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Introduction 

Everyone in a classroom is unique. Some students 
like mathematics; others do not. Mathematics comes 
easily for some; others struggle with it every step. 
For others, mathematics is a stress inducer, and oth
ers even see it as a punishment. Mathematics anxiety 
has been discussed periodically in the professional 
literature for several decades. In 2001, the No Child 
Left Behind legislation was passed in the United 
States to ensure that every child meets high standards 
of mathematical proficiency, and this has required 
educators to give increased attention to the study of 
mathematics anxiety. Fotoples (2000) noted that, 
while the United States and the rest of the world have 
caught up in the growth of communications and 
electronics, expertise in mathematics has suffered. 
Many employers find employees' math expertise 
inadequate and their skills in basic arithmetic insuf
ficient. Along with proficiency in number sense and 
computational skills, other domains of mathematics 
are also essential for educational advancement and 
career opportunity. Many jobs require substantial 
mathematics, such as forecasting, budgeting, model
ling and statistical analysis. A lack of mathematical 
understanding can affect career-selection options and 
advancement. It can also make it difficult to respond 
positively to changes in the workplace environment. 
The mathematics competency of every student is a mat
ter of worldwide concern. We have noticed through 
our classroom experience that math-anxious students 
have the greatest difficulty in learning mathematics 
skills. Hence, as teachers, we should endeavour to 
more effectively teach math-anxious students. 

Mathematics Anxiety 

Wood ( 1988) defined mathematics anxiety as the 
general lack of comfort when required to perform 
mathematically. Ma (1999) noted that mathematics 
anxiety can take multidimensional forms, such as 
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dislike (an attitudinal element), worry (a cognitive 
element) and fear (an emotional element). He also 
reported the negative consequences of being anxious 
about mathematics. These consequences include the 
inability to do mathematics, a decline in mathematics 
achievement, the avoidance of mathematics courses, 
and associated feelings of guilt and shame. Limiting 
one's participation in mathematics courses potentially 
limits future course selection and career paths. 

Research studies (Fiore 1999; Handler 1990; Nor
wood 1994) have indicated that teachers play a major 
role in contributing to mathematics anxiety in their 
students. Tobias (1978) and Stodolsky (1985) noted 
that the beginning of math anxiety can be traced to 
negative classroom experiences. Greenwood ( 1984) 
suggested that mathematics anxiety results more from 
the way the subject matter is presented than from the 
subject matter itself. Teachers can create anxiety by 
placing too much emphasis on the memorizing for
mulae, learning mathematics through drill-and-prac
tice and applying rote memorized rules (Greenwood 
1984). Rote memorized rules and manipulation of 
symbols can be stumbling blocks to a child's learning 
(Skemp 1986). Mathematics anxiety can therefore be 
considered a function of teaching methodology. 

Instructional Strategies 
Given the effect of negative classroom experiences 

on the development of math anxiety, it is critical to ex
amine classroom practices and modify instructional 
methods to ensure quality mathematics teaching. It is 
important that students experience success in the class
room. If students experience success in learning math
ematics, they will be inclined to like the subject and the 
teacher. Success and motivation depend on self-efficacy, 
and self-efficacy is based on positive past learning ex
periences. There are a variety of nontraditional (or al
ternative) instructional strategies that promote success 
and thereby mitigate mathematics anxiety (Newstead 1998; 
Norwood 1994; Yacc 1993; von Glasersfeld 1991). 
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Nontraditional instructional approaches that in
volve more personal and process-oriented teaching 
and that emphasize understanding rather than drill
and-practice are believed to reduce mathematics 
anxiety (Newstead 1998). It has also been suggested 
that encouraging students to work with peers in small, 
cooperative groups may have important, affective 
consequences, including a reduction of anxiety (Yacc 
1993; von Glasersfeld 1991 ). Problem solving and dis
cussing strategies for problem solving may also reduce 
mathematics anxiety (Skiba 1990; Yacc 1993). 

In contrast, emphasis on discussion, explanation 
and justification of strategies can cause anxiety in 
children. These children often prefer a classroom in 
which they are given strong direction from a teacher 
(Newstead 1998). Perception of strong direction from 
a teacher lessens previously formed anxiety and dis
comfort (Clute 1984; Newstead 1998; Norwood 1994). 

Berliner and Rosenshine ( 1987) reported that it is 
most effective to teach in a systematic manner, pro
viding instructional support for the students at each 
stage of learning. Guided practice followed by inde
pendent practice fosters fluency. This strategy in
volves reviewing material and then presenting new 
material with diverse and concrete examples, which 
the students solve with the teacher's guidance. 

According to Newstead ( 1998), it is difficult to 
conclude that traditional teaching approaches always 
lead to math anxiety while alternative classroom 
approaches (which emphasize discussion, under
standing and problem solving) do not. Some pupils 
thrive in the security and structure of a formal class
room while others are interested in the responsibility 
and creativity associated with problem solving and 
discussion. Both approaches can cause mathematics 
anxiety. Hence, a combination of both traditional and 
nontraditional approaches may help different types 
of learners. 

The following section suggests an instructional 
strategy that is a combination of both traditional and 
nontraditional approaches. 

A Linear Combination of 

Traditional Mathematics 

Instruction and TPSWriC 

Bandura ( 1982) believed that people's perception 
of their own effectiveness plays a major role in their 
behaviour. We propose an instructional strategy that will 
cultivate in students a positive perception of ability 
in a mathematics classroom. This strategy begins with 
a structured lesson in which procedures and rules are 
clearly explained through guided practice, followed 
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by independent practice in which students verbalize 
their thought process and write down what they un
derstand. This strategy is a combination of tradi
tional instruction (direct teaching) and an alternative 
method (TPSWriC-pronounced T-P-S-Rick-the 

Wis silent). 
Norwood (1994) found that students with mathe

matics anxiety are more comfortable in highly struc
tured classrooms than less-structured classrooms. 
Math-anxious students do not trust their instincts or 
intuitions, and therefore do not prefer to work with a 
discovery approach to learning mathematics. The 
proposed strategy therefore begins with a structured, 
direct-instruction component. 

Direct Instruction 

The role of direct instruction (or lecture method) 
in a mathematics classroom has been clearly docu
mented. Many authors (Gunter, Estes and Schwab 
1995; Krantz 1998; Wu 1998) have pointed out that 
lecturing is an effective way of teaching mathematics. 
When teachers give specific instructions and take 
students through a task step-by-step, students can 
master the skill. Krantz noted that the lecture is a 
powerful teaching device that has stood the test of 
time. It has been used to "good effect for more than 
3,000 years" (Krantz 1998, 12). Although this meth
od has received much criticism from contemporary 
educators, the survival of the lecture is itself evidence 
that it has unique strengths as a teaching method 
(Freiberg and Driscoll 1996; Henson 1988). Borich 
(2004) indicated that a lecture should neither be a 
lengthy monologue nor an open, free-wheeling dis
cussion. It should be a quickly paced, highly orga
nized set of interchanges controlled by the teacher 
and focused on acquiring a limited set of predeter
mined facts, rules or action sequences. By adding wit 
and humour in a presentation, a teacher can arouse 
curiosity and amusement in the listener. 

Teaching the first part of a lesson systematically 
(through direct instruction) and the second part 
through guided practice is a strategy based on the 
research by Berliner and Rosenshine ( 1987). Students 
who prefer a systematic, structured classroom to a 
nonstructured classroom will benefit from this in
structional methodology (Vinner 1994). 

Having a discussion at the beginning of a new 
chapter or concept alienates certain students. Nor
wood ( 1994) also remarked that math-anxious stu
dents feel uncomfortable while being taught with 
nontraditional methods. Once they have had success 
in a structured classroom, math-anxious students will

be more open to nonstructured classrooms. Vinner 
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( 1994) suggests that procedures and rules (which are 
cognitively simpler, clearer and easier to handle) give 
math-anxious students an emotional security. Math
anxious students should initially be given something 
to help them solve a problem, rather than having them 
create their own solution procedure (Vinner 1994). 
However, once they get the problem-solving skills, 
math-anxious students are more willing to begin 
discussing problems at a deeper level. 

Hence, we propose beginning with a direct instruc
tion component. The underlying assumption is that 
with direct instruction, "all students can learn to think 
mathematically when carefully taught" (Marchand
Martella, Slocum and Martella 2004, 209). 

Marchand-Martella, Slocum and Martella (2004) 
noted that many educators equate child-centred in
structional strategies (such as discovery learning) 
with conceptual understanding, and teacher-directed 
methods with rote learning and mindless compu
tation. However, "this view promotes a false di
chotomy between basic skills and conceptual under
standing" (Marchand-Martella, Slocum and Martella 
2004, 210). 

We should not "conveniently forget" that not all 
mathematical concepts lend themselves to discovery 
(Carnine 1990, as cited in Marchand-Martella, Slo
cum and Martella 2004). Carnine indicated that many 
students, particularly low-perfonning students, learn 
more quickly when given a clear, concise explanation 
of what to do and how to do it. When explicit strate
gies are not provided, students often make up their 
own mathematical rules, which are often creative but 
incorrect. Moreover, discovery learning does not 
provide a gradual transition from structured to inde
pendent work (Marchand-Martella, Slocum and 
Martella 2004 ). In mathematics, skills and under
standing are completely intertwined. Precision and 
fluency in the execution of skills are the requisites 
for conceptual understanding (Wu 1999). "From the 
intuitive to the abstract, and primitive skills to so
phisticated ones; such is the normal progression in 
mathematics" (Wu 1999, I 6). Once students under
stand a topic or concept, and attain fluency in the 
required skills through the guidance of their teacher, 
they can confidently move on to discussion and ques
tioning. They will also be more inclined at this point to 
explore the concepts using alternative strategies. Hence, 
the second part of this strategy is nonstructured. 

TPSWriC 

During the second part of the lesson, students move 
from structured practice to more open (or indepen
dent) practice. This phase emphasizes thought 
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processes and their verbalization, and a written re
sponse. This is based on a five-step process called 
TPSWriC (T -think, P-pair, S-share, Wri-write 
and C--compare ). Pair and share is an old technique 
to which we suggest adding the components think, 
write and compare. 

Math-anxious learners should be allowed to con
tinually move ahead and make progress. Through 
appropriate instructional strategies, teachers can help 
math-anxious students continue to think, write and 
try, even when the students feel they can't proceed. 

T (Think) 

Students think about every question and develop 
an idea or strategy to solve the problem. This enables 
them to briefly work on their own without the pressure 
to arrive at the right answer. Students reflect on the 
new concept or topic introduced in the class and 
explore alternative strategies based on the knowledge 
they acquired in the first part of the lesson. 

P (Pair) and S (Share) 

Students form groups and share their ideas for 
solving the problem. Cooperative learning is an excel
lent tool for helping those who suffer from mathemat
ics anxiety (Yacc 1993). Two to four students can 
share responsibility for solving a problem instead 
of just one, and it becomes okay to make mistakes 
and ask questions. There is Jess pressure to find one 
method or one right answer, and different approach
es are more likely to be proposed and explored. 
This helps develop a richer understanding of the 
topic. Group interaction or cooperative learning pro
motes female and minority students' self-esteem, 
motivation and achievement (Croom 1995). Also, 
when students participate in cooperative learning, 
their attitudes toward their classmates improve, par
ticularly toward those from different ethnic back
grounds (Slavin 1986). Thus, students will learn to 
respect the point of view and accept the differences 
of other students. 

Wri (Write) 

Students may have arrived at an answer or a way 
of solving a problem by their own thought processes, 
group work or both. Writing helps students make 
sense of mathematics and helps them practise infer
ring, communicating, symbolizing, organizing, inter
preting, linking, explaining, planning and reflecting 
(Countryman 1992). Verbalizing during the discus
sion and then writing down the methodology (or 
thought process) activates the mind and reinforces 
the problem-solving strategy. 
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C (Compare) 

The Russian psychologist Vygotsky pointed out 
that students accomplish different things when they 
work on their own rather than with the guidance of 
a teacher. The work students do under the guidance 
of a teacher enables them to succeed on their own 
later on (Vygotsky 1978, as cited in Epp 1998). Once 
students develop their written response through 
their own thought processes and/or through discus
sion, they need to verify that they are on the right 
track. Students can compare the methodology and/or 
answer given by a teacher with their own methodol
ogy and/or answer. This step paves the way for 
classroom discussion. Discussion allows students to 
justify their own answer and gain insight into the 
thought processes of others. As well, Vygotsky (I 978, 
as cited in Croom 1995) suggested that group interac
tion helps develop mental operations or processes 
in children because they tend to internalize what 
is discussed. 

Summary 

Wu ( 1999) noted that some mathematics educators 
want to stop teaching basic skills and instead teach 
mathematical understanding. However, precision and 
fluency in basic skills form the basis for conceptual 
understanding (Wu 1999). This instructional strategy 
is intended to help math-anxious learners by provid
ing them with a firm foundation in the required con
cepts and then encouraging them to attain higher
level thinking skills. We are aware that even 
mentioning procedures and rules can cause open 
hostility in some mathematics education circles. 
Some educators believe that having math-anxious 
students invent their own algorithms promotes con
ceptual understanding. However, correctness and 
generality become two major concerns when students 
are allowed to make up their own algorithms (Wu 
1999). As Wu noted, it is also a Herculean task to 
examine 30 different algorithms in a class of 30 stu
dents and then work with each student on their own 
understanding. Open-ended problems can be used to 
build confidence in mathematical problem solving, 
but only after students have learned the required skills 
to tackle the problem. The advantage of the proposed 
strategy is that it helps students achieve a firm foun
dation in a concept, topic or skill and then encour
ages them to work both independently and coopera
tively at various stages. 

Direct instruction helps teachers present new con
tent by breaking it into smaller segments. During this 
part of the lesson, teachers can ask direct questions 
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to get an idea of students' understanding of new 
concepts or skills. TPSWriC transforms the class into 
an environment with a nonstructured pace. This 
strategy encourages students to get involved in their 
own thought processes, verbalize these processes and 
reflect on their written responses through a compari
son with the teacher's suggested answer. This overt 
verbalization ( especially through group discussions) 
not only helps students attend to their own strategies 
but also boosts their self-confidence. Students who 
cannot find an answer on their own can listen to oth
ers in the group. Through this strategy, teachers are 
responsible not only for the intellectual development 
of students but also for emotional support. Rather 
than complaining that the students lack ability, teach
ers can teach effectively by building confidence in 
their students. This has a positive effect on both the 
social and academic skills of students. 

Classrooms that work in this way lessen the anxi
ety and discomfort for some students (Vinner I 994 ). 
The security and structure of a lesson are initially 
maintained. Once a student knows the content, his 
anxiety is lessened. At the same time, pupils who 
want to understand better by asking "why" and "how" 
are given opportunity to do so through discussion and 
through developing their own thought processes. 
Classroom discussion helps students develop an 
understanding of themselves and others. Social 
skills-such as showing encouragement, giving direc
tion and asking for help-are facilitated by both the 
teacher and other students. This not only reduces 
subject-related anxiety but also shows students that 
their peers possess both strengths and weaknesses, 
which boosts the morale of math-anxious students. 

Many of the authors cited in this article have suc
cessfully used this strategy as a dominant form of 
instruction in their classrooms. The advantage of this 
strategy is that the strengths of traditional instruction 
are supplemented by the strengths of nontraditional 
instruction. 

Through this strategy, students are more likely to 
achieve the goals of the National Council of Teachers 
of Mathematics (NCTM 1989): to value mathematics 
and develop confidence, to reason and communicate 
mathematically and to solve problems. Thus, no child 
is left behind. 

Let us teach our children mathematics the honest 
way by teaching both skills and understanding. 

-Wu 1999, 52

The authors would like to thank Gladys Sterenberg 
and two anonymous reviewers for their helpful sug
gestions. Their input made this a better article. 
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