MONTANA

STATE UNIVERSITY

Multiple embodiment instructional sequence using the computer as the interfacing agent in the
instruction of volume of rectangular solids
by Ruth Mary Regling Johnson

A thesis submitted in partial fulfillment of the requirement for the degree of Doctor of Education
Montana State University
© Copyright by Ruth Mary Regling Johnson (1989)

Abstract:

This study measured the effect of two multiple embodiment instructional sequences on the topic of
volume of rectangular solids upon student achievement. Instructional sequences investigated were (1)
the sequence with computer, (2) the same sequence without computer ; and a textbook-based sequence.
Independent variables were sequence, ability level, and gender. Dependent variables were scores on
post-instruction and post-retention criterion-referenced tests. Test items were divided into these
categories: knowledge and comprehension, application and analysis, and total test.

A pretest determined all sequence groups were equal before instruction.

The four-week study was conducted in 21 southwestern Montana classrooms. Classes were randomly
assigned to the sequences. Classroom teachers conducted all instruction and testing activities.
Post-instruction test was administered after one week of instruction; post-retention test after three
weeks of retention activities, one activity each week.

Factorial analysis of scores established the following conclusion. Both multiple embodiment sequences
were superior to the textbook sequence except for application and analysis post-instruction scores. The
highest achievement was among high ability groups; the lowest achievement was among low ability.
Males outperformed females on knowledge and comprehension questions; females outperformed males
on the computer sequence; and on both tests, males and females demonstrated equal achievement on
application and analysis and total test scores. Two trends were noted: (1) students in the embodiment
sequence without computer produced higher scores post-instruction, but students in the computer
embodiment sequence scored higher post-retention, and (2) low ability students in the computer
sequence scored lower than their counterparts in the other sequences.

The following recommendations were made concerning instruction of volume of rectangular solids.
Carefully sequenced multiple embodiment instruction should be used. Use of the computer should be
considered in embodiment instruction. Assumption that male achievement is superior to female
achievement in this area should not be made. Instruction on this topic should be reinforced over time
and should include multiple embodiments.
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ABSTRACT

This study measured the effect of two multiple
embodiment instructional sequences on the topic of volume
of rectangular solids upon student achievement.
Instructional sequences investigated were (1) the
sequence with computer, (2) the same sequence without
computer; and a textbook-based sequence. Independent
variables were sequence, ability level, and gender.
Dependent variables were scores on post-instruction and
post-retention criterion-referenced tests. Test items
were divided into these categories: knowledge and
comprehension, application and analysis, and total test.
A pretest determined all sequence groups were egual
before instruction.

The four~week study was conducted in 21 southwestern
Montana classrooms. Classes were randomly assigned to
the sequences. Classroom teachers conducted all
instruction and testing activities. Post-instruction
test was administered after one week of instruction;
post-retention test after three weeks of retention
activities, one activity each week.

Factorial analysis of scores established the
following conclusion. Both multiple embodiment sequences
were superior to the textbook sequence except for
application and analysis post-instruction scores. The
highest achievement was among high ability groups:; the
lowest achievement was among low ability. Males
outperformed females on knowledge and comprehension
questions; females outperformed males on the computer
sequence; and on both tests, males and females
demonstrated equal achievement on application and
analysis and total test scores. Two trends were noted:
(1) students in the embodiment sequence without computer
produced higher scores post-instruction, but students in
the computer embodiment sequence scored higher post-
retention, and (2) low ability students in the computer
sequence scored lower than their counterparts in the
other sequences. _

The following recommendations were made concerning
instruction of volume of rectangular solids. Carefully
sequenced multiple embodiment instruction should be used.
Use of the computer should be considered in embodiment
instruction. Assumption that male achievement is
superior to female achievement in this area should not be
made. Instruction on this topic should be reinforced
over time and should include multiple embodiments.




CHAPTER I
INTRODUCTION
Introduction

Mathematics educators, psychologists, and learning
theorists have long searched for the processes by which
stﬁdents learn mathematics in order to develop |
instructional methods that will effectively facilitate
such learning. Yet, concern over declining test scores
of mathematicﬁl skill and concept development has been
documented in the past two decadesJ(Flake, 1982; National
Assessmént of Educational Progress Report (NAEé), 19795;.
NAEP, 1979b; NAEP, 1§83; National Commission on |
Excellence in Education, 1983; National Research Council,
1989; Willoughby, 1987) . Even though some gain in
mathematics achievement was shown in the 1986 NAEP test,
it was primarily reflected in lower-order skills (Dosséy
et al., 1988). Concurrent with the fall of math sééres
-has been a call by several national educationa;
organizations to improve application aﬁd analysis skills,
to link these to broblem solving skills, and to‘exploreA

ways to incorporate computers into instruction as a means




of enhancing mathematics learning (Cbmmittee on Research
in Mathematics, Science and‘Technology,:Cémmission.on

. Behavioral and S§cia1 Sciences and Educatioﬁ, National
Research Council, 1985; Dolan, 1987; Dossey et al., 1988;
Heddens, 1984; National Council of Teachers of. . i
Mathematicé (NCTM), 1985; National Research Council,
1989; National Science Board Commission on Pre-éollgge
Education in Mathematics, Science and Technology,-1§83;
Suydam, 1984b). Consequeﬁtly, it is no surprise that a
current topic of résearch is studying how to use the
computer as a supplement to mathematics instruction to
inérease student achievement.

Until the 1960s muéh of mathematics instruction
emphasized teacher show student tell.environmenté,
memorization, and drill and praétice éo prombfe,
reinforce, and retain mafhematics knowledge (Byers &
Erlwanger, 1985; Heddens, 1984; Shuell, 1986).

Traditional elementary school mathematics instruction has

consisted of lecture, chalkboard demonstration, and
assignment of numerous homework problems from textbooks.
Traditional elementary school mathematics learning has
consisted of listening, copying, memoriéing algofithms,
and time-consuming hand calculations to solve the
homework assignments. Frequently, this approach has-

emphasized lower-level computation and comprehension




.skills at the expense of the development of higher level
application-and_analytical skills (DeVault, i981; Dossey,
1989; Dugdalé & Kibbey, 1983, 1984; NAEP; 1979a; NAEP,
1979b; NAEP, 1983; NCTﬁ, 1985). This behavioral approach
'feflected the research of Skinner and Pavlov and most
educétérs viewed mathematics 1earning and mathematics -
memory as a "quantitative" measure of learning (Byers &
Eriwanger; 1985; Davis, i983; Gégne, 1985; Shuell, 1986).
However, in the late 1960s and early 1§70s a renewed
emphasis on "understanding" the concept versus "rote
learning" surfaced. This is'evidenced‘by the influence
of "meaningful verbal learning" (Aﬁsubel, 1963),
developmental stages of learning (Piaget, 1960),
"discovery learning" (Bruﬁer, 1975), Rathmell’s
symbolic-oral-written concept of learning (Péyne &
Rathmell, 1980), and others. Brownell’s (1956) ‘
"meaningful arithmetic" was an early harbinger. These
process-=oriented learning theories produced instructionai
strategies involving advanced organizéfs, concrete |
manipulétives, multiple embodiment instruction, and a
shift from teacher-dominated to child-centered,
activity-oriented classrooms and laboratories. The
"qualitative" instructional approach with regard to
meaning and organization of‘mathematics learning surfaced

‘as the major emphasis in mathematics education during




this time (Wheeler, 1971). It was hoped this approach
would develop higher cognitive levels of mathematics
learning as well as higher levels of student achievement.
However, mathematics instruction in 1983 still consisted
primarily of teacher-dominated lecture and demonstration
and reliance on textbooks and worksheets (Dossey et al.,
1988). Most teachers use a narrow rebertoire of
instructional practices, though research shows
manipulatives used in mathematics instruction increases
achievement (McCrary, 1988).

The idea of introducing concepts via concrete
materials in elementary mathematics instruction is not
new and has been prevalent in the literature since the
early 1900s. In 1920, C. L. Hull, for example, noted "a
combination of abstract presentations and concrete
examples yield a distinctly greater functional efficiency
than either method alone" (p. 28). Again, in 1927, J. P.
Haynes stated:

It is often necessary for pupils to work with

concrete materials; for it is only through actual

contact with things, events, qualities, and
relations that words, numbers, signs, and symbols
acquire meaning. Concrete material is a means of’
thinking, computing, and verifying results. It.

provides for learning through.several senses (p.

107) .

Bruner’s (1971) theory of intellectual development

is one theory advocating the use of concrete

manipulatives for initial concept building. He believed
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~ knowledge can be représented by a set of actions
(enacfive), a set of images (iconic), and a set of
symbols representing the knowledge concepts and including
rules for manipﬁlating the mathematics concept
(symbolic). Further, learners proceed through the
learning experience in three stages: cqﬁcrete,
semi~concrete and abstract. Piaget (1960, 1967, 1973),
Freudenthal (1981), aﬁd Vaﬁ Heile (Hoffer, 1983; Van
Heile, 1986) are among the math psychologists and
educators Wwho agree with Bruner that stuaents need
experiences at the concrete or manipulafivexlevel, before
they reach the representative or pictorial level. Oﬁly
then can the abstract level of understanding be reached
(Groen & Kieran, 1983; Heddens, 1984). - '

The Multiple %mbodiment Principle proposed by Z. P.

Dienes in the 1960s is built upon Brunér’s and Piaget’s
theories. The priﬁary focus of Dienes’ theory is that
learners acquire mathematical structures through
manipulation of physical embodiments, cqncrete devices
that embody the mathematical strﬁcture to be learned.
The amount of abstraction acquired by the learner is
directly proportional to the number of varied experiences
embodying the concept (Dienes, 1967).

Retention of knowledge is as important to

mathematics instruction as the acquisition of knowledge.




Byers and Erlwanger (1985) contend that "memory plays an
essential role in the understanding of mathematics (p.
259)", Gagne aﬁd Whife (1978) acknowledged the
importance of mehory when they incorpdraféd memory
structure into their learning paradigm.' Memory involving
mathematics learning may be one key to understanding why
some students "learn" matﬁematics'by memérizing, others
by understanding, hnd still others learn not at all.

Like mathematics learning, mathemétics memory viewed
as a quantitative measure (i.e., recall of math facfé)
was prevalént until the 1960s (Byers & Erlanger, 1985;
Norman, 1982). The Ebbinghaus retention curve of verbal
memory reflects the rote notion of memory popular in the
first part of the 20th century (Underwéod, 1982). During
this period of behavioral emphasis, drill and practice
was a major instructional method. Recently, coénitive
psychology has placed a new emphasis on the role of
meaning and organization in learning and retention of
1earning. Byers and Erlanger (1985, p. 261) summarize
the current view of memory in mathematics learning:

The crucial queétion is not wheﬁhef memory plays a

role in understanding mathematics but ‘what’ it is

that is remembered and ’‘how’ it is remembered by

Egz?e who understand it - as Well as by those who QO

National testing results also indicate the concepts

and computation involving the subject of volume are a




matter of concern ‘(Gardner, Rudman, Karlson, & Merwin,
1983a, 1983b; Michigan Department of Education (MEAP) ,
1983; NAEP, 1983). One reason for this céncern may be
the minimal attention given to three-dimensioﬁél space'
and geometry in mathematics curriculum kBen-Haim, Lappan,
& Houang, 1985). Shumway (1980) notes the'nominal amount
of attention given to space and geometry in mathematics
research'fShumway, 1980). Tyson-Bernstein (1988) noted
the negative effect on the quality of education'wheﬁ
curriculum and textbook standards are sef by polifical
rather than knowledgeable synﬁhesis.

In addition to the political influence oﬁ tektbook
content, the overuse of textual rebresentation may not:bé
adequate for all learners. Many students leérn better -
with other forms of communication‘such as graphics,
motion, tactile motions, and computer representations
(Taylér & Cunniff, 1988). Unfortunateiy, instructional
content is based on textbook content (Dossey, 1988;
Nicely, 1985; Taylor & Cunniff, 1988). Two-thirds of all.
mathematics classes are taught using only one textbook
(Committee on Indicators of Pre-College Science and
"Mathematics, Commission of Behavioral and Social Studies
and Education, & National Research Council,.1985).
Therefore, supplement of mathematics textbooks to achieve

higher level mathematics skills is mandatory (Nicely,
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1985) . _Fprtunately; the NCTM is attempting to addreés
this problem by defining éppropriaté‘standards for fufure
_needs; it is the only educational group to do so-
(Tyson-Bernstein, 1988).

Another reason fof poor achievement on the topic of
volume may pertain to poor spatial ability, the ébility
to visualize and ménipulate three-dimensional space
(Bishop, 1983; Ben-Haim et al., 1985). One study‘by Ben
Haim et al. (1985) analyzed errors made by students who
took the 1983 Michigan Educational Assessmenf Program
test. The test items reviewed measured ability to
calculate the volume of rectangular solids. Their
findings suggest visualization of three-dimensional
objects and mathematical problems dealing with
visualization is. an area in which students lack skills.
The authors suggest initial instruction should inélﬁde
concrete activities. The traditional‘téxtbook approach to
volume of rectangular solids that uses a two-dimensional
semi-concrete format followed by drill and practice type
activities is not sufficient (Ben-Haim et al., 1983;
Hart, 1981; Nicely, 1985).

Additionally, the traditional mathematics textbook
approach follows an instructional progression of lehgth,
area, and volume. Some reéearch seems to demonétrate

this may not be the best séquence for all students”(Hart,




1984). Other research indiéates a visual approach to
volume is more beneficial to students who have low
Qisualization skills (Gabel & Enochs, 1987). ﬁhen
students QO not understand the concept, volume will be
interpreted only as a memorized formula (Dugdale &
Kibbey, 1983; Gabel & Enochs, 1987; NAEP, 1983).

Just as mathematids learning theories and practices
have shifted from quantitative to qualitative emphasis,
so has computer-assisted instruction (Chambers &
Sprecher, 1983). Until the late 1960s CAI consisted
primarily of drill and practice formats. This form of
CAI improved memorization and recall of facts, which are
lower levels of learning (Bialo & Ericksoh, 1985; Kulik,
Kulik, & Cohen, 1980). Recently, however, development of
a new type of software, the simulafioh, or microworld,
offers promise in enhancing concept development in math
education (Alesandrini, 1985; Henderson et'él., 1983}
Chambers & Sprecher, 1983;VNCTM, 1985). The ability of
the computef toiquickly create visual images that '
reﬁresent an abstract mathématical concept holds greaF
promise in helping students acquire those abstract |
concebts and promoting learning at higher cognitive
levels (Bork, 1980; Franz, 1986; Marks, 1985; Reed, 1985; -

Smith, 1982).
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The lack of accessibility 6f computers for classroom
use, lack of funds for softwére and hardware, and the
poor quality of computer software has, in-the pést,
stifled attempts to respond to these hational concerns
over declining mathematics scores and recommendations for
incorporating computer aided instruction into mathematics
classrooms (DeVault, 1981; DeVault & Chapin, 1980).
Today, however, problems with accessibility, funding, and
the quality of software programs have diminished and, in
some cases, beeﬁ completely resolved. A 1984-85
comprehensive national survey revealed that 94% of all
public school districts in the United States use
computers in instruction; 82% of .elementary schools have
microcomputers in their classrooms (Hood,‘1985). In
Montana, 94% of the state’s classrooms have access to or
contain permanently placed computefs (0Office of - Public
Instruction (OPI), 1985b). In.Montana's elementary
school classrooms the percentage is 84 (OPI, 1987).
Public domain softwafe, site licenses, and labs in which
all students in a school have access to computers have
helped defray costs for both software and hardware
'purchases. A few studies indicate mathematics
instruction incorporating CAI is less expensive than

without CAI (Adam, 1989).
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" A consensus of Montana‘educationa1~experts concluded
top priorities forlcompﬁter literacy for Montana public
schqols‘are: (a) studepts should be able té use -the
compﬁter as a tool for inquiry, problem sqlﬁing, and
recreation; and (b) students'should‘participate in_a
variety ofvexperiences (hands on) in several subject
areas (Bruwelheide, 1982); A review of the liferature
demonstrates that the use of computers as a supplenment to
instruction can also enhance learning iﬁ mathema£ics
(Burns & Bozeman, 1981; Henderson et.al.,'19é3; Kelman et
al., 1983).

The impetus for this study came from an internship
completed in the Spring of 1987 involving a field test of.
a multiple embodiment instructional sequence-on thé
subject of volume of rectangular sélids.' A computer
simulation was included as one embodiment. Fofty;five
students from one town and two rural Montana schools (see
Appendix C) participated in the study which consisted of
a four-day instructional unit and three weeks of
retenfion activities. Results of the study indicated
that use of computer-assisted instruction (CAI) may have
been a factor in the increase in.studenf achievement.

The positive reaction of both teachers and students
indicated to this researcher a need to reblicété‘the

pilot study in a more controlled environment. Because
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several of the instructional days required more fhan a
50-minute period, this researcher alsé decided to
increase the lenéth 6f the instruction time to five
50-minute periods, reconfiguring the research study to a-

five-day instructional time period. ’
Statement of the Problem

Concern over fhe declining test scores in
mathematical skill and concept development, including the
concept of volume of rectangular solids, has been
documented (Gardner‘et al., 1983; MEAP, 1983; NAEP,
1983). In addition to improving mathematics achievement,
educators afe concerned about de&eloping mathematics
ability at higher cognitive levels. Many national
educational organizations urge inclusion of
computer-assisted instruction as a.means of improving the
learhing of mathematics. | ‘

The problem in this study was to determine the
effect of three methods of instruction on student
achievement. The thfee methods included: (a) a~
multiple-embodiment teaching sequence including the
computer as one embodiment, (b) the same sequence with
embodiments but without thé computer embodiment, and (c)
a teaching sequence based on traditional textbook

procedures. The dependent variables were mean scores on
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qrite;ion—referenced tests. Independent variables were
method of instruction, gender, and ability groupihg.
Instruction cdhsisted of the teaching of volume of
rectangular solids. The population were fifth grade

students enrolled in school districts in southwestern

Montana.

Need for the Study

National testihg services have documented the need
for an increase in mathematics achievement, including the
subjechlofmvolume (Gardher et al.;'1983; MEAP,'1983;
:NAEP, i979&}'NAEP,,1979b; NAEP, 1983). Educators are
-also,concefhed“thet‘much of mathematics instfuction does
not promote higher_cognitive levels of learning (BialoA&
EriCksoh, ;585; MCTM, 1985; Wheeler, 1971). The
importance of fetentien, as well as initial acquisition
of mathemefics kndwledge, is another matter for concern
"('Bfer's & -Eflﬁaﬁgéf, 198'5). |

. The Natlonal 501ence Board of Pre-College Education
'1n Mathematlcs, 801ence and Technology (1983), the
National Counc11 of Teachers of Mathematics (1985), the
Natlonal Comm1551on on Excellence in Education (1983),
and the Natlonal Coun01l of Supervisors of Mathematics
(1988) were among the groups who have urged new and

continued research to develop improved curricula and
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instruction in mathematics, including the use of

computers in instruction. Several national mathematics

educétion organizations have urged inclusion of computers
into the middle school mathematics curficulum (Johnson,
1982; Cémmission on Standards for School Mathematiés,
1987). The promise of promoting higher cognitive |
mathematics skill and knowledge is offered bf computer
simulatiéns (Bork, 1980; Chambers & Sprecher; 1983;

Marks, 1985; NCTM, 1985). Yet, computers have not been

integrated into the learning of mathematics (Dossey,

1988).

The need for concrete activities as initial
experiences in the instruction of voiume of rectangular
solids has also been documented in studiés.by Dienes
(1967), Reys (1972), Edge and Ashlock’(lgsz), and
Ben-Haim et al..(1985), and Bishop (1983) ufged fesearch
on teaching materials and procedures in the'subject areas
of space and geometry. Howe?er, the use of computers as
a supplement tb the teaching of volume in order to
improve mathematics achievement has not been tested.

Finally, positi?e results on preliminary field tests
of the instructional sequence to be used in this study
indicated a need for a carefully controlled exberiment;
Hart (1981, p. 215) is among several educators who have

identified the need for "well-documented evidence that a
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particular teaching sequence is preferable to another [in

mathematics edﬁcation]."

Questions to be Answered

Questions answered in this study were as follows: .

1. Was there a significant difference in student
achievement among treatments?

| 2. Was there a significant difference in student

achievement between gender groups? |

3. Was there a significant difference in student
achievement among ability groupings?

4, Are there interactions between combinations of
the independent variables?
These questions are detailed in null hypothesis form in

Chapter III.
General Procedures

The Campbell-Stanley Nonequivalent Control Group
Design (1963) employed an exberimental—control model with
teaching sequences that included: (a) Treatment I -
multiple embodiments including'the computer as one
embodiment, (b) Treatment ITI - the same multiple
~ embodiment sequence but without the computer embodiment,
and (c) Treatment III - a sequence based on traditional

commercial textbook teaching method. A three-week
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retention period provided time and activities for all
treatments to review material one period per week via:
(a) Treatment I - computer, (b) Treatment II - o
manipulatives,'or (c) Treatment III - pencil and paper
problehs. A retention test was administered to determine
the amount of learning for each treatment. |

Two equivalent forms of a criterion-referenced test

(CRT) devéloped by this'researcher tested both concept

'andAskill levéls of knowledge. Form A served as a

post-instruction measure; Form B was used to measure
post—retenfion achievement and a partion of the Forﬁ B-
was uséd as a pretest. Reliability was determingd by the
eguivaience and stability method; the. Pearson R
coefficient was .864. Content validity was established
with a table of specifications and.validation by éxperts
(see Appendix B). Validity of the séftware was .
established by two computer edﬁcation specialists who
dsed criterion established by Alesandrini (1985) and
Mezzina (1985) (see Appeﬁdix B).

A standardized test éf mathematics ability, the
Stanford Achievement Test (SAT), was administered to
‘determine ability levels of participating étudents. A
fou:—task test based on Copeland’s (1979) diagnostic
activities with elémentary mathematics students was

developed by this researcher to determine student
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logico-mathematical level, Piaget’s description of
mathematics cognitive deﬁelopment (COpeiand, 1979, 1984;
Groen & Kieran, 1983). -Validity was determingd with é
construct validity method described by Borg and Gall
(1983). Reliability was determined with the test-retest
method; the Spearman Rho correlation was .8514.

This researcher'provided training for 17 classroom
teachers from southwestern Montana who conducted the
instruction and administered the tests. A student sample
size of 419 students was thus generated. Individual
structured tests consisting of tasks and questions were
_conducted by this researcher to determine individual
studéntﬁs mathematics developmental ieveIS'with respect
to measureﬁent'and conservation of area and volume. The
tests consisted of tasks based on Copeland’s (1979) work
and were conducted before treatments were administered.

A one;way analysis of variance (ANOVA) on pretest
scores was employed to test significant differences of
group means in achievement on the prefest to ensure
equivalent groups.  To test equivalence of ability groups
across treatments, two statistics were used: (a) ANOVA of
pretest scores:; and (5) Kruskal-Wallis non-parametrié
rank test of scéres based on the Piagetian tasks.
Factorial analysis of variance was used to determine

whether posttests revealed a difference among groups.
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Limitations and Delimitations

Limitations of this study were as follows:

1. The study was limited to classrooms of teachers
who volunteered to participate in:the.study.

2. The student sample was from fifth érade
mathematics classrooms in southwestefn Montana.

3. The time period included one week for instruction
and three additional weeks for retention.

4. The subject of thlis study was volume of
rectangular solids;

5. Computer usage was reported by students in
Treatment I. Instruction'to teacﬁersbwas to ensure all
students had access to CAI during the three weekly .
retention periodé. No other control for time on task'was
made. | |

Delimitations of this study were as fo;lows:

1. The population of this study waé fifth grade
students in southwestern Montana. . |

2. The experimental group including CAI was limited
to classrooms that ﬁave at least one Apple IIe or GS

available for student use.
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Definition of Terms

For the purpose of this study, the following
definitions were used:

computer-assisted instruction (CAI) - a data
processing application using a computer to assist with a
student’s instruction (Rpsenberg,'1984).

embodiment -'concreté, semi-concrete (pictorial) or
symbolic (verbal or writfen)ﬂsituation representing a
mathematics concept (Indelicato, 1979) .

hardware - -physical équipment uéed in data
processing, as opposed to programs,.fules, procedures
(Rosenberg, 1984). |

high'abilitz groups -~ ability groups in each
Treatment determined by a score of 61 or gréater on the
Stanford Achievement Test. |

" high level items - items on the criterion-

referenced test which address application and analysis
cognitive skills (see Appendix A; Bloom, 1956).

Logowriter - a programmihg language produced by Logo
Computer Systems;'Incprporated (Thomas, Andersbn &
Allinger et al., 1988).

low level items - items on the criterion- referenced

test which address knowledge and computation cognitive

skills (see Appendix A; Bloom, 1956).°
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low abllltV groups- - ability groups in each

-,;Treatment determlned by a score of 49 or greater on the
:'Stanford Achlevement Test.
manipulatives - QBjects operated‘by learners or

teachers (ihdeli?ato,-1979). ' '

médiﬁﬁ'abilitz gréups - ability groups in each
Tréatmeht determined by a score of less than 61 and more
than 49 on the Stanford Achievement Test.

microwqud - a simulated computer environment
(Indelicato, 1979).

multiple embodiment - two or more embodiments of a
mathematics concept (Indelicato, 1979).

post-instruction test - criterion-referenced test
administered following one week 6f instruction.

post-retention test - criterion-referenced test
administered following three retention activities.

simulation -~ representation of a system or selected

characteristics of that system (Rosenberg, 1984).

software - programs, procedures, rules and
documentation pertaining to the operation of a computer
system (Rosenberg, 1984).

volume of rectanqular solid - volume of a right

rectangular prism.
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CHAPTER II
REVIEW OF LITERATURE
Introduction

The researcher studied the effect of a multiple
embodiment instructional sequence including the computer
as one embodiment on student achievement. The dependent
variable in the study was studenf achievement on the
subject of volume of rectangular solids. The study also
included the effect of the sequence without the computer
embodiment or supplement. A control group was-taught

with a traditional textbook method. Achievement was

" measured after instruction and after a period of

retention activities. The feview‘of li#erature will
include pertinent research on the use of computers in
education and the potential to address the need for
instructional methods that develop higher cognitive
levels of mathematics learning, the iﬁportance of memory
for mathematics learning, instruction using multiple
embodiments, and instruction'on volume of rectangular

solids, gender, and ability groups in mathematics.




22

Computers in Public School Education

A review éf literature on computer appliéations in
education demonstrates the effectiveness of computer
assisted instruction (CAI). Yet, after years of |
development, from 1955 fo the early.19805, the impact of
CAI on education is only beginning to be felt (DeVault,
1981; Henderson, 1983; Henderson, Landesman;'& Kachuck,
1985). | |

CAI programs require active participation on the
part of the learner who inputs instructions to be
. manipulated by the progfam. The computer acts as a
tireless and impértial instructor giviﬁg immediate
feedback for reinforcement and/or remediation. Verbal or
graphic reinforcement for correct respénses can increase
' étudent motivation ana add to the enjbyment of learning
\(Chambers & Sprechef, 1980; Marks, 1985; Wﬁite, 1983).
Feedback for correction can redirect a learner to
remediation and correct errors before the same error is
irepeated and reinforced (Chambers & Sprecher, 1983;
Henderson et al., 1933; Menis, Snyder, &.Ben—Kohav, 1980;
White, 1983). In this manner a student can predidt |
results'and answers to problems; the computer responds

with calculated answers and the student can compare his

results with that of the computer.
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CAI is used'in instructional settings as a
supplement to or substitute for direc£ instruction.
SupplementaIICAI is used as adjunct to traditional
cléssroom instruction and activity; CAI used és
substitution replaces other modes of instruction
(Henderson et al., 1983; Kulik, Kulik, & Cohen, 1980).

Henderson et al. (1983) discussed the three types of
computer assisted instruction programs: tutorial{‘drill
and practice, and simulation. Tutorial programs preéeht
new concepts or skills in carefully-séquenced steps.
Drill Aﬁd practiéerbftwaré offers learners practice in
the development of skills through driil format.
Simulations create a model of a real situation, either a
life situatiop 6; a representation of an experimental
sitﬁation (Suydan, 1984). »

Most pre-1970 studies dealt with tutorial or drill
and praqtice computer assisted instructionél érograms and
were conducted in elementary kindergarten through eighth
'grade classrooms (Kﬂlik et ai., 1980; Wiliis,‘1987).

More recent studies indicate an increésiné use in all
leﬁels of educational climates and CAI use other thaﬁ
tutorial and drill and practice. Kulik, Bangert, and
ﬁilliams (1983) demonstrated that the positive effects of
tutorial and drill and practice CAI appear to weaken as

grade level increases through high school. The guthoré

reasoned these types of programs, with their continual
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1.
appeal to primary and elementary age learners. Older

guidance, feedback, and constant call.:for student input

students, who are more self-difected,‘préfer
self-directed CAI. |

Significanf positive effects of CAI on student
achievement have been reported in the literature.
However, DeVault (1981) conducted a review of 32 doctoral
dissertations éonducted between 1969 and 1979 comparing
effective use of CAI and traditional instruction. He
found the majority were drill and practice; oﬁly five
were tutorial, seven concerned programming, énd two dealt
with problem-solving skills. Of the 30 that compared
achievement results, only iz reported a significant
difference.

In a meta-analysis of 59 studies of college teaching
conducted during the period from 1967 to 1978, Kulik et
al. (1980) found CAI significantly raised achievement
scores and decreased the need for direct iﬁstructiénal
time. Another meta-analysis of 51 studies of computer-
assisted instruction in grades 6 through 12 found a
significant inCrease in achievement and retention scores
(Kulik et al., 1983). Criteria for inclusion .in both

meta-analyses included the following components:
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1. Only gquantitative based studies with control and

experimental groups were used. |
| 2. Studies were carried out in classroém-climates,
not in computer laboratory qlimates.

3. No evidence -of crippling méthodology existed. If
identical studies were carried out at the same
institution only the most recent was used; if evidence of
teaching to criterion tests or.qlearly différent éptitude
levels of control and experimental'grqups were appérent,
the-study was not included.

4. Analysis included tutorial, drill and practice,
and simulation CAI.

5. CAI was used as supplement to instruction, not
substitution.
| Computer simulation is a new form of computer-
assisted instruction (Chambers & Sprecher, 1980; Dugdale
& Kibbey, 1983; Henderson et al., 1983). Simulations
model a real situation, often one .that cannot be
experienced by the learner. Computer simulétions are
oftén called micrqworlds (Papert, 1980).4 For example, a
simulated space activity canvallow the student to input
actions and test results, for insfance, while moving,
eating, or walking in zero gravity. Thorson (in Chambers
& Sprecher, 1983) proposed simuiation CAI can bridge the

gap between abstract learning and application of that
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learning in problem—solving'contexts{ Computer
simulation gives the student experiences in application
and analysis levels of cognitivé learning (Bridgeé,,1987;
Shaw, Okey, & Waugh, 1984).A Students are not simply‘_
"doing"‘math but are "using" mathemétics to solve real
life problems (Dugdale & Kibbey, 1983, 1984).‘ Magdaiene
Lampert, Coordinator of the Dilemma Management in |
Mathematicé Project, stated that "doing" math usually
means following rules and algorithms; "knowingﬁ math
means remembering and correctly applying algorithms. She
contends "knowing" is a student’s oﬁn belief system about
math established froﬁ his/her‘own‘expefiences
(Instruction for Research on Téaching, 1988) . .Research
in mafhematics education has demonstrated that students

. learn more by using and applying mathemafics than simply
"learning about" math (Driscoll, 1988).

Microworlds were the main focus of Papert’s work
with Loéo, a simulatiﬁn in which students manipulate a
"turtle" to create and explore geometric forms (Paéert,
1980). They were also.the basis for ngdale and Kibbey’s
(1983, 1984) Green Globs, Tracker, and'Graphing Equatioﬁs
combined software package. A new geometry gxplofafion
cémputef packaée, Geometric Supposer, is another example
of simulations used ip the instruction of mathematics' 

(Driscoll, 1988).
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With the development of simﬁlations, a new body of
research dealing wifh visual computer applications‘has
appeared. Studies on the use of visual and pictorial
representation show positive effects for facilitating
learning for both adults and children (Alesandrini, 1985;
Morris, 1982). Franz (1986) and Smith (1982), for
example, demonstrated the potentiallfor visual
representation caéabilities of the computer in an
instructional éetting. Shaw and Okey (1985) conducted a
study of 173 sixfh'and seventh graae students on ‘
observing, classifying, and recording dafa. One group
used computer simulation, oné group used laboratory
activities, and a‘third used a combination of simulations
and activities. A fourth control group was instructed
via a conventional lecture format. Results showed
significantly higher achievement in all three
experimental groups. Reed’s 1981 study exploréd the
condition under which computer graphics could improve
student estimation of solutions of algebra word problems.
The 180'college undergraduate students increased
achievement scores. The factors effecting the positive
results were: (a) good visual feedback, (b) CAI aé
supplement, not substitution to instruction, and (c)
active participation in the CAI by stﬁdeﬁts. In spite of

the positive effects of computer simulations on student
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achievement, only 4 to 5% of available software falls
into this category (Bialo & Erickson, 1985). Willoughby
(1986) estimated that 90% of all CAI addresses lower

level computation skills.

Computers in Mathematics Education

The subject area that has made the most use of
computer assisted instruction is secondary mathematics
(Bialo & Erickson, 1985; Copple,u1981; Keuper, 1985).

The EducationaI.Software Selector (TESS), which‘lists'all
educational software available through commercial
vendors, includes over 4,500 educational programs in 24
subject areas. Twenty six percent was in the area of
mathematics, followed by 15% for science (Bialo &
Erickson, 1985). A

In 1985, Keuper reviewed 25 studies measuring the
effect of computer usage in mathematics instruction. The
studies were conducted between 1970 anq 1983 in grades 7
through 12. Twenty studies reported positive effects on
student achievement. Four of the studies reported no
effect and one study reported a negative effect. The
limitations of Keuper’s review were as follows:

1. Not all studies used control and experimental
groups. .

2. Experimental settings, experimental designs, and

types of application varied.
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Suydam’s 1984 review of.microcomputers in
mathematics instrucfion concluded that instruction using
CAI as a supplement is at least as éffective.or ﬁore
effective in drill and practice type instruction and
tutorial CAI use over traditional methods of instruction.
Additionally, she reported that problem-solving tasks
using a computer increases mathematiés underétanding.

In a meta—aﬁalysis of 40 research findings concerned
with computer use in science and mathematics classfooﬁs,
Burns and Bozeman (1981) reported CAI used as a
supplement to instruction was more effectiVe than
traditional instruction alone and increased student
achievement in both elementary and secondary mathematics
classrooms. Criteria for inclusion into the study
includéd the following requirements: .

1. CAI was used as a supplement to, not a substitute
fof, instruction.

2. CAi.was used for elementary and secondary
instruction. |

3. Studies were conducted in classroom settings
only. |

4. On;y studies that emploYed contrbl and treatment
groups, or where control gfoup data was available
‘relative to predicted performance, were used.

5. The dependernt variable was student achievement.

..q&
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Similar findings were reported in secondary
mathematics classrooms by Kulik et al. (1983) and
Henderson et al. (1983) when computer-assisted
instruction was used as a supplement to traditional
insfruétion. The 1983 Henderson study ¢onéistéd of two
field tests. The first used 36 control and 45
experimental students enrolled in a hiéh school algebra
class; the second test used 11 volunteers from an
alternative high school. Three'computer;video
instructional modules designed to teach dr'refteach prime
numbers, factors, and fractions were employed. Results
of the pre-post criterion-referenced tests and the échbol
Learning Questionnaires for both groups demonstrated the
modules were positively effective on cognitive outcomes.

Jhin (1971) studied the effect of non-tutorial CAI
in the instruction of 11th grade algebra. Independent
variables were ability groups and treatments; dependent
vafiables were knowledge of computer pfinciples, abstract
reasoning, and algebra. The three month study involved
two control and two treatment groups. The researcher
concluded CAI was more effective among high ability |
groups and in increasing knowledge of computers.

The 1582 NCTM Yearbook focused on cfitical
mathematics issues in middle school grades five through

nine. Among the issues chosen for printing was the use
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of computers in mathematics instructipp, including the
topics of measurement and geometry. A suggestion for
improving instruction in these areas was.the use of

' computer simulations (Thompson, 1982). -

Other successful studies and pilots for
incorporating CAI into mathematics instruction include
graphing equations (Dugdale & Kibbey, 1983, 1984), graphs
of calculus equations (Hsiao, 1985; Smith, 1987), algebra
(Menis et al, 1980; Morris, 1982; Reed, 1985), problem
solving (Steen, 1984), trigonometry (Morris, 1982), and
simulated laboratory work (Shéw & Okay,' 1985).

Computer-assisted instrﬁction is especially
effective with low ability and low achieving as well as
remedial math students (Crawford, 1970; Feurzeig,
ﬁorwitz, & Niderson, 1981; Harman, 1980; Henderson et
al., 1983{ Keuber, 1985; Kulik et al., 1983; Meﬁis et
al., 1980). Thé type of CAi used to produce significant
- achievement émong these student populations was drill and
practice. 'Chambers and Sprecher (1980) and Feﬁrzeig et
al. (1981) are a few of the researchers who credit this
increase in achievement to the immediate feedback,
repetitiveness, and patient prodding of the cpmpﬁter
program. Kulik et al. (1983) found a decreaéevin.
effectiveness of CAI in later school years when

.self-paced computer packages are used. The authors cite
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earlier studies that reported self-paced computer
programs provide too littie guidance and support for
effective use by younger and less able students. Reed
(1985) tested a computer simulation with 180 college
undergraduates. The program-simulatéd the motion of
filling a’tank with water and the motion involved in
average-speed types of algebra word bfoblems. The
simulation presented a concrete example of the events in
problems, but it also depended upon subjects’ own
abilities to perceive and interpret correctly relevant
facts and information. Two results of thié study were
(a) impairment'by-previous'misconception 6f the concept
resulting in aﬂ individual’s-inability to "see" changes,
and (b) poorer students needed more information and |

assistance to be able to use the computer in their

learning.

Graphic Capability of Computers

Computer usage has demonstrated a positive effect
on-the facilitation of computation skills of sﬁudents in
mathematics classrooms using drill and practice programs
(Burns & Bozeman, 1981; Hartley, 1977; Kulik, Baﬁgert; &
Williams, 1983). Comprehension skills have been
similarly positively effected with CAI tutorial programs
that test learner‘knowledge of concepts and terminology

and ability to reason (Bridges, 1985; Burns & Bozeman,
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1981; Dugdale & Kibbey( 1981; Hénderson et al., 1983;
Kulik et.al., 1983). 1In 1979 the Nationai Assessment of
Educational Progress (NAEP) Report'warned of the
overdevelopment of lower levei mathematical computation
and comprehension skills at the expense of highef levgl
application and analytical skills in public sqhool
mathematics instruction. Too often students developed
only the ability to recall and apply a memorized
"algorithm without understanding‘the algorithmhor its
rélationship to the problem. When students were forced
into simply providing answers without understanding the
concept involved, they did not build the féundation for
future mathematics étudy. Dugdale and Kibbey (1983)
suggested that as more and more algorithms-acéumulated in
student memory, it became difficult to keep them
separated. The National Assessment of Educatiohal
Progress Report has recommended "an expanded definition
of what is ‘basic’ to mathemétics is crucial to foster
student ability to cope with different types of
mathematical problems. Students must be introduced to
higher level as well as lower level cognitive processes.
(NAEP, 1979, p.27)."
- Computer simulations offer potential instruction

that can promote application and énalysis of ﬁathematics

situations not previously available in the classroom

s
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(Bridges, 1985; Dugdale & Kibbey, 1983, 1984; Fraﬁz,
1986; Menis et al., 1980; Reif, 1985). The Natioﬂal
Couﬂcil of Teachers of Education Report (1985) '
recommended a public school kindergarten thfough 12th
grade cufriculum that included use of computer téchnology
to shift instruction away from traditional focus -on
computaﬁion‘and manipulative skills téﬁard an emphasis on
developing mathematical concepts, relationships, and/
problem-solving skills. For intermediate and secondary
students, who are develéping or have developed
computation and comprehension skills, the computer can
- alleviate the number crunching aspects of mathematics
problem-solving and allow students to concentrate on the
application, analysis, and synthesis_aspects of the
problem so they can develop an understanding of the math
process which involves "...the ability to grasp the
principle underlying the knowledge and ékill (NAEP, 1979,
p. 9)." Software programs'and pomputer-based instruction
that "Lead learners away...[from drill and
practice]..;and toward exploration" are needed (DeVault,
1981). '

NCTM (1985) further‘recommends the use of»computers'
in mathematics instruction at all levels (K-12) to |
enhance the concrete to abstraét transition necessary for

mathematics study. The National Science Board Commission
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of'Pre-College Education (1983) recommended compgtér
graphics be included in school'curriculuﬁ ", ..at the
éarliest practical grade (p. 1)." "The power of graphic
packages‘makes it easier for students to get a visual
‘éehse of geomepric concepts (p. 9)." In writing for the
1982 MCTM yéarbéok, Johnson (1§82) urges inclusion of
computer simulations to compute and solve problems
involving geometry and other matﬁematics problens.
Still, in spite of the apparent need for CAI in
"‘mathemaficé, computers are not widely used in mathematics
inétfﬁétioﬁ (LaPoihte & Martineé,‘1988).

Méfhematics is an abstréct subject; computer
simulation,apd graphics can illustra%e the abstract
“<¢oncepts.withtvisua1 representations of the conéept
(Bork, 1980; Marks, 1985; National Science Board
Commission pn'Pre—College Educdtion, 1983; Smith, 1982).
It ié'ﬁhis.ability to present abstract concepts in |
‘semi-concrete format that makes simulations valuable for
mathematics education (Flake, 1982; Marks, 1985; Mezziha,
1985; Morris, 1982; Reed, 1985).

The use of special effects of motion and graphics in
computer-programs offers poténtial for learning not |
previously available to mathematics instruction
(Alesandrini, 1985; Franz, 1986; Henderson et al., 1983).

The primary advantage of graphics is similar to pictorial
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ana diagramatic aides in textbooks but CAI also has the
added facility of motion and_&ériabiiity. With the use
of computer simulation, a learner’can manipﬁlafe é visual
representation of mathematical relationships involved in
prébiems. Dugd#le and Kibbey'(19é3) hypothesiée the
difficulty students have with mathematics Qés due, at
least in part, to a lack of understanding of the
relationship between variables and to the mathematical
concept as a whole. |

Effective CAI graphics are relevant to the tdpic and
content of the lesson (Aleséndrini, 1985) . foo oftén
graphics add litfle to the content and aré used only to
attract a user’s attention and keép his/hér motivation
stimulated. Research demonstrates irrelevant gréphics
not only detract from learning but may have an adverse
effect on memory facilitétion (Alesandrini, 1985).
Effective graphicé also include corrective and
.reinforcement feedback to facilitate learning
(Alesandrini, 1985; Dugdale & Kibbey, 1983, 1984; Franz,
1986; Reed, 1985).

Software packages used for instruction in calculus
and trigonometry (Morris, 1982) classrooms have
demonstrated the graphics capability of the compufer to
draw representations of three—dimenSionaltspaces.

Similarly, the potential exists for computer simulation
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microworlds to represent volume (Ben—ﬁaim et al., 1985).
Dugdale and Kibbey (1983, 1984) demonstrated that
microworlds can pfoVide an environment:that enables
learners to appiy mathematics in an ipterestiné and
challenging way. Midroworlds allow learners fo focué
attention on their own abilities to make use of the

mathematics they were learning'in the classroonm.

Memory and Mathematics ILearning

In order to understand how to enhance mathematics
learning, one hust understand how learning takes placé.
Acknowledgement of the importance of the acquisifion,
étorage and retrieval from memory of mathematics
knowledge is noted by the many appearances of the topic
in recent studies, books, and papers (Behr & Bright,
1983; Byers & Erlwanger, 1985; Davis, i983; Marks,‘1985;
Nicely, 1985; Shuell, 1986).

Various types of mathematics knowledge include (a)
rote knowledge (i.e., number facts, procedures, étc); (b)
understanding (i.e., relationships of variables to
equations); and (é) intellectual skills (applications to
problems) (Byers & Erlwanger, 1985). Few will‘érgue the
difference between ere‘replication of memorized,
automatic acts and application of mathematical knowledge

to solve problems (Dugdale & Kibbey, 1984; Commission on
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Standards for School Mathematics, 1987). Mathematics
"anxiety" may be due to lack of undefstandingfand ability
to apply mathematics to new situations and a continuéd
use of memorized, rote learning (Byers & Erlwanger, 1985;
Dugdale & Kibbey, 1984). Memory involving maﬁhéma;ics

learning may be one of the factors that distinguish

- capable students who do well in math from those who do

not (Byers & Erlwanger, 1985).

| All three types of knowledge are necessary for
success in m;thematics (Dugdale &.Kibbey,‘19é4; NAEP,
1983; NCTM, 1985). To use mathematics knowledge, oné
must recall from memory the facts,. algorithms, and
applications skills learned and stored in memory.

Until 1960 most educators viewed mathematics memory
as a "quantitative" measure of 1earﬁing (Byers &
Erlwanger, 1985; Gagne, 1985). ‘Ohe resﬁlt‘was an
emphasis on repetition; much of the CAI involved drill
and practice software (Kulik, Kulik, & Cohen, 1980).

More recently the qualitative role of meahing-and
organization in mathematics learning has again surfaced
as the major opinion. As early as 1932, F. C. Bartlett’s
experiments resulted in the‘conciusion that memory was a
process, not simply factual recall (Cofer, 1976). 1In
1957, Helgard stressed "...understandihg of '

principles....for such learning is...likely to remain
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-

permanently available [in memory]" (Hilgard in Byers &
Erlwanger, 1985, 262). Bruﬁer (1971)'statedllearning
ihvolves "...internalizing'evénts into a storagé system
that corresponds to the environment" (b. 5) ana refers to
retention of knowledge as a maih problem. Gagne and |
White acknowledged the importance of memory in learning
when they (1978) adapted memofy as a component in their
instruction --> memory structure --> learning outcomes
baradigm.' Piaget and Inhelder (1973) assert knoWledge
origiﬁates from an action, leads to a schemata, of
orgahization of thought, and is stored as a memory image
in the brain. Contemporary theory also recognizéd
various modes of memory, including visual; verbal, and
tactile (Byers & Erlwanger, 1985). The tactile memory
may contribute to remembering concrete experiences in
mathematics education (Lesh, 1983). Visual memory may
also be an important component, especially as it relates
to spatiai visualization ability (Lowery & Knirk, 1983).
Two theories emerged during the 1970s that
revolutionized the stuay of memory. First was the
distinction between long-term memory (LTM) characterized
as permanent, with unlimited capacity and compléx
retrieval, and shorﬁ-terﬁ memofy (STM)'charaéterized‘as‘
temporary, limited capacity, and easy retrieval (Byersu&

Erlwanger, 1985; Gagne, 1985; Greeno, 1973; Klatzky,
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1980; Weaver, 1980) and a "workplace" for problem-solving
where information.froﬁ LTM is brought to solve the task
in STM (Greeno, 1973). Recent studies 6ﬁ'human brain
anatomy by Dr. Stuart Zola-Morgan and others at the
University of California at San Diego have produced
physical evidence to support the working memofy concept
(Beglay et al., 1986). This process approximates, alﬁeit
in a very primitive manner, an information-processing
analogy to computer processing where encoding (input)
enters information (data) into the memory (computer) .
Inability to retain or recall information méy be due to:
(a) problems with accessing (data) information, or (b)
not knowiﬂg what to do with the retrieved data, or (c)
incorrectly or’inadequately stored information (Klatzky,
1980; Norman, 1982; Norman & Bodrow, 1976).' Therefore,
initial input (knowledge) meaningfully enéoded (stored)
aids retrieval and use of knowledge (Gagne, 1985;
Klatzky, 1980; Travers, 1982; Winograd, 1976).

Horwitz (1981) hypothesized poor mathematics
students who do not possess formal problem-solving
strategies find visualization useful in reduéing the
strain on the limited capacity of STM. His sample
consisted of 36 subjects who had difficulty with éollege
algebra and a replicated study with 48 highly competent

technical college subjects. The technical students used
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visualizetion ski;is to eolve matheﬁatics problems. The
poor-math students used little or no visualization and
had difficulty solving the problems.

The second theory on memory is that human memory is
organized in a systematic, schematic manner. Gagne
(1985) and Byers & Erlwanger (1985) propose various‘forms
of ﬁemory storage exist, including ideas, skills, images,
and procedures.

The Qay mathematics knowledge is organized and
stored in memory plays a maﬁor role in the individﬁal’s
"ability to understand and apply mathematics. Piaget also
agrees that memory is supported by existing‘schemata and
that memory for operations and general knowledge differs
from memory for specific facts or events (Piaget &
Inhelder, 1973). He further qleims that what a child
remembers depends upon his cognitive developmental level.
The role of exﬁerience with math concepts’at severali
levels of cognitive development as well as
representational systems (written, pictoria;, etc.)
cannot be underestimated. Many experiences via several
sensory inputs are needed before a mathematics cencep£ is
understood (Lesh, 1983, p. 77).

Piaget states there are several forms of mathemetics
knowledge: (a) sensorimotor, instinctual; (B) physical,

gained thrbﬁgh one’s senses; and (c¢) logico-mathematical,
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‘highest férm‘of mathematics knowledge, gained through
one’s own experiences, actions, and conclusions
(Copeland, 1979). The logico-~mathematical knleedge
enables the learner to develop a network of mathematics
structures and principles (Gfoen & Kieran, 1585). éome
researchers conclude the study of Piagetian mathgmatics
will lead to a "synthesis" of Piagetiah structure and
information proceséing in the learning of and memory for
ﬁathematics (Copeland, 1984; Gagne, 1985; Groen & Kieran,
1983).

The main point from the cognitive research is that
information is stored in an organized manner; retrieval
is systematic and depends upon the organization of
storage. Consequently, the better a concept is learned,
and the more experiences connected with the knowledge,
the better the concept is retained and recalled {(Byers &
Erlwanger, 1982; Gagne, 1985: Klatzky, 1980; Norman,
1982; Underwood, 1982). '

The learning of mathematics can be viewed as a
process by which learners derive meaning from their
memories (Wittock, 1977). But the stored inférmation
must be accurate. Also, retrieval and good use of"
working space processes in the solving of mathematics
problems must result in correct application. ‘Continued

errors only reinforce the incorrect information stored in
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one’s memory. A good math student organizes mathematics
kngwledge so as to minimize the strain on STM; he/she
knows which formulas must be memorizgd and which can be
easily recreated. He/she has memorized facts for quick
recall. A poor math student relies-on a forced attempt
to memorize everything (Byers & Erlwanger, 1985; Horwitz,
1981; Gagne, 1985). The emphasis should be on B
understanding instead of rote performance of a task with
no regard to comprehension; not the acquisition of
behavior but of-knoWledge (Shﬁell, 1986). The interest
in CAI simulation as.an impetus to promote such learning

is understandable.

The Multiple Embodiment Principle

The Multiple Embodiment Principle proposed by Z. P.
Dienes in the 1960s states that in order for a concépt to
be understood it must be presented to fhe learner in a
variety‘of experiences. Each experieﬁce must embody the

concept to be learned by:

providing tasks which look quite different but have
essentially the same conceptual structure....we can
vary the perceptual representation, keeping the
conceptual structure constant. For example,
parallelograms can be drawn on paper, they can be
made out of two congruent triangles, they can be
traced out with pegs on a pegboard (Dienes, 1967, p.
13). '

(K1)
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Dienes’ theory is based on the belief that children
learn by passing through stages, including concrete to
abstract activity and concepts. Indeed, much of current
mathematics educétional theory accepts a progression from
concrete to semi-concrete to abstréct as the sequence
through which a learner passes. Advocates maintain
mathematics education should consist of initial concrete
.experiences with physical manipulatives, followed by
semi-concrete, pictorial representatives of pictures or
" drawings.and images and, lastly, experiences with
abstract representation of the concept such as symbols,
numbers, and letters. Several cognitive educators
support this premise; for example, Bruner (1971), Piaget
(Reys, 1971) and Van Hiele (1986). In the 19665 and
1970s the progression through the three stages was‘
thought to be linear. Recent concepts of cognitive
bsychology support the thesis that experiences in several
representationai systems (oral, written, pictorial,
manipulative, and real life experiences) facilitate
learning and the continual process of learning moves back
and forth from one system to another (Behr & Bright,
1983). "Virtually no significant mathematics idea can be
édequately understood from within a single |

representational system" (Lesh, 1983, 76-77) .
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The repetition of experiences in varying
representational systems is-different'from repeated,
identical experiepces which ﬁay reinforce onescomponent
of the concept or associate the concept exclusively with
the matefial‘used (Behr & Bright, 1983; Diehes,'1967;
Wheeler, 1971). Dienes believed.children acquire math
concepts by individual intuition from their own
experiences. "Memories based on thé...perception of a
model are less complete and less accurate than memofizing
based on actions..." (Piaget & Inhelder, 1973, p. 391).
Van Hiele voiced a similar belief (Hoffer, 1983;‘Vaﬂ
Hiele, 1986). ’

In his review of 11 doctoral dissertaﬁions from 1964
to 1977 on mathematics instruction involving multiple
embodiments, Indelicato (1979, p. 34-5) found a "..;clear
mandate to use physical embodiments...in upper elementary
grades and junior high school (grades four- through a
eight)." . This réinforces earlier, more extensive reviews
that‘conclude‘"...instruction [using] bhysical |
embodiments aré an integral part of fhe concept
development and is reflected in positive student
achievement" (Indelicato, 1979, p. 35).

Reys (1972) reviewed the literatufe for research
conducted on instruction including multiple embodiments

from 1967 to 1970. Hé found no definite support or
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rejection of multiple embodiments as an instructional
method; rather that use of multiple embodiments was
teachef dependent. Reys states one problem with Dienes’
theory is dependency upon the teacher to gather and
prepare appropriate lessons. Another problem is the
requirement that physical or concreée representation
(embodiment) accurately represents the mathematics
concept to be represented with a variety of berceptually
different modes. A

Behr (1976) used five trea;ments,in a study of the
effect of multiple embodiments in second grade
instruction of two~ and three~digit addition and '
subtraction with and without‘regroupiné. Each treatment
involved manipulative, pictoriél, and symbolic phéses.
The manipulative materials used ﬁere: |

Treatment 1) counting sticks

Treatment 2) Dienes’ Bloéks

Treatment 3) abacus

Treatment 4) all three above

Treatment 5) counting sticks, unifix cubes,.Dienes’
Blocks, graph paper,vabacus and colored chips.

Behr found that multiple gmbodiménts produce an
increase in achievement for fwo;digit but nét for
three-digit numeratibn; Although the abacus did not aid

learning, all other multiple embodiment treatments proved
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more effectlve than a non-manlpulatlon control group.
The study was, however, conducted only in one classroom.

In 1972, a study was conducted to measure effect of
manipulative materials used in multiple embodiment
instruction of number systems. The suojects were 145
pre-service elementary teachers. Subjects were tested on
understanding, perfornance, and transference of nnmber
concepts. A lecture treatment was the control. Neither
method was superior (Skipper, 1972). |

Jhin (1971) studied the effect of non-tutorial CAI
in ilth grade algebra II classes. Independent variables
were ability grouping and treatment; dependent variables
‘'were knowledge of computer principles, abstract
reasoning, and algebra. The three-nonth study involved
two oontrol and two treatment groups. The researcher
concluded CAI was more effective among high ability'
groups and increased achievement of knowledge of
computers.

Wheeler (1971) measured the amount of exposure to
concrete materlals and the effect on regrouplng concept
in multi-digit addltlon and subtraction problems. A
random sample of 144 second grade students was selected
from nine classrooms in three schools. ‘The schools
reflected varying utilization_of different amounts and

types of concrete materials such as bundling sticks,.
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place value chérts, multi-base arithmetic blocks, and the
abacus. One school taught primarily using the syﬁbolic,
Améde. The dependent variable was achiévement'scores on
two-digit addition and subtraction problems. The
independent variable was level of abstraction, IQ, and
treatment. Results demonstrated a significant
relationship‘befween number of embodiments and ability to
regroup for two-digit addition and subtraction ekémples
as shown by performance on multi-digit problems.
Achievement scores increased with the number of
embodiments used. Some children were able té grasp ‘the
abstract concept of multi¥digit with no exposure to
concrete materials. Finally, all‘levelé of IQ ability
benefited from exposure to concrete materials. The
experimenter concluded that his study supported Dienes’
theory and fecommended exploring use of other typés of
embodiments.

More recent studies of multiple embodiment
instruction in mathematics include Edge and Ashlock’s
(1982) study of place value concepts.' Forty-two second
grade students from a middle class:residential school
were randomly assigned to two groups to compare effect pf
single and multipie embodiments ih the teaching of place
Qalue of three-digit numbers. Tﬁe single embodiment was

coffee stirrers which were collected into bundles.

3




4'9'
Multiple embodiments included coffee stirrers, Dienes
Blocks, and chips. Each treatment included initial
instruction with concrete activities. Tests on
understanding and transfer of the concept'reyealed ho
difference between the use of one or tﬁree émbodiments.
The small N in this study and the lack of a control
group, however, reduce the value of the results.

Berlin and White (1986) tested the use of computer
simulation as an interactive link from.concrete to o
-abstract thoughﬁ. A random sample of 1;5 §ubjects
included both second and fourth grade 1eveis'from.a
rural, all-white school and a suburban, all-black school.
The study assessed performance on:

1. recognition and duplication of designs;
2._rec§§nition and extension of patterns through
éeriatioﬁ: and .. .

3. spatial orientation and discrimination tasks.
Three treatments were:

1. concrete activities only;

2. concrete activities and a computer simuiation;
and . . |
| 3,\¢bm§gter Qimulation only.

Ten-taSk Qaids~required'learners‘to duplicate a color,
shape;'anqléfientatién-pattern'on a 10 in. by 10 in.

pegboard and extend a pattern around the perimeter of a 6
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in. by 6 in. grid with colored cubes. <Concrete
activities made use of the physical'objects; the computer
simulation required students to replicate the movement
via keyboard input. Following the three-week treafment,
paper and pencil instruments tested design recognition
and pattern extension. Significant differences resulted
in.better student performance in grade four over grade
two and white over black students. There was a mixed
interaction of treatment, gender, and site variables.
The problem of all~black urban - and all-white suburban
sites does not seém to allow a basis of equal comparison.
The author concluded there was a mixed effect of computer
simulation on achievement and recommended more studies on
use of computer as a multiple embodiment.

Only one study concerned the subject of volume. R.
L. Johnson (1970) studied effects of three treatments on
achievement on the subject matter of perimeter, area, and
volume. The three treatments were: (é) a text including
diagrams and illustrations and physical manipulation of
concrete objects, (b) the text alone, and (c) theuwfitteh
- part of the text, excluding diagrams and illustrations.
Subjects were 96 students from grades four, five, and
six. The individualized instructional lessons were
completed in periods of 30 minutes each day. Most

students completed the lessons- in three weeks, though
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four weeks had been allowed. Tests were administered
upon completion of the units and a'rétentionAtest wés
administered two weeks following the first test.
Significant differences resulted between treatmgnt one
over treatment two and over tfeatmént three. No
difference between treatment two and three was found. 'As
expécted, older studenfs responded better'than'younger
students; better readers responded better than poorer
readefs. There were no gender differeﬁces. Thé'study
réinforces use of concrete'méniﬁulatives. The use of
semi-concrete diagrams and illustrations was not student
generated but was within the text.

Indelicato’s 1979 étudy attempted to determine
whether an increase in achievemenf couid be produced
using a variety‘of physical manipulatives embédying four
mathematics concepts: (a) area, (b) ratio and proportion,
(c) addition and subtraction of integers, and (d)
probability. The treatment took place in four one-week
consecutive sessions. There were no retention
instructions or activities. One hundred eighty students
were randomly assigned to junior high mathematics '
classes. A 3 X 2 X3 factorial,design‘represented
treatment (zero, one, and three physical embodiments),
teacher (2 teachers), and ability. (high, middle; and'

low). Results showed a significant difference in main
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effects for treatment in favor of one and three
embodiments, but ANOVA analysis on individual mathematics
concept instruction resulted in no differences.
Thgrefore, the researcher concluded that all four mafh
concepts contributed to the factorial difference.
Retention‘tests given four weeks‘later‘showed no
significant diffefénée. There was a significant
difference favoring higher ability in éll four areas on
both post-ihstruction and retention tests. The effect of .
the teacher variable was varied according tovfbpic on
both post-instruction and retention tests. Transfer‘
itgms showed no significant difference for any of the
independent variables. The researchef and participating
teachers felt that, due to amouht'of time spént on
physical activity with embodiments and, consequently,
less time with paper and pencil problems, the fact that
the one and three embodiment groups did as well
demonstrated the worthiness of this aﬁéroach. Time was
not controlled except for length of instructional time.
Consequently, the author concluded his study reinforces
earlier findings that instruction using "...physical
embodiments are an integral part of the concept

' (development and is reflected in) positive student

achievement" (p. 35).
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Volume of Rectangular Solids

Mathematics is the science of number (quantity) and
space (Bishop, 1983; Sharma, 1985). The emphasis.in
education, however, is on the former (Bishop, 1983).
Uséfulness of mathematics in "...describing and
quantifying fhe real world is one of the primary reasons
it is a basic school subject" (Ben-Haim et al., 1985, p.
389). The world is three-dimensional but the main tools
for teaching mathematics are two-dimensional, e.q.,
textbooks, pictures, etc. When studying space and/or |
geometry, the emphasis can bé on learning>theorems and
formulae or on building a system of relationships dealing
with the mathematics of space (Bishop, 1983). ‘

One problem in geometry is that it is not possible
to draw a generalized diagram. A single; specific
triangle is not repre;entative of all triangles; once
drawn, it is specific. Many varied diagrams of triéngles
are needed to illﬁstrate the concept of triangles
(Bishop, 1983). One cannot cohstruct or draw a box and
say it is all boxes representing all volumes of
rectangular solids; rather, many boxes of varying shapes
and sizes are needed.

In Bishop’s (1983) study of 250 college freshmen,
research included testing of three-dimensional situations

with two-dimensional format. Actual mathematics
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knowledge needed for the test was very limited. Test
items consisted of qugstions similar to: "Shown is a
diagram of a cuboid made of small cubes. If the outside
of the cuboid is painted red, how many cubes will only
have one face painted?" (p. 187). Only 14% of the
students successfully answered. Figure 1 shows the

illustration described above.

Figure 1. Cuboid figure

Concepts "...are the substance of mathematics
knowledge.{..(they are) more than recall of (facts) and
definitions....(they) encompass knoﬁledge of (concept)
properties and how (the conéept)'relates to other math
‘concepts" (Commission on Standards for School
Méthematics, 1987, p. 146). Words ére a critical
dimension when dealing with mathematics concepts. Words
identify, cétegorize, clarify, and represent cdncepts.
Iq the subject of'ﬁeasurement, ¥_..the number word
describes the numerousness of the units into which some
continuous dimension of an entity has been divided"
(Fuson & Hall, 1983, p. 79):; that is, "how many" units

are needed in the problem. A student first identifies
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the entity and‘then isolates it from the dimensions which
measure . the entlty. A box, for example, can. represent
" volume as measured by length, width, and heighth.

| Plaget and Inhelder (1973) maintained children
‘younger than 11 or 12 years of age acquire concepts not
by analytlcal thoughts, but by organlzlng and adaptlng
: them-from thelr own perceptlon acqulred by interacting
with phys1cal objects via their own experlences. Fuson
and Hall (1983) 1dent1fy experiences the learner must
pass through to understand a concept. The learner must:

1. identify the entity and recognize attributes or
dimensions pertaining to it.

2. Create (identify) the units into which the
dimension is divided.

3. Recognize that all of the entity to be measured
must be filled up or used.

4. Count the units and "...make a ‘count measure
transition’, i.e., shift from the counting meaning to the
measure meaning of the number word" (e.g., from six to
six cm (p. 80). The authors note that in this phase it
is more constructive for young learners to have a
multiple source of units to .avoid having to keep track of
reusing tne measuring unit and keepind count of the

number of times used.
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5. In the case of multi—dimgﬁsibnal entities, such a
volume, measurement words for the dimensions (e.g.,
volume given length, width, heighth) éan»be obtained by a
derived formula (e.g.; V=LXWXH).

More skills are needed for comprehension of a
measurement word than are needed for memorized formulas.
The generalization of a measurement procedure ahd concept
seems to be facilitated by repiicatiné'én initial
measuring experience across many differing‘examples and
experiences (Fuson & Hall, 1983). |

Psychologists have found that school;age children
frequently experience visual memory images. This
phenomenon diminishes in teen years as abstract thought
increases (Sharma, 1985). In Western cultures, this
ability is not encouraged, rather thé emphasis is on
ability to label and categorize éuantitatively (Bishop,
1983). The study of space and geometry‘includes the
concept of three-dimensions. One necessary ability in
studying three-dimensional mathematics is spatial
perception. While there is extensive litefature on
spatial ability, there is no accepted, clear definition
(Clements, 1981). Lowery and Knirk (1983, p. 156), for
example, define spatial ability as theiability‘té
", ..perceive and mentally retain two and three

dimensional objects and their relationship to their
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environment," Melancon (1985) as the "ability. to rotate
and manipulate figures", and McGee (1979, p. 893) as the
", ..ability to mentally manipulate, rotate, twist, or
invert a pictorially presented...object." Clements
(1981) found, however, most authors agree that spatial
visualization involves an ability to form and manipulate
visual images. STM is involved in spatial visualization
(Horwitz, 1981; Lowery & Knirk, 1983).

Melancon (1985, p. 3) summarized problems
associated with the lack of spatial skills necessary for
mathematics learning as follows:

students are suffering from visual atrophy....in
mathematics it is important that students be able to
think abstractly. The ability to think abstractly
may be facilitated by increasing the ability to
think visually....visualization abilities include
understanding and therefore give the student greater
insight into the interrelationships of math
concepts.

There is general agreement that a positive
correlation between mathematics achievement and spatial
perception exists (Bishop, 1983; Clements, 1981; Elmore &
Vasu, 1986; Lowery & Knirk, 1982; Young & Ragan, 1980).
However, Fennema and Tartre (1985) caution that while
acknowledgement of some relationship between spatiall
visualization and mathematics achievement is evident, the
emphasis on spatial visualization as a major component of

mathematics achievement is not conclusive. Ben-Haim et

al. (1985), too, concluded thét, while the conclusion of
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a relatiénship between spatial visualizations and
mathematics achievement is generally accepted, studies
from 1981 through 1985 cerring several subject'areas~and
age groups’ results are inconclusive.

There does appear to be a positive relationship
between high spatial ability and mathematics ability
(Bishop, 1983; Clements, 1981; LoWéry & Knirk, 1983).
However, Guay and McDaniel (1977) assert that it is
important mainly at the elementary level and for both
high and low mathematics ability students.

Finally, the literature does demonstrate a definite
relationship between spatial visualization and gender
(Bishop, 1983; Clements, 1981; Elmore & Vasu, 1986;
Fennema & Sherman, 1977; Fennema & Tartre, 1985). Males
outperform females on tasks which require three-
dimensional thinking and mental manipulation of images
(Ben-Haim et al., 1985; Clements, 1981). In middle
school mathematics, low spatial visuélization ability may
be more inhibiting to problem-solving ékili in females
than in males (Fennema & Tartre, 1985). “

Perhaps the first area of mathematics which requires
students to read visual data concerning solid objects '
from pictures is in studying volume. Fourth grade
mathematics textbooks include a few "boxes"™ composed of

drawn cubal units (Dunéan, et al., 1981; Eicholz, et al.,

Ll
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1985; Haenisch & Hill, 1985; Nichols et él., 1974; Payne,
et al., 1982). National and state test items use similar
figures when addressing thé conéept of volumesléf
rectangular solids (Ben-Haim et al., 1985; Gardner, et
al., 1983a; MEAP, 1983; NAEP, 197%9a; NAEP, 1979b); The
very poor results are demonstrated in-the items showp-
below in Figures 2 and 3. The.percentage of correct

answers reported by gender is shown below Figure 3.

Figure 2. Released item from the 1977-78 NEAP Test

What is the volume of each rectangular solid below?

[Ty

a.

Answer

Answer

Figure 3. Item from the 1977-78 NEAP Test

A rectangular solid is cut into cubes as shown. ‘How

many cubes are there?

Answer
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The percentages of questions answered correctly were:

Figure 2-a Figure 2-b Figure 3

Age 9 male 77 .4 39.8 9.5 -
female 73.7 © 29.9 ) 4.5

Age 13 male 79.2 ©62.2 .28.5
female 76.3 53.4 18.6

'Age‘17 - male " n/a ‘ n/aﬂ 52.4
female n/a n/a 27.0

Disappointiné results on-questiéns pertaining to
volume were also reported on the 1982-83 Stanford
' Achievement Tests (SAT) (Gardner eﬁ al., 1983a; 1983b).
Two forms of the SAT were administered. Intermediaﬁe
Level tests were given in grade five in Spring of 1983
and grades six and seven in both Fall, 1982,'énd Spring,
1982. Illustréted in Figure 4 are itemé similar to-SAT
test items along with thé percent of correcf answers for

each group.

Figure 4. Items from the 1982 SAT
Each small cube is one cubic unit. How many cubic

units are in the volume of these blocks?

a) 18 - a) 18

b) 12 ~ b) 21

c) 9 c) 27

d) 8 1 d) 36

e) NH ‘ e) NH
(Form E) (Fbrm F)

Note: NH means answer is (N)ot (H)ere
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Form E . Form F
fall Spring , Fall Spring
Grade 5 © 23% il%
Grade 6 29% 28% 16% 16%
Grade 7 -33% 33% 16% 17&

Advanced Level tests are administered to grades seven, .
eighf and nine in the fall and .in the spring. A items
similar to the volume item on thé £ests aloﬁg with the
results is shown in Figure 5. ‘The percentages of correct

responses are shown below Figure 5. . d

Figure 5. . Item from the 1982 SAT.

Find the volume of the box shown.

: a) 18 . ' a) 18
2 cm b) 12 , : m P) 21
c) 9 - |2 ¢ c) 27
d) 8 . d) 36
3 3 cm e) NH 5 ; 4 cm e) NH
cm . 6 cm -
(Form E) (Form F)

Note: NH means answer is (N)ot (H)ere

Form E ‘ o Form F
Fall Spring Fall Spring
Grade 7 27% 33% 33% 413
Grade 8 44% 54 58%.  57%
Grade 9 58% 56% 57% 61%

A review of the literature by Ben-Haim, Lappan, and
Houang (1985) pertaining to instruction to dévelop

spatial perception did not report agreement as to
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effectiveness of such instruction between males and
females and between age groups. The researchers
conducted a study with approximately 1,006 fifth through
eighth~grade public school students to determine the
difficulties learners have relating to two-dimensional
representations of three-dimensional objects. Their
findings indicate a nee? to teach learners to read the
two-dimensional repreéentations of solids and provide
instruction that initially includes concrete experiences
with solid objects as early as middle schqoi years. A
While developing test items for the study, the authors
analyzed errors students made when working with problems
concerning volume of rectangular solids. They discovered
four categofies of errors:

1. counting the number of faces visible on the
drawing; |

2. coupting, then doubling the number 6f visible
faces;

3. counting the number of cubes shown in the
drawing; and

4. counting, then doubling the number of‘visibie
cubes. |

This suggests the students were not aware of the
three-dimensional gspect of the solids or did not know

how to use the idea of three dimensions to obtain the
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answer. Categories one and three indicated to Ben-Haim,
Lappan, and Houang that the student was addressing the
problem from a twq—dimensional format. Categories two
and four indicated an awareness of three-dimensional
space and some attempt to address the hidden part of the
drawing. A three-week training period of spatial
visualization activities followed the initial testing as
the authors felt that lack of or underdevelopment of that
ability was a major factor in dealing with volumes of |
rectangular solids. A posttest demonstrated the positive
effects of such instruction as well as the importance of
initial instruction using concrete materials. Béanaim
et al. concluded initial instruction of volume should
include concrete activities.

Proposals to the National Council of Teachers of
Mathematics prepared by the Commission on Standards for
School Mathematics (1987) agree with Ben-Haim, Lappan,
and Houang. In the working draft recommendation, the
Commission called for the fifth to eighth grade math
curriculum to include "...development.of.concepts of
pefimeter, area, and volume through concrete experiences
with covering, filling, and counting" (p. 70) and
", ..visualize and represent...three-dimensional geometric
shapes" (p. 73). In their thesis on a child’s concept of

space, Piaget and Inhelder (1967, p. 77), wrote:
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the abstraction of shape actually involves a
complete reconstruction of physical shape made on
the basis for the subject’s own actions...based
originally upon a sensi-motor, and ultimately on a
mental, representational space determined by the
co—ordlnatlon of the actions. :

Gender

The issue of gender in mathematics education is not
limited to spatial visualization ability. The largest
gap between male and female achie?ement, as measured by
national tests, is in the mathematics section of the |
Scholastic Aptitude Test (Sadker, Sadker, & Steindam,
1989), perhaps beéause women are underrepresented in the
high school advanced mathematics tracks (Henderson,
1983). 'Males also outperformed fémalés on volume
questions on the NAEP tests (Gardner, et al., 1983a,
198$b).

Armstrong (1981) found high school males outperform
females on higher cognitive level mathemafics tasks. On
the 1986 NAEP tests, males.demonstrated higher
achievement than females on higher-level applications,
while females demonstrated higher achievement on basic
skills and knowledge (Doséey et.al., 1588). The
~difference in achievement by males and females is less
obvious in earlier grades. Manylresearchers maintain
gender differences 'in mathematics at the elementary level

do not exist (Pallas & Alexander, 1983).
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The issue of gender and CAI in mathematics education
has had little attention (Bruwelheide, 1982). Burns and
Bozeéman’s (1981) meta-analysis of 40 studies involving
CAI in mathematics reported CAI drill and praétice format
is more effective for elementary and secondary males, and
the effects of drill and practice CAI more effective fof
males than females in intermediate grades.

The study of gender ‘and multiple embodiments also
has had little attention (Indelicato, 1979). When gender
is included as a vériable, it does not appear to be

significant (Indelicato, 1979; Johnson, 1970.)

Ability Groups

Effects of CAI in mathematics education varies for
ability groups. A meta-analysis by Kulik et al. (1983)
of 52 secondary (6-12) mathematics studies using drill
and practice and tutorial CAI indicated the effects of
CAI were stronger for lower aptitude students than for
talented students. Burns and Bozeman’s (1981) analysis
of 40 studies of drill and practice CAI in elementary and
secondary matheﬁatics concluded CAI is more effective
wifh higher and with lower achieving students than
instruction without computers. Menis et al. (1980)
reported increased achievement in low ability students

who used drill and pfacticeACAI to reinforce algebra
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skills. Significant increases in achievement among high
ability students was reported by Jhin (1971); aﬁénq low
and middle ability groups, CAI.waS no more effective than
traditional instruction. Chambers and Sprecher (1980)
found low dbility studénts gained more from CAI than
higher ability students. ‘Student sglf—reports;on the
1986 NAEP assessment indicated computers were available .
primarily to students of higher ability when computers
were used in mathematics instruction  (Dossey, i988). The
type of CAI was not indicated. |
Effects of multiple embodiment instruction on high,
medium, and low ability student groﬁps were reported by
Indelicato (1979) on four units in seventh and eighth
grade mathematics instructibn; (a) ratio and proportion,
(b) addition and subtraction of integers, (c) area, and
(d) probability. High ability learners scored higher on
"all four topics than did the"aQerage and low learners.
Wheeler (1971) concluded all IQ levels benefited from
multiple embodiment instruction of multi-digit addition
and subtraction. |
Johnsén (1974) conducted a study of the'éffect’of

CAI on student.achievement in ninth grade mathematics.
The author concluded CAI was more effective than
Programmed Instruction in speed of wqu completed among

high and average students than among low ability
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studeﬁts. Kieren’s (1969) study of 11th graae.méth
students reported more effectiveness with avéragé ability
students than with high ability students when compufers‘
were incorporated into the instruction. This two year
study consisted of a programming phase in which students
wrote and used programs to solve problems involving
quadratic equations and trigonometry. Jhin’s (1971)

' research with algebra démonstfated CAI was more effective
with high ability groups than with mediﬁh or low ability
groups. |

Harman (1980) reported mixed effects on achigvement
when CAI was used in remedial eighth‘grade math classes.
Crawford (1970) reported an increase in achievement by
seventh grade remedial math students with the use of
dfill and practice format CAI.

One study of multiple embodiments in the instruction
of perimeter, area, and vélume.demonstrated that sthdenfs
Qith high ability scored significantly better fhan did
students with low ability (Johnson, 1970). Ability was
determined by reading ability. .

‘A study by Gordon (1977) determinédva prqfile of
characteristics, abilities and factors identifying low
mathematics achievement and high mathemafics achievement
sixth grade students. Gordon’s population was 294

students, placed by national test scores into high,
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medium and low achievement groups. Students were tested
on: (a) four Piagetians test of conservation of number,
liquid quantity, weight, and volume; (b) attitude toward
mathematics; (c)‘selffconfidence; (d) gender: (e) race; .
and (f) parent vocation. Findings of the study resulted
in the following conclﬁsions: (a) IQ is related to
mathematics achievement, (b) ability to conserve
increases the chance of success in math, (c) positive
attitudes toward math and self-concept contribute to
achievement, and (4) readinglabilify, gender, race, and

parent vocation all contribute to success in mathematics.
Conclusion

The review of literature has demonstrated the value
of CAI when used as supplement to mathematics
instruction. The poténtial to promote learning at higﬁer
cognitive levels has also been documented.

Cognitive psychology emﬁraces a theory of learning
that includes organized, stored information and a
"workplace" in which knowledge is recalled from memory
and processed‘to sélve problems. The bettef the concept
is understood, the better it i; orgénized, stored, and

recalled. Memory for mathematics seems to consist of

several specific capabilities.
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"The literature demonstrates gender may be a factor
in mathematics learning, particularly on topics requiring
spatial visualization, and in mathemafics achievement.
The issue of gender in computer-aésisted instruction and
multiple embodiment instruction has 1e§s attention than

in mathematics education.

Effects of mathematics instruction on ability groups'

may be a factor in.achievement. There is evidence thét
it may also be a facfor in CAI and multiple embodiment
instruction.

A multiple presentation of a mathematics concept in
several representations, and cafried through a concrete
to semi-concrete to ébstract‘sequenCe,:holds promise for
increasing student‘understandiﬁg of that concept. The
use of the computer as one presentation has not been
tested; however, the potential to incfease student
achievement in mathematics is well-documented. Finally,
there is evidence that the téaching of volume of
rectangular. solids is a topic in need of curricqlum

research.

()
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CHAPTER II1I
PROCEDURES ' -
Introduction

The problem in this study wés to determine the
effect of three methods of instruction on student
achievement and retention of knowledée of the volume of
rectangular solids. One methoa was an instructional
multiple embédiment sequence incorporating computers as a
supplement to instruction which includes manipulatives;
the second was the sequence without computer supplement
but with manipulatives; the third method was a
traditional textbook approach.

This chapter includes the following topics:
1. populationwdescription;

2. desqription of treatments;

3. reseafch design;

4. methods of data collection;

5. statistical hypotheses; and

6. analysis of data.
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Population Description

'The population in this stﬁdy_was fifth grade students
enrolled in school districts in southwestern Montana (see
Appendix C). Fifth grade was chosen because the topic of
interest, volume of rectangular solids, is first
addressed. in many fifth grade mathematics books (Duncan,
et al., 1981; Eicholz, et al., 1955; Haenisch & Hill,
1985; Nichols, et al., 1974; Payne, et‘al;, 1982). Also,
many national and state standardizéd tests do not .include
volume as an objective until fifth grade or later |
(Gardner et al., 1983; MEAP, 1983; NAEP, 1983).

Superintendents and principéls of public schools and
districts in the southwestern Montana area were contacted
by this researcher in Spring 1988, and asked if they
would recommend fifth grade teachers for particibation in
the study. Recommended teachers were then contacted by
letter. Those who expressed an interest in participation
were again contacted by letter and phone with additional
information and details.

Workshops detailing study objectives, implementation
of the experimental and textbook sequences; use of
computer software, if applicable, aﬁd adtivities to be
performed by participating teachers were given by this
researcher in October 1988. 'A complete set of

instructions, daily attendance and student cémputer use
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logs, computer software (where necessary), tests, and all
required student materials were supplied by the B
researcher. Upon completion, tests were returned to the
researcher for evaluation.

Seventeen teachers agreed to participate; one
teacher who taught in a departmentalized school was
responsible for:five classes. Twenﬁyfone classrooms were
represented in the study. Teachers and their classes |
were randomly assigned to one of three treatment groups
(see Appendix C). The total number of students
completing the study was 419. Completion was determined
by (a) less than three days absence during the initial
week of instruction, (b) completion of all activities,

(c) completion of pretest and SAT, and (d) by completion
pf at least one of the posttests.

The Montana Office of Public Instruction (;988)
reported a K-8 student population of 31,084 for the four{
counties involved in tﬁe study. This researcher used all
"the teachers who volunteered to participate in the study.
_Though the N of 419 is sufficient for the population
(Krejcie & Morgan, 1970), the population thus generated
was not selected by a‘stratified random process. |
Therefore, no generalization was attempted. A minimum of
15 subjects per cell is recommended for a factorial

design (Gay, 1981:; SPSSX, 1986). The population size was
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sufficient for a 3 X 3 X 2 factorial desiQn but small
enough group for this researcher to personally inéervice
teachers and administer the DLI tests to students in.thé
field. Additionally, the larée sdmple'size gives the
principle of randoﬁness a chance to work (Gay, 1981;
Kerlinger,'1973) and "...increases the powe£ of the

statistic" (Gay, 1981, p. 325).

Description of Treatments

Instruction consisted of the teaching of the concept
of volume of rectangular solids. The time period for
instruction was ‘one week and three wéeks_for retention
activities. The study consisted of three treatments:

1. Treatment I - a multiple embodimént’instructional
sequence including.manipulatives,-pencil and paper | |
activities, and the computer as one embodiment.’

2. Treatmént IT - the multiple embodiment
iqstructional sequence without using.tﬁe computer as an
embodiment. .

3. Treatmen# IIT - a sequence based on the
traditional textbook approach.

The length of this study was determined by a time
period sufficient to address all instructional objectives
and allow student exploration, yet fit into time allowed

for the topié in most curriculums; if the subject is
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taught.at all. A review of selected mathematics
textbooks revealed that the subject of volume of
rectangular solids is addressed on only two to four pages
(Duncan, et al., 1981;.Eicholz, et al., 1985; Haenisch'&'
Hill; 1985; Nichols, et‘al., 1974; Payne, et al., 1982).
Further, most public school mathgmatics curriculums are
'determined by commercial mathematics textbooks (Cdmmittee
on Indicators of Pre-College Scienée and Mafh, Commission
on Behavioral and Social Studies and Education, Natiénal
Research Council('i955} Freudénthal, 1981; Niceiy, 1985;

Willoughby, 1984).

Multiple Embodiment Instructional Sequence

An instructional seqdence original;y developed by
Dr. Glenn Allinger, Moﬁtana State University Depaftment
‘of Mathematical Sciences,‘éddfessed tﬁe concept of Volume
of rectangular solids. The séquence‘progressed froﬁ
concrete to semi—éoncrete to abstract levels ahd iﬁcluded
multiple embodiments, one of thch is use of the compﬁter
as an interfacing agent. In the winter of 1986 this
researcher developed student materials and field tested
the sequence. As a result éf the field fest, this
researcher-expanded the time. from four days of
instruction to five days in order to allow complete
instruction to take place in five 50-minuterp¢riods,

Several modifications in materials were made: (a) one
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duplicated activity was removed, (b) student materials
were consolidated, (c) addition of several discussion
questions, and (d) addition of activitiesxtoAallow’the
students fo‘"discover" al measuring format for the formula
Volume = Length X Width X Height (V-='L XWXH). .
The iessons begin with studente creating boxes.
This is done by cutting‘a pre-determined squere or
rectangle from centimeter square gridnsheets, making a
corner cut from éach corner, folding'and taping the cut

grid to make a box. Students proceed by filling the

boxes with 1 cm cubes, removing and counting the cubes to

-determine how'many cubes each box will hold. Cubes are

then iined vertically on a piece of‘papef and segments
drawn around the cubes to form a bar gfaph. ~After
several varied bpxeé are constructed and nheir volumes
are‘deternined, the class, via discussion, arrives at a
formula for determining volume wifhout filling and

counting. This concrete activity is the first

'embodiment.

The procedure is repeated in a semi-concrete, or
pencil and paper, format with students drawing boxes

instead of constructing them by cutting and taping,

"calculating volumes with the formula, and drawing'bar

graphs to represent the lined-up cubes. The paper and

pencil activity is the second embodiment.
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The computer program, which simulates'the box
making, box drawing, and graphing aétivities in the
éequence, comprises the third emboaiment. Student input
allows a variety of‘box'sizes and shapes to be created.
As with the "hands on" conétruction, a grid ié bictured
and a square corner cut is hade; The operator inpﬁts fhe
"size of grid and corner cut. A record of the volumé of
each box is also kept aﬁd disﬁlayed on the monitor.

Abstract ;ctivities include determination of volume
using symbols (numbers). These activities will consist
of "...if given dimensions, find the volume" 'type. of
problems. |

The objectives of the sequence are:

‘1. Develop an ability to calculate volume given
dimensions in picture form. |

2. Develop an ability to calculate Qoiume gi&en
dimensions in word problems.

3. Develop an understanding of volume as a measure
of three dimensional -objects.

4. Develop an undersfanding‘that volunme is
independent‘of shape..

5. Develop an ability to-infer ﬁhree-dimensiénal

information from two-dimensional representation.
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Pedagégi¢éi'support for the sequence includes:

-iaichiidrén'léarn by "plafing" alone or in groups
(Cépelahd,:1979; Copeland, 1984;>Di¢neé, 1967; Good,
1980; Hoffer, 1983; Piaget & Inhelder, 1967; Whittman,
1981). | - |

2. Keeping logs, recofds, and data helps organize
mathematical thought (Good, 1980; Heddens, 1984; Lerch,
1981) .

3. Learning starts with concrete experiences and
proceeds through semi-concrete to abstract concept
development (Ben—Héim et al., 1983; Bruner, 1971;
Copeland, 1984; Good, 1980; Heddens, 1984; prfer, 1983;
Piaget & Inhelder, 1967; Piaget, Inhelder & Szeminski,
1960; Wirta, 1974).°

4. The abstraction o6f a space shape involves
reconstruction of the shape, ",..made on the basis of a
subject’s own actions....based originally upon a
sensori-motor, and ultimately on a mental,
representational space determined By the coordination of
the [subject’s] action" (Piéget & Inhelder, 1967).

5. The'multiple embodiment approach can improve
learning (Behr, 1976; Dienes, 1967; Indelicato, 1979;
Jhin, 1971; Johnson, 1970; Reys,‘1972; Wheeler, 1971).

6. The CAI graphics used in the third embodiment are

" . .relevant to the topic and content of the lesson"
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(Alesandrini, 1985, p. 5) ano are presented in a clear,.
concise manner (AleSandrini, 1985; Bialo & Erickson,
i985;‘F1ake,'1982; tﬁo.software experts,‘Appendix B) .

7. In order to ensure a correct concept in |
mathematics, some monitoring of iearning nust take‘place
(Lesh, Landau, & Hamilton, 1983; Shepard & Ragan; 1982) .

8. Mathemetics formulas deVeloped and established by
students during the introductory lessons result in a
better understanding and retention_of-the formula as well
as‘utilization of the formnla in problem solving (Lerch,
1981; Stephens & Olson, 1985).

9. Understanding an arithmetic procedure, rather
than memorizing it,'makes it easier for-learners to
remember the procedure (Burns, 1986; Byers & Erlwanger,

1985; Dugdale & Kibbey, 1933, 1984; Gagne, i985).

10. Varied pfactice of arithmetic can contribute to
mathematics understanding (Brownell, 1956) and
calculation of the formula is important to the concept of
volume because it aids the transition from numbers as
boundary lines to the concept of internal space and space
occupied‘(Piaget,rInhelder & Szeminski, 1960).

11. Students often learnimore when working together
than when working alone as they share views, opinions,
end knowledge (Burns, 1988; Dickenson & Vereen, i983;

Wilson, 1987).




Traditional Textbook Approach

A teaching séquence based on traditional'téxtbook
iﬁstruction was developed by this researcher (see
Appendix D). It Was’based'on'activities used in‘1974785
‘mathematics textbooks'and Was éf equal length as.the
other treatmeﬁts. ' Field testing of this instructibnal
appfoaqh was méde in September 1988, in fifth grade
(classes in the‘Bézéman, Montana afeé that Were'nét '

. involved in the final study. Revisidns made were (a)
removing errors and/or typing errors'in'student:matefials'
and teacher instructions; (b) ipcorporation of | |
teachef—led questions into the lesson plans, and (c)
addition of one activity on;the third day to expand time
on that lesson to correspond with thé inétructioﬁal |
sequence.

The instruction and activities were
teacher~-directed, beginning with introduction of the
"cube" as a three-dimensional object and as a unit of
measure. Demonstrations of how to measure and find the
volume of reétangular solids (boxes) precéded |
introduction of the V=L X W X H formula. Reinforcement
problens on ﬁorksheets cqncluded the five-day sequence. |
Sources for the sequence were Duncan, et al.l(1981); _
Eicholz; et al. (1985); Haenisch & Hill (1985); Nichols,

et al. (1974); and Payne, et al. (1982). The objéctivgs
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of the textbook sequence were the same as those for the

-multiple embodiment sequence.

Retention Activities

Three sets of retention activities, one each to be .
given in one-week intervals, were developed by thié
fesegrcher and field tested in September 1988>in fifth
grade classes in the Bozeman érea; One class had béeﬁ
involved in the original 1986 field tést and those
students were assigned activitiés.for Treatments I~and‘
II. Another class was involved in tréatmeht'field'tesfs
and was assigned activities for Treatment III. Each set
§f.activities including problem solving activities, took
approximately 30 minutes to complete. Treatmént I -
participated in use activities using the computer.
Treatment II'ﬁsed manipulatives and paper and pencil
actiﬁities similar to drawing boxes and computing volume.
Treatment III solved problems found in textbodké similar
to "how many cubeé will it take to fill a box 1 cm by é
.cm by 2 cm?". All groups were assigned identical
calculation problems in addition to thé activities (see
Appendix D). None of the students in the field test
participated in thé final study.

As a result of the field test, questions ﬁere

rewritten so students could understand them with little

or no help from their teachers. During the field test,
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students kept a log of time on task for'all retention
activities to ensure retention time on task was equai for
all three treatments. This was the only control for

student time on task<during‘reténtion in the final study.

The Software

A Logoﬁriter microworld simulation called Prism4
created by'Dr. Lyle Andersen and Dr. DaVid Thomas,.'
Montana State University Department'of Méthematical
Sciences, and written with Logowriter réplicafes the
semi-concrete paper and pencil portion‘of the teaching
sequence. Student input determines the size of the
square corner cut and, therefore, the éize and shape of
the box constructed from the 2-D pattern. A graph
displays resulting volume via a single bar graph. The
volume in whole numbers is also displayéd.

Review of the literature indicated the foilowing
criterion list of educational support fér use of.this
type of software used as supplement to ihstruction:

1. The content of the software is accurate, clear,
‘and relevant to the instructional topic (Alesandrini,
1985; Mezzina, 1985). j. '

2. Only needed information is displayed on the
screen, tﬁus focusing student attention on pertinent

information (Alesandrini, 1985; Flake, 1982).

'3
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3. The visual display. is graphlcally and textually
pleasant (Me221na, 1985).

4. Instructional computer software should be
formatted in a manner familiar to the‘student '
(Alesandrini, 1985; Bialo & Erickson,'1§85). The
draw1ng, cutting, and folding via- computer occurs 1n the
same order as the student act1v1ty in the teachlng
sequence (two software experts, Appendix B).

5. The student interacts with the simulation so
he/she is a participator, not just an observer (Chembers
& Sprecher, 1980, 1983; Dugdale & Kibbey, 1984; Henderson
et al., 1983; Keuper, 1985; Mezzina; 1985; Papert, 1980).

6. The computer simulation repiicates the ‘concrete
(box making) and semi-concrete (box drawing and marking)
activities quickly so the studente can compare different
sized boxes, allowing.them,to'concentrate on the results
and not get lost in the manipulation and calculation
actious of the actual ectivities (Dugdale & Kibbef, 1984;
_Thomas, Anderson & Allinger, 1987). |

7. Students are'USING mathematics to eolve problens,
not DOING mathematics as axrote task (Dugdale & Kibbey,
1984). |

8. Many idees are expreseed and understood better
‘through pictures, graphs, and diagrams (Bork, 1980}

Marks, 1985; National Science Board Commission of
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Pre-College Education in Mathematics, Science and
Technology, 1983; Nicely, 1985; Tayior-& Cunniff, 1988).
The chart and drawings produced by students and computer

simulation in the treatment gfoups represent the concept

of volume of rectangular solids (two software instruction

experts and two mathematics instruction'experts){.

~Advantageé of using Logowriter as the proérémminq
language are: (a) the 1angﬁage can be used in seQera1
brands of microcomputérs; (b) qraphicé are available; (c)
the program is friendly, that is; éasy to write and
debug; and (d) it has the capability‘to mix graphics and
text (Méizina, 1985). |

Two disadvantages of the Applerversion of Logowriter
versus the IBM version must be noted. One is the.iapk of
available memory after loading thevprogram. ’This may
result in termination of the prograﬁ if incorrect input
occurs. The user then has to restart thé simulation.
Another problem is the poorer quality of screen
resolution (Thomas et al., 1987). Héwever, the majority
of_computers used in Montana schools are Apple computers
(OPI,l1985). Therefqre,-the Apple version was used for

this étudy.
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Research Design

The pre—post design based on Campbell and Stanley’s
(1963) Nonequlvalent Control Group De51gn employed an
experimental-control model. Students.were randomly
placed in one of three treatment‘groups: (a)'the'multiple
embodiment instructional sequence using the computer as
one embodiment, (b) the multiple embodiment sequence
without the computer embodiment and, (c) a traditional
commerciaiftextbook teaching method. - A three—meek
follow-up perlod provided time for all groups to review
material via (a) computer (Treatment I), (b)
manipulatives as used in the sequence (Treatment II), or
(c) pencil and paper activities (Treatment IIIj.' A
retention test was administered toodetermine the amount
of retention for each group. . Pretests were administered
two to four weeks before instruction began. The
post—instructionlteet was administered on the day
following the last day of instruction. The
post- retentlon tests were glven the day follow1ng the
th1rd retention act1v1ty There was a perlod of three
‘weeks between post-instruction and post*retentlon tests.

. All tests were sent to this researcher for scoring.

I Y L S S |
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Nonequivalent Control Group Design

‘The Campbell-stanley (i963)-Nonequiva1ent Control
Group Design'uses a pretest and posttest to measure |
effect of'treatment(s). This design is applicable to
assembled groups such as classroomns, where-oroups are
",..as similar as availability permits but not so similar
that one can dispense with the pretest" (Campbell &
Stanley, 1963, p.47). Gay (1981) supports use of this
design when working with intact groups. He states "...an
advantage of this design-is that since classes are used
’as is;...." possible effects from reactive interference
from variables is minimized (p. 232). Though the groups
may differ on the pretest, the design "...may approach
true experlmentatlon....the experlmenter'has natural
groups available...," random assignment of groups.to
treatment or control groups islmade and there is no
‘reason to suspect subjects dellberately seek membership
in the exper1menta1 or design group (Campbell & Stanley,
1963, p. 50) -Thls des1gnrcontrols internal sources of
six contamlnatlng varlables' history, maturatlon,
selectlon, testlng, 1nstrumentatlon, and mortality. It
does not control 1nteractlon of selection and maturatlon
.(Campbell & Stanley, 1963; Gay, 1981; Kerlinger, 1973).

Some questlon ‘'of control of regre551on exists.

istanley and Campbell (1963), however, indicate this is
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nof a concern if‘treatment groupé have not been selected
based on extreme scores on the pretest. Since classfooms
were assigned prior to the prétest, this reséércher.l |
' assumes this variable is minimally contrﬁlled;‘

.Tﬁe desigh does not control the external variable of
interaction of testing and treatment. However, since
tésting is a.normal activity in claSsroomé; éampbellland'
Stanley (1963) indicate minimum interference from thié
threat to validity.

It is uncertain whether the variables of ihter;ction
of selection and treatment and‘reactive rearfaﬁgemenf are
controlled by this design. No wéy exiéts for controlling -
the fact that'experimental and/or qdntrol class sgctiohs
may differ in some important way. But Campbell éna
Stanley (1963) dé conclude'the ﬁsevof an entire intact
classroom helps minimize reactive réaffangement and
selection and treatment. This researcher recognizes the
possibilify that factors identified in the G. E. ‘
Hawthorne experiments (Gay, 1981) méy contaminate this
study; ‘Howevér, after-a review of research desién
literature, this researcher has. been unable to identify

any means to control these factors in this study.
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Methods‘of Data Collection

Standardized Test

Ability groups were determined by the Stanford
Achievement Tést (SAT), Form E (Gardne; et al., 1987a).
Of a possible 74 points, the’highest scores were 73# the
lowest was 15.. Students were placed into threé‘groupé:
high, medium, and low in approximately equal proportions.
High ability was determined‘by a score of 61 or greater.
Medium‘abiiity‘was‘determinéd by scores between 50 .and
' 60; low by scores of 49 or less. Student numbers in
high, medium, and low ability groups were: 147, 140, and
132, respectively. ' |

The mathemétics portion of the test included (a)
Concepts of Number; (b) Mathematics Computatidn,‘and (c)
Mathematics Applications. Oniy Cohcebts of‘Numbef (34
items) and Matheﬁatiés'Applications (40 items) sections
of the battery were used. This researcher did'not
includg the computation'Section in the test scoring:
students were directed to‘show'their work and wrong
Ianswers‘derived from arithmetic errors were not marked
wrong. The study was a measure of ébility to understand
volume of rectangular solidshAnot ability to do |
érithmétié. Thus;:Compufation was rejected as part of

the test. battery. Results of the test scores designated
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assignment to high, middle, or low ability groups, each
§roup being apprqximately one—thifd of the population.

| Validation éf the SAT was established with'content
validity (Gardner et al., 1987b). Following a review of
state and local curriculum guides and'textbooks; a table
of specifications was prepared. Items were developed and
analyzed with a Nationai Item Analysis Program conducted
in April 1980, with approximately 10,000 students ffoﬁ
across the nation. Additionally, the Otis-Lénnon Mental
Ability Test was administeréd to pafticipating students.
The final form of the SAT was standardized in September
and October 1981, with approximately 100,000 students
randomly drawn nationally to represent school population
criterion of enrollment, socio-economic status,
geography, and public yersus-private schools (Gardner‘et
al., 1987b).

» Reliability coefficients for the SAT Form E were

reported as follows: Concept Applications
Kuder-Richardson Formula #20: .88 .91

Alternate Forms: .82 - .87
Intercorrelations with Otis

Scholastic Ability Test: .55-.78 .59-.76

Criterion-Referenced Test

Since treatment took place mid-school year, other

" tests of ability such as the Scholastic Achievement Test,
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given by some school districts at the beginning or end of
a school year, wouid not be as reliéblé aé a criterion-
referenced ﬁest given just béfore treatment becauée
exfraneous-variables such as ﬁaturation may interfere-
(Popham, 1981; Stanley &‘Cémpbell, 1963). -Also, this
study is a testlof Volume of rectangular éolids, qot
general math ability or achiévement. |

Two parallgl, equivalent forms of a criterion-
referenced test (CRT)‘deveioped-by this researcher tested
bofh concept and skill levels of kﬁowledge. The‘skill
level test items measured knowlgdge and cqmprehension-
levels of Bloom’s taxonomy; conéept level items measured
application and analysis levels of the taxonomy. The
CRTs-were.used as the posf-instruction test and as the
post-retention test. 'A portion of the postj;etention
test Waé used as a pretest to determine equivalent
groups. Reliability was determined by the-equivalence
and stability method. Validity>ﬁas established by the
content validity method. |

Popham (1981) discusses several measurés of

reliability of'critérion-refgréncéd/teéts. Stability
measures "...consistency of a test’s measure over time"
(p. 28) by correlgtihg sqorés of one test administered
twice to the same éxaminees with‘a ", ..reasonable |

interval" between the tests. (Popham, 1981, p. 128).
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ﬁguivalence measures the degree of éqﬁalness between th
forms of a test. Because criterion?referenced éeété are
"based on very specific objeétiﬁes, as opposed to ﬁore
general objective bases in norm-referenced tests, it is
easier to create W, ..truly eqﬁivalent qums (Popham,. |
1981, p. 29)%. | j |

The combination of the'above methods of reliability
is the,equivalénce and stability method. .To establish
this form of test reliability, Form A is adﬁiniStered to
a groﬁp of examinees; after a time delay, Fofm B is
administered to the same group of testmtakers. Downie
and Heath (1974) note the delay time is an important
factor; the longer the delay, the lower the correlation

due to ihtervening variables. :The shorter the delay,

however, the more the chance that examinees will. remember

items and react from memory, not knowledge of subject
matter. Groniund (1976) and Popham (1981) warn this
method produces the lowest reliabiiity coefficient.
Popham (1981) recommends a time intervél.from fwo to six
weeks. A Pearson-Rho corfelation coefficient is computéd
between the two forms of thé test. |

Seventy-five fifth gradé students in Bozeman area
schools were the examinees. These students were not
included as subjects in{the'experimental study. The

tests were administered in April 1988, with a four-week
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‘interval betweeﬁktests. The Pearson-Rho correlatien was
;864 and"the tests were judged to be feliable.

The centent validity strategy was emplbyed to
establish test Qalidity. In a criterion-referenced test,
the major criterion "...is to provide a clear picture of
what it is that an examinee can or can’t do...[and |
therefore], content validity is of majer iﬁportance"
(Popham; 1981, p. 165)ﬂ' Gronlund (1976) definesveonteﬁt‘
validity as "...the extent to which a test measures a
representative semple of subject matter content:and the
behavioral changes under consideration™ (pp. 81-82);

One method of obtaining'eontent validity is to-
define the behavioral objectites in a table of
specifications kGuskey, 1985) and subﬁit both table and
test to experts in the field who will determlne whether
or not the test does indeed measure desired knowledge as
defined by the table of specifications (Grpnlund, 1976;
Popham, 1981). | |

Guskef‘(1985) describes the process of developing a
table of epecifications. The first step is to determine
what content is to be learned. Second, student behaviers
or objectives should be written to reflect the content to
be learned. The-behavidt should represeﬁt a range of

categories of difficulty as described by Bloom (1956) in

his Taxonomytef Educational ObjectiVes. The test
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developer fhen créates a matrix with the levels of the
taxonomy on the horizontal axis and the objectives on the
vertical axis. items, identified by question number, are
éntéred into the propér matrix slots. Test items may
abply'to more than oﬁe level. No statistical coefficient
‘is prqvided wifh this method (Downie & Heath, 1974;
'Grohlﬁnd, 19;6; Kerlinger, 1973; Popham, 1981).

This researcher developed a table of specifications
according ﬁo Quskey'S'(1985) description and submitfed
the test gnd table fo three mathematics education
specialisté.f Two spécialists were mathematics educators,
one at Montana State University, Bozeman, Montana; and
one at Western College, Dillon, Montana. The third ﬁas
employed by the Bozeman, Montana Public School System.
They were asked to determine which items were at
computation and comprehension lévels and which were at
analysis and applicatioh levels and to‘judge whether the
test measured the objecti&es. Eleven items were judged
to be at the lower levels; 12 at higher levels. All
three specialists judged the test to measure the

objectives (see Appendix B).

Validity of The Software
IValidity of the software was established by two

computer specialists at Montana State University who used
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" the criterion established by Alesandrini (1985) and

Mezzina (1985) (see Appendix B).

The ﬁevelopmental Level Instrument

A test consisting‘of four tasks was déveloped by
this researchef with. the help of Dr. William Hall,
Montana State Uniﬁérsity Department of Education; and Dr.
Richard Copeland, formerly of Florida Atlantic
Universify. They were based on the evaluation and
diagnostic work of Dr. Copeland aﬁd measured student
logico-mathematical knowledge, defined by Piaget as‘-
cognitive knowlédge'and awareﬁess of mathematics
(Copelénd, 1979, 1984; Groen & Kieran; 1983); A sample
of 113 students from the population was testéd before ﬁhe_
" study began. Results were used té esfabiish equiValepce
among ability groups. | ’

The instrument was field tested in August 1988 Qith
12 fifth gréde_Bozeman area students. Modifications
entailed,rewording df questions to be asked by the
interviewer so‘questions were neutrél and ensured clarity
to the student being interviewed. The final instrument
was given to 18 other fifth grade Students-from Bozeman ,
Middle School with a six-week interval between fifst.and
‘secoha‘administrations.

Reliability for the instrument waé determined by the

test-retest method. The Spearman-Rho coefficient was
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.8514 and fhe‘test was judged to be reliable. Validity_
ﬁas established by the construct method. Construct
'Qalidation is used when the test to be validated measures
a psycﬁological quality or idea such as aptitude or
readineés (Popham, 1981; Gronlund, 1976). Borg and Gall
(1983) state. one method to obtain construct validity isA
:to (a) define the observable characteristic evident in
the construct, (b) define the behaviors that would be
evident with a high‘and low measure of the cdnstruct, and
(c) compare results with another assessment‘of thé -
construct in the individuals megéured{

To validate the Developmental Level Instrument
(DLI), this researcher defined the Piagetian Stages as
described in Copelénd (1979, 1984). " The definition was
givenﬂfo a teacher who rated her 14 students based.on her
knowledge of their behavior dufing the past seven months.
Scores were correlated with the researcher’s interview
scores. The Spearman Rho correlation was .6208 (p =

.0178).

Statistical Hypotheses

Questions addressed in this study aré stated in the form
of null hypétheses.
1. There is no statistically significant difference

in mean achievement among treatments as measured by

I 5 N O N/ 1
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kpowledge and comprehension items on the bost-instruction
test. | | ) | |

2. ~There is no statistically'significant difference
in mean achievement among three ability gfoups as
measured by ‘knowledge and comprehension items on the
postfinstfuction test. '

3. There is no statisticglly significant difference
in mean achievemeﬁt between gender groups as measured by
knowledge and comprehension items on the post-inétructibn
test.

4. There is no interaction between treatment and
ability as measﬁred by knowledge and comprehension items
on the post-instruction test.

5. There is no interaction between treatment and
gehder as méasured by knowledge and compréhensioﬁ‘items
on the post-instruction test. |

6. There is no interaction between gender and
ability as measured by knowledge and compreheﬁsion items
on the postfinstruction'test. o |

7. Theré is no interaction among treatment and
ébility and gendef and grouping.aé measured by. |
application and'analysis items on the post-instruction
tést. | - |

8. There is no statisticaily significant difference

in mean achievement among treatments as measured by
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application and analysis items on tﬁe'post-instructionf
test. ' | . |

9. There is no statistically sigﬁificant difference
in mean achievement among'ability groups as measured by
applic&tion and aﬁalysis items on the pést—instrUcfion
test. |

| 10. There is nd statistically significant
differénce in mean achievement between gender groups as
measured by application and analysis itémé on thé'
K post-instruction test. ' “

11. There is no interaétion between treatment and
ability as measured by applicatipn and analysié items on
the post-instructioh‘test.

-12. There is no interaction between treatment and
gender as meésured by application and analysis items on
the post-instruction test.

13. There is no interaction between gender and
ability as measured by application and analysis items on
the post-instruction test. | '

14. There is no interaction among treatment and
ability aﬁd gender and groupingTAS méasured by - |
application and an;lysis items on the post-instruqtion
test. | |

15. There is no statistically significant

difference in mean achievement among treatments as

L e i
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measured by total item scores on the post-instruction
test,.

- 16. There is no statistically significant
difference in mean aéhié%ement among ability gréups as
ﬁéasﬁred by total item scores on the post-instruction
tesf. '

17. There is no statisticaily significant
difference in mean achievement betweén.gender groups as
measured by total item scores on‘the‘post4instrﬁcti§n
teét. |

18. There is. no interaction between treatment and
ability as measured by total item scores on the
post-instructidn test.

19. There is no interaction between treatment and
gender as measured by total item scoreé’on the ?
post-instruction test.

20. There is no interaction between gender and
ability as measured by total item‘scorés oﬁ the
post-instruction test.

21. There is no interaction among treatment and

ability and gender and grouping as measured by total item-

. scores on the post-instruction test.
22. There is no statistically significant

difference in mean achiévement among treatments as
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measured by knowledge and comprehension.items on the
"post;retention test. | |

23. There is no statisticallyisignificant
difference in mean achievement among ahility groups as
measured by knowledge and comprehension items on the'
post-retention test. -

24. There is no statistically significant
difference in mean achievement between gender groups as
measured by knowledge and comprehension items on the
post-retention test.» | |

| 25. There is no interaction between treatment and
ability as’measured‘by_knowledge and comprehension items
on the post-retention test. .

26. There is no interaction between treatment and
gender as measured by knowledoe and‘comprehension items
on the post-retention test. |

27. There is no interaction. between gender and
ability as measured by'knowledge and comprehension items
on the post-retention'test. .‘

28. There is no interaction among treatment and
ability and gender and grouping' as measured by -
application and analysis items on the.post-retention
test. h | |

59. There is no statistically significant

difference in mean achievement among treatments as
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measureéd by application and analysis.items on the
- poét-retention test.
| 30.; There'is no statistically significant
difference in mean achievement among ability groups as
measufed bY application and anélysis iteﬁs on the
,bésthretenfion tést. |

| 31. There is no statistically significant
difference in mean achievement bet&een gender groups as
' measured by application and analysis items on the
post-retention test.

32. There is no interaction between treatment and
ability as measured by application and analysis items on
the post-retention test.

33. There is no interaction between treatment and
gender as measured by application and analysis items on
the post-retention test. ‘

34. There is no interaction between gender and
abilit§ as measured by application and analysis items on
the post-retention test.

" 35. There is no interaction among treatment and
ébility and gender and groupiﬁg as measured by
application and analysis items on the post-retention

test.
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36. - There is no statistically significant
':differénce in meén'achiévement.among treatments as
measured by tota;kiﬁem scores on the post4retention test.

37. There is no statistically significaﬁt-
difference in mean achievement among ability groups as
measuréd by total’ifem‘SCOres on the post-retention test.

38. There ishno statistically éigﬁificant
difference in méén‘adhieveﬁent between génder groups as
measured by total item scores on thé pqst-retentioﬁ test.

39. There is no interaction between treatment aﬁd |
ability as measured‘by total item scores on the
post-retention test; | |

40. fhere is no interaction between.trgatment and
gender és ﬁeasured by total item scdrés on the |
pdst-retenfion test.

41. There is'ﬁo interaction between gender.and
ability as measured by total item scores on the |
post-retention test. | |

42. There is no interaction émqng treatment énd
ébility and gender and grquping as measured by fotal item

scores on the post-retention test.

Analysis of Data

Independent variables to be used in the analysis of

data were:
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1. treetment - three levels: experimental with
computer, exnerimental'without compﬁter( and textbook
connrol groups; |
| 2. ability grouplng - three levels: high, medlum,
and lew, and

3; gender - male and female.

Dependent variab;es were:

1. post-instruetion achievement total scofes;

2. post-instruction achievement seores of knowledge
. and comprehension level testAitems; | |

3. post-instruction achievement scores of
.application and analysis level test‘items;

4. post-retention achieﬁement total scores;

-"5.-post—retention achievement scores of.knowledge
and comprehension leﬁel test items:; end

6. post—retentidn'achievement scores of applicatibn
end analysis level test itens. '

MSUSTAT Statistical Analysis Package, version 4;12,
developed by‘Dr. Richard E. Iund, Montana Stete

‘University, was used to analyze the data.

Equivalent Groups

Analysis of variance (ANOVA) is used to determine
whether samples come from populations w1th the same mean,
i.e., whether populations are equlvalent (Spatz &

Johnson, 1981) .. A one-way ANOVA of pretest scores was

LLl i
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employed to test significant initial ﬁifferenceS‘among
treatment group meéné to ensuré equivalent groups. The
p-value was .9854. The treatment'groups were judged to
be equivalent. | | |

An interaction between treatment and ability (p =
.0581) appeafed to demonstrate a.trend émong low ability -
studenté. Two further statistical analyses were
conducted to determine whether pre-instruction
differences may héve existed but were not detected by the
pretest ANOVA. Three one¥way ANOVAs'of pretest'écores
were used to analyze whether ability groups of the three
treatments were equivalent before instruction began. The
p-values for each ability group were: (a) high (p =
.2306); (b) medium (p = .8578); and (c) low (p = .2270).
The Kurskal-Wallis non-paramétric rank test (Lund, 1988)
was used to determine if ability groups were equivalent
as measured by the Developmental Level Instrument (DLI).
‘The p-values for eacﬁ ability group Qere: (a) high (p =
.3775); (b) medium (p/= .5065);'and (c) low (p = .6003).
Ability'groubs in Treatments I, 11, and III were ‘

equivalent before instruction began.

Factorial Analysis of Variance
Kerlinger (1973),s£ates "...Factorial Analysis of
Variance is the statistical method that analyzes the

independent -and interactive effects of two or more
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yariables on a dependent variable" (p. 245). He
.continues, "...(interacﬁion between a mulfiple of
indépéndeﬁt variables) occurs frequently enaﬁgh to
warrant éerious attention....Some behévioral researchers,
especially in education...," aré‘aware of the increaéing
'importance‘df interaction of independent variables and
";..interaction.[shouid] be a centrai concern" (p. 257).
This researchgr's'centralrquestion dealt with main
effects across treathents.- Howéver, as Kerlinger (1981)
énd'FerguSOn (1981) point out, interaction is an |
' - important questioh since independent variables affect the
dependent variable in varying degrees. |
| Factorial‘anaIYSis has‘sevefal advantages:

1; The researcher isﬁaﬁle to mahipulété two or more
variableé simultaneously.

2. Variables not manipulated can be éontrolled by
building them into the design.

3. It is more precise than a one-way analysis.

4. It allows intéractive effects of independent

variables to be studied (Kerlingef, 1973, pp. 255-6).

Alpha Level

Commonly accepted levels of consequence are either
.05 or .01 (Ferguson, 1981; Spatz & Johnson, 1981). The
chance of making a Type I or Type II error often dictates

the choice of alpha. A Type I error occurs when a true
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.null hypothesis is rejected; a Type II error occurs when'’

" a false null hypothe51s is retained. A Type I error
might result in change in method of instruction for one
- topic in mathematics when no 1ncrease will result in
student achievement due to the change in method. A Type
II error might result in no change in curriculum when a'
change could increase student achievement.

As a result of this study, consequences of a Type I
erfor may result in an investment of time for teacher
retralnlng and planning and money for computer hardware
and software, with no p051t1ve academlc results. Since
‘most schools have computers in place (OPI, 1985b; OPI,
1987), the problem concerns time to train or retrain
teachers as well as the class time requlred for the
sequence.

Educators are concerned with increasing student
achievement (Fullan, 1985). Indeed, most teachefs judge
their effectiveness in the classroom in.relationship.to
student achievement quskey, 1985). Consequences of a
' Type Ii error in this study might result in students not
being exposed to a program that could increase
. achievement. One way to control a Type II error is
increase the sample size (Ferguson, 1981; Spatz &

Johnson, 1981).
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This researcher’s choice of .05 level is a
compromise. Though this researcher is more concerned
with a Type II error and might have chosen .10, the large

subjeét size of 419 subjects minimizes this error type.
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CHAPTER IV

ANALYSIS OF THE DATA

Introduction

Data reported in this chapter are organized as
follows: (a) pretest results, (b) pést-instruction
results, (c) post-retention results, and (d)‘éomparison
of ability level means across treatment. Each posttest
.includes (a) a score on items that measure lower levels
of Bloom’s (1956) cognitive domain (knowlédge and
comprehension), (b) a score on items that measure higher
levels of Bloom's'(1956)'cognitive domain (application
and analysis), and (c) a total scbre. - Summary tables for
each dependent variable, cell count, and the
corresponding hypotheses are listed in this chapter.

Analysis of Variance was used to analyze pretest and
posttest data. Unequal cell sizes are dué to -absence of
some students on the day the tests‘were administered.
Factorial ANOVA was used to analyze meané of ability
level measured by bretest scores: Kruskal-Wallis
non-parametric rank test was used to compare means of

ability level groups as measured by the Developmental
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Level Instrument (DLI). Alpha level for each analysis -
was set at .05. " Multiple cémparison tests were performed
to identify differences when significant differences-

among three groups was repofted.

Pretest Analysis

Subjects in the study were fifth grade students.
They were pretested to ensure initial equivalent groups.

Table 1 shows summary statistics for the one-way ANOVA.

Test for Equivalence
Table ‘1. ANOVA of Pretest Scores (N = 419)

. Sum of Mean
Source DF squares - squares F value o]
Between 2 .1670° .0836 .01’ .9859
- Within 416 2446.1 - 5.8799

Residual 418 2446.2

Means for Treatments I, II, and III were 6.838 (N =
154), 6.832 (N = 149) and 6.6879 (N = 116). The
Treatment Groups were considered equivalent.

Equivalence of Ability Groups as Measured
by Pretest Scores C

Three one-way ANOVAs were employed to determine
whether ability groups were equivalent across treatments.
Tables .2, 3, and 4 show summary statistics for the

. ANOVaAs.
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Table 2. ANOVA of Pretest Scores of High Ability Groups

(N = 147)
. "Sum of Mean :
Source DF squares squares F value i o]
Between . 2 17.345 ,,:8.6727 1.48 .2306
Within 144 842.63 5.8516

Residual . 146 - 859.97

Means for ability groups in Treatments I, II, and
III were: 7.621 (N = 58), 8.120 (N = 50), and 8.462 (N =
39). The High Ability groups in Treatments I, II, and

IIT were equivalent.

Table 3. ANOVA of Pretest Scores of Medium Ability Groups

(N = 140)
Sum of Mean .
Source DF squares squares F value o]
Between - 2 6.7656 3.3828 - .15 .8578
Within 137 3017.1 22.023 ‘

Residual 139 3023.9

Meané for ability groups in Treatments I, II, and
III were: 7.429 (N = 49), 7.157 ( N = 51), and 6.875 (N =
40). The Medium Ability groups in Treatments I, II, and

ITT were equivalent.
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Table 4. ANOVA of Pretest Scores of Low Ability Groups

(N = 132)
: : Sum of Mean
Source DF squares squares F value o]
Between 2 '10.916 5.4581 1.45 .2388
. Within 129 486.14 3.8684
Residual 131 497.06-

Means for ébility groups in Treatments I, II, and
III were: 5.830 (N = 47), 5.771 (N - 48), and 5.162 (N =
- 37). 'The Low Ability groups in Treatments I, II, and III
were equivalent.

Equivalence of Ability Groups as Measured by
Developmental ILevel Instrument Scores ‘

‘Three Kruskal-Wallis rank tests were employed to
determine whethercability groups were equivalent across
treatments as measured by the Developmental Lével
Instrument (DLI). Tables 5, 6, and 7 show summary
" statistics for the Kruskal-Wallis statistic. |

Table 5. Kruskal-Wallis Rank Test of DLI Scores of
High Ability Groups (N = 46)

CHISQ (DF = 2) g-value

1.941 .. 3775

The groups were considered equiyalent.
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Table 6. Kruskal-Wallis Rank Test\of'DLI Scores of
Medium Ability Groups (N = 40)

CHISQ (DF = 2) , p—-value

1.356 .5065

The groups were considered equivalent.

Table 7. Kruskal-Wallls Rank Test of DLI Scores of
Low Ability Groups (N = 27)

CHISQ (DF = 2) p-value

1.018 ' .6003

The groups were considered equivalent.
Post-Instruction Analysis

Analysis of Knowledge and Comprehension Items

The data relating to hypotheses 1, 2, 3, 4, 5, 6,
and 7 stated in null form in Chapter III are.reported in
Table 8. |

Hypéthesis 1: There is no statisticaliy significant
difference in mean achievement among treatments as
‘measured by knowledge and comprehension items on the
post-instruction test. ) |

Decision; ﬁeject the null hypothesis at (p =
.0001). There was a signifiéant difference in mean

scores of treatment groﬁps on knowledge and comprehenéion

M I
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items on the post-instruction test. Both sequence-based
instructidnel treatments'(Treatments I and II)vscered
higher than the textbook treatment (Treafment III).

Means, for Treatments I, II and III were 8.605, 8.779, and
7.759.

- Table 8. ANOVA of Knowledge and Comprehension Items (N =
403)

, Sum of Mean
Source DF squares squares F value jo
TMT 2 " 76.649 . 38.325 9.93 .0001
ABL 2 361.04 180.520 46.75 .0000.
GEN 1 17.999 17.999 4.66 .0308
" TMT/ABL 4 21.109 ' 5.277 1.37 .2448
TMT/GEN 2 13.113 6.556 1.70 .1844
ABL/GEN 2 4.827 2.414 .63 .5357
TMT/ABL/GEN 4 26.307 6.577 1.70 .1485
Residual 385 1486.5 3.861 '

There were significant‘statistical differences among
treatments (p = .0001), aﬁong ability levelé (p = .bOOO),
and between gender groups (p = .0308).

Hypothesis 2: There is no statlstlcally‘51gn1f1cant
difference in mean achieyement‘among ability levels as
measured by knowledge and comprehensioh‘items on the
poét—instruction test.

Decision: Reject the null hypothesis at (p =
.6000). There'was a significant difference in mean total

scores of ability groups on knowledge and éomprehension

LI, el




112

items on the post-instruction test. Means for ability‘
gfoups High, Mediﬁm, and Low were 9.504, 8.494, and
7.144. o

Hypothesis 3: Tﬁere is no statistically significant
difference in mean achievement between gender groups as
measured by knowledge and comprehension items on the
post;instruction test.

Decision: Reject the null hypothésis at (p =
.0508). There was a significant difference in mean total
scores of gender groups on knowledge ana qomprehensién
‘items on the'post-instruction-tést. Meaﬁs for male and
female were 8.597 and 8.165, respectively.

Hypothesis 4: There is no interaction between
treatment and ability as measured by kndwledge and
comprehension items on the pésf-instruction test.

Decision: Retain the null hypothesis at (p =
.2448) . |

Hypothesis 5: There is no interaction between
treatment and gender as measured by knowledge and
comprehension items oﬁ the ﬁost;instruction test.

Decision: Retain the null hypothesis at (p =
.1844).

Hypothesis 6: There is no interaction between
. ability and gender as measured by knowledge and

comprehension items on the post-instruction test.
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- Decision: Retain the nuil hypothesis at (p =
.5357) . '

Hypothesis 7:  There is no interaction among
treatment and ability and gender as'measured by knowledge
and qompfehension items on the post-instruction test.

Decision: Retain the null-hypothesis at (p =

.1485).

Analysis of Application and Analysis Items

The data relating to hypétheéés,S, 9, 10, 11, 12;
13, and 14 stated in nuli form in Chapter III are
reportéd in Table 9. ' |

Table 9. ANOVA of Application and Analysis
Scores (N = 403)

Sum of ~ Mean

Source . DF Squares Squares F value jo]
TMT 2 7.1373 3.5686 .88 .4163
ABL 2 465.29 232.65 57.26 .0000
GEN 1 3.6016 3.6016 .89 .3464
TMT/ABL 4 13.837 34.4593 .85 .4934
TMT/GEN 2 4.2193 2.1096 .52 .5954
ABL/GEN 2 4.4105 2.2962 .54 | .5816
TMT/ABL/GEN 4 9.1810 2.2952 .56 .6883

. Residual 385

1564.3 4.0631

There was a significant statistical difference among
ability levels (p = .0000).
Hypothesis 8: There is no statistically significant

difference in mean achievement among treatments as
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measured by applicaﬁion and analysis ifems on the
post-insfructionitest.: c

Decision: Retain the null hypqtheéis at (p =

,4163). | |

' Hypothesis 9: There is no statistically significant
difference in mean‘achievemént among abiiity‘leveis‘as
measured by application aﬁd anélysis items on‘the
post~instruction test (p = .4163)..

Decision: Reject the null hypothesis at (p =
.0000). There was a significant difference in mean total
scores of abilitf groups on application aﬁd anélysis
. items on the post-instruction test. Means for ability‘
.gréups High, Medium, and Low ﬁefe 8.595, 7.491, aﬁd
5.921. .

Hypothesis 10: There is no statiétically
significént difference in mean aéhievement between gender
'groups_as measured by application and analysis items on
the post-instrﬁction test.

Decision: Retain the null hypothesis at (p =
.4934).

Hypéthesis 11: There is no interaction between
treatment and ability as measured by applicatioh'and
‘analysis‘items on the post-instruction ‘test:

Decision: Retéin the null hypothesis at (p =

.3464).
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Hypothesis 12: There is no interaction between
" treatment and‘gender as measured by applicétioﬁ and'
analysis items on the post-instruction test.

Decision: Retain the null hypothesis at (p =
.5954) .

. Hypothesis 13: There is no interaction between
ability and gendef as measured by applicatibn'and
. analysis items on thé post-instruction test.

Decision: Retain the null hypothesis at (p =
.5816) . .

Hypothesis 14: There is no interaction among
.treétment and ability and gender as méasured‘by
application and analysis items on the:post-inétruction
test.

Decision: Retain the null hypothesis at (p = .6883).

Analysis of Total Scores Items
The data relating to hypotheses 15, 16, 17, 18, 19,

20, and 21 stated in null form in Chapter III are

reported in Table 10.

Ki“\\
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Sum of

- 10.486

Mean .

Source DF Squares Squares F value je]
TMT . 2 75.129 37.564 3.58 .0287
ABL 2 1645.0 822.48 . 78.44 . 0000

- GEN . .- 1l 36.571 36.571 3.49 .0618
TMT/ABL 4 - 66.340 . 16.585 . 1.58 .1784
TMT/GEN 2 10.957 5.4785 .52 .5935
ABL/GEN 2 14.592 7.2962 -70 .4993
TMT/ABL/GEN 4 27.487 6.8717 .66 .6234
Residual 385 4036.9

"There was a significant statistical difference between

- treatments (p = .0287) and ability levels (p = .0000).

Hypothesis 15:

significant difference in mean achievement among

There is no statistically

treatments as measured by total scores on the

post-instruction test.

Decision: Reject the null hypothesis at (p =

.0287). There was a statistical difference among groups

on total scores on the post-instruction test.

Means for

treatments I, II, and III were 15.75, 16.23, and 15.16.

There was a difference between Treatments II and III.

Hypothesis 16:

There is no statistically

significantidifference in mean achievement among ability

levels as measured by total scores on the

post-instruction test.

Decision: Reject the null hypothesis at (p =

' .0000). There was a significant difference in mean total
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scores of ability groups on totél scores‘oﬁ the
-pqst-instrudtion test. Means for ability groups High,
Mgdium, and Low were 18.10, 15.97, and 13.07. |

Hypothesis 17: There is no statistically
significant difference in mean achievemeﬁt between gender
groups as measured by total scores on the
post-instruction test.

Decision: Retain the nuil hypothesis at (p =
. .0618).
| Hypothesis 18: - There is no intéfaétion between
treatment and ability as measgred by total scores on the
post-instruction test. |

Decision: Retain the null hypothesis at (p =
.1784).

Hypothesis 19: There is no interaction between
treatment and gehder as measured by total scores on the
post-instruction test.

Deéision: Retain the‘null hypothesis at'(p’=
.5935). . '

Hypothesis 20: There is no inte;action between
ability and gender as measured by total scores on the
post-instruction‘tesf. | |

Decision: Retain the null hypothesis at (p =

.4993).
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o Hypothesis,ziz There is no interacﬁion among
treatment and ability and gender as measured by total
sceres on the posﬁ-ipstructidn test.

DeCisionf‘ Retain the null hypothesis at (p =

.6234) .

Post;Retention Analysis

Three activities were admlnlstered durlng the
retentlon period. Each actlv;ty was glven in one—week
intervals. The post-retention test was administered the

week follewing the last activity.

Analysis of Knowledge and ComprehensionAItems

The data relating to hypothesés 22, 23, 24, 25, 26,
27, and 28 stated in null form in'Chapfer III are |
reported in Table 11.

Table 11. ANOVA of Knowledge and cOmprehen51on Item
Scores (N = 401)

: - , Sum of . Mean ‘ ' :
Source DF squares squares F value p
. TMT 2 20.019 10.010 3.09 .0465
ABL 2 291.33 145.66 45.00 .0000
GEN 1 25.611 25.611 7.91 0049
TMT/ABL 4 3.935 .98384 .30 .8753
TMT/GEN 2 32.524 16.262 5.02 .0070
ABL/GEN 2 9.308 4.654 1.44 .2387
- TMT/ABL/GEN 4 9.563 2.3908 .74 .5661
Residual 383

1239.7 "3.2369
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There was a significant statistical difference among'-
treatments (p ='.o465), among ability levels (p = ;OQOO),
and between gender groups (p = .0070). There was a'
.significant inferaction between freatment and gender (p =
.0070). ' | ”

Hypothesis 22: There is no statistically
significant‘difference in mean achievement ameng
treatments as measured by epplication aﬁd analysis items
on the post-retention test.

Decision: Reject the null hypothesis at (p =
.0465). There was a significant difference in mean
scores of treatment groups on application and analysis
. items on the post-retention test. The mean scores of the
sequence, Treatment I and II, were higher than'the
textbook treatment, Treatment ITII. Means for Treatments
I, II and III were 9. 077 8.968, and 8.549. |

Hypothesis 23: There is no statis#ically
significant difference in mean achievement among ability
levels aé_measured by application and analysis items on
' the post-retention test. | |

Decision: Reject the null hypothesis at (p =
.0000). There was a 51gn1f1cant difference in mean total
scores of ablllty groups on appllcatlon and analy51s
items on the post-retentlon test. Means for ability

groups High, Medium, and Low were 9.007, 8.968, and .
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' 8.549. High and low groups differed significantly; the
medium group did not differ from high or low groups..

Hypbthésié 24: There is no statistically
significant difference in mean achievement between gender
‘gréups as measured by application and-analysis items on
‘the post-fetention test. |

Decision: Reject the null hypothesis at (p =
,0049); There was a significant difference in mean total
scores of gender groups on applicatioh and analysis items
on the pbst-retention test. Means for males and females
were 9;122:and 8.608.

Hypothesis 25: There is no interaction between
' treatment and ability as measured by application and
énalysis items'on the post-retention test.

Déciéion: Retain the null hypothesis at (p =
..8753) . o

Hybothesis 26: There is no intefaétion between
treatment and gender as measured by-applic&tion and
analysis items on the posf-retention test.

Decision: Rejecf the null hypothesis at (p =
.0070). -

There was interaction between treatment.and gender.

Scores for the groups are reported in Table 12.
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Table 12. Interaction of Treatment and Gender Knowledge
and Comprehension Score Means

Treatment I - II III
Males 9.09 . 9.50 8.86
Females 9.23 8.42 8.33

The interaction is disordinal with fémales scoring higher
in Treatment I and males higher in Treathents II and III.
Hypothesis 27: There is no interaction between
ability and gender és measured by application and
analysis items on the post-retention tesf;

Decision: Retain the null hypothesis at (p =
.2387). |

Hypothesis 28: There is no interaction among
treatment and ability and gender as measured by
appliCatian and analysis items on the post-retention
test. ‘

Decision: Retain the null hypothesis at (p =

" .5661).

Analysis of Application and Analysis Ttems
The data relating to hypotheses 29, 30, 31, 32, 33,

34, and 35 stated in null form in Chapter III are

addressed in Table 13.
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Table 13. ANOVA of Application and Analysis Scores

(N=401)
Sum of . Mean

Source DF Squares Squares F value o
T™MT 2 46.806 .23.403 ‘5.71 .0036
ABL" 2 487.00 243.50 59.46 .0000
GEN 1 2.867 2.867 .70 .4028
'TMT/ABL 4 37.730 9.430 2.30 .0581
TMT/GEN 2 . 10.622 5.311 1.30 .2746
ABL/GEN 2 14.230 7.115 1.74 1774
TMT/ABL/GEN 4 37.194 9,298 2.27 .0611
Residual 385 1568.6 4.905 :

There was a significant statistical difference among
treatments (p = .0036) and ability levels (p = .0000).

- Hypothesis 29: There is no statistically
significant difference in mean achievement among
treatmeﬁts as measured by apblication and énalysis items
on the post-retention test.

Decision: Reject the null hYpothesis at (p =
;0036). There was a significant difference between
t;eatments. Means for Treatments I, II, and III were
8.082, 7.859, and 7.258. Means for Treatments I and II
were higher than the mean fér‘Treétméht III.

Hypothesis 30: There is no statistically
significant difference in mean achievement among abilify
levels as measured by application and aﬁalysis items on’

the post-retention test.
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Deéision: Reject the null hypothesis at (p =
.00005. There was a significantAaifference in mean total
scores of ability groups on application and analysis
items on the post-retention test. Means for ability
- groups High, Medium, and'Lowfhere 9.127, 7.693, and
6.379.

Hypothesis 31} There is no statistically
significaﬁt difference in mean achievement between: gender
groups as measured by application and analysis items on
the post-retention tesf. |

‘ Decision: Retain the null hypothesis at (p =
:4028).

Hypothesis 32: There is no interaction between
treatment and ability as measured by application and
ﬂanalysis items on the post-retention test.

Decision: Retain the null hypothesis at (p =
.0581). |

Hypothesis 33: There is no intefactioﬁ bgtweén
treatment énd gender as measured by application and
.analysis itéms on the post-retentioh test.

Decision: Refain the null hypothesis at (p =
.2746) .

Hypothesis'34: There is no interaction between
ability and gender as measured by applicatioh and

ahalysis items on the post-retention test.
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Decision: Rétain the null hypothesis at (p =
.1774) .

' Hypothesis 35: There is no interaction among
treatment and ability and‘gender as -measured by
application and analysis items on the post-retention
test. |

Decision: Retain the null hypothesis at (p = .0611).

Analysis of Total Scores

The data relating to hypotheses 36, 37, 38, 39, 40,
41, and 42 stated in null form in Chapter III are

reported in Table 14.

Table 14. ANOVA of Total Test Scores (N=401)

. Sum of Mean .

Source DF squares squares F value o]
TMT 2 99.837 . 49.919 5.27 . 0055
ABL 2 1580.2 790.11 83.34 .0000
GEN 1l 28.534 28.534 . . 3.01 .0828
TMT/ABL 4 56.531 14.133 1.49 .2042
TMT/GEN 2 70.856 , 35.428 3.74 .0247
ABL/GEN 2 31.695 ' 15.848 1.67 .1893
TMT/ABL/GEN 4 47.760 . '11.940 1.26 = .2854
Residual 385

3630.8 9.480

There was a significant statistical difference between

treatments (p = .02875 and ability lgvels (p = .6000) and

interéction between treatment and‘genaer-kp = ,0247).
Hypotﬁesis 36: There is nd statiétidally

significant difference in mean achievement among
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treatments as measured by total scores on the
post-instruction test.

Decision: Reject the null hypothesis at (p =
.0055). There was a statistical differénCe'among.
treatment groups on total scores on the post-reténtion
test. Means for treatments I, iI, and III were 17.14,
.16.80, and 15.94. Treatment means for Groups I and II
were both greater than Treatment IIT.

Hypothesis 3f: There is n6 statistically
sigﬁificant difference in mean achievement among ability
levels as measured by total scores on the post-retention
test. |

Decision: Reject the null hypothesis at (p =

.0000). There was a significant difference in mean total.

scores of ability groups on total scores on the
post-retention'test. Means for ébility groups High,
Medium, and Low were 19.15, 16.53, and 14.20.

Hypothesis 38: There'is no statistically
significant difference in mean achievement between gender
groups as measured by total scores oﬁ the post-retention
test. |

Decision: Retain the null hypothesis at (p =

.0828).
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Hypothesis 39: There is no interqction between
treatmenf and ability as measured by total scores on the
post-retention test.

Decision:.'Retain the null‘hypothesis at-(g =
.2042).

Hypothesis 40: There is no interaction between

treatment and gender as measured by total scores on the

posf-retention test.

Decision: Reject the null hypothesis at (p =
.0247). There was interaction between treatment and
gender. Scores for the groups are reported in Table 15
below. | |

Table 15. Interaction of Treatment and Gender
- Application and Analysis Score Means

Treatment I " IT IIT

Males 17.27 17.70 16.17
Females 17.47 16.46 15.95

The interaction.waé disordinal with males scoring higher
in Treatments II and III.

Hypothesis 41: There is no interaction between
ability and gender as measured by totai scores on the
post-retention test. |

Decision: Retain the null hypothesis at (p =

.1893).
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There is no interaction among

treatment and ability and gender as measured by total

scores on the post—refentibn test.

Decision: Retain the null hypotheéié‘at (p =

.2854) .

General Summaryv Table

Table 16 shows the general summary of p-values for

all post measures.

Table 16. General Summary Table

Variables Post-tests
PI-lc PR-lo PI-hi PR-hi PI-tot PR-tot

TMT : . 0001 .0465 .4163 .0036 .0287 0055
ILVL .0000 .0000 .0000 .0000 . 0000 . 0000
GEN .QQQS . 0049 .3464 .4028 .0618 .0828
TMT/LVL (2400) .8753 .4934  .0581 .1784 .2042
TMT/GEN . 18744 . 0070 .5954 .2746 .5935 .0247
ILVL/GEN .5357 .2387 .5816 L1774 .4993 .1893
TMT/LVL/GEN .1485 .5661 .6883 .0611 .6234 .2854

KEY:

Tests
PI-lo
PI-hi
PI-tot
PR-1lo
PR-hi
PR~tot

Variables

Post-instruction low level itens
Post-instruction high level items

Post-instruction total items

Post-retention low level items
Post-retention high level items
Post-retention total items

T™T - Treatment
LVL - Ability Level
" GEN - Gender
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CHAPTER V

SUMMARY, CONCLUSIONS, IMPLICATIONS, AND RECOMMENDATIONS

Summary

This study investigated the effect of a multiple
embodiment instructional sequence on student achievement
in relation to the topic of.volume of rectangular solids.
The population was 419 fifth grade stﬁdents from 21
classrooms in southwestern Montana. The study was
conducted between November 1988 and February 1989. 1In
October 1988, participating teaqhérs were given inservice
and received all student materials, teacher instructions
and tests. In November, this researcher randomly chose
classrooms from which 113 students were selected and
individually tested with the De?eiopmental Level |
Instrument (DLI) to determine developmental level as
described by Piagetian theory of logico-mathematical
knowledge. -The diagnostic tests were édministered before
instruction began.

Two to four weeks before instruction began, a

criterion-referenced pretest and the Stanford Achievement

Test were administered to all 419 participating students
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by classroom teachers. The SAT scores were used té
assign students to. one of thfee achievement or ability -
gfoups; eaéh-group included approximafelj’one—third of
‘the total population: Of a total of 74 points on the
SAT, 61 or more resulted in ﬁlacement_in the high ability
group; a score of 60 or less and 50 or more resulted in
‘ placement in the medium group. A\score'of 49 or less
resulted in placement in the low group. The pretest was
used to ensure iﬁitial equivalence between the three
treatments. An ANOVA of prescoreslresulted in a p-value
of .9854; thu;lthe groups were equivalent before
instruction. To test the equivalence of ability groups
across treatments, three oﬁe-way ANOVAs and thfee'
Krushal-Wallis non-parametric tests were performed. The
gréups were found to be equivalent among treatments.
Length of time involved for the actual instruction
and retention activities in the study consistéd of four
" weeks with one ﬁeek for instruction and three weeks for
retention activities, one activity per.week. The three
instructional treatments included: (a) Treatment I - a
multiple eﬁbodiment instructional sequence including a
computer simulation as one eﬁbodiment,'(b) Treatment II -
a mﬁltiple embodiment instructional séquence without the
computer'simulation; and (c)' Treatment III - a sequence

based on textbook lessons of volume of rectangular
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'solids. The three retention activities differed as
fqilows: in addition to computing problems, students

solved volume problems (a) with the computer (Treatment

I), (b) by drawing and labeling boxes (Treatment II), and

(c) applying the volume formula (Treafment ITT). A
post-instruction test was administered following the last
day of instruction. A post-retention test wes |
administered following three weeks of retention
~activities.

Dependent variables included three sets of scores on
each of two tests: (e) post-instruction test and (b)
post-retention teet. ‘The three sets of scores measured
(a) 1ow,level items, composed of knowledge and
comprehension cognitive skill levels; (b) high level
items, composed of application and analysis cognitive
skill levels; and (c) total battery of items. |
Independent variables were (a) treatment, (b) ability

level, and (c) gender.
Conclusions

Conclusions: Post-Instruction
1.. The two multiple embodiment instructional

sequences did not produce stetistically'greater

achievement on application and analysis'items or on total

test scores than did the textbook sequence. No
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- differences were obéerved among treatments on application
and analysis items. On total scores only, Treatments II
‘and III differed significantly. -

2. The mﬁltiple embodiment sequence produced
greater'scores on knowledge and éompréhensién scores than
did the textbook sequence. Treatments I and II scored’
higher than Treatment IIi on knoﬁledgeland comprehension
items. The fipding supports the research by Indelicato
(1979), Johnson (1970), Johnson (1974), and Wheeler
(1971) . |

3. Incorporating the computer as an interfacing
‘agent was as effective as multiple embodiment instruction
Qithout computers. No st&tistically significénﬁ
differences existed bétweeﬁ Treatments I and II on all
three post-instruction dependent vériables. The question
raised in Berlin and White (1986) addressing effective
use of the computer to serve as an,intéractive link
between concrete andlabstract levels of thought hés been
addressed in this researcher’s study. HoWevér, resulté
of effeqtiveness of CAi after‘one wéek of instrugtion
were tempered by the duplication of instruction in
Treatments I and II until the introduction of the
computer on the:lést day of instruction in Treatment I.

4. In each treatment, high ability students

demonstrated the greatest achievement following




Ll

\132
instruction; 1low ability students demonstrated the
: lowest achievemenf. As expected, meané for high ;bility
groﬁps were significantly greater thah for medium ability
groups. ' This study supported Gordon (1978) Wh6
determiﬁed quéntitative measures of intelligence and
aChieQement are directly. related to achievement in
" mathematics in middle school studehts.. This study
supborted the literature on use of multiple embodiment
instruction as reported by Indelicato (1979), Johnson
(1970), Johnson (1974), and Wheeler (1971).

Cémparison of CAI and learﬁer ability is less
obvious.' Most stﬁdies to date involved drill and
practice or tuforial CAI and repofted greater
effectiveness with low ability leérners (Chambers &
Sprecher, 1980; Crawford, 1970; Feurzeig et al., 1981;
Harman, 1980; Henderson, et al., 1983; Keuper, 1985;
Kulik et al., 1983, Meﬁis et al., 1980). Burns- and
Bozeman (i98i) also analyzed drill ahd practice and
tutorial CAI; their finding of higher achievement'among
" both low ability and‘high ability learners coincides, in
part, with this study. However, when CAI is used in a'
simulation format or a'programming format, studies have
noted increases in effectiveness are found wifh'high
ability students but not in other ability groupings

(Jhin, 1971; Kieran, 1969; Reed, 1985).
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5. Following instruction, males demonstrated
greater achievement on low level items than did females
in all treatments. This was in agreement with the NAEP

1977-78 released item results, which reported males

scored higher than females on all items concerning volume

of rectangﬁlar solids (Ben Haim, et al., 1985; NAEP,
1979a). Lower level items usedlin the criterion-“
feferenced test in this study (eee Appendix A)‘Were
similaf to volume items on the NAEP‘and SAT tests shown
in Figures 1, 2, 3, 4, and 5.

é. Males and females demonstrated equal achievement
on high level items and on‘total test scores in all
treatments. This eohclusion indicated activities and
instruction of allltreatments were eéualiy effective in
producing higher cognitive learning for both males and
females. The.finding on high level items supported the
research‘of Pallas end Alexander (1983). Total score
results supported the research of Indelicato (1979) and
Johnson (1970). |

7. Treatment did not affect achievement of gender
groups. No difference was reported on any of the thfee
dependent post-instruction variables. Indelicato-(lQ?é)

and Johnson (1970) reported similar results.
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Conclusions: Post-Retention

'8. The multiplé embodiment insfructional sequences
produced significantly greater aéhievement on knowledge,
‘comprehension, application, and analysis items than dia
the textbook sequence. Upon completion of the study
students iﬁ both Treatment I and II scored significantly
higher on all post-retention measufes than students in
Treatment III. The effectiveness of multiple embodiment
instruction is in agreement with the fesults of research
by Edge and Ashlock (1982), Johnson (1970), and Wheeler
(1971) . Disagreement was found with Reys (1972), and
Skipper (1972). Behr’s (1976) findings on two-digit
arithmetic agree with the results of this study:; his
three-digit results disagree. Suppért was‘also foﬁnd
with indelicato's (1979) results after four weeks of
iﬁstruction'using four one-week units on mafﬁematics
topics. However, a retenfion‘test administeped four weeks
later 9liminated the significant diffgrenCe;' No '
retention activifies‘were‘provided in Indelicato’s study.

Reéulté of his study appear to agree wifh fﬁeories
of cognitive psychology of mathematics learning which
émphasize the better a concept is learned,‘the better it
is retained and recalled (Byers & Erlwanger; 1985; Gagne,
1985). ngnitive theories of memory and learning State

rétrieval of knowledge is affected by the quality,
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acéufacy; and nﬁmber of stored memories (experiences) of
the knowledge (Gagne, 1985’. Learners who have ‘
difficﬁlty retaining aﬁd recalling matheﬁatics concepts
have not adapted the éohceﬁt ihtdhmemory in an organized
maﬁner, but rather rely on memoriéing‘without '
qndérstanding. Learning based on a student’s own actions
produces better, more accurate knowledgerénd recall of
that knowledge than does passive, memorized 1earning
(Dugdale & Kibbey, 1583,.1984; Lerch, 1981; Piaget &
Inhelder, 1973). |

9. Incorporating the computer as an interfacing
agent is as effective as‘multiple embodiment instruction
without computers. The post-retention analysis in which
Treatment I utilized CAI for each of the three retention
activities clearly demonstrated the effectiveness of the
computer as one embodiment. The finding of equal
effectiveness with incorporation of CAI and'né CAI after
instruction was reinforced by this post-measure-taken
upon cqmplétion of the fqur-week study. Though
instruction in Treatments I and II differed little during
the week of instruction, the effect of a computer
embodiment was fully measured by the post~retention
tests. .

.10. Regardless of treatment, the most effective

impact on achievement following retention activities was
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among high ability learners; the least effective was
among low ability learners. The infiuence of retention
‘activities did changé effect on achievement among ability
groups. Significance was repofted on all dependent
measures, post-retention as well as éost—instruction.

The finding in this study is supported by Piéget’s theory
that what a child‘rémembers depends upoh his cognitive
deVeidpmental level (Piaget & Inhelder, 1973). Results
of this study also support Suydam’s (1984) review of
mathematics literature which reported an increase in
.achievement at every elementary gfadé level; at every
achievement level, and evefy ability level Whenl
student-activated or teacher-demonstra#éd manipulatives
are included in instruction. Gordon’s (1977) profile of
high énd low 6th grade mathematics achievers coincides
with this study. Piagetian-defined ability to éonserve
volume as measured by the DLI, appeared to be a factbr in
student achievement.

. 11. Males demonstrated greater achievement on low
level items than did females foilowing retention
activities in all treatments. Retention activities
retained performance‘comparison by males and feﬁales.
This is conéistent with national test scores on
ﬁathematics'achievement‘(Gardiner et al., 1983b; MEAP,

1983; NAEP, 1983).




Lo . | I L | g

137

‘12. Males and females demonstrated equal
-achievement on application and analysis items and on
total test scores. As previously reported, achievement
by males and females following instruction was also
equivaleﬁt. Again, this finding is somewhat surprising
due to the alleged superiority of males in mathematics
achievement (Sandker et al., 1989), éf least at the high
school level. As with the post-instruction analysis,
final results of this study support Armstrong (1981),
maintaining equivaleht achievement by.both'gender éroups
utilizing higher cognitive skills.

13. Treatment affected achievement on knowledge and
compfehension items by gender groups. A disordinal
interaction on low level scores was reported. /Malés in
Tréatments II and Iii scored highef than females. This
is consistent witﬁ national test results which reported |
male achieﬁemenf in mathehatiés was greater than |
mathematics achievement by females (Sandker et al.,
1989). In Treatment I females outperformed males. Both
these findings disagree with Pallas and Alexandér (1983)
~who reported no gender differences exist in mathematics
at the elementary level. Disagreement is also‘found with

Burns and Bozeman (1981) who reported male superiority in

CAI in the intermediate grades. However, the CAI in
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Burns and Bozeman (1981) was in drill and practice and
tutorial format. '

Initial instruction based on the computer embodiment
sequence was as effectiye for males as for females.
Apparently retention nullified thié'effect on achievement
that was reported after instruction. Studies have
demonstrated females can develop spatial visualization
skills and improve achievement on mathematics tests
requiring that skiil (Ben-Haim et al., 1985; Bishop,
1983). Though no spatial visualization instruction was
administered, females in Treatment I appeared to develop
thét skill over the four-week study. Perhaps the
computer simulation reinforced aﬁd enhanced the spatial
or related skills in females while having little efféct
on males. Evidentally the computer embodiment in
Treatment I retention activities was ﬁot.as effective for
males as for females. Berlin ahd White’s (1986)
conclusion that students are not influenced. in the same
manner when CAI is used supported by this study. For
fifth.grade students in Southwest Montana tﬁe effect of
CAI on achievement was greater for females than for
males. |

Concerning the literature on multiple embodiments

and gender, Indelicato (1979) and Johnson (1970) found no

gender differences. Both treatments I and II are
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multiple embodiment sequences.h The reported male
supefiority in Treatment ITI and female superiority in
Treatment I is contfadictory‘and no conclusion on
multiple embodiment instruction and gender éan‘be made.

14. Treatment had an effect on gender achievement
on total scores. A disordinal interaction on tdtél
post-retention scores was detected. Oon the total score
measuré, males in Treatment I scored lower than femaiés
in Treatment I; males scored‘highér’than females in

Tfeatments‘II and III.

Implications

Though the differences were not significant at'.05
alpha level, the following trends were observed:

1. This researcher’s hypothesis that computer
simulations, such as the one used in this study, operate
at a highef level of cognition than'trﬁditional paper and
pencil activities, such as drawing and labeling, was not
supported by the analysis of data (p = ,0581). Low
ability students in Treatment I scored lower than ﬁheir
counterparts in Trgatments IT and IITI on the
post-retention fest. This researchérﬂcompared the mean
pretest and DLI scores of ability groups in each

treatment to ascertain whether low ability students in

Treatment I may have had an initial achievement level or
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lower logico;mathematical knowledge 1ével compared to low
-ability peers in Treatments1iI and III. Means of low |
ability level students aé measﬁred by the pretest éhd by
the DLI confirm ability level was eduivalent among the
three treatments prior to instruction. Thefefore, the
difference in mean séores on the high level items was not
attributable to pre-instruction differences. The trend
did not occur immediafely after instruction as measured
by the post-instruction test. Therefore, differences
cannot be attributed to one week 6f iﬁstruction; Since
the computer was not introduced until the last day of
inétfuction, the effect of the computer was measured
during the retention'period; Consequently, the |
interaction is assumed to be due to the effect of the
computer on the low level learners in Treatment i.

This trend is supported in the literature.
Kutetskii (in Bishop, 1983, p. 182) found stuaents with
high ability were able to integrate individual elements
of a mathematics'problem into a conceptual structure.
Reid (1985) and Shéw and Okey (1985) reported similar
findings. Students with very 1ow.ability saw only
disconnected facts and were unable to form a conceptual |
structure. The trend in this study supports the research
of Reed (1985), Kutetskii (in Bishop,v1983),‘and Shaw and

. Okey (1985).
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For high ability students, entrf-level knowledge'and
- ability to accurately perceive math congepts‘may allow
them to obtain maximum learning with~CAI (Reed, 1985).
Students who have not reached a.higher éognitive leQel of
reaéoning’and'thinking may be unabie'td cope with high
level items. The computer embodiment in this |
researchér’s study may have been too abstréct for such
students to grasp, thus results in lower ability studeﬁts
doing less well thah their counterpa?ts who do not use a
computer simulation.

2. A trend appears to exist indicating computefs as
one embodiment of math conéepts may'produée higher scores
on achievement in student learning than the multiple
embodiment sequence without cémputérs‘ In no case was
Treatment I statistically greatér than II, or vice versa.
However, in each significant measure-of post-instruction,
the mean for Treatment II‘was‘higher thén the mean for
Treatment'I; in each measure of posﬁ-retention, the mean
for Treatment I was greater than II. When mean scores
are plotted, the trend can be observed (Appendix E). The
observéd trend may indicate a direction in the search for
~ways to improve mathematics application and analysis
skills as voiced by the National Assessment 6f
Educational.Preress‘Report (1979) ; the National Scienqe

- Board on Pre-College Education in Science, Mathematics
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and Technology (1983), National Council of Teachers of

Mathematics (1985), and others.
Recommendations for the Profession

Recommendations for Curriculum

1. The use of multiple embodiments in the
instruction of volume of rectangular solids should be
included in the mathematics curriculum. This'étudy
supported.the majority of research on multiple
embodiments in mathematics education which indicates the
effectiveness on learner achievement when multiple
embodiment instruction is used. Also supported by this
study is current research in cognitive psychology of
mathematics learning, indicating a variety of concept
representations promotes retention. .

2. The inclusion of a computer simulation as one
embodiment in a‘ﬁﬁltiple embodimenf sequence should be
considered. The use of CAI embodiment in this study'was
as éffectiﬁe as instruction without CAI. Though no
affective measures were addressed in this- study, 6ne
factor that influences achievement in mathematics is
attitude toward the subject (Gordon, 1977). Reseatch
clearly indicates an increase in aftitude toward
mathematics when computers are incorporated into

instruction (Burns & Bozeman,.1981; Kulik et al., 1983).
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~Student achievement in mathematicé also increases when
CAI is included in learning (Burns & Bozemaﬁ} 1981; Kulik
et al., 1983). Studies.also indicate an increase in ‘
student motivation to learn (Bﬁrns & Bozeman, i986;
-White,.1983) when computers aré'incorporated into
instruction. Lastly, a positive correlation exists
between attitude toward mathematics and achievemént in
mathematics (Fennema & Shermaﬁ, 1977, 1978; Suydan,

1984c). Measures of motivation, attitude toward

mathematics, effect of computer supplement to instruction "

and the correlation to mathematics achievemeht may have
influenced the results of this study. |

Additionally, there may ﬁe a tendency for computer
simulation to improve cognitive skills; at least for
médium and high ability learners. This recommendation
agrees with mathematics education policy makers whé urge
incorporation of computers into the mathematics
curriculum and with researchers who indicate CAI has the
potential to increase studént achievement, especially at
higher cogqitive skill levels (Bridges, 1987; Chambers &
Sprecher, 1983; Dugdale & Kibbey, 1983, 1984;'Hut¢hinson,
1980; Reif, 1985).

3. Multiple embodiment lessons should incorporate
the inst;ucfion‘in a structured sequénce tﬁat accurately

represents the math céncept. Additionally, when
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dévé;oping or implementing multiple embodiments,
instructors are cautioned to be aware that each
embodiment may have diffefent'effects on individual
~ students.

4. Educétors should not make the assumption that
males outperform females at all cognitive le&els of
knowledge and in all educational settings. ' The evidence
in this stﬁdy of achievément by both males and females
indicates an instructional sequence that is effective for
both gender groups when higher cognitive skills of
application and analysis are addreséed. The conclusion
of equal achievement by gender does not apply, however,
fo knowledge and computation cognitive skills.

5. Instructional mathematics unité should be
reinforced over time with retention activifies. This may
be especially important for instructional units of short
duration.. The subjecp of volume of rectangular solids is
éiven little attention in textbooks (Duncan et al., 1981;
Eicholz et al., 1985; Haenisch & Hill, 1985; Nichols ef
al., 1974; Payne et al., 1982; Willoughbf et al., 1981).
Norﬁan and Bobrow (1976, p. 115) caution that a "period
of incubation" may be necessary to réach a solutiqn-to a
problem. .Learning takes time .and practice (Norman,

1982) . This study aemonéfrates tﬁe ﬁeed.for

. reinforcement of a topic, particularly a complex topic
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such as volume of rectanguiar solids. Obviously,
traditional instruction is not sufficient-as is indicated
by national tests (Gardner et al., 1983a, 1973b; MEAP,
1983; NAEP, 1983).° l | |

6. When using retention activities in multiple
embodiment instruction it is important that the retention
activities shoﬁld include multiple embodiments. The
effectiveness of the multiple embodiment instruction in
this study impliesblearners benefit frdh présentation of
ﬁathematics concepts in a variéty of representatioﬁal
systems. - Research in mathematics education sﬁpports the
'teaching4of méthematics cohcepts througﬁ.a.range of
conceptual presentations (Copelahd, 1984; Bruner, 1971;
Dienes, 1967; Lesﬁ, 1983; Lesh et al., 1983; Piaget &
Inhelder, 1967, 1973). It follows tha# retention
activities based on those samé assumptions will be more
effective than non-representational activities and
non-multiple embodiment activities.

7.' Edudationa1 reéearch préfessionals, including
those at university and curriculum development éenters,
should develop lessons incorporating multiple embodiments
in the mathematics curriculum. Thé sequences should be
testéd and disseminated to curriculum’super?isors and

teachers directly responsible for students’ education.
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'Recommendations for Further Studz

'“ 1. The studylof multipie embodiments in mathematics
‘ instruction should continue. Incorpératidn of a variety
of embodiments, including computer-assistea instruction,
should be investigated.i |

2. The effect of CAI simulations on students at
various cognitive skill levels, in particular those
stﬁdents at a low level of cognitivé skills, should bé
studied. Computer simulatiéns may not prodﬁce the
highest achievement for every student. The observed
‘trend in tﬁis'study and other studies, for ekample, Reed
(1985) and Shaw and Okey-(1985), should receive further
study;

3. A replication of,tﬁis design to include a second
four-week period of'reténtion activities followed by
another retention test is recommended. The extended
study would allow more student learning time to determine
whether the trend toward an increase in échievement when
computers are incorporated as one embodiment confinues,
and if it continues at a significant level.

4. Further research is recémmended:to explore the
potential.for CAI to enhance higher cognitive levels of
learning. Two questions resulting from this studyvshbuld
receive further study: (a) Does fhe‘impiication

demonstrated in this study toward increésing student
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achievement after the use of CAI coincide with the
literature alluding to increased student achievement in

higher cognitive skills demonstrated by learners with the

-use of CAI? and (b) Is computer-assisted instruction,

when used in a simulation format, at a higher level of

instruction than the traditional semi-concrete level of 

instruction?
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PRE-TEST FOR VOLUME
General Instructions

This is a test of your knowledge of vol;me of
rectangular solids. The test contains 15
questions. There are three parts: 1)
computations, 2) multiple choic?, and 3)
true—-false.

Read the directions for each part.' If you
cannot answer a question, go to the néxt one. You
may use any empty room on the test for your worke

Before you start, write your name, the date,
your teacher's name, your school’'s name, and the

name of your town in the blanks below.

Name

Date

Your teacher's name

School

Town
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Part 1: Computations: Directions: Compute the volume of the figures

described or shown and write the answer in the blank space provided. (1
point each).

This 15 a cubic unit: ifij How many cubic units would be needed to

build each of the four solid figures shown below:

cubic units
needed for figure 1 rFigure 1

cubic units
needed for figure 2 Figure 2

cubic units
needed for figure 3

Figure 3

cubic units
needed for figure 4

Figure &

What is the volume of the box 2
shown at the right?

ANS cubic units

Compute the volume of the solid figures described below.

6.

1f a box is 3 units by 1 unit by 9 units, what is the volume of the box?

ANS cubic units

A box is filled to the top with 1 inch by 1 inch by 1 inch cubes. If the

‘dimensions of the box are 2 inches by 4 inches by 8 inches, how many

cubes would fit into the box?

ANS cubes
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Part 2: Multiple Choice: Directions: Circle the answer you think is
correct. (1 point each)

8. How many unit cubes, tfij , are needed to build box A?

c) 20 . Box A

Efij are needed to builld box B?

9., How many unit cubes, .

b) 26 gox B

10. Two boxes are shown below. Circle the stastement that 1s true.

a) Box 1 has the larger volume.
b) Box 2 has the larger volume
c) They have the same volume.

Box 1 Box 2

11, Which answer tells the volume of a large box?

yard
square yard
cubic yard

n o
N N
b b

Part 3: True-False: Directions: 6iré]1ng “T" §f the statement is true and
"F" §f it is false (1 point each). - .

12. T F The tallest box always has .the most volume.
13. T F A ball has volume.
4. T F A light bulb has:volume.

15« T F An eraser has volume.
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VOLUME TEST (A)

General Instructions

This is a test of your knowledge ofAvolume of
rectangular solids. The test contajins 21
questions. There are five parts: 1) cohputations,
2) multiple choiée, 3) true-false 4) matching, and
5) short answer.

Read the directions for each part. If you
cannot answer a question, go to the next one. You
may use any empty room on the test for your work.

Before you start, write your name, the date,
your teacher's name, your school's name, and the

name .of your town in the blanks below.

Name

Date

Your teacher's name

School

Town
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Part 1: Computations: Directions: Compute the vo]hme of the figures

described or shown and write the answer in the blank space provided. (1
point each).

This is a cubic unit: Efij How many cubic units would be needed to

6.

build each of the four 60lid figures shown below:

cublc units
needed for figure 1 : Figure 1

. cubic units
needed for figure 2 Figure 2

cubie units
needed for figure 3

Figure 3

cubic units
needed for figure 4 L,

Figure 4

What is the volume of the box
shown at the right?

ANS i cubic units

4

Compute the volume of the solid figures described below.

If a box is 3 units by 1 unit by 9 units, what 1s the volume of the box?

ANS cubic units

A box is filled to the top with 1 inch by 1 inch by 1 inch cubes. 1f the
dimensions of the box are 2 inches by 4 inches by 8 inches, how many
cubes would fit into the box? .

ANS cubes
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Part 2: Multiple Chojce: Directions: Circle the answer you think is

correct. (1 point each)

8. How many unit cubes, tfij » are needed to build box A?

9.

10.

How many unit cubes, ,

c) 20 gox A

[fjfl are needed to build box B?

a) 22

.b) 26 . B
c) 36 ' Box
d) 42

o
.

Two boxes are shown below. Circle the stastement that is tru

a) Box 1 has the larger volume.
b) Box 2 has the larger volume
c) They have the same volume.

Box 1 Box 2

Which answer tells the volume of a large box?

a) 1 yard
b) 1 square yard
c) 1 cubic yard

Part 3: irue—False: Directions: Circling "T" i1f the statement is true and

"F" if it is false (1 point each).

12.
13.
14.

15.

T F The tallest box always has the most volume.
T F A ball has volume.
T F A light bulb has volume.

T F An eraser has volume.
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Part 4: Matching: Directions: Match the volume shown on the left with the
box shown on the right by placing the letter of the box in the blank space
(1 point each). )

Box A

16. 4 cubic units Box

17. 27 cubic units Box

18, 36 cubic units Box

19. 50 cubic units Box

Part 5: Short Answer: Directions: The next two questions go together.
Compute the answer to question 20. You can use any blank space on this
paper for doing your work. For question 21, write down how you got your
answer to question 20. (2 points each) :

20. This is a 2 cm cube: R a1

/" /
Rah 2
How many of these cubes
will it take to £ill the 7
2 cm by 6 cm by 2 c¢m box shown at the right?

ANS Cubes

21. Explain how you got your answer to #20.
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VOLUME TEST (B)

General Instructions

This is a test of your knowledge of volume of
rectangular solids. The test contains 21
questions. There are five parts: 1) computations,
2) multiple choice, 3) true-false, 4) matching,
and 5) short answer.

Read the directions for each part. If you
cannot answer a question, go to the next one. You
may use any empty room on the test for your work.

Before you start, write your name, the date,
your teacher's name, your school's name, and the

name of your town in the blanks below.

Name

Date

Your teacher's name

School

Town
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Part 1: Computations: Directions: Compute the volume of the figures
described or ‘shown and write the answer in the blank space provided. (1
point each). ’ ’

This is a cubic unic: ffiil How many cubic units would be needed to
bufld each of the four s0lid figures shown below: .

1. - cubdbic units re 1

2. : cubic units Flgure 2 -
needed for figure 2° : , , Flgure 3
"3, cubic units !
needed for figure 3 i
4. cubic units ‘ ‘ |
needed for figure 4 ) .
’ Flgure 4

5. What is the volume of the box-
shown at the right? . : " 2

ANS " cubic units q

Compute the volume of the solfd figures described below.

6. 1f a box is 2 units by 1 units by 7 units, what is the volume of the box?

ANS : cubic pnits

7. A box is filled to the top with 1 inch by 1 inch by | inch cubes. If the
dimensions of the box are 2 inches by 5 inches by 6 inches, how many cubes
would fit-into the box? :

ANS . cubes
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Part 2: Multiple Choice: Directionsi Circle the answer you think is
correct. (1l point each)

8. How many unit cubes, CEED, are needed to build box A?

a) 16 . : -
b) 18 ) ) <>

e) 20
d) 24

x B?

9. How many unit cubeé{ , are needed .to build bo

a) 24
b) 48
c) 32 B
4) 64 . Box |

10. Two boxes are shown below. Circle the statement that is true.

a) Box 1 has the larger volume.
b) Box 2 has the larger volume’
¢) They have the same volume.

11, Which answer tells the volume of a small box?

foot
| gquare foot
cubic foot

0o
N N
b e

Part 3: True-False: Directions: Circling "T" if the statement is true and
"E" {f it is false (1 point each).

12. T F The shortest box always has the least volume.
13. T F A can has volume.
14, T F A balloon has volume.

15, T F A pencil has volume.
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Part_4: Matching: Directions: Match the volume shown on the left with the
box shown on the right by placing the letter of the box in the blank space

(1 point each).

Box A
-16. 12 cubic units Box. q
‘ . : , . :
b A4
17. 36 cubie units Box )
Box B
18. 49 cubic units Box i \

19. 64 cubic units Box

Part 5: Short Answer: Directions: The next two questions go together.
Compute the answer to question 20. You can use any blank space on this
paper for doing your work. For questjon 21, write down how you got your

answer to question 20. (2 podnts each)

20. This is a 2 cm cube: " a

How many of these cubes B

will it take to £111 the
2 cm by 8 ¢m by 2 c¢m box shown at the right?

ANS . Cubes

21. Explain how you got your answer to £20.
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Definitions from Copeland and Good

Measurement (C): - by superposition: placing a unit measure over
figure to be measured
-~ by unit measure: repeated superposntlon or
"iteration"
~ by linear measurement or metrical solution:
obtain answer by use of a formula

. Conservation (G)' (or invariance): ability to hold constant a

quantity regardless of shape and/or other spatial
retations

Revehéibility (G>: ability toxmentally reverse a process

Transitive property of equals (GY: if A=8and B = C, then A =C

Characteristics of stages of mathematic and science concepts
(Good and Copeland)

Stage 1: pre—operational
primarily sensory; “sight"; lack of understanding

Stage 2: transitional
trial and error; rote measuring; little understanding

Stage 3: concrete operational
does not rely on trial and error; reasoning for
measuring, answering; quick response; may rely on
physical aides
stage 3: uses counting method to build
stage 3.5: uses metrical method to build (determlne=

. side dimensions and builds)

Stage 4: formal operational
can reason without phy5|ca| aidsj conservation of
area, internal and occupled volume; able to think at
abstract level
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TASK 1 MEASUREMENT OF AREA BY UNIT ITERATION

Purpose: to determine the ability to measure area and subdivide
the area of a figure into units

Materials: ) .
- three cards cut into shapes A, B and C

— two measuring units: one square, one trijangle Chalf the square)
- maglc marker, wet cloth to erase marker strokes

Procedure:
1. Show A and B
"2. Ask student to A and B take up the same room9
- yes or no, How do you Know? [they . look the same/differentl
~ not sure, ask how can you find out? [measurel
3. Ask student te find how much room Shape A contains; may ask if
using the unit measure and marker would help
4. Follow procedure for Shape B
" 5. Ask if A and B then take up the same, more or less amount of
room :
6. Show C; ask Do B and C have the same room? -
7. If unable to measure, ‘ask would the small shapes help?
8. Ask student to find how much room Shape C contains
9. Ask i¥+ B and C then take up the same, more or less room

Scoring: (check one)

——— (S8tage 1): thinks area of A and B is same/different because A and'.
B look same/different . ‘

= (Stage 2): can find correct area of A and B with some difficulty
but not of C

—— (Stage 3): can find A, B easily with unit iteration but not Cj;

" counts both units as same amount '

——— (Stage 3.5): can find correct area of A, B and C with unit
iteration )

——— (Stage 4): can find correct area of A and B wlfh a metrical
solution; also finds correct c

Ratlonale for Scoring

Stage lé wrongly uses perceptual information; has no idea of solution

Stage 2: may use perceptual information or logical data; does not have
concept of conservation of areaj; may get right answer but has not
generalized a logical approach (ie. 1 X W> or may count for each shape

Stage 3: uses count and measure method a logiéal approach

Stage 3.3: |mmed|ate solution by superp05|t|on and iterationj correctly
applies both unit measurers

Stage 4: uses a metrical solution: can calculate area with length and
-width measure '
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TASK 2 ' MEASUREMENT OF AREA BY HMULTIPLICATION

Purpose: to determlne the ability to understand multlpllcatnon of
linear measurements to find area -

Materials:

~ two Jaminated drawings .of l) a line =zegment 3 inches long
and 2) a 2 X 2 inch square .
- marker, wet ctoth, ruler

Procedure:

1. Show the 3 inch line segment

2. Atk student to draw a line segment two times as long

3. Show the square

4. Ask student to draw a square 2 times as Iarge, ask How did you Know
what size to draw? .

Scoring:

—— (Stage 2): cannot draw double line segment or square

— (Stage 3): tries to doublé one side andAproduceé a rectangle or
doubles two sides and produces a _square four times original

size

—— (Stage 3.5): realizes doubling size of sides of square is too
large but unable to draw

——~ (Stage 4): realizes area must be 8; and approximates a side

between 2.5 and 3 (3 too large; 2.5 too smalld; may calculate
square root of 8 -

Rationale for Scoring

2: does not understand linear measurement

tip] Loy}
faal (aad
[ v
D L4

N

3: understands linear measurement but not to apply to
two—dimensional measurement; doubles one or both sides of =zquare

Stage 3.5: thinks the sides of a square must be doubled but then
realizes new area will be too largej; unable to draw the proper
square; does not understand the relationship to area of a square
to side measurement

_Stage 4: understands the relationship between side dimensions and area of

a square
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TASK 3 COMNSERVATION aND MEASUREMENT QE VoL UME
Purpose: to determine the ability to understand conservatlon and

measurement of volume

Materials:

— about 80 one inch cubes

— one (2 X 3 X 4) rectangular solid constructed from one inch cubes
~ cardboard shapes (foundations): 1> 1 X 2, 2y 2 X 3, 3) 3 X 4

Procedure:

{. Place the rectangular so!ld on the 3 X 4 foundation; give student
about 30 cubes
2. Ask student to build a building on the 2 X 3 foundation that has the
same amount of room as the preconstructed builtding
3. (@-1)- Does your building have the same or more or less room as
my building? How do you Know?
ANS: more/less; don’t know why
same, used same number of blocks as mine
same, shape invariant; indicates ¥V =1 x w x h
4. Ask student to make a house with those cubes on the 1 X 2 foundation
5. (@~2) Mow, does your building have the same, more or less room as
. my building? How do you Know?
ANS: more/less, don’t Know
same, used same or same number of blocks
came, shape invariant
4. (@-3) Would the buildings take up the same, more or less space in a
huge dome? Why
ANS: more/less; different shapes
same

Scoring:

——-. (Stage 1>: cannot build
—— (Stage 2): @-1, more/less space due to shapej has trouble making
correct buildings
——— (Stage 3): G-1, same [al)/same blocks usedl; relies on
counting the number of blocks to build correctly
@-2, same [same as abovel
3-3, more/less space
w— (Stage 3.5): Q-1, same, counts 1, w, h to determine total blocks
Q-2, same
Q-3, more/less space
—— (Stage 4): @-2, yes [indicates cons.of volumel; doesn‘t count to
build; calculates/uses dimensions to build
-3, same space used; understands cons. of interior space

Rationale for Scoring:

Stage 1: cannot determine a way to build

Stage 2: can build one or two buildings with trial and error;
cannot conserve volume

Stage 3: relies on counting number of blocks to build properliys
begins to understand conservation of volume

Staqge §;§: counts 1, w, h to determine number of blocks in original

ilding and to rebUIld' conservation of interior space established
Staqge i: counts 1, w, h to determine volume to rebuild; conservation
interior volume is established




188

TASK 4 CUNSERUATIDN AND MEASUREMENT OF VOLUME

Purpose: to determine the ability to understand conservation of
volume : ’

Materials:

- three sets of 40 unifix cubes
~ drawing of three rectangular solids wlth the following dimensions:
A 12 X 2 X 1§ ‘
B: 8 X 3 X 2
C: 3X 4X 3 .
- pre—constructed buildings (boxes) of A and € made with unifix cubes

Procedure:

1. Ask student to make Box B with the cubes as shown in the drawings
2. (@-1) Do the three boxes take up the same or less or more
amount of space? How do you Know?
"Ans: no/yes, different shapes, no reason
no, measured or counted cubes
no, dimensions multiplied
3. ¢@-2) If I put each one in its own’ pail full of water, would the
same amount of water spill out? How do you Know? -
Ans: no, don’t Know
no, different number blocks
no, volume different

Scoring:

—— (Stage 2): has trouble building shape and/or determ|n|ng space
G-1, no/yes [different shapel
mw (Stage 3): uses counting method to build shape and determlne space
0-2, no/yes but no correct reason for answer [guesszed;
don’t Knowl
——— (Stage 3.5): uses 'metrical method to build shape and determine
) space ,
@-1 and G-2 same as above
——— {Stage 4): uses metrical method to bwild .
0-2, no with answer indicating understanding [same
space, same volune, etcl

Rationale for Scoring:
t

Stage 2: has trouble building; relies on visual perception to matching the

drawings
Stage 3: builds by counting; begins to understand conseruatlon of internal

volume

Stage 3.5: builds with metrical solution; does not rely on counting;
begins to understand conservation of internal space but not space
occupied - .

Stage 4: builds by calculating dimensions; immersion process does not
change invariance of volumej understands conservation of volume in
terms of space occupied and interior volume -

I Y S N A

[T
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SCORE SHEET

Teacher |
Class

Gender M F

Birthday Age Years ._._ Months . X
Date

Task 1 SCORE

Task 2 SCORE ~~—————-

Task 3 SCORE -——————-~-

Task 4 SCORE' —————~—-
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APPENDIX B

VALIDATION OF TESTS AND SOFTWARE
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CRITERION'-REFERENCED TEST
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April 20, 1988

Dear {

' Please note the attached Table of Sbecifications and
crlterbon—refergnced'test for the subJeét of volume of
rectangular solids. The test will be the dependent variable
in my reséarch'and will be used as a pre and.a post test for
-} Qeek—long éeaching sequence ln‘fifth gfade mathehatlcs,
and again és a post retention instrument.

- To obtain validlty'quthis‘instrument, I am ésking
tﬁree spéclallsts in fhevarea of mathematics to validate the
cohtent as an adequate measure of the sprect—matteb as
defined by the obJectives. I have listed the objectives on
the left of the Table of Speclfléatlonsg cognitive levels
are ét the top of the Table. I am also including my

description of the objectives.

For your convenience, I have listed Bloom’s description

of the levels below: |

Knowledage: ability to fecall specifics as well as
univerééls, methods and processes, structure ahd patterns.

'nggnghgnﬁlgn= ability to use materials and ideas
without necessarily relating them to other maferials or
seeing their fullest implemeﬁtation. .

Application: abi}ity to use learned infopmation in
particular stiuations and to appIy an aépropriaté

abstraction to a new problem.

L




R N[ 0L U (R, WS v, B Y1

L il

193

Analysjis: ability to break down inférmat@on into its
component parts thereby'making clear the relative hierarachy
of ldeas énd‘relatlonshlps between the ideas. - |

Synthesis: ability to but together elements or barts
- to form a new whole.:

Evaluation: ability to make quantitative and
qualitative Judgements about the extent to which materials,
1nforﬁation, methods, or ideas satify a given sét of
criteria.

My descriptions of fhingé.to consider with the stated
test objectives follow:

1) Ability tévaalculate given dimensions with figures:
can'a student calculate volume when shown a figure with-the
heigth, width and length given; can apply.to multi-cubed or
cubes without the cube divisions. o -

2) Bbility to calculate giVen dimensions in word

problems: can a student calculate volume when heigth, width'

and length are given in verbal form.

3 bevelop understanding of yolume'as a measure of
three diﬁénsional ébJects: does the stﬁdent understand that
three dimensions are involved in the volume of an object;
that the answer should reflect unit cubed or unit 3 ;

4) Develop‘understandingqu.volume as independent of
shape: objects can be rectangular and'non—rectangular as
long és theyvhavé three dihensfons; an awareness that the
tallest/smal lest object does not neceésarily have the

most/lgast volume.
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‘6 Ability to infer -0 information from 2-D

representatlon: iéah étudenté;gs§ﬂ;.bépef drawing (2-0I0 to
infer the three aimenétonafffnformafﬁoh-represented in the
drawing; doesﬁﬁé;sﬁeiféaf{;efﬂhidaeﬁ“*gubes of a solid
obJect are part of ﬁﬁéiwﬂ@léiébje¢£,. |

Will you pleaéé;féaa'Eﬁé7£esf;jﬁ§rk the cognitive level
for each test ltém‘pywaltlhgﬂthé itéh number in the
appropriate box? Of'cdurse; onehltem]may apply to two or
more obJectlvés. ‘Lastly,. please respond to the validatlion
page and return it to me at 213 Reid Hall.

Thanks for taking time to complete this for me.

Sincerely,
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VALIDATION OF A CRITERION-REFERENCED TEST
ON THE SUBJECT OF

VOLUME OF RECTANGULAR SOLIDS

FOR

RUTH JOHNSON

1 have read the criterion-reterenced test to be used in
Ruth Johnson’s. reseg\rch.‘ I fiﬁd the contents of the test as
a measure of the SleJect—mafter as described b-_v the
objectives to 'be:

___Z Valid chc- VALIDITY —

Not Valid, for the reasons listed below.

W) e T

Title _..Efbgisso{. 0¢JV1&W Edvcabon _
Date __5( 251¢s ’

Reasons:
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' Signed
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UALIDéTION OF @A CRITERPQN—REFERENCED TEST
ON THE SUBJECT OF

VOLUME OF RECTANGULAR SOLIDS

FOR |

RUTH JOHNSOMN

I have read the criterion-referenced test to be useﬁ in
'Ruthuqohnson’s'research. L find the contengs nf the test as
a meésure of the subject-matter as‘descrlﬁed by the
objectives éu be:

valid

Nat Valid, for the reasons listed below.

Title

Date

Reasons? .
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VALIDATION OF A CRITERION-REFERENCED TEST
ON THE SUBJECT OF

VOLUME OF RECTANGULAR SOLIDS

FOR

RUTH JOHNSON

I have read the criterion-referenced test to be used in
Ruth Johnson’e research. 1 find the contents of the }est as
a measure of the subject-matter ac described by the
objectives to be: A
_Jf;' Valid

Not Valid, for the reasone licsted below.

7 -
/ 4
Siagned % /éfﬁuﬁ;;‘}ﬂhh/

Titie _Assislant /?ro#/('&ror o,;L Alathe matics
Date 25 A{Iat/ /1588

Reasons:




1 Y-

198

TABLE OF SPECIFICATIONS
Cognitive Domains

OBJECTIVES

I) ability to calculate
volume when
given dimensions

with figures

2) ability to calculate
volume when
glven dimensions In

~ word problems

3) develop understand-
ing of volume as a
measure of three

dimengional objects

4) develop understand-
ing of volume as in-

dependent of shape

ability to infer
"3-D information from
2-D representation

5

8-10

15

know- c¢ompre- appli- analy-' synth- eval-
ledze hension cation sis esis uation
* *
| | | I | l
| IB: 1 2 3I /IB 4 10 | i
[ ] 5 8 91 /112 13 141 |
I | . 10: 12 131 15 I 10: 12 13
| 1S:1 2 3 114 15 / | | I 14 15
| 158 9 10iS: 4 20 1S5:21 | I
I I [ [ 1 I [
| | [ | | 1
i iB: 6 IB: 7 /20 1 | I
| 1 I i [ |
| 1 10: 6 | I0: 7 |
I I | : I [ [
| | |1S: 20 | | |
] ] 3 % | | i
10: 11 | | B | | |
IS: 23 IB: 11 {0: § 7 | IB: 2 10: 10
1345 | | 89 i | I 20 21
110 12 | | | I0: 2 3 |
113-15 | ISt 4 11 | | 4 |
1 | | ] I | A
' ] ] ] I I
|- 1B:17-19 | IB: 10 161 IB: 16
| | | | [ i .
IS: 16- 10:16-19 | | I 10: 10
| 19 | 1S: 4 | 1 |
I - |- | | } |
| | | | I |
| 1B:1-3 8 IB 20 I1B:4 10 1 iQ: 10
| | 4 10: 1-5 1 12-15" | I 12-16
| | | 8 9 | i 20
| 18: 1-3 518:4 12~ |S: 20 |
| i |
| | |

Identification:
B - Dr. William Hall
0 - Profesgor Otis Thompson
S - Mrs. Susie Phillips

Placement of Items into cognitive levels:

i,
4’ 7,

Lower cognitive levels:

Higher congitive levels: 10,

2, 3, 5, 6, 8, 9,
12,

% collapsed into application
and analysis levels

11,
15,

17, 18, 19

13, 14, 16, 20, 21
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SOFTWARE
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May 5, 1988
Dear

Encloged you will find a copy of the software I intend
to use In my doctoral research, Algo enclosed 18 a
criterion 118t taken from two experts who have studied
evaluation of educational software, an explanation of their
criterion, and my pedogogical support the use of the
software. .

The toplic of my study is volume of rectangular solids
which ls studied in flfth grade mathematics. 11 have
Included the teaching sequence for .your reference.

Briefly, the instructional sequence starts with
studentgs cutting a rectangle from a sheet of .grid paper.
They clip out the corners (square corner nibble), fold and

tape sides to make a box. They fill the box with centimeter -

cubes, remove and count to determine volume. Then they draw
the box, record the width, length and heigh and volume, .and
draw the volume amount on a bar graph. This completes the
concrete phase. The semi-concrete phase consists of drawing
and recording information without actually constructing the -
box. The absgstract phase.is solving problems when given box
dimensions, either in verbal or in pictoral form.

The software ig used at the end of the sequence to
reinforce the learning. Advantages include. quick response
to student input of dimensions and corner nibble, allowing
the student to predict volume without cutting, etc. and
check his answer quickly. Hes/she can also see the

- relationshlp between shape (tallest, flattest), size and

volume of the boxes formed. I am enclosing the pedogogical
support for the software as stated in my proposal.

Will you please read the criterion information, run the
goftware and check the approprlate information on the check
list. Then please respond to the valldatlion page and return
everything to me at 213 Reid Hall within the next two weeks.

' Thanks for téklng time to complete this for me.

Sincereily,

P.S. To run the program, boot in an Apple Ile computer,
move cursor to "P4" and type "start" when the cursor bdinks
in the command.-center below the little turtie.
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From my Proposal:

This researcher’s opinion that the P4 software
simulation is an effective instructional tool wil] be
supported or rejected with the opinlons of two software
experts. :

Following is8 a criterion list of educational support
for use of the software:

1> the content of the software is relevant to the
ingstructional topic, accurate and clear (Alesandrini,
1985; Mezzina, 1985).

2) only needed information is displayed on the screen, thus
focusing student attention in pertinent information
(Alesandrini, 19853 Flake, 1982).

3) the visual display is graphically and textually pleasant
(Mezzina, 1985).

.4) Instructional computer software should be formatted in a
manner familiar to the student (Alesandrini, 1985; Blalo
and Erickson, 1985)., The drawing, cutting and folding
via computer occurs In the same order as the student
activity In the teaching sequence (two experts).

5> the student interacts with the simulation so hes/she is a
participator, not an observer (Chambers and Sprecher,
1980, 1983; Dugdale & Kibbey, 1984; Henderson et al.,
1983; Keuper, 1985; Mezzina, 1985; Papert, 1980).

6> the computer simulation replicates the concrete (box
making) and semi-concrete (paper and pencil) activities
quickly so the students can immediately compare results,
allowing them to concentrate on those results and not get
lost in the manipulation and calculation action of the
actual activities (Dugdale & Kibbey, 1984; Thomas,
Anderson & Allinger, 1987).

7) students are USING mathematics to solve probliems, not
DOING mathematics as a rote task (Dugdale & Kibbey,
1984).

8) Many ideas are expressed and understood better through
pictures, charts and diagrams (Bork, 1980; Marks, 1985;
National Science Board Commission of Pre-College
Education in Mathematics, Science and Technology, 1983).
The chart and drawings produced by students and computer
gimulation in the treatment groups represent the concept
of volume of rectangular sollds (two educational computer
experts and mathematics experts).
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VALIDATION OF A COMPUTER SIMULATION
ON THE SUBJECT OF

VOLUME OF RECTANGULAR SOLIDS

FOR

RUTH JOHNSON

1 have tested the software to be used in Ruth Johnson's
research. As defined by criterion from the work of Mezzini
énd Alesandrini, 1 find software to be:

_' i Vallid.

Not Valid, for the reasons listed below.

Signed £Z£L’bGQ#‘

Title Vb,uv.w‘-m, qu,‘l Crnjo»:&fy W.MS"’(
Date {MM 58 o

Reasomns:
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Criterjon Cheok [j=t

P4: Program used in Ruth Johnson’s study:
Volume of Rectangular Solids

. Please check each characheristic below that applies to the
software:

Part one: use of graphlcs (check as many as apply)
1. no graphlics

2. graphics used at least 1/4 of the time
3. graphics used at least 1/2 of the time
— 4, graphlics used more than 1/2 of the time

<#

© Part two: relevance of graphics
5. Graphics used to decorate
6. Graphics used to motivate or interest
7. Graphics used to direct attention to the content
8. Graphlcs used to present the content
?. Graphlcs used to reward correct answers
k" 10, Graphics used to reward wrong answers

kl‘k

Part three: categories of graphics *(see below)
— 11. Representational graphics used to present content
e~ 12, Representational graphics used to glve feedback
¢~ 13. Analogical graphics used to present content

14. Analogical graphics used to give feedback

15. Abstract graphics used to present content

16. Abstract graphics used to give feedback

Add one point for each ltem checked; deduct one If
checked i, § or 10. Circle one: -
Poor (4 or less) Good (5-9) Excellent { (10~-14)

# ~- Representational graphlcs portray Information directly
or Indlrectly. Tangible objects of concepts may be
represented; abstract concepts may be represented by showing
their effects, results. They may lnclude line drawings and
symbols.
" % -- Analogical graphics convey a concept or topic by
showing something else, implying a similarity. This graphic
ls based on the assumption that new information will be
better learned and remembered If It is related to prior
information. Pictures are an example. )
# -- Abstract graphics may not actually look like the things
they represent but are related conceptually or abstractly.
They linclude graphs, flowcharts, diagrams. ‘

\
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The software supports the instruction as follows: (check
one)
.o None Somewhat A lot

i6. It conveys the concepts visually. I - e

17. It allows students to explore and — _— el
: experliment.
18. The display Is pleasing and . . -

effectlive. ' . ‘

19. The content s accurate. e _k:(

Sources: ‘
Questions.1-15 from Alesandrini, K. (1985) The Instructional
Graphics checklist: A look at the design of graphics In
courseware. ERIC No 256 303 .

Questions 16-19 from Mezzina, M. (1985>. Software for
interactive instructional computer graphics with
appllicatlons to the presentation of differential geometrical

concepts. Dissertation Abstracts International, 48, 2221A.1
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VALIDATION OF A COMPUTER SIMULATION
ON THE SUBJECT OF

VOLUME OF RECTANGULAR SOLIDS

FOR

RUTH JOHNSON

I have tested the software to be used in Ruth Johmson's
research. As defined by criterion from the work of Mezzini

and Alesandrini, I find software to be:

v// Valid.

Not Valid, fo} the reasons listed below.

weses _Qpaiee N Dot 600

Title /42744& (Z@ %44@5 S et AT L

Date : 4"/"&5/

Reasons:
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P4: Program used in Ruth 'Johnson’s study:
Volume of Rectangular Solids

Please check each characheristic below that applles to the
software:

Part one: use of graphics (check as many as apply)
1. no graphics
Z 2. graphlcs used at least 1/4 of the time
- +” 3. graphics used at least 1/2 of the time
e 4. graphlcs used more than 1/2 of the time

Part two: relevance of graphics
: . Graphics used to decorate
6. Graphics used to motivate or interest
7. Graphics used to direct attention to the content
-~ B. Graphics used to present the content
9.
0.

“Graphlics used to reward correct answers
Graphics used to reward wrong answers

" Part three: categories of graphics ¥(see below)

.~ 11, Representational graphics used to present content
« 12. Representational graphics used to glve feedback
v __ 13. Analogical graphics used to present content
4 14. Analogical graphics used to give feedback
15. Abstract graphics used to present content
16. Abstract graphics used to give feedback

Add one point for each item checked; deduct one if you
checked 1, 5 or 10. Circle-one: ‘
Poor (4 or less) (Good ﬁ5—9>; Excellent (10-14)>

* -- Representational graphlecs portray information directly
or indirectly. Tangible objects of concepts may be
represented; abstract concepts may be represented by showing
their effects, results. They may lnclude line drawings and
symbols. .

¥ -- Analogical graphics convey a concept or topic by
showing something eise, implying a simitarity. This graphic
is based on the assumption that new information will be
better learned and remembered if It Is related to prxor
Informatlon. Pictures are an example

# —- Bbstract graphics may not actually look 1like the things
they represent but are related conceptually or abstractly.
They include graphs, flowcharts, diagrams.

LLY Il
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The software supports the lastructlon as follows: (check

one)
None Somewhat ™ A lat

16. 1t conveys the concepts visually. v
17. It allows students to explore and L

\

experiment.

18. The display is pleasing and . =
effective. .

19. The content is accurate. ' _— -

T

Sources: '
Questions 1-15 from Alesandrini, K. (1985) The Instructjonal

Graphics checklist: A look at the design of graphics in
courseware. ERIC No 256 303 . . .

Questions 16-19 from Mezzina, M. (1985>. Software for
interactive instructional computer graphics with
applications to the presentation of differential geometrical
concepts. Disse o) bst ternational, 40, 2221A.}
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DEVELOPMENTAL LEVEL TEST
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August &, 1988

TO: Doctoral Committee for Mrs. Ruth Johnson
FROM: Richard W. Copeland ’

Mrs. Johnson asked me to edit a diagnostic test she
has designed which is based on the research of Jean Piaget.
I was glad to do this and edited a second draft as well.

I think this test has face validity, and the study
can be a valuable addition to the research literature in

the field of cognifive development of‘children.

- - -
/ /’/z’//, /,//" _//f'/ G 4
¢ N
Richard ¥. Copeland
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APPENDIX C

DESCRIPTION OF SCHOOLS
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DESCRIPTION OF CLASSROOMS

School (Site)/District Size Class Class Exp Tmt'

Class and Grades Size

Central (Helena)/I 312 (K-6) 17 13 II
Rossiter (Helena)/I 506 (K-6) 16 21 I11
Smith (Helena)/I 320 (K-6) 24 26 I11
Warren (Helena)/l 227 (K-6) - 16 10 I
East Side (Livingston)/I = 284 (K-6) 32 14 IT1
Washington (Livingston)/I 196 (Pr-6» 25 15 I
Winan (Livingston)/I - 351 (K-6> 27 30 I1I
Winan (Livingston)/I 351 (K-6) 27 13 II
Parkview North (Dillon)>/I1 462 (2-5)> 25 13 I
Parkview North (Dillon)>/I1 462 (2-5) 28 13 I1I
Parkview North (Dillon)/II 462 (2-5) 27 13 I
Parkview North (Dillon)/I1 462 (2-5) 25 13 11
Parkview North (Dillon)/II 462 (2-5) 26 13 II
Three Forks Elementary o :

‘ (Three Forks)/I1 244 (K-8 ‘30 16 I
Wilsall (Wilsall)/11 98 (K-8) 4 10 I
Arrowhead (Pray)>/I11 73 (K-6) 8 10 II
Harrison (Harrison)/I11l 89 (1-8) 5 3 II1
Gallatin Gateway ‘ ) .

(Gallatin Gty>/III 127 (K-8> 14 12 II
Amsterdam (Amsterdam>/I11 68 (K-6) 12 10 I11
Monforton ‘ .

(Gallatin County)/III 111 (2-8> 22 10 I
Willow Creek

(Willow Creek)/I1I 35 (K-8 4 1 II

Parkview is a departmentalized school. One teacher

is responsible for mathematics 1nstructlon in all
5th grade classes.

Size of school district defined by School Law
(School Laws of Montana, 1987)

five

Ekp‘= Years of teaching experience by individual

classroom teacher

Tmt = Treatmént placement
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APPENDIX D

TREATMENTS: TEACHER INSTRUCTIONS AND STUDENT MATERIALS
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TREATMENT I
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TEACHER INSTRUCTIONS TO STUDENTS

DAY #1

I. Before starting, discuss with the class the following concepts and
terminology: square, rectangle, area (as two dimensions; how to
compute), length (as one dimension). Have students draw a 1" line;
then have them draw a line twice as long. Discuss length as one
dimension (length). Have students draw a 1 inch by 2 inch rectangle;
then draw a rectangle with twice the area. Discuss area as two
dimensions (length and width).

Materials Needed: pencil, paper scissors, masking or scotch tape,
15 one-centimeter cubes per student (they can share), 1| cm by 1 cm
grid paper and Student Work Sheet A

11. Construction of box with Rectangular Corner Cut

Objective: 1) to introduce box making and 2) show students why they
must cut out a square corner rather than a rectangular corner

A. Diztribute grid paper to each student along with pen or
pencil, scissors, tape, 1 cm cubes, grid paper and Student

Work Sheet A.

B. Have each student prepare a rectangle from grid paper by
cutting a 5 cm by 7 cm rectangle. 1f neceszary, show students
how to count, mark and cut for the given dimensicons.

mE allln

&\5,\ ‘\j 2

Then have students shade a 1 cm X 2 cm rectangle at each
corner of the cut rectangle (see figure 1),

Make certain the students understand that the small squares
are 1 ¢m by 1 e¢cm or 1 cm 2,

C. Instruct students to:
1. cut out the t ecm X 2 cm thaded corners (szee figure 2).

2. fold to form a box and tape the corners

D. Dizcuzz with the class the following questions:

1. What ie wrong with the box? (Ans. two sidez are to
ehor t/1ong)
1f the box were plastic, could you fill it to the top
with water? (Ans. no, since two of the sides are shorter
that the other two sides, water would =zpill out)
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How could the corners have heen cut =zo all the sides were
the same height? (Ans. hy making square corner cuts)

re constructed from S cm X 7 cm rectangles and the volumes
of those boxes are counted by filling them with 1 cm

Objective: 1) to show students that hoxes of different shapes and

zizes will v
allow a box

Box #1:
%

Box #2:
1
24

ary in volume, 2) that too large a corner cnt will not
to be constructed and 3) intraduce record Keeping

Ask students to:
cut a S cm X 7 cm rectanqgle from the grid paper.

cut ont a t cm ¥ 1 cm square from each corner of the
rectangle.

fold and tape the paper (as done
previously) to form a box.

draw a cketch of the hox on Student
Work Sheet A and write the box
dimensione along the cides of the box
(zee figure 3). NNOTE: students may
need a review of how to drawm a bhox,
fill up the box with cubes z0 it is
full but the cubes do not stick out
above the top.

remove cubes from the box. Iline the
cubes in a column laid flat on the
Cube Count Sheet A. Count the 4
cubes and write the number at the tap 70 L -\g3
of the column. Trace around the cube
column and remcve the cubes. (see

“

fiqure 4). ST

write the number of cubez that filled

the box on the chart at the hottom of —
Student Llork Sheet A. 15

Cuhe s
Instruct students to:

cut a S cm X 7 cm rectangle from the grid paper.

cut ont a 2 cm ¥ 2 cm =quare from each corner of the
rectangle,

continue as above for Box 1, starting with 4,

Instruct students to cut a S cm ¥ 7 cm rectangle from the
arid paper.

Azk students to cut a 2 cm X 2 cm square at each corner.,
Ask if there is a problem? bLlhat is wrong? Have students
explain what is wrong in one sentence.,



































































































































































































































































