpor-
tant: “me just being careless and ignorant”,
“[I] don’t plan ahead”, “I should start caring
more about how to get an answer” and “before
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making decisions you should think critically
about your decisions”.

With regard to meaning, life and problem-
solving were viewed as meaningless by the
group that considered critical thinking disposi-
tions less important, while the group that con-
sidered them important mentioned endurance, a
vision of the future, performance, success and
applying knowledge as factors that contribute
to viewing critical thinking dispositions as un-
important or important.  Some of the responses
were: “[I continue] until I get the right answer”,
“I want to know why, so I can understand how”,
“to prepare myself for the work I have to do”,
“[to solve problems]in real-life situations” “[to
avoid]meaningless decisions”, “If I know the
reason, I’ll know how to solve the problem”.  In
addition, it was noted that “taking time to sort
out the important info in the beginning saves
you time in the end”, “we can’t go through life
only thinking about ourselves.  We have to think
of others too”, “[it]will bring you closer to your
long-term goals or outcomes” and “[make you]
a better person”.

In respect of incidents and experiences, both
groups mentioned that learning experiences are
crucial for valuing critical thinking dispositions.
The participants who considered critical think-
ing dispositions to be unimportant blamed learn-
ing experiences that lack opportunities for rea-
soning and modelling of critical thinking dispo-
sitions, hard work and a lack of questions, little
or no real-life applications of knowledge, unin-
teresting work and a lack of resources to com-
plete tasks as contributing factors.  Some of the
responses were: “questions [that] are mostly
beyond my competence” and “enough reason-
ing was not involved”.  Participants mentioned
that the teacher’s application of problem-solv-
ing strategies encourages open-mindedness and
inquisitiveness.  Further, the dedication of teach-
ers encourages learners to apply thinking dis-
positions, the availability of resources stimu-
lates thinking, and feedback on students’ an-
swers motivates the application of critical think-
ing dispositions.  In addition, the application of
knowledge to real-life situations and problems,
and teachers who recognize students’ individu-
al ways of knowledge construction are factors
that influence the importance with which critical
thinking dispositions are viewed: “[teachers]
assist me to think better”, “educators’ commit-
ment”, “positive feedback in solving problems

in Maths”, teachers should use “different meth-
ods to tackle one topic”, “taught us steps in
approaching assignments” and teachers guide
the execution of tasks by “[giving] assessment
criteria”.

The narratives of participants who consid-
ered critical thinking dispositions unimportant
revealed, in some cases, a negative tone and
were limited in description regarding what
contributes to the importance with which crit-
ical thinking dispositions are viewed, in com-
parison with participants who considered criti-
cal thinking dispositions important.

In summary, the participants who regarded
critical thinking dispositions as unimportant
appeared to lack exposure to learning experienc-
es that encouraged the development of critical
thinking dispositions. This lack of exposure
could possibly have had a negative effect on
their performance and self-esteem, and could
consequently have contributed to a negative
vision for the future and experiencing existence
as meaningless.

Integration of Quantitative and Qualitative Data

The quantitative data indicated that all the
critical thinking dispositions may need encour-
agement as none of the dimensions for each of
the dispositions was regarded as very important
by any of the participants.  The researchers con-
clude that the participants might have had a nar-
row understanding of the meaning and value of
the critical thinking dispositions and limited strat-
egies to apply the dispositions. The aforemen-
tioned could have contributed to their not being
internally attuned and committed to applying the
dispositions for effective critical thinking.

The factors cited by the participants that in-
fluenced them to regard the application of criti-
cal thinking dispositions as important link with
findings in the literature that the factors men-
tioned in relation to affecting the establishment
and influence of critical thinking. These factors
include peers, teachers and parents, as well as
the classroom situation and teaching strategies
(Elder 2007; Costa and Kallick 2009b). The par-
ticipants cited a number of additional factors
that prompt the application of critical thinking
dispositions which could not be located in the
literature.  These factors include a lack of time
during teaching to model critical thinking dispo-
sitions, students’ over-reliance on others pro-
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vide answers, being afraid of disappointing
teachers and parents and not living up to their
expectations.  In addition, refraining from voic-
ing an opinion, a lack of enriching life experienc-
es and prior learning, not having a vision for the
future, and work that is not challenging and
meaningful appear to play a role in prompting
the application of critical thinking dispositions.

The responses of the participants who re-
garded critical thinking dispositions as unim-
portant cited personal attitudes, personal and
emotional factors, a lack of time (which contrib-
utes to poor planning) and personal inability as
factors that impede the application of critical
thinking dispositions.  If teachers do not model
critical thinking dispositions, and provide limit-
ed opportunity for meaningful, real-life applica-
tion of knowledge, the importance with which
critical thinking dispositions were viewed by the
participants seemed to be negatively influenced.

Participants who considered critical think-
ing dispositions to be important cited positive
aspects related to personal attitudes, emotional
factors, planning, personal ability and experi-
ence, and positive learning experiences as fac-
tors affecting the application of critical thinking
dispositions.  The teaching and learning experi-
ences which students are exposed to do not seem
to encourage critical thinking dispositions, and
teachers need to find innovative ways to en-
courage the development of students’ critical
thinking dispositions in the classroom.  Students
need to know the value and meaning of critical
thinking dispositions, and teachers need to mod-
el strategies to enhance them in their students.
Assessment rubrics and checklists should be
developed to informally assess students’ think-
ing dispositions.

DISCUSSION

Although, the findings of the research may
still be relative, they have implications for teach-
ing Mathematics as well as for the training of
Mathematics teachers nationally and interna-
tionally. In order to enhance achievement in
Mathematics, the researchers argue that more
emphasis should be placed on the explicit de-
velopment of critical thinking dispositions be-
fore students can be expected to think critically
in Mathematics. Although many factors can con-
tribute to students’ performance in Mathemat-
ics, problematic elements related to deficient crit-

ical thinking dispositions should not be ignored
as factors that could influence achievement in
Mathematics, where the application of effective
critical thinking skills are required for investi-
gating and solving problems.

The questionnaire data indicated that all the
critical thinking dispositions could benefit from
greater encouragement since all the means were
greater than 1.  Against this background, it could
be argued that many dispositions could be frag-
ile and might hamper the conceptual understand-
ing in Mathematics of the students who took
part in the study (Mueller et al. 2011).  Truth
seeking appears to be regarded as the most im-
portant and inquisitiveness as the least impor-
tant critical thinking disposition.  If students are
not predisposed to truth seeking, they will not
continually evaluate new information or demon-
strate willingness to alter their beliefs (McBride
et al.  2002).  Participants’ personal attitudes,
emotional factors, lack of time and planning,
personal failure and inadequate teaching and
learning approaches seem to be factors that in-
fluence their critical thinking dispositions.

Based on the research results, the research-
ers deduce that it is reasonable to assume that
the participants had little exposure to teaching
and learning approaches that encourage the
development and application of critical thinking
dispositions.  It appears that transmission-ori-
ented teaching that focuses on factual informa-
tion is favoured above discovery-oriented and
connectionist-oriented teaching where Mathe-
matics is regarded as a set of knowledge and
intertwined concepts that is learned through stu-
dent-guided explorations (Polly et al.  2013). This
finding supports the view of Authors (2008) with
respect to the nature of teaching and learning in
South African classrooms that, despite a learn-
er-centred curriculum, teachers do not infuse
critical thinking in their daily lessons.  The role
of the teacher in encouraging critical thinking
dispositions through a rich and participatory
environment that nurtures thinking, as pointed
out by Feuerstein et al. (2002), Fraser (2006), the
National Center for Education Evaluation and
Regional Assistance (2013) and Ottmar et al.
(2014), was apparently not a part of the teaching
and learning experiences of the study partici-
pants. It is therefore reasonable to assume that
the study participants  had not been exposed to
quality instruction time during which they could
develop and apply skills and dispositions (Na-
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tional Center for Education Evaluation and Re-
gional Assistance 2013; Ottmar et al.  2014). In
addition, activity-based learning, learning where
students are encouraged to develop the dispo-
sition to ask questions and to acquire complete
information before they make final decisions (Sal-
ami 2014), is required to enhance the learning of
Mathematics.

Based on the data, the researchers conclude
that the desired outcomes set by the Depart-
ment of Basic Education (2011), such as a sys-
tematic approach, working with others to en-
hance receptivity to ideas and drawing on criti-
cal consideration (Jacobs 2004; Department of
Basic Education 2011), probably have not been
achieved in teaching at school or tertiary level.
Linked to this, the researchers argue that perfor-
mance and significant outcomes in Mathemat-
ics, such as logical and critical thinking, a sys-
tematic approach and the ability to solve prob-
lems in Mathematics (Consiglio 2003; Maree et
al. 2004; Winch 2006; Ayalon and Even 2008;
Sezer 2008; Van de Walle et al.  2010),are likely to
be problematic to students.  According to Grotzer
(n. d. ) and Heddens et al.  (2009), critical think-
ing dispositions are important to achieve the
above outcome.  If the ideals of the new curricu-
lum and assessment policy are to be achieved in
Mathematics (Department of Basic Education
2011), real actions are needed to encourage the
development of critical thinking dispositions
among students at school and among prospec-
tive teachers.

The data may also indicate that teachers and
lecturers involved in the training of Mathemat-
ics teachers may have limited experience in en-
couraging critical thinking dispositions
(Burns 2009).  Based on the foregoing, the re-
searchers argue that students and prospective
teachers might not become ideal critical thinkers
if critical thinking dispositions are not purpose-
fully encouraged (Facione 1990, 2010).

Furthermore, the data also point to the fact
that teachers and lecturers involved in teacher
education are probably still focused too much
on the transfer of knowledge (Dewey, quoted
by Ritchhart 2002; Polly et al.  2013) and a more
dynamic, problem-based and discovery-orient-
ed way of instruction at school and tertiary level
is required (Facione 2000; Polly et al.  2013; Pro-
fetto-McGrath 2003; Temel 2014).  The findings
support the view of McBride et al.  (2002) with
respect to placing emphasis on bringing stu-

dents into a culture that promotes inquiry, good
questions and best knowledge before decision-
making.  In this regard, Bonotto (2013) and Fir-
mender et al.  (2014) mention the importance of
discussion to facilitate the development of criti-
cal thinking and verbal mathematical communica-
tion to enhance achievement and understanding.

The researchers are concerned that educa-
tion policy particularly in South Africa and prob-
ably elsewhere, currently does not emphasize
the deliberate achievement of learning outcomes
related to the mastery of critical thinking dispo-
sitions, and that most participants apparently
coincidentally learn the skills at home or in ev-
eryday dealings with friends.

The data support the literature regarding the
fact that emotional factors, the teacher and the
classroom situation can have an impact on stu-
dents’ critical thinking dispositions, as indicat-
ed by the participants (Carrol 2004; Gresalfi and
Cobb 2006; Costa and Kallick 2009b). Time, lack
of planning, encouragement, motivation and
perseverance are also highlighted as factors that
could affect critical thinking dispositions.  These
findings support the research done by Bonotto
(2013), Mueller et al.  (2011) and Tsanwani et al.
(2014),which indicated that supportive learning
environments where learners’ efforts are appre-
ciated and the teacher’s questioning, as well as
well-designed, appropriate and engaging tasks
influence the establishment of critical thinking
dispositions in Mathematics.

The international studies conducted by Fa-
cione et al.  (1995), Bers et al.  (1996) and McBride
et al.  (2002) revealed similar trends in the pro-
files of the students’ critical thinking disposi-
tions.  In all three studies, the students appeared
to be opposed to truth seeking.  The studies of
Facione et al.  (1995) and Bers et al.  (1996) re-
vealed no difference between the students’
scores for truth seeking and systematicity, but
the private university students, who are regard-
ed as stronger academically than the communi-
ty college students (McBride et al.  2002),more
positively endorsed inquisitiveness and open-
mindedness.

Although the international studies by Fa-
cione et al.  (1995), Bers et al.  (1996) and McBride
et al.  (2002) represented an important first step
in generating new knowledge and theory about
the critical thinking dispositions of future teach-
ers, the studies are limited and do not focus on
Mathematics students. The training of Mathe-
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matics teachers need to become a focus of inter-
est, as accomplishment in Mathematics is im-
portant for the economic wellbeing of all coun-
tries.  The present paper represents first steps in
generating new knowledge and theory about the
critical thinking dispositions of future Mathe-
matics teachers in South Africa, which appear to
be more fragile than the positive disposition pro-
file of teachers constructed by McBride et al.
(2002).  In line with the findings of the study by
Bers et al.  (1996), inquisitiveness and open-mind-
edness are two dispositions that also appear to
be fragile among the South African pre-service
teachers who took part in the research. The
present study could open on-going research and
discussions on novel ways to gear teacher train-
ing internationally and in South Africa to focus
on nurturing fragile critical thinking dispositions
among Mathematics students.

CONCLUSION

The researchers acknowledge that their re-
search is still open to further scrutiny and that
no generalizations beyond the scope of the data
can be made. However, the present study can
serve as a point of departure for further studies
to identify similarities and differences within oth-
er student populations in other contexts.

RECOMMENDATIONS

The present paper has some important impli-
cations for teacher training at national and inter-
national level.  Bearing in mind the poor achieve-
ment in Mathematics at school level, one may
not assume that prospective Mathematics teach-
ers will naturally be critical thinkers who will be
successful at investigating and solving prob-
lems, and capable of advancing Mathematics
achievement among learners at school.  It is im-
portant to establish firstly whether prospective
Mathematics teachers endorse critical thinking
dispositions as important, after which explicit
and purposeful attempts should be made at nur-
turing the deficient or fragile dispositions, which
could in turn possibly enhance more effective
critical thinking.  Since the classroom is the most
obvious place where critical thinking disposi-
tions can be nurtured, Mathematics teachers
should do so explicitly during teaching. The crit-
ical thinking dispositions of prospective Math-
ematics teachers should be improved before

they are expected to develop the critical think-
ing dispositions of learners at school.

The researchers explained that a social con-
structivist and humanistic approach to learning
should characterise the teaching and learning
of Mathematics in order to nurture critical think-
ing dispositions. A social constructivist ap-
proach to learning will allow opportunities for
social learning in which dispositions such as
truth seeking, open-mindedness and self-confi-
dence in reasoning can be encouraged.  In a
social constructivist approach students will be
expected to weigh the different perceptions and
motivations of others against their own percep-
tions and motivations. On the other hand, a hu-
manistic approach to learning argues that emo-
tional aspects such as dispositions can either
inhibit or facilitate learning.

Teacher training needs to be geared towards
investigating ways to nurture fragile critical
thinking dispositions among students in order
to produce Mathematics teachers who them-
selves are capable of skilfully and mindfully ap-
plying cognitive tools when confronted with
problems.

LIMITATIONS

The sample size of this study was very small
and restricted to one university and one subject
area at tertiary level, and therefore, the results
cannot be generalized.  Another qualitative com-
ponent, such as interviews or focus group inter-
views, could be used to illuminate underlying
factors that might affect critical thinking dispo-
sitions.
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