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Plaget's work represents a comprehensive study of the evolution of

thinking in children and adolescents. His theory of intellectual develop-

ment describes the progressive contiructionof operational structures from

birth to maturity, where the highest levels of logical thinking are

.characteristic of the formal operations period in order for an individ-

ual to have reached this stage, he must have.passed thrOugh the previous

phases of logical thinking in his development. Thus, Piaget's theory of

intelligence may be considered a model for the development of the intelli-

gent human adult. However, ceitain studies (MNarcombie, 1960; Mainnen

--and Nsnner, 1971, 1974; Griffiths, 1974; Griffiths, 1973) have suggested

that many adults do not reach the fonnal operations level. Moreover,

research has offered relatively little in terms of how to nurture and

enhance a person's ability to'use fonnal logical thinking skills. Piaget

himself does not provide a systematic applicaticm of his theory to educa-

tion and despite the huge amount of Plagiatian-related research and the

outstanding progress made in developing a framework of genetic epistomology

based on his theory, a great deal more work is needed in terms of classroom

applications of Piaget's theory at the adolescent and adult,levels (Van

Engen, 1971)

Much of Piaget's research has involved the study of the development

of mathematical concepts. Since his theory seeks to explain how mental

operations basic to mathematical thought develop, mathematicians and

mathematics educators are especially interested in his work. Many studies

concerning the mathematical development of young children have been con-

ducted, but relatively little work has been done for secondary school

youths or adults (Dessart and Frandsen, 1974), even though the logical



skills of the formal operations period can be cornelated with the basic

maT.oematical competencies associated with secondary school and remedial,..

mathematics curricula. For ex4mple, the ability to operate with opera-

tions and to form relations with relations are involved in mathematical

proportionality and other related problems. .The mastery of percent

involves the ability to use and understand proportions, a logical think-
.

ing skill. Moreover, Piaget's group of four operations or the INRC

group (identity, negation, reciprocal, correlate) occurs in all, problems

of proportionality. However, the results of the 1973 National Assessment

of Educational Progress (NAEP) in Mathematics found that students per-

formed badly in exercises about or using percent. The most recent finding
f

of the National Assessment of Education Progress (NAEP) indicated a

contLnued difficiency in problem solving and other skills applications.

Thus, there appears to be a clearly defined need to improve logical

thinking skills on the part of adolescents and young adults. Moreover,

the rise in the need for remedial mathematics courses in colleges across

the country indicatesfurther a need to improve mathematical competencies

and logical thinking skills on the part of adults.

Data gathered from diverse Plagetian training studies have shown

that an improvement in performance may be expected where training is

provided for those who would be near a particular stage of development

(Berlin, 1971). Since adults should be at or near the formal operations

level, training should lead to an improvement cf a formal operations

characteristic. Thus, given the correlation between the logical skills of

the formal operations period and mathematical competencies, especially

in terms of the relationship of percent to proportions, it would seem
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possible to incorporate Into an instructional unit the development of

the ability to work with percent and the improvement of a logical

thinking skill.
OM

Although the attention directed towards Piaget's theory has been in

terms of the development of cognitive processes in children, the theory,

nevertheless, is an explanation of the predecessors of adult knowledge.

Within this context all individuals must pass through the same sequence

of stages of development in order to achieve the characteristics

identifying the final period of development, formal operations, or adult

levels of logical thinking. Since the theory is explicitly developmental,

its principles would seem applicable to an instructional unit for adults

geared toward the improvement of a logical thinking skill as well as the

mastery of certain mathematical concepts.

Statement of the Problem

The purpose of this study was to design a unit on percent for ldult

remedial students based on the principles of Plaget's theory and to

evaluate.the effectiveness of the Unit as a means of improving one charac-

teristic of formal operations, the ability to use proportion.

More specifically, theinvestigator sought to answer the following

questions:

1. Did significant differences exist between the experimental and

control groups in the mastery of the cognitive objectives generally

prescribed for a unit on percent for adult remedial mathematics

students as measured by the scores on the Unit tests?

2. Did significant differences exist between the experimentil and

control groups in the ability to use proportions as measured by

the scores on pretest and posttest on proportions?



SUBJECTS, MATERIALS AND PRDCEDURES

Subjects

The subjects for this study consisted c4 89 undergraduate remedial

mathematics students at a branch ef the City University of Nma York. The

majority of students were freshmen, 20-24 years of age, enrolled in the

first undergraduate remedial mathematics course offered by the mathematics

department of the college. The course was, a one credit_course, meeting

five hours per week for approximately fifteen weeks, designed for enterifig

college students who had been determined by the college to be.in need of

mathematics remediation. Criteria for this determinatior. was:

I. they had not completed eslementary algebra in high school; or

2. they had been out of high school for a considerable lemgth

of time and voluntarily elected to begin with that course; or

3. they had completed elementary algebra in high school but went

back to this course after doing poorly in a more advanced courme..

Six sections of the course with a total registration of 123 Students

constituted the sample for the,stisdy. Three sections served as the experi-

mental group. The sections of this group were determined by the instructors'

willingness to participate in the experiment. The control group.consisted

of three other randomly selected sections of the course. Of the initial,

123 students in the sample,139 were actually used by.the investigator as

subjec,ts for the study. Only students who had taken both the pretests and

posttests and who were not absent for more than one clars session on percent

were included in the final group. Thus, there were 48 students in the final

experimental group and 41 students in the finnl control group.
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Materials,

The materials used in this study were: the Unit on Percent, the

Unit test and pretest on percent and the pretest and posttest on the

ability to use proportions.

Unit on Percent

The Unit on Percent developci by the Investigator consisted of five

sections: a general review of,pi.aget's theory in relation to formal

operations; proportionality and the !NBC group; explication of Piaget's

theory in relation to the specific techniques developed for teaching

percent; a Teacher's Guide; and student worksheets. The Unit on Percent

was specifically designed not only to provide teachers with an instruc-

tional guide but also to provide an explanation of the theoretical

principles involved in the Unit's development of the concept of percent.

The student worksheets, devised by the investigator, were Intended to

help students in the experimental group review the ideas presented in

each section of the instructional unit.

In order to develop the Unit, the investigator conducted an extensive

review of the literature concerning Piaget's theory and its applications

to teaching as well as a review of available nemedial mathematics curric-

ulum. Based on this review, the techniques employed in teaching the

concept of percent involved: a sequential development beginning with

concrete ideas defined through examples; the use of initial problems

which required students to raise questions or predict outcomes and inter-

act with one another and the teacher; an explanation,presentee by the

teacher,of the reasoning employed in examining evidence presented by

problems and In considering alternative strategies for their solution.



A distinguishing.characteristic of the instructional unit was the initial

use of ons-to-one correspondence, In terms of the part to whole relation-

ships, to solve specific percent problem and introduce the use of .

proportions. In addition, since research (Abramowitz, 1975) has suggested

that success on proportionality tasks are correlated to an understanding

of fractions, the unit on Percent included a detailed analysis of equ21

fractions, thus enabling students to better understand and use propor-

tions in solving percent problems.

The Unit was subjected to initial trial and evaluation by means of

a pilot study. In addition, after the pilot study, the Unit was sent

to a Jury of Experts,,concerning the content and validation of the Unit.

Given the nature of the Unit, the individual's evaluating the materials

had to be knowledgable In Plaget's theory, mathematics, remedial math-

ematics for adults, and mathematics education. Since a single individual

cannot be thoroughly Informed In all these areas, the Jury of Experts was

chosen by the investigator so that each individual had expertise In at

least two of the areas cited. In order to facilitate the task of the

Jury of Experts, a questionnaire was prepared by the investigator. All

of the responses received validated the Unit.

Pretests and Posttests

The Unit test was a comprehensive test on percent designed by the

investigator to measure the cognitive objectives generally prescribed

for a Unit on Percent for adult remedial students. An analagous form

of the Unit test constituted the pretest on percent. The pretest and

posttest on the ability to use proportions was a revised version of the

tests developed by Lovell and Butterworth (1966) concerning the ability
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to handle metric proportions. Witten permission from Or. Lovell for this

revision and his evaluation of the revisid.:pretest and posttest were

obtained. These tests were also validated by the Jury of Experts.

The reliability of the testing Instruments were found using the split-

half method. (r(75) = .94, p4.01 for the tests on percent and r(75) = .97,

p 4.01 for the tests on proportion.)

Procedures

The procedures utilized in this study involved a pilot study, a field

experiment and a statistical analysis.

Pilot Study

In order to subject the Unit on Percent and the testing instruments

to initial trial and evaluation, a pilot study was conducted by the investi-

gator at a branch of the City University of New York. The subjects used

for the pilot study were 20 undergraduate students in an elementary mathe-

matics education class. These students had been tested in basic mathematical

skills by the Instructor of the class and had been found to be in need of

mathematics remediation especially in the area of percent.

The results of the pilot study supported the effectiveness of the Unit

on Percent in terms of the mastery of percent and the improvement of the

ability to use proportions. This initial trial also suggested some re-

visions in the Teacher's Guide and student worksheets which,were incorpor-

ated into the final Unit on Percent.

F,Ield Experiment

The final validated Unit on Percent was tested in three sections of

the first remedial mathematics course offered at a branch of the City

University of New York. Ali instructors of the course were informed by
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the Investigator of the nature and purpose of the experiment. Three

instructors word willing to Implement the Unit on Percent developed by

the investigator in their classrcoms. The classes of these Instructors

constituted the experimental group for this investigation. After the

experimental classes were .chosen, three other sections of the course

%ere randomly selected from those sections of the course whose Instructors

did not wish to teach the Unit on Percent developed by the Investigator.

Those three classes constituted the control gnoup for this study.

All the clisses In the experimental group met in the morning. Two

classes in the control group met in the morning and one in the afternoon.

The instructors of the experimental-classes consisted of one female and

two male teachers, 23 to 27'years of age. Two of the Instructors had

taught the course more than once and each had at least one year of teaching

experience oR the college level. The instructors of the control group

were all males, 25 to 38 years of age. Two of the instructors had taught

the course more than once and each had at least two years of teaching

experience on the college level.

The instructors of the experimental classes_attended teacher training

sessions conducted by the investigator once a week for three weeks prior

to the beginning of classes. Prior to the first training session, these

teachers were provided with the Unit on Percent. The teacher-*aining

sessions were intended to acquiint the instructors with the theoretical

framework of the unit and to explain and demonstrate the implementation

of the teacher's guide. The instructors also demonstrated the lessons In

the Unit by means of classroom simulations so as to maintain as little

variation as possible In the actual instruction of the unit by the teachers.



At the last training session each experimental instructor was given

sufficient copies of the pretest and posttest on percent, pretest and post-

test on the ability to use proportion', and each of the four student work-

sheets. The procedures for administering these tests Were explained and

any final questions were answered. At the same time, each Instructor of

the control classes received sufficient copies of the pretest and,posttest

on percent and the.pretest and posttest on the ability to use proportions

aion9 with a written expfanai/on of the.admintstration of these tests.

The Unit on Percent developed by the investigator was implemented_in

the experimental classes during the same week that the control classes

were beginning the unit on Percent as presented in the course curriculum.

The instructors of both the experimental and control classes devoted five

class lectures to instruction in the Unit on Percent with their classes.

In the experimental classes, student worksheets were distributed as

homework assignments to the students at the end of each lecture, which

completed the lessons In the teacher's guide. Part of each subsequent

lecture was devoted to answering student questions concerning problems on

the worksheet.

The investigator observed two class sessions of each experimental

and control class durIng.the implementation of the Unit on Percent. Given

the differences In the scheduling of classes, both groups appeared to pro-

ceed at the same pace. The observed experimental class.sessions were

-adhering to the teacher's guide developed by the investigator. The Unit

on Percent for both the experimental and control groups was completed

within the same week.



The pretest an percent and the ability to use proportiohs was admin-

istered to both the experimental and control groups at the class sessidn

immediately preceeding the Instruction of the Unit on Percent. Each test

took 25 minutes to administer. The experimental and control groups took

the poittest on percent and the ability to use proportions during the

class session immediately following completion of the instruction of the

Unit on Percent. Each test took 25 minutes to administer. The investigator

hand scored the pretests and posttests of the experimental and control

groups according to the number of items answered correctly on each test.

Statistical Procedures

The statistical procedures utilized in this investigation consisted

of three parts 1) comparison of pretest scores for experimental and

control group 2) comparison of posttest SCOTes for the experimental and

control groups and 3) comparison of pretest and posttests scores for the

experimental and control groups, respoctivety.

The pretest scores on percent and the ability to use proportions were

compared by means of the independent t-test. This comparison of pretest

scores was macL to assure that the experimental and control samples repre-

sented the same population for each measure.

In order to determine if significant differences existed between the

experimental and control groups in the ability to yse proportions and in

the mastery of percent, the posttest scores on percent and the ability to

use proportions were compared by means of the independent t-test.

The pretest and posttest scores on percent and the ability to use

proportions in the experimental and control groups respectively were com-

pared by a correlated data t-test in order to determine in which direction

1



the change in scores occured In each group. The,

the analagous form of the analysis of covariance

the statistical method suggested by Campbell and

a modified Solomon's design, the research design

Dr. Fred ttreit, visiting professor for research

,corralated data 1-test

for two groups which is

Stanley (1968, p.49) for

used for.this study.

at Rutgers University,

was consulted concerning the most appropriate method of statistical analysis

for this study. Upon his adviie the statistical procedures as veviously

stated were adopted by the ihvestisator. The actual data analysis was also'

performed by Dr. Streit.

Results

Results and Discussion

Comparison oflpretest icores\on percent and the ability to use propor-

tions using the independent t-test\showed qui group means for the experimental

and control groups not to be significant, t(89) = .013; t(89) An, pe:.01..

The experimental and control groups were therefore determined to be compar-
,

able on these two measures.

Comparison of posttest scores on percent usins the independent t-test

showed significant differences between the experimental and ciontrol groups

at the .001 level of confidence (t(89) 4.08, pL.001). These determined

differences favored the experimental group. It was therefore determined

that the experimental group who used the Unit on Percent develored by the '

investigator scored higher on the posttest on percent than did the control

group. The same comparison of posttest scores on the ability to use pro-

portions showed significant differences betwten the experimental and control

groups'at the .004 level of confidence (t(89) 2.93, p L.004). these

differences again favored the experimental group. It was therefore concluded
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that the experimental group scored higher on the posttest on thl ability

to use proportions than did the control group.

Since the comparison of posttest Scores on percent and the ability to

use proportions between the experimental and control groups indicated

significant differences, the comparison of pretest and posttest scores

on the two measure, for each group, experimental and control, was made to

determine the direction in which the change had occurred in each group.

The pretest and posttest scores for the experimental group on percent and

the ability to use proportions, mlpectively, were compared by means of

the t-test for correlated data. The investigator determined that there

were significant differences between pretest and posttest scores (1(89)m

12.156, p 4: .001 t (89) = 7.887, p 6..001). These differences favored the

posttest scores. The investigator therefore concluded that the experimental

group scored significantly higher on the posttest on percent and the ability

to use proportions than this group had scored on the pretests of these

measures. Usitig the same analysis for the control group, significant

differences were found between the pretest and posttest scores W89)..9.004,

p.001; t(89)4.1421, p4=.001). Again, the differences favored the post-,

test scores. The Investigator therefore concluded that the.control group

sCorid significantly higher on the posttest on percent and the ability to

use proportions than this group had scored on the pretests of these measures.

The comorison of posttest scores between the experimenta) and contral groups,

however, indicated that the experimental group showed a significantly greater

gain from pretest to posttest than did the control group.

Conclusions

On the basis of the findings, the following conclusions were made by the

investigator:



I. The experimental group using the.Unit on Percent scored signifi-

cantly higher than the control group,on the posttest on percent.

2. The experimental group using the Unit on Percent scored signifi-

cantly higher than the control group on the posttest on the ability

to use proportions.

Discussion

The study has ail the limitations atiendant upon volunteer Instructors

and the lack of absolute contyol of all extraneous variables. Nonethejess,

given the limitations of the study there would seam to be a relationship

between learning percent and Imploving the ability to"use proportions.

Moreover, It would seam that an instructional unit can be developed which

implements some of the heuyistic principles of Piaget's theory and which

simultanequsly improves one characteristic of formal operations and develops

basic mathematical principles. In addition, it appears that Piaget's

theory can be successfully applied to the mathematics instruction of adult
,

remedial students and that this theory can be implemented in an actual

classroom situation Involving instructors of nmmedial mathematics courses..

Significance is indicated as the study addresses several areas of

concern. A review of the literature shows little evidence that any theoret-

ical framework or learning theory has been considered as a baiis for develop-

ing alternative teaching techniques for adult remedial students even though

remedial'mathematics has become a necessary component of high school and

college curricula. Research also offers very little in terms of.ways to

nurture and enhance a person's ability to-use formal logical thinking skills,

while the most necent results of the National Assessment of Educational

Progress in Mathematics clearly indicates the need to improve such skills.

t5
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