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Abstract

The main purpose of this study was to investigate
the effect of an instructional unit incorporating the use of
the calculator on students' problem solving ability in
working with routine word problems. More specifically, the
instructional unit's effect on the number of processes and
key processes utilized, the number of correct solutions, and
the number of computational errors made was investigated.

The sample consisted of 10 students enrolled in a
grade 10 mathematics course designed for low ability students.
The textbook for this course was Consumer Related Mathematics.
(Kravitz and Brant, 1971

A test consisting of 10 routine word problems was
administered to each student individually as a pretest.
Students were asked to verbalize their thoughts as they
attempted to reach solutions to the problems, and the
interviews were recorded on cassette tapes. Following the
pretest the results of each student's performance was coded
using the coding sheet.

A calculator orientation unit and an instructional
unit were devised for use in the study. The primary purpose
of the calculator-orientation unit was to instruct students
on proper calculator usage and the calculator's relationship
to problem solving. A class set of calculators (Model T1-1035)
was provided for each class period. The main purpose of the

instructional unit was to teach students key processes to be
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used in problem solving, and how these processes could be
applied to different types of problems. The emphasis when
teaching the unit was on these key processes with particular
attention given to those processes in which students
exhibited weaknesses. The duration of the instructional
period, including the calculator-orientation unit, was four
weeks. Following the instructional unit, students were
administered a parallel form of the pretest as a posttest.
Students' performances were recorded individually on a
cassette tape, and the results coded on the coding sheet.

Significant gains were reported on a number of key
processes utilized by students following instruction.
Significant gains were also made in the number of correct
solutions. Also, a significant decrease in the number of
computational errors made was reported.

An important observation made from the study was
that allowing students to verbalize their thoughts while
solving routine words problems provides a basis for
instruction directed towards the specific weaknesses of the
students involved. Recommendations were made that the study
be replicated in other geographical areas, with larger
samples and with students of differing abilities. Also the

long-term effects of such units need to be investigated.
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CHAPTER I

BACKGROUND

The area of problem solving has been, and continues
to be, a major concern of both mathematics education and
teachers. The National Council of Teachers of Mathematics
(1981) in its Agenda for Action stressed that problem
solving should be the focus of school mathematics for the
1980's and further stated that the mathematics curriculum
be organized around problem solving.

More specifically, it has been suggested that
emphasis be placed on the ability to solve routine word
problems. For example, Barnett, Sowder and Vos (1980
stated that:

Effective citizenship as a consumer,

as a taxpayer, as a wage earner,

requires an ability to solve a myriad

of routine problems. Checking

purchases, calculating interest costs,

evaluating best buys, planning meals --

all these are examples of routine

problems. (p.

A review of the literature revealed that the ability
to solve routine word problems, although a requirement in
keeping with societal demands, was an area in which a large
number of people exhibited weaknesses. The Second National
Assessment of Educational Progress (1981) provided evidence
that many people were not very proficient in solving such

problems.



A starting point for improvement in the teaching of
problem solving requires a detailed analysis of processes
employed by students in solving problems. Although written
tests have been the most commonly used method of monitoring
students' success in problem solving, such tests do not
readily lend themselves to an analysis that would determine
the specific weaknesses the students possess. Verbalization
of thought processes by students as they work through a
problem is an alternative method of recording students'
specific weaknesses. This method, commonly referred to as
the think-aloud technique, has been used extensively by
researchers for that purpose. (Zalewski, 1974; Gagne and
Smith, 1962)

The analysis of students' protocols obtained by
employing the think-aloud method provides directions and
guidelines for teaching that focuses on the specific areas
of difficulty encountered by the student in problem solving.
Here, both technology and research play a major role.
Suggestions from research, combined with technological
materials, provide a basis for instruction aimed an enhancing
the problem-solving situation in the classroom. One such
combination exists in the design of instructional units that
are designed with the specific weaknesses of the student in
mind, and also incorporate the use of teaching aids.

In the area of problem solving, an instructional
unit which incorporated the use of the calculator was

considered to be one approach aimed at the improvement of



problem solving ability. At least one study, (Wheatley,
1980) , previously dealt specifically with this topic. 1In
reporting the study Wheatley indicated a need for further
research in the area. Furthermore, Suydam (1978) indicated
that the calculator's relationship to problem solving was a
question of vital concern.

From a review of the literature on the use of the
calculator in problem solving situations three advantages of
using the calculator were determined. Firstly, an
instructional unit incorporating the use of the calculator
was considered to be beneficial in that it would allow more
time for students to concentrate on the analysis of problems
rather than on the computational aspects of the problem.
Secondly, such a unit should allow more instructional time
for dealing with real world problems and problems oriented
to the students' particular needs. Thirdly, provision for
a greater number of problems could be made possible in this
manner.

In summary, the analysis of processes used by students
has provided a basis for more meaningful teaching-learning
experiences in the area of problem solving. It seemed
feasible that the development of instructional units on
problem solving incorporating the use of the hand-held
calculator was one possible direction for research.
Consequently, research in this area might reveal one way of

investigating the practical implications for classroom use.



Purpose of the Study

The purpose of the study was to test the effective-
ness of an instructional unit incorporating the use of the
calculator on students' problem solving ability in working
with routine word problems. The study attempted to seek
answers to the following questions.

Question 1. Was an instructional unit incorporating the
calculator effective in teaching students
to apply key processes when solving routine
word problems?

Question 2. Was an instructional unit incorporating the
calculator effective in reducing the number
of computational errors?

Question 3. Was an instructional unit incorporating the

calculator effective in increasing the number
of correct solutions?

Limitations to the Study

There were several major limitations to the study.
Since the sample studied consisted of only 10 students, the
generalizability was limited. The method used to collect
the data was another factor considered. Since students had
to verbalize their thoughts while solving each problem, it
was felt that they might make more, less, or different
errors than they normally would given a different situation.
The nature of the sample itself was another factor considered
to be a limitation to the study. Since all subjects were of
below-average ability, it was thought that this might have

impeded them in the verbalization of their thought processes.



Processes:

Key
Processes:

Definition of Terms

procedures used by the students as they work
toward the solution of a given problem. For
example, disgards irrelevant data, draws a

diagram, estimates were processes.

processes that were specifically developed and
taught in the instructional unit. These key

processes are outlined in Chapter III.



CHAPTER II

REVIEW OF RELATED LITERATURE

Problem solving is an area which has received
extensive study. Recently, the primary focus of research
has been on processes employed by students in attempting
to solve problems. The principle methodology used in these
studies has been to interview students, asking them to think
aloud as they attempt to reach a solution. This technique
has allowed the investigators to monitor the processes and
strategies employed by the student during the problem
solving process. Such studies have resulted in the develop-
ment of coding sheets and checklists to record students'
protocols. Studies that have examined the processes and
strategies utilized by students have generated suggestions
for instruction. Such instructional techniques are aimed
at the improvement of students' problem solving performances.
Another component of research literature has examined the
effect of the calculator on problem solving. The primary
purpose of all studies in the area of problem solving has
been to provide a basis which should result in, either
directly or indirectly more meaningful teaching-learning
experience in the classroom.

The chapter is divided into four sections. In
Section I studies relating to problem solving models and

processes are discussed. In Section II studies that deal



with recording and coding students' processes are reported.
In Section III studies dealing with instruction in
processes are discussed, while studies regarding the use
of the calculator in problem solving are reported in

Section IV.

Problem Solving Models and Process Studies

Studies that have been conducted on processes
exhibited by students in solving word problems have been,
for the most part, based on general mathematical models
outlined by mathematics educators. One such model was
described by Bloom and Broder (1950). The model consisted
of four stages which a student passes through in attempting
to reach a solution to a problem. These stages include, an
understanding of the problem, the understanding of the ideas
within the problem, the development of a general approach to
the problem, and an attitude towards the solution.

Another general problem solving model was devised
by Polya (1957). Polya (1957) identified four phases in
the problem-solving process, understanding the problem,
devising a plan, execution of the plan, and evaluation of
results. Although Polya's model has been used extensively
in studies involving novel mathematical problems, a number
of studies on routine problem solving also have been based
on this model.

Silver (1977) explored one aspect of the devising

a plan element of Polya's model. His study centered on the



idea of thinking of a similar problem. The eighth graders
used in the study classified problems as being similar on
the basis of some shared measurable quantity (e.g., time,
age). After analysis of the solutions, Silver concluded
that, more students used associations based on underlying
mathematical structures than on non-underlying mathematical
structures.

While thinking of a similar problem can be classified
as one of the many processes used by students, another
process involves the use of word clues in any given problem.
A study to this effect was conducted by Early (1968). He
attempted to determine whether the use of word clues had any
effect on the correct process used to solve the problem.
Early concluded that when word clues are contained in a
given problem, students tend to select the correct algorithm
more often. He also suggested that the more practice
students receive on word problems, the less the dependence
on word clues.

Lerch and Hamilton (1966) identified two categories
in the solving of routine word problems. These two
categories were listed as the ability to determine the
correct procedure and the ability to carry out the correct
computation. Lerch and Hamilton reported that after
students received instruction in writing number sentences
which described the problems they were better able to

determine the procedure to follow in solving the problem.



This ability was considered by Lerch and Hamilton to be more
important than the ability to perform the correct computation.

The trial and error strategy and the ability to
estimate are related. Students who use estimation in
problem solving quite often also use the trial and error
strategy. Several studies have looked at the relationships
between trial and error and estimation. Hall (1976)
concluded that students who were good estimators were
superior in problem solving. Paull (1972) showed that the
ability to estimate numerical computations was a signif-
icant predictor of the ability to solve problems by the
trial and error method.

A useful skill for a good problem solver is the
ability to recognize and discard irrelevant data from a
problem. Poor problem solvers tend to lack this ability.
Bergen (1972) investigated the effect on problem difficulty
of adding irrelevant data to a problem. He tested his
problems using eighth grade students and found that
problems containing only the right amount of information
were the least difficult to solve, while problems con-
taining irrelevant data were the most difficult. Bechtold
(1965) hypothesized that problems containing irrelevant
data could be used to develop students' problem-solving
skills. His work with average ability ninth graders
confirmed this. He noted that students who train on
problems containing irrelevant data transfer their ability

to become successful in solving highly complex problems
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containing no irrelevant data.

From a review of the literature it was concluded
that processes can be taught to students and students tend
to exhibit these processes following instruction. However,
the amount of instruction and the number of processes

emphasized may vary with the ability level of the student.

Recording and Coding Processes

Most studies that have dealt with processes have
employed the think-aloud method of having students verbalize
their thoughts while solving problems. Although some
questions exist as to the value of this technique, several
researchers have commented on its value. Kilpatrick (1967)
stressed the value of this technique but at the same time
brought attention to its limitations. He stated:

The method of thinking aloud has special

virtue of being both productive and easy

to use. If the subject understands what

is wanted, that he is not only to solve

the problem but also to tell how he goes

about finding the solution ... and if

this method is used with the awareness

of its limitations, then one can obtain

detailed information about thought

processes. (p. 8)

The value of the think-aloud method has been
investigated in many studies. Zalewski (1974) found that
this type of data gathering process captured and classified
mathematical problem solving much better than other types
of tests. Based on his findings, he suggested that coding

schemes can be applied reliably to describe subjects'



problem-solving behaviors and that the scoring system
permits logical ranking of the subjects.

Gagne and Smith (1962) found that verbalizing
thoughts during the problem-solving process actually
improved problem-solving performances. They indicated
that there were moments of silence when no processes were
recorded but suggested that a series of directed questions
would probably control this aspect.

Roth (1966) investigated the think-aloud method in
terms of the amount of time required to arrive at a solution,
and the number of correct solutions. He reported that there
was no significant difference in either the number of correct
solutions or time factor when students were required to
think aloud as compared to the non-verbalization method of
problem solving.

Flaherty's (1975) results supported the findings of
Roth (1966). He showed that requiring students to think
aloud did not significantly influence the problem-solving
score or the time needed to complete the problem. He did,
however, report that students using the think-aloud method
made more computational errors. He attributed this to the
difficulty of the problems involved.

The think-aloud method appears to be an effective
procedure for monitoring students' processes. The use of
the think-aloud technique has resulted in the development
of coding schemes and checklists designed to record these

processes.



One such coding system was designed by Flaherty
(1975) . His system consisted of 17 variables on which
student processes could be monitored. Kantowski (1977
developed a scheme which gave one point for each of the
following: suggesting a plan, persistence, looking back,
absence of structural errors, absence of superflurous
deductions, and correctness of results. Such coding
checklists have been revised and modified by other
researchers for particular studies. Days (1978) developed
a coding checklist which was a modification of one developed
by Kilpatrick (1967). Days (1978) defined process and
strategy scores as the number of different problems on which
the process or strategy was used. Understanding, represen-
tational, and evaluation scores were obtained by summing the
process scores under each category.

Researchers who have used the think-aloud method
have reported that this technique is a suitable means of
obtaining data on students' processes in problem solving.
When combined with the use of coding sheets and checklists,
the think aloud method allows for accurate monitoring of

these processes.

Instruction in Processes

Following the identification of problem-solving
processes, many researchers have investigated the effect
of instruction with these processes. Brown's (1964) study

was aimed at improving instruction in problem solving with
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