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AESTRACT

The ohjective of the study was to determine whether
instruction and practice in Logo, a computer language for
children, wol e positively atfect achievemasnt in
mathematics, achievement in geometry, attitude towards
mathematics, or academic self-concept of native students.
The study involved two intact classes of grade fouwr students
(N=47} in two native communities in northern Manitoba. The
groups were pretested  on the dependesnt variables in
September of 1984 after which a eicrocomputer system was set
up in each classroom. From October 1984 to May 1985 one
group received weekly instruction and practice in Logo while
the other group used their computer for other purposes.
Posttests were administered in Hay 1985, Statistical
analvses of the data indicated no significant differesnce
hétween the two groups in achievement in mathematics or
attitude towards mathematics. However, the Logo group did
significantly better than the control group {(p<.01) on the
geometry posttest as well as showing a gsignificant gain
fpv.02) in academic sel%wcuncepi compared to the control
group. The geometry result supports the argument that the
visual natwe of Logo is compatible with a visual learning

style thought to be predominant in native students.
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CHAFTER I

INTRODUCTION

Educational historians of the future will likely
describe the 1980°s as the decade when the *computer
revolution® swept through educational institutions, exerting
a profound influence on the sducational system. Ten years
ago, computer use in the schools was limited primarily to
the high school computer science progran but the recent
development of insypensive, powerful o and versatile
microconputers has resulted in computers being purchased in
guantity and utilized for a wide variety of educational
DU pOSes.

although most educators agree that the computer is a
powerful  educational medium through which a wide variety of
educational goals can be achieved, considerable disagreement
exists regarding how the computer should be used with
children and what is achieved by any particular use. The
teaching of computer programming languages has generated
considerable debate in this regard. Increased problem
solving ability, enhanced understanding of mathematics,
development of logical thought processes, and improved
arademic self-concept have been cited as some of the
educational benefits of learning a programming language but
there is a dearth of empirical evidence to support these

claims.



& romputer language called Logo (from the Greek word
"logos®  meaning thought or word) has besn at the centre of
much of +this debate. Developed in the late 1960°s by
Seymowr Fapert and members of the frititicial Intelligence
Lahoratory of the HMassachusetis Institute of Technology.
fogo is unique in being the “first icomputer) language
designed sspecially Ffor education” ({(Shapiro, 1982, p.9F4).
Logo has been described by Harvey (1982) as,

...a language for learning how to think. Its history is
y oot i strongly it computer—science research,
gspecially in artificial intelligence. But it is also
rooted in Jean Fiaget®s research into how children
develop thinking skills (p.143).

FPapsrt and his followers have raised tremendous

pypectations about Logo’s potential as an educational tool.

as

The purpose of this study was to examine certain aspects of
this potential.
This chapter is an overview of the study beginning with

a description of the Logo language.

Desoription of Logo Langquags

Logo is a graphics-oriented language consisting of
commands called "primitives” which.can e used to Yprogram”
a triangular-—shaped cursor called a “turtles® to diraw
designs on the computer’s soreen. Most of the primitives
are familiar, sveryday words such as forward, back, left,

right, repeat, etc. In telling the turtls how to move, the

“
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programmer specifies the distance in turtle steps and the
ampunt of twn in degrees.

in most versions of Logo, there are two "modes” -  the
“raw mode” and the "edit mode". In  the “"draw mode", each
time a valid command is typed and the <RETURN} or <ENTER>
key is pressed the turtle carries out the command. Using
only two or three primitives in combination, children can
make the turtle draw a figuwe - a geomebtric shape or a
simple picture -~ on  the screen. As children become ®@ore
familiar with the language, they can write programs oF
"nrocedures” in  the “"edit mode”. This involves writing a
series of commands and assigning them an identifying name.
Once a simple procedure has been defined by assigning it a
pame it can be combined with other procedures to create a
more complex procedure resulting in a more intricate design
o pictuwre on the soreen. in effect, when children write
procedures, they “teach” the computer how to make a drawing.
Onece a procedure is written, it can be “run® in the “draw
mode”. Sometimes when a procedure is run, what appears on
the scresn may be different from  what was expected
indicating that there is a "bug® in the procedure  which
needs to be corrected or “debugged”.

The above description of Logo deals with the simpler
"turtle graphics® capabilities of the language which were
used in  this study. Logo has numerous other capabilities

which were not nesded for the purposes of this study.

]



Bmason for the Study

The author was motivated to conduct this study because
he was interested in  investigating ways of improving the
educational program of native students in northern Manitoba
and the Logo language appeared to hold particular promise in
this regard. More specifically, two aspects of Logo were of
interest, namely, the apparent potential of Logo to increase
understanding and enjoyment of mathematics and to improve
academic sslf-concept.

The possible relationships among Logo, mathematics,
native students and academic self-concept are described
below.

Loogo and  mathematics. Logo's greatest potential

appears to lie in the area of mathematics education. In
fact, the development of Logo grew out of Seymow FPaperi’s
diggatistaction with the approach which schools
traditionally have used to teach mathematics. Papert (1980}
contended that:
Children begin their lives as eager and compatent
learners. They have to learn to have trouble with
isarning in general and mathematics in particuluar.c..
Our education culture gives mathematics learners scarce
resources for making sense of what they are learning.
A5 a result ow children are forced to follow the very
worst model for learning mathematics. This is the
method of rote lesrning, where material is treated as

meaningless: it is a dissociated model {p.47).



Fapert envisioned the computer as a means by which
mathematics could be made more meaningful and interesting to
children. He stated:

We are learning how to make computers with which

children love to communicate. When this communication

Qo S, children learn mathematics as a living

language. ... the idea of ‘talking mathematics® to a

computer can be generalized to a view of learning

mathematics in “Mathland’$ that is to say, in a context
which is to learning mathematics what living in France
iz to learning French {(p.é&).

influenced profoundly by the learning theory of Jean
Fiaget, Fapsrt saw children as “huilders of their own
intellectual structures” (p-7). Since all builders need
materials with which to build and since mathematical
materials are not readily available or easily accessible

in our culture, Logo was developed to provide children with

& "mathematical microworld” containing  sone of the
NEecessary materials needead to “huild® mathematical
understanding. Furthermore, the Logo language seems

particularly suited to the learning of geometry in that Logo
provides a means of communicating to the computer in order
to draw and manipulate geometric shapes.

Iz Logo the rich mathematical learning envivronment that
its creators intended it  te be? Although numerous claims
have been made regarding the cognitive and aftfective

henefits of Logo (for e.g., Billstein, 17833 Harvey, 19823

L



Lough, April, 19835 Papert, 19803 Hatt, 1982y, those claims
hiave bean based primarily an learning theory or
chservational evidence. Very little quantitative research
has beesn conducted to either substantiate or refute those
claims. Even some of Loge's strongest supporters have
stressed the ne=ed tao objectively and systematically
investigate Logo’s potential {Leron, ig85; Lough, 198353
Mowrsund, 1984).

Logo and native students. NMumerous educators have

putlined the fact that native students have difficulty in
traditional mathematics classes (Bradley, 19845 Cheek, 17843
Cristensen, 19823 Green, 1978). Cheek (1984) stated that
"phe causss of this dif%iculty‘have not been documented.
Fossible solutions have been suggested. Few hypotheses have
been tested empirically” {p.1). Franco (198B0) pointed out
that ressarch in “the last 2 decades (1760-1780) has largely
stayed away from addressing concerns related to thea
mathematics education of minorities” (p.3).

Research regarding the use of microcomputers to enhance
the mathematics education of native students is even more
srarce {(Bradley, 197465 Hakes, 1981). However, various
educators have observed a strong emphasis on visual rather
than verbally-based acquisition of information in native
societies (Hradlev, i74;  Coppus, 1978: Heffron, 17843
Eaulback, 1984). Because Logo is visually oriented, it would
appear to have the potential to be a powerful mathematical

learning aid for native students. Cheek (1984, in outlining



some possible avenuss of research in mathematics education
for natives, specifically mentioned Logo as a timely topic
for investigation.

Logo and academic self—concept. in surveying

american research Purkey (1970} concluded that "overall the

research evidence clearly shows a persistent and significant

relationship betwesn the self-concept ard academic
achievemsnt” (p.15). Numsrous researchers have demonstrated
this relationship (for .., #Halvord & Glass, 19743

Brookover, Thomas, % Paterson, 19645 Caplin, 196465 Simon %
Simon, 19753 Staines, 19598). The findings of Singh (17983}
are of particular relevence to this studys he found a
significant positive relationship between self-concept of
ability and acadesmic achievement with Cree children from
nortiern Manitoba.

Buwns (1979) stated that, *the relationship between
self-concept and ecademic attainment is reciprocal, not
unidirectional® {(p.283). Thus, academic success raises oF
maintains self-concept, and self-concept influences academic
performance. Furthermore, there is avidence to suggest that
arademnic sslf-concept can be influenced by the classroom
pravironment {Brookover, et al. 19455 Burns, 197335
Coopersmith, 1981). Coopersmith (1981 provided the
following guidelines for creating a classroom environment

conducive to enhancing academic self-—concept:



Bllow children free exploration AMOTY several

activities

Eive the learnsrs immediate information about the

conseguences of their actions

CInstitute self-pacing {(the rate of activity and

progress is determined by the learner)

Allow fres use of materials so that children can  make

their own discoveries of how events are related (p.%).

The above conditions are compatible with Fapert®s
philosophy of how Logo should be learned, that is, in an
envivronment whers fres siEploration {(playing turtlield,
immediate feedback (primarily from the turtle on the
screen), discovery learning, and self-pacing predominate.
Furthermors, Logo’s ease of entry means that any student can
have a successful esxperience with Logo. Studies with
physically handicapped children have provided obhservational
pvidence that learning Logo can positively influence

acadenic self-concept (Weir, 1979 Muller, 1983).

Purposes

The purpose of this study was to investigate the
effects of Logo on the achievement in  mathematics, the
achievement in geometry, the attitude towards mathematics,
and the academic self-concept of grade fow students in a

native conmuniity.



Statement of the Problem

inasmuch  as this study sought to determine whether use
of the computer languags, Logo, would increase understanding
and enjoyment of mathematics ani improve academic
self—roncept, the specific research question became:

Do native students who receive instruction in Logo
demonstrate improved achievement in mathematics, improved
achievement in geometry, a more postitive attitude towards
mathematics, o a more positive academic self-concept,
compared to native students who do not receive instruction
in Logo?

The research hypotheses, derived from the research

guasstion were as follows:

Regearch Hypotheses

Brade four native students who receive instruction in
Logo and an  opportunity to do Logo on a regular basis
throughout the school year will demonstrate:

i} improved achievement in mathematics,

2) improved achievement in geometry,
3} & more positive attitude towards mathematics,

4y an higher level of academic self-concept
compared to grade fow native students who do not receive

instruction in Logo.



Bemsearch Design

£ quasi-—sxparimental non—eguivalent control group
design was used to test the research hypotheses. Two intact
grade four classes were treated as follows:

Fuperimental aroup. These subjects received Logo

instruction in large group sessions and an average of one
nalfd hour per week working in pairs at the computer doing
Logo.

Contral group. Theses subjects had approximately egual

“hands—on® time on a computer as the experimental group but
usad computer assisted instruction (CAXIY programs instead of
L.ogo.

Pretesting of the groups was done in September of 1934.
The treateent periocd was from late September, 1984 to early

May., 1985 and posttests were administered in late MAY, 1985.

Definition of Terms

Logo. 6&n interactive computer language developed by
Fapert and described in his book Mindstorms (1780).

Pomputer  Gssisted Instruction (A1), Any activity in

which a computer program directs a person’s learning towards
a specific, predetermined objective.

Mathematical achisvement. The level of proficiency

the student has in the wmathematical skills and concepts

which are outlined in the K to bDrade & Manitaba

Department of  Education Mathematics Curriculum Duide

(1978) .

i



Geomnetry achievement. The level of proficiency the

student has in the geometric skills and concepts which are

putlined in the K 0 Grade & HManitoba Department of

EFrhucation Mathematics Curriculum Guide (1978).

Attitude toward mathepatics. The feeling an

ingdividual has at any given time towards mathematics as an
academic subject as well as towards his ability to be
successful at mathematics.

Geademic self-concept. A person’s view of himseld in

the role of student, i.e. as a learner in a school setting.

Mative student. Any student, Indian or Metis, Treaty

o Kon-treaty that is of Indian descent.

Limitations

Sample size. Cost factors such as  travel expenses
and computer hardware limited the study to two classes with
a total of 47 students. The small number of classes
increased the possibility that any perceived changes might
he dus to causes other than the treatment variable, +for
example, differences in teacher effectiveness, etc.

Duration of studv. The study may not have been of

sufficient length to allow for any perceptible changes in
atititudes o self-concept.

Cholce of subijects. HBecause intact classes of

students had to be used, it was not possible to assign
subjects randomly to groups. Furthermore, bescause of cost,

choice of the Logo group was nobt done randomly but was based

il



on prodimity to Winnipeg.

Instrumentati one. Recause one of the instruments for

measwring academic self-concept had to be administered by
someons  who had %a minimum of five to six weeks™ experience
with the child on a daily basis in a setting associated with
learning” (Coopersmith & Gilberts, 1982, p-I¥-4), it was
necessary to have the respective classroom teachers rate
their own students, raising the possibility of ratlng
variation betwesn teachers.

Treatment. The shortage of computer hardware and the
diffirulties inherent in incorporating computer activities
inte  the regular school program  limited the amount of time
the subjects were able to spend on the computer. Thus, the
level of freatment may have been too small to have any

measurable sffect on the dependent variables.

Delimitation

Sample. The subjects in the study were grade four
students from two northern angd predominantly native
rompunities. Therefore, inferences and conclusions are only

generalizable to other similar situations.

Summary of Chapter 1

This chapter provided an overview of the study,
beginming with a description of the Logo language. A FEason
for the study was provided and the possible relationships of

Logo  to mathematics, native students, ard academi o

e
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self-concept were discussed. The specific purpose of the
study was given, followed by a statement of the problem and
the resulting ressarch hypotheses. The research design wWas
briefly described and important terms were defined.
Finally, limitations and delimitations of the study were

cutlined.



CHAPTER 11

REVIEW OF THE LITERATURE

In this chapter, the relevant literature is reviewed in

two parts, Part 1 which summarizes the literature on Logo

and Fart ? which summarizes the literature regarding native

students, mathematics, and computers.

Fart 1 — Logo

Claims Regarding Logo

Az stated in Chapter i, numerous and largely
unsubstantiated claims regarding the sducational value of
Logo have been made. Some of the most prominent claims have
besn that Logo:

i} ran be used as a means of developing computer
literacy skills in young children (D”Angelo, i%8i) s

2y improves logical thinking skills {Lough, March,
1983 Markuson, 19833 Shapiro, 1782):

%) enhances general problem solving skills (Harvey,
1983 Lough, March, 19833 Williams, 19832)3

4) encourages a more positive attitude towards making
mistakes (Martin and Besrner, 198213

%) esnhances coreative writing skills (Bearden and
Muller, 17833

&) facilitates the development of peer relationship

14



skills such as cooperation and communication (Brozan, 19833
Watt, 198Z):

7} facilitates the learning of various mathematics
concepts  (Billstein, 1983%: bLough, April, 17833 FPapert,
19803 5

=) instills & mor e positive attitude towards
mathematics (Papert, cited in Instructor, 1982); and

%) develops a more positive attitude towards oneself as

a learner (Harvey, 19823 Markuson, 19835 Papert, 1gg0).

Mriticisms of Claims Regarding Logo

Until recently, objective criticisms of Logo have been
rare and all but lost amidst the enthusiastic claims being
made by Logo proponents. Steffin {15987y warned that Logo is
far from the educational panacea that some of its advocates
wiould have us helieve. He suggested that:

Logo’s effectiveness depends largely on the learners’

characteristics. Thus, i+ the learner is highly

motivated, curious, and eager to explore meaningful and
relevent life esvents a Logo learning environment will

be pducationally beneficial (p.88).

Other critics have focussed on the role of the teacher.
There iz considerable disagreement within the Logo community
regarding the amount of structure nesded to derive thes
pptimum benefits from Logo as an instructional tool. Howe
{1981} has argued for a more teacher—directed approach to

Logo than was suggested by Fapert (1980 who took the

5



Piagetian view that students could direct their own learning
with 1little assistance +rom the teacher. Leron {(1983)
sought the middle ground in this argument by suggesting a
"puasi-Piagetian learning” {(p.28) approach to Logo which
assumes a more active role for teachers and learning
materials, but still leaves considerable freedom and control
in the child’s hands.

From the above discussion, it is clear that many claims
made for Logo are overly simplistic, failing to take into
acoount the complex interaction between the students,
t@acher, and computer language within the classroom setting,
that is, the total learning environment within which Logo is
experienced. There 1is a tendency for Logo enthusiasts to
sversstimate the power of the Logo computer language to
transtorm that environment while underestimating or ignoring
the importance of the other factors.

Some of Logo’s most confirmed supporters have sxpressed
roncern that Logo is being oversold and that there is a nesd
for research to determine its effectiveness and how it can

heot he urilized. Moursund (1984), editor of The Computing

Teacher and a strong proponent of Logo, stated that

“deeply—held beliefs in Logo go largely unsubstantiated”
(p.3¥. Lough {(March, 1983 comnented that “because Logo has
heen widely available for only a short time, research
studies on its long-term learning effects are still in the
infant stage” (p.50). Finally, Lerpn {(1983) a "self-

confessed Logophile® (P.26) has wrged the Logo comnunity to

ié



make its claims more moderate, take a more realistic look at
Ltogo, and begin  to tackle the difficulties of effectively
using Logo in the classroom.

The guestion of transfer of learning is central to much
0¥ the controversy which surrounds the claims being made for
Logo. Do the skills and concepts developed in learning Logo
transter to other cognitive domains such as mathematics and
problem solving? Pea and Kurland (1983) in a comprehensive
and critical review of the cognitive and educational
benefits of teaching children computer programming stated
that:

there is less than compelling evidence for any of the

broad claims made about the transfer of programming

skills to other domains....the lack of such evidence
reflects both the wminimal amount of research in  this

area and its inadeguate guality (p.25).

Krasnor and Mitterer (1984) were also critical of both
the gquality of ressarch as well as the evidence regarding
the gensralization of Logo learning. Soms of their
cemclusions Weregs

1y To date the literatwe concerning Logo consists

primarily of testimonials, curriculum guides, manuals,

and a fow studies containing considerable anecdotal

evidence {p.13533

=) Most of the available evidence refers to Logo

learning rather than the transfer of Logo learning to

pther contexts (p.13433% and



=y The entire Logo literatwe merits considerable

criticism from an experimental peint of view. The

general lack of phjective measwement makes the
currently available work useful only as a first step in

evaluating the effects of Logo (p.137).

Leron  (1985) also criticized cwrent Logo research on
three counts: 1) most research fails to specity the preciss
method wsed to teach Logo, 2) the duration of most studies
has usually been too short to reasonably expect measurable
results, and 3} the evaluation tools used are inappropriate

for the processes which are important in Logo learning.

Lopo Ressarch Findinas

although Logo has come under criticism hecause claims
for its educational value have far exceeded research
evidence, there have been a number of research projects
which have attempted to provide evidence of Logo®s
sffectivensss as an educational tool. Some of these
projects have been of an exploratory and descriptive nature
with conclusions being based primarily'mn obhsarvation rather
than guantative measuremnents. In other projects whers
ohjective measurensnts were taken there was no attempt to
compare the results of the Logo group to  the results of a
control group which had not been gxposed to Logo.

a number of descriptive studies have originated out of
the Massachusetts Institute of Technology {(MIT). One sEries

of projects was conducted by Dr. Sylvia Weir (1979} at The

ig



Cotting School for the physically handicapped in Boston. in
these projects, Logo enabled students with cerebral palsy to
begin  to realize their intellectual potential. By
grperiencing success in doing  Logo, they gainsd confidence
in themselves as learners. This conclusion was reinforced by
Muller (1983 who used Logo with both physically handicapped
as  well as developmental ly disabled children. His
chservations have led him to conclude that Logo is an
eveellent medium for building self-confidence in  children
with learning problems.

Two other projects which originated out of MIT were
conducted at Lincoln School, Broockline, Massachusetts
{Fapert, 1977, 197%) . The first project involved
sixth—-grade students learning Logo in & computer lab. In
the second project, computers were placed in classrooms from
Grades 4 through 8. A student—directed approach was used
with the teacher’s role being one of facilitation.
Gocording to  Watt (1982), the projects were “not very
surressful in obtaining “objective®™ data about learning
gains made by the students” (p.20). However, Watt (1782),
made the following observations: Logo learning environments
are suitable for many different kinds of studentsi some
students emerged as Logo “experts" who became tutors for
other students: and & collaborative atmosphere developed
amongst groups of students. Probably the most important
contributions made by thse érnnkline Projects were that they

sllowed for the development and field-testing of various

12



Logo curricular materials as well as providing guidelines
for future research.

In 1978, a four yvear project was initiated at the
Lamplighter School in Dallas, Texas involving approximately
400 children ranging from three to nine years of age. There
are conflicting reports regarding the outcome af this
project. According to Watt {1982}, “the research studies
that were expected to be part of the project have not
materialized” {p. 132). However, & Guowre recent report from
Lough (Harch, 1983} not substantiated by empirical svidence
stated that:

Logo helped students: 1) develop logical thinking and

problem solving skillss 2} learn to develop and test

their own ideas and theories; and 3) become familiar
with concepts such as variables, symmeibry, angles and

geometric forms {p. 90).

Mew York City has been the site of two major L.ogo
projects — The Computers in the Srhools Froject and the Bank
Street School for Children Project. One of the noted
effects of doing Logeo was the increased interaction among
the students. Furthermore, in the Bank Street Project it
WAS found that when students were doing Logo  their
ronversatinn was more task-relevant than conversation during
a "normal® math class (Brozan, 19835y . Howsver, findings
regarding Logo’s effect on  academic achisvement were
inconclusive. Initial reports from the Computers in the

Srhools Froject, based on observation, were that Logo had a

£
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positive effect on students who had not previously been
successtul in school (Watt, 1982).

in Senegal, West Africa a multidisciplinary team of
Senegalese professionals conducted a preliminary study of
the effects of using French Logo with pupils aged 7 to 11
(Barrv, 19843 . Teachers observed that pupils participating
in the wperiment improved in mathematics as well as
displaying more curiosity in the classroom with thes most
satisfactory results being observed among the girls.

Tz major shortcomings of the research projects
described above are the absence of an experimental design
and the relative scarcity of gquantitative evidence to
reinforce observational findings. Other studies have
attempted to be more rigorous in this regard. Two esarly
studies by Statz (1973} and Chait (1778) gengrated empirical
gvidencs regarding the development of general problem
sniving skills. Gtatz used a pretest, posttest control
group design with grade 4 children to investigate whether
learning Logo made a differsnce on four problem solving
tasks. The siperimental group did significantly better on
two of the tasks, namely, word puzzles and permutations, but
no better on a Tower of Hanoi task or a horserace problem.

Chait (19783 investigated comparable issues with five

grade 7 children who were taught individually. Fretests and

posttests were administered put no control group WAS
amploved. The test battery included a test of basic
arithmetic skills, an alternate uses test, and a set of



gepboard problems. The results revealed no significant
changes in test scores.

SGeidman (1981) explored how learning to program with
Logo affected logical reasoning ability. Sixty grade +tive
students were randomly selected, then randomly assigned to
an experimental orF control group. Both groups were
pretested after which the gxperimental group was given 30
houwrs of Logo instruction over 15 weeks while the control
group received no special instruction. The posttest results
revealed that the Logo group performed significantly better
o the "inversion fallacy principle” while the contrel group
performed significantly better in reading, a surprising and
unexpected result!

another study which used an experimental design was the
Edinburgh Logo Froject (Howe, 0°8hea; & Flane, g0y, Two
primary vyear 7 (grade &)} classes participated over a
two-year period with one class doing Logo structured to
supplement the regular mathematics program and the other
rlass receiving the regular mathematics program with no Logo
supplement. Objective testing indicated that the Logo group
dizplayved significant improvement in mathematical
understanding, attitude towards mathematics, and willingness
to talk about mathematics. The project coordinators
acknowledged that a number of uncontrolled factors might
have contributed to the improvements and that further
resgarch was needed.

Fog {(1983) investigated whether students ranging in age



from 8 to 12 who had extensive DﬁpurtUﬁity to program  in
Logo over a school year displayed better planning skills
than children who had no Logo experience. £ classroom
chore—-scheduling task was used which allowed children
multiple opportunities to come up with the shortest plan
they could construct for carrying out a series of chores.
it was expected that “better planners wonuld take a more
strategic approach to the task, revise or debug their plans
more effectively, and engage in more executive and
metacognitive derision making as they developed their
plans® {(Faea, 1983y . However, Pea found no differences
hetween the programming and nonprogramming giroups and
suggested two possible reasons for the results: planning
skills may not be developed by engaging in Logo or skills
which are developed may not be auvtomatically transferable to
non~computer planning tasks.

Brown and Rood (1984) attespted to determine whether
learning Loogo ) BABIC had different effects on
intellectually gifted students from Grades 2 to Y. Both
groups wers pretested, given 8 wasks of instruction in one
of the computer languages, then posttested. Mo significant
difference was found between the two groups on any ot the
tests, namely, problem solving, locus of control, oy
perceived self-esteem. However, when the results of the
groups were combinesd a significant improvement was found in

problem solving ability as measured by The Social Science

Fiagetian Inventory, providing evidence that learning &




romputer language contributes to problem solving abilitv.

& large-scale Logo project involving over 300 grade 4
students in &lbemarle County in Virginia was conducted in
the 1982-83 school year (Schwartx, Evans, & Caritj, 1784).
The evaluation focused on assessing three outcomesi changes
in attitudes towards mathematicss changes in motivation: and
changes in cognitive ability. A pretest-posttest control
gy oup design w=as emnployed with eight intact classes
constituting the experimental group (N=3Z1) and seven intact
classes constituting the control group (N=190). Analysis of
Fhe test data led to the conclusion that Texperience in
lsarning Logo does apparently have some effect on student
attitudes towards learning mathematics, student motivation,
and student cognitive abilities"{p.?) and that, e eamverall,
this project does offer hope that Logo may serve as an
sffective instructional tool, both in terms of cognitive and

affective variables" {p.10).

Summary of Litersture on Logo

& review of the literatuwe regarding Logo can be
summparized azs follows:

1} There have been a large number of unsubstantiated
claims made regarding the educational value of Logo.

23 Thessg claims have given rise to unrealistic
gxpectations regarding Logo and have resulted in a call to
moderate those claims and to conduct systematic research to

evaluate Logo’s sffectiveness as an educational tool.



%y Resgarch findings thus far have been inconclusive.
Some promising findings requiring further investigation ared

a) Logo can have a positive effect on a student’s self
concept as a learner, particularly if the student has
learning disabilities or has had a history of poor academic
performance.

b) Logo can assist in the development of logical
reasoning and problem solving skills.

¢} Students are more apt to talk about mathematics when
doing Logo than in a regular mathematics class.

d) Attitudes towards mathematics can be positively
influenced by Logo instruction and practice.

g) Learning Logo can result in increased mathematical

understanding, particularly in geomebry.



Part 2 — Mative Students. Mathematics, and Computers

in attempting to summarize what has been written
regarding mathematics and native students, two cautions are
necessary. Firstly, most of the research in this field has
been conducted in the United Statesi therefore, generalizing
the findings te the sitwation in Canada must be done
tentatively. Secondly, it is important to remember that in
discussing "native students" one is dealing with a larges
diverse group that cannot be defined neatly. In spite of
these limitations, the literature seems to suggest that some
generalizations about the mathematics education of native

students can be made, albeit cautiously.

Mathematics Education of Native Students

The sducational problems encountered by native students
has been documented by a number of educators. frocording to
Christensen (15822

Mational studies indicate that three—guarters of all

Indian children are at least one grade level behind for

their age, over one—half of all Indian students drop

out of school, and, on averags, Indian students fall
further and further behind as they progress through
schonl o (Reaiiillda

With regards to mathematics, A Mational Institute of
Fducation (NIE) report (1780) stated that:

Students. . ..often demonstrate potential egqualled to

b
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white students in the early grades. As their schooling

gxperiences increase during their elementary and

through secondary years many of them fall behind, drop
ot of mathematics and become negative in  their
attitude towards the subject” (pp.1i-12}.

Cheel (1984} in reviewing what has been written about
this situation pointed out that native students have
difficulty in traditional mathematics classes and that their
lack of success in mathematics prevents many of them from
pursuing careers in mathematically oriented occupations.
According to Green (1978), “"for American Indian studenis,
math anxiety and math avoidance are the most serious
ohstacles +to general education and to  the choice af
srientific careers” (p.ll}.

The previous comments are directed specifically at the
situation in the United States. No sources were found which
give a comprehensive overview of the Canadian situation.
Howsver, the author’s experience with native students in
Frontier School Division has led to the conclusion that
these students face a similar dilemma to  that of their
funerican counterparts. For exsample, any formal mathematics
testing which has been done in  the past Ffive years (i.e.
Canadian Test of Basic Skills, Stanford Dagnostic
Mathematics Test, and the Provincial Mathematics Assessment)
fhas indicated that many students are below grade level and
continue to lose ground as they progress through school .

Glthough the existence of the problem has besn



documented and agreed upon, there is no similar consensus
regarding the underlvying CAaUSES. Christensen (1982)
suggested that the problem is the "product of the complex
interaction of socialization, educational wposure, and
attitudes® {(p.iii}. GBreen (1978} suggested that "...the
probles of ... lack of achievement in mathematics is one of
emotional or psychological origin® (p.2).

8 MNational Institute of Education (MIE) report (1980)
focused on threge wmajor areas of influence in the
mathematical education of minority children, namely: 13
learning style, personality and sl f-concept influencesi 2}
linguistic effectsi and 3) schonl  influences. They also
listed a number of other influential Ffactors such as:
parents, community, sociosconomic  status, administrators,
strucrture of the family, values of the culture, and
influences of peers.

The learning style factor was of particular interest in
the present study. Kaulback {(1784), in reviewing the
research regarding styles of learning among native children
stated that "Some researchers view [thel mismatch between
learning style and instructional methods as a prime cause of
srhool  failure among native children® (p.27). He pointed

out that srtensive usg ot the Illinois Test of

Foyvocholinguistic ghilities (ITFA with =a number of

different native groups throughout North America (8.0
Mavajo, Fueblo, Papago, Sioux, and Inuity had vielded

swrprisingly consistent results. While he emphasized that



interpretation of these results needs to be done with
caution, he stated that:

411 of the studies point to the fact that both Indian

and Inuit children are most successful at processing

visual information and have the most difficulty

performing well on tasks satuwrated with verbal content

{p.30).

ficcording to Heffron (1784), this generality about the
predominant learning style of native children has been cited
by many others in  the literature and has implications for
the way in which mathematics can be most effectively taught
to native students. Simpson {(in MIE Report, 1780) suggested
the “inclusion of multi-dimensional, student—selected
materials, whichk emphasize the visual manipulation of
mathematics concepts"(p.16). HMoses {(in NIE Report, 19807,
stresssd  that "more emphasis on geometric perception would

provide opportunities for students to stretch their spacial

capacities"{p.20). Chesk {1984} argued for Aar
activity—-based approach in which concrete and visual
guperiences wrl d make mathematical concepts more

understandable.

Mative Students and Computers

Heffron (1984) suggested that "some accepted values and
lzarning style tendencies apparent in native children...areg
very adaptive to computer sducation”{p.17). She specified

such gualities as: 1) a visual learning styles: 2} the need



for privacy when faced with a new learning situations 3} the

snphasis or cooperatlon, sharing, and individual
responsibility for decision makings and 4y a “friendly",
non judgemsntal atmosphere, as being compatible with a

computer environment.

Thaere have beesn a few Computer Assisted Instruction
(Caly projects in which the computer was used as a
mathematics tutor for native students. Using CAI  with
Fusblec students, Suppes, Fletcher, and Zanotti (1975}  found
substantial increases in mathematics placement. Brooks
(1977} noted the same results with natives in Morley,
Albherta. Hakes (1981) developed and used a computer—based
learning unit in mathematics and science for grade 3 Pueblo
students. She noted an improvement in classroom atmosphere,
teacher—student relationships, attitudes, instruction,
indiwvidual behavior, and learning.

Computer programming has been suggested as another way
of using computers to enhance the mathematics sducation of
native students (Coppus, 19783 Cheek, 17845 Hetfron, 1984},
and Logo has been specifically mentioned in  this regard.
Foir example, Heffron (1984) stated that:

logo is especially adaptive to the native child. In

addition to the child’s spatial-mechanical mode of

learning, Logo would build upon the child s natural
lsarning tendencies to learn by exploration and
discovery. Using the child’s knowledge of his/her body

movemnents, the native child would  learn Fformal



geometric principles with Logo. Using Logo to do

geomstry would help a native child understand the

process of learning and develop his/her hewristic

strategies within a visually interactive mode (p.2Z1}.

nly one research project which dealt with the use of
Logn with native students was found in the literatwe. In
that project, Bradley (1974) used loom—woven beadwork and
Logo to develop a culture—based mathematics curriculum for
Ingdian students. Students developed their beadwork designs
using Logo and "by writing computer programs to draw shapes,
designs. oF animated pictures, the students learn
mathematics® {Bradley, 1984, p.i0i). Her conclusions were
hased on observational Ffindings but no empirical evidence
was gathered. Heffron (1984) mentioned the possibility of a
Logo study being conducted with native students in  Ontario,
but as vet no information has been published.

Finally, Cheek (1984} in summing up the need for
research in mathematics education for native students,
stated that:

He nesd to see...whether Mative dmerican students learn

to understand mathematics over a period of 2 or 3 vyears

through a Logo environment. The availability of the

Logo compubter language on  several microcomputers and

the tendency of some reservation schools to have stable

populations over long time periods help make it a

timely program for investigation (p.7).



Summary of Literatuwre: Native Students. Math and Computers

8 rFraview of the literature regarding native students,
mathematics and computers can be summarized as follows:

id Mative students have bhad a long history of
difficulty with mathematics in school which has handicapped
rheir academic development and severely limited their career
choices.

2% Numerous reasons for the difficulties have been
postulated ranging +rom psychological to sociceconomic  to
cultural.

3} incompatibility of instructional methods with
lgarning styles has been cited as a major contributor to the
problem. Instructional amethods have been verbally oriented
whereas native learning style is visually oriented.

4y The use of the computer has been suggested as one
promising way of adapting mathematics instruction to the
stvie of the learner.

=) Logo has characteristics which could provide native
students with a mathematical learning environment conducive
to a8 visual learning style.

&) Research projects to investigate the potential of
the computer to enhance mathematics education for native

students are virtually non-existent and wgently needed.

Summary of Chapier 11

in this chapter, the relevant literature was Freviswed

under two general headings — literatwre related to Logo  and

LAl
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literature related to native students, mathematics, and
conputers. The possiblility of using Logo to  improve
mathematics instruction for native students was raised in
light of the apparent compatibility of Logo with the

predominantly visual learning style of native students.

L
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CHAFTER T11

METHOD

The purpose of this study was to investigate the
effects of instruction and practice in Logo on achievement
in mathematics, achievement in geometry, attitude toward
mathematics, and academic self-concept.

This chapter provides a detailed description of how the
study was conducted. The information is organized under the
headings Subjects, Instruments, Design, Procedure, and Data

fnalvsis.

Subiects

Subjects were Grade 4 students enrolled at schools in
two native communities in northern Manitoba.

The experimental {Logo) group (N=26) was an intact
class +from a Kindergarten to Grade 12 school located on an
Thndian reserve about 200 kilometers northeast of Winnipeg.
Most of the students are of Saultauy Indian ancestry and can
he classified as either Status Indians or Metis.

The control (CAI) group (M=21) was an intact class from
a Kindergarten to Grade 8 school located in a native
community about 500 kilometers north of Winnipeg. HMost of
the students are of COree Indian ancestry and can be

rlassitied as either Status Indians or Metis.



Instruments

Mathematics achievement was operationally defined as a

srore on the Frontier School Division Mathematics Survey -

Lavel IV (Kozak, Petrencik, & Smith, 1785). Geometry

achievement was operationally defined as & score on the 10
geometry-related items on the above instrument. Attitude
towards mathematics was operationally defined as a score  on

the Estes Attitude Scales — Elementary Form (Estes, Estes,

Richards, % Rostitger, 1981). Lastly, academic self-concept

Was aperationally defined as a scare on two related
instruments -~ the school /facademic subscale of the
Coopersmith Self-Esteem Inventory (SEI) -~ School Form
(Coopersmith, 1281} and the Behavioral fcademic

Self-Estesm (BASE, Coopersmith % Bilberts, 1982). These
instruments are described below.

Erontier Schopl Division Mathematics Survey — Level

IV. Developed by the mathematics consultants of Frontier

School Division this instrument is one of a series of grade
level tests being used to measure proficiency in mathematics
skills and concepts of students in the division. The Level
IV survey i(see fppendix), consists of 103 multiple-choice,
computer—scorable items developed using the core pbjectives

of grade 4 mathematics as outlined in the Hanitoba K-6&

Mathematics Curriculum Guide (1978) . The HMathematics

fssessment Program (1981) tests developed by the Department

of Education for grades 3 and & were used as a model for the

format and content of the Frontier swveys. Ten of the



items on the Level IV survey are geometry guestions.

For the pratest {(Septembar, 1784), a condensed
fifty-seven item version of the survey was used. This
instrument has the same format and is based on the same core
ob jectives as the posttest instrument but there are less
items for any given objective on the pretest version.

F=teps Attitude Scales - Elemsntary Form. This

instrument consists  of three ild-statement Likert-type
scales, one to measwe the attitudes of slementary school
children toward each of three school subjects: mathematics,
reading, and science. The scales are intended for use with
children from the end of second grade through sixth grade.
No reading is required of children because the statements
are read to them by an administrator. Item content is sasily
understood by most  elementary students. Each scale may be
administered separately, or the entire battery may be given
at one sitting of about twenty minutes duration. For the
purpaoses of this study, only the Mathematics Attitude Scale
was used. Two sample statements from that scale are: It is
gasy to get tired of math." {(item #3) and "Math is
interesting.” (item #11)

The Estes Scales have been normed on 1 815 students.
Internal consistency reliabiality coefficients are .80 or
agreater. Evidence of criterion-related, construct, and
factorial wvalidity have been established (Estes, et al.;

17d1}.
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Coopnersmith Sslf—-Esteem Inventory (SET} - School

Form. This +form is designed for use with students aged

eight through fifteen and consists of Fifty-eight items:
fifty self-psteem items and eight items that constitute the
Lie Scale, which is a measure of a student’s defensiveness
or test wiseness. For e=ach statement, students are to
indicate whether the statement is “"like me" or "unlike me"
by checking the appropriate box. The statements may be read
aloud by the administrator if reading ability iz desmed to
he a problem.

The self-esteem items vield a total score and, if
desired, separate scores for four subscales: General Self
(74 items), Social Self/Feers (B items), Home/Farents (B
items), and School/Academic (8 items). The subscales allow
for variances in perceptions of self-esteem in different
areas of experience. For the purposes of this study the
School /8cademic  subscale was of primary interest. Two
sample statements from the School/fcademic subscale are: "I
often get discouraged at school.” {(item #Z3) and "I*m proud
of my schoolwork.® {(item #33).

"Since its development, the SEI has been administered
to tens of thousands of children and adults....All
sorciopeconomnic ranges and many ethnic and cultural groups are
represented. ... Well over 100 studies have been conducted"”
(Coopersmith, 1981, p.i2). Internal consistency reliability
rosfficients for grades 4 to 8 are .87 or better. Construct

concurrent, predictive, and factorial validity have been



pstablished (Coopersmith, 1781}).

a6 condensed version of the School Form called the
School Short Form was used for the pretest. This +orm
consists of the first 25 items on the School Form and does
not include the Lie Scale nor does it elicit subscale
srores. Total score correlation between the School Short
Form and the School Fora is 886 (N=1213 Coopersmith, 1947).

Bohavioral Academic Self-Esteem (BASE). Designed to

he used in conjunction with the Coopersmith Solf-Esteem

Inventory, BABE is an observational rating scale that
assists in the assessment of academic self-esteem of childen
from preschool through Grade 8. it can be completed by
anvone who has access to sustained direct observation of the
child. BASE consists of 16 items on a Likert scale and
assesses student behaviow on 5 factors: student initiative,
sopcial attention, success/failure, social attraction, and
self-confidence.

Estimates of internal consistency were based on
correlations of individual items with the total score. All
rorrelations were significant at the .001 level and ranged
from a low of .37 to o a high of .76 wWwith a mean =z
transformation of the correlation coefficients of .61. When
different teachers rated the same children, the interrater
reliability was estimated as moderately strong with a
rorrelation of .71 in a sample of 2146 students. With regards
top predictive validity, BASE ratings were found to be

moderately strong predictors of academic achisvement scoras
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for students from grades 2 to 4. For example, & correlation
coefficient of .44 was +found between BASE and grade 4
mathematics achiesvement as measured by the Comprehensive

Test o0f Basic Skills. Construct wvalidity has also been

pstablished (Coppersmith & Gilberts, 178&).

Desian

£ gquasi—-esxperimental non—equivalent control group
design with intact classes was used. Using the format
developed by Campbell & Stanley (rited in Gay. 17981}, the

design can be depicted as follows:

g X1 0
0 X2 O
Where: O = tests, pretests or posttests
¥i = instruction and practice in Logo
2 = use of computer for computer assisted

instruction (CALD

Az the diagram indicates, both groups were pretested on
the dependent variables after which the treatment conditions
were set up with the experimental group using the computer
for learning about and doing Logo and the control group
using the computer with various CAL programs. The control
group was given egual access to a computer to control for
the possibility that access to a computer rather than
experisnce with Logo could cause the hypothesized changes in
the dependent wvariables. Hfter the treatment period

{(Oet. /84 to &prilAE3)Y, bDoth groups were posttested on  the



dependent variables.

Proceduwrs

Details regarding the proceduwre  are given below under
the headings: time/task line, selection of subjects, teacher
training, computer hardwara, support materials, treatment of
subjects, and data collection.

Time/Task Line. The following time/task line

outlines specific steps taken dwring the study:

May/June, 1784 Select subjects
Select test instruments
Contact school personnel

fugust, 1784 Begin training Logo teacher (1 day)
Goquire computer hardware and support
materials

September, 1984 Pretest subjects
Set up computer hardware in classrooms
Assist Logo and CAI teachers in getting
started with treatment

Jrtober, 1584 Vigit with Logo group to monitor
pEr o ess
Continue training Logo teacher

Movember, 1984 Visit with CAI group to monitor
prOogress
Provide assistance to CAI teacher
January, 1583 Vigit with Logo group to monitor
progress
Continue training Logo teacher
april, 19835 Vieit with Logo group to monitor
prOgress
Continue training Logo teacher

May, 1985 Posttest subiscts

June, 1985 finalyze data and write report

{0



Selection of subiects, The school £ o the

experimental group was chosen because of its proximity to
Winnipeg, making it the most eﬁanmmical and convenient
iocation for the author to make regular visits to monitor
progress and provide assistance to the teacher. The other
major factor influencing the choice of the school was the
willingness of the grade 4 teacher to take part in the
study.

Thae control group was chosen because of its similarity
to the experimental group in mathematics achisvement as
measured by the grade 3 Frovincial Mathematics fHssessment
Program test administered in May of 1984 about four months
prior to the commencement of this study. The willingness of
the teacher to take part in the study and the fact that the

class size was similar to the experimental group also

Hi

influsnced the selesction.

Teacher training. Training of the Logo teacher was to

have taken place during a one-week Logo course being offered
by the Faculty of Education, University of Manitoba in the
summer  of 1984, However, this cowse was cancelled due to
lack of snrollment, making it necessary for the author to
provide the teacher training. &n initial one—day btraining
session was conducted in Gugust of 1984 and consisted of the
fpllowing components: orientation to the philosophy of Logos
hands—on experisnce with Logo to provide familiarity with
the language: overview of Logo support materials and

suggestions regarding their use; and discussion regarding
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implementing Logo in  the <lassroom. Follow—up training
sessions dealing with further aspects of the Logo language
and instructional ideas were conducted on-site during the 4
vigits to the school {September, October, January, April).
The author also worked directly with the children during
thoss vizsits in order to demonstrate useful teaching
techni gues.

Training of the CAI teacher was conducted in September,
1984 and consisted of the folleowing componentsi  hands-—on
experience with the computer programss discussion about how
the programs could be used: and specific suggestions
regarding the logistics of implementing a CAI programme in
the classroom. Further discussions were held during the
November wvisit.

it i= obvious from the above description that the Logo
teacher received considerably more training than  the CAl
taaﬁher. This was necessary and uwnavoidable given the
relative difficulty of implementing Logo in the classroom as
opposed to implementing CAI. At the comnpletion of the
study, both teachers were asked the guestion: “"Do yvou feel
you were adeguately prepared to use a computer with yowr
students?" The Logo teacher’s response wWas "Mol...a Z—day
workshop for beginners in the summer would have besn ideal.”
in contrast, the CAI teacher’s response was: "1 fesl 1 was
adegquately prepared to use a computer with my students.”
Thus, although the CAI teacher received less training, he

felt more adeguately prepared to use the computer than the



Logo teacher.

Every effort was made to ensure that students in the
Cal class were given approximately equal hands—on time with
the computer as students in the Logo group. Both teachers
wore asked to schedule esach student for & minimum of
one-halfd how per week and to attempt to give all students
roughly sgual access to the compuier.

Computer hardware. The Logo group used a Franklin Ace

1000, an Apple—-compatible computer with a composite color
monitor and a disk drive. The color capabilities of Logo
were rarely used during the study. In the late stages of
the study (April), an Epson MX-BO FT dot matrix printer was
added to the system and used to print some of the students”
procedures and pictures.

The CAI group usad an Apple 11 Flus camputer with a
green monochrome screen monitor and a disk drive.

Fowr both groups, the computer equipment was set up in
the classroom where it remained for the duration of the
study.

Support  materials. The Logo group used MGILT. Logo

for the Apple 11 (Krell Software Dorporation, 1981). Among
the printed materials used by the teacher as an aid to

planning Logo lessons and activities, were: Logo in the

Classrogm (Torgerson, 1984)3 Apple Logo  for Teachers

{Babbie, 19843 The Turtle’s Sourcehnok {(Bearden, Martin,

% Muller, 1983):; and Learning With Logo {(Watt, 19835 .

The CAI group used the following programss fHilien

+
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addition, Alligator Mix, Demolition Division, Dragon Mix,
Meteor Multiplication, and Minus Mission {Developmental
Learning Materials, 1984): Elementary Volumes 1 to 4, 8, %,
17 and Mathematics Volume 1 and 3 (Minnescta Educational
Computing Consortium}i and Apple Dissemination Disks #1 to
#8, #44, #45 (Softswap Microcomputer Centerl.

Treatment of subjects. Both classes received a

regular grade 4 mathematics program based on  the same

textual =series, Btarting Foints in Mathematics by Ginn and

Company (1982). In addition to that core program, the Logo
group received a half-hour class lesson in Logo about twice
a month and an opportunity to do Logo at the computer +or
about one half hour each week. The CAI students also
averaged about one hald hour per week working at the
computer. Both CAI and Logo students generally worked at
the computer in pairs.

Both teachers reported that the amount of computer time
varied from week to week and from student to student for
various reasons. Such factors as special school  events,
tearher o student absenteeism, individual differences, and
scheduling logistics mitigated against maintaining a high
degres of consistency.

Data collection. 6s indicated in the time/task line,

all subjects wers pretested in September of 1984. The

Frontier School Division HMathematics Survey (57-item
varsiond, Estes Attituds Seales, and Coopersmith
Seli-Egsteen  Inventories - School Short Form wer e

44



administered by the author. The Behavioral fAcademic

Self-Estesm instrument was completed by the respective
classroom teachsrs because of their familiarity with the
studsenits.

Posttesting was conducted in May with the Estes

Sttitude Scaless, and Coopsrsmith Self-Esteem Inventories —

School Form being administered by the author. The Frontier

Srhool Division Mathematics Survey (103~item version) and

Behavioral fcademic Self-Esteem were administersed by the

respective classroom teachers.

G5 indicated in the Frocedures section, the CAI group
was chosen based on its “"eguivalence” to the experimental
group in mathematics achievement as measuwred by the grade 3
Frovincial HMathematics Assessment Program test which was
administered to both groups in May of 1984. & Two—
independent sample t-test performed on the test data
confirmed that there was nn statistically significant
difference in mathematical achievemsnt between the Logo and
CAI groups {(E=1.346, df=43, pr.035).

By September 1984, the makeup of the CAI group had
changed considerably. Five students were transferred to
another grade 4 class in the school and seven students were
transfterred in  from another class. During this time, the
makeup of the Logo group had not changed. Because of the

unforeseen changes in  the CAI group, the "squivalence” ot



the two groups on  the mathematics achievement variable
hecame suspect. This was confirmed by an  analysis of the
pretest data. & two—-independent sample t-test revealed that
the groups were significantly different on the mathematics

achisvement pretest, Frontier School Division Mathematics

Survey (t=5.79, df=45, p<.03). in addition, the two groups
differed significantly (t=24.04, df=46&, p<.01) on one ot the

pretest measures of self-esteem, namely Behaviogral Academic

Self-Esteem. However, there were no significant ditferences

between the groups on the HMathematics Attitude Subscale of

the Estes 6ttitude Scales (t=3.24, df=46, p>.03) or on the

School Short Farm af the Coppersmith Self-Esteem

Inventories (t£=0.33%, df=45, pr.03}.

fSiccording to Cook &  Campbell (197%9), when significant
differences betwson the experimental and control groups
occur  on pretest measures, a simple analysis of variance
(AMOVAY on the posttest data is inappropriate and
alternative methods must be considered. Three possible
methods of analysis are: analysis of covariance {ANCOVA),
post—hoc  blocking, and analysis of variance with gain
scores. EBach method is briefly described below.

Snalvsis of Covariasnce. The ANCOVA with a single

rovariate extends the elementary ANOVA by including the
pretest measure as  a term in  the linear model. Using tha
pretest {(covariate) in this way provides an adjustment for
initial differences between the groups. The adjusitment

usually alters the expected value of the treatment-effect
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pstimate as compared to the ANOVA. in essence, the ANIOVA
uses the pretest scores to predict the posttest scores. The
sstimate of the treatment effect is the difference between
the predicted posttest scores of individuals in the two
groups who have been “matched” on pretest scores. &
statistically significant difference suggests that one group
would have significantly outperformed the other on the
posttest if the groups had started with the same pretest
BUOFESa.

The @main reason for  using the GNMCOVA rather than the
ANOVA is to remove bias due ﬁu selection differences.
However, the sffectiveness of this technigue to provide an
unbiased sstimate of the treatment effect is limited by
various factors. For sxample, "random measuwrement error in
the pretest...can bhias the estimate of the regression slope
and thus bias the estimate of the treatment effect” (Look %
Campbell, 1978, p.140). Also, according to Keppel {1973},
sepvariance reguires a number of specialized statistical
assumptions, the most stringent of which is the assumption
of homogensous within-group regression” (p.314).

Prst-hor Blocking., This technigue involves arranging

subijects in blocks on the basis of pretest performance after
the groups have been Fformed. Thus, individuals in  the
experimental and control groups are  separately ranked and
pnlaced into groups that have similar pretest scores. For
example, a "high® ability block and a "low” ablility block

could be formed. I+ there were two treatment levels this
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wenld resclt in a "Treatment X Block” design with fowr
rells. In this case, the blocking technigue would transform
a single—factor experiment into a two-factor design, Ffactor
& being the treatment and factor B being the ability levels.
hecause the subjects are assigned to a block based on  their
actual pretest score rather than randomly, the resultant
blocks usually have unegqual numbers of subjects, resulting
in a nonorthogonal factorial design.

Conk & Camphell (1979 point out that there are
advantages to using the block design over using the ANCOVA
in that, "... blocking does not require the researcher ta
specify the general shape of the regression of postitest on
pretest scores, since...the block and interaction effects
can adapt to any shape"{(p.178).

fin the other hand, a disadvantage of blocking versus
gther methods of analysis is that assigning subjects to
blocks may result in omitting some individuals +from the
analysis because their pretest scores do not reasonably fit
into any of the blocks. This would result in a different
sstimate of the treatment effect than if all subjescts were
included in the analvsis.

Gain Score finalysis. An analysis of variance using
gain scores examines the change in performance from the
pretest  to the posttest. The model tor the analysis is
identical to the slementary ANOVA except that the gain score
{posttest minus pretest) is the dependent variable rather

than just the posttest alone. An important criterion to
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minimize bias is that the pretest and posttest he
operationally identical. Even if this criterion is met,
Cooak % Campbell {1978} advise caution in using gain score
analysis citing threats to validity such as:
t"eoisction-maturation interactions, instrumentation (floor

and ceiling effects), and problems of regression” (p.184).

fifter considering the alternatives in light of the
pretest data analysis and Cook & Campbell’s sugqoestions, the
following decisions were made regarding analysis of the
posttest data:d

1} HMathematics attitudes and academic self-concept
{Coopersmith): Because there was no signiticant difference
in the pretest results, a single factor {Treatment) analysis
of variance would be performed on the posttest data.

2y Mathematics achievement and geometry achievement:
Because ithers Was & significant ditference in the
mathematics pretest scores, the posttest scores would be
analysed by two Treatment X Block Factorial ANOVA using the
mathematics pretest scores as the blocking variable.

3%} Acadeamic self-concept (BASEY: Two methods of
analysis were considered for these data. Firstly, becsuse
there was a significant difference in the pretest scores, a
Treatment ¥ Block ANOVA could be performed on the posittest
data. However, a closer sxamination of the pretest scores
revealed that in order to form two honogeneous blocks, eight

scovres from the Logo group would have to be deleted.
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Further, these scores represented the lowest sight scores in
this group. As a way of retaining all the data, gain scors
analysis was considered as  an alternative method. However,
necausse the use of this method is questionable dus to
various threats to validity it was felt that exclusive use
of gain score analysis would not be justifiable. Therefore,
it wmas decided to use both analyses (blocking and gain
score! on the BASE posttest data.

Finally, it was decided to avoid the use of ANCOVA  to
analvse any of the posttest data because of the various

statistical restrictions inherent in that mode] .

Summary of Chapter 111

This chapter provided detailed information regarding
how the study was conducted, organized under the headingsi

subjects, instruments, design, procedure, and data analysis.
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CHAPTER IV

RESULTS

The purpose of this investigation was o determine what
sffsct instruction and practice in Logo would have on grade
4 students® mathematics achievement, geometry arhievement,
attitude towards mathematics, and academic self-concept. fs
gutlined in the data analysis section of Chapter III, the
choice of analvsis of the posttest data was based on the
nature of the pretest data. Excluding the tests of the
blocking variables, these analyses resulted in nine tests of
significance. To control the experimentwise probability of
a Type I error at .18, each Df_these nine statistical tests
was svaluated at a .02 level of significance.

The statistical analyses were done on  the mainframe
computer at the University of Manitoba using the Statistical
fnalysis System {(SA5) program by S5A5 Institute Inc. For all
fartorial analyses, F tests were based on partial sums of
squares resulting from the foliowing order of factors:

Block, Treatment, Treatment X Block (see SAS User®s GOuide:

Statistics, pp. 165-166).

Results Relevant to Research Hypothesis 1

Research Hyvpothesis i- Students who recelve

instruction and practice in Logo will demonstrate improved

achievensnt in mathematics compared to students who use the



computer for CAIL.

This hypothesis was tested using a two—factor
(Treatment X Block) ANOVA. The results of this analysis are
presented in Table 1. Means, standard deviations, and cell
sires associated with the four treatment-block combinations
are given in Table 2. fAs seen from Table 1, there was no
significant difference between the Logo and CAI groups on
mean  posttest mathematics achievement nor was there a
significant Treatment by Block interaction. Thus, the data

did not support the research hypothesis.

Eesults Relevant to Research Hypothesis 2

Research Hvpothesis Za Students who recelve

instruction and practice in Logo will demonstrate improved
arhievement in geometry compared to students who use the
camputer for CAI.

This hypothesis was also tested using a Treatment X
Block ONOVA. Thes results of this analysis are presented in
Table 3. Heans, standard deviations, and cell sizes
associated with the fow treatment-block combinations are
given in Table 4. As seen from Table I, there was a
significant difference betwesen the Logo and CAI groups on
mean posttest geometry achievement, thus supporting the
research hypothesis. Further, as evidenced by the
nonsignificant Treatment by Block interaction, the result
applied to both high and low ability groupings.

&n seen from Table 4, the overall mean of the Logo

L
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Tahle 1

Mathematics Achievement — Treatment ¥ Block Factorial
Analvsis

SOURCE o ——SS nF M&8 F valuE PR>F
;rea;ment ) EE0.07 1 250.07 2.71 0.1&5;
Block 48565.43 i 4865. 43 52.79 0.0001
Treatment ¥ Block 346.24 i 3624 .39 0.5342
Error 3686.82 43 F2.17

Note. Subjects were assigned to blocks bassd on their
score  on the mathematics pretest. The low block included
subjects with pretest scores between 9 and 30. The high
block included subjects with pretest scores between 31 and
.

Table 2

Mathematics Achievement-Means and Standard Deviations{5.D}

T R E A T M E N T

LOG0 Cal
E i Fean 35.25 F2.13
i H.Da i0.83 H.97
1 ] & i64 8
jj R — —
H Mean 59.43 52. 46
e I 5. 0. .02 10,17
G i 7 i3
K H
Overall HMean 42. 61 44,71
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Tables 3

Geomstry Achisvement — Treatment X Block Factorial

Analysis

SOURCE 85 bF M5 F VaLUE PR>F
;reatment {4291.32 1 43291 .32 o 14.85 0. 0004
Block Z448.99 1 3448. 99 11.94 0. 0013
Treatment ¥ Block 594.18 1 a5%4. 18 2.06 . 1593
Error 11555.84 40 288.90

Note. Subjects were assigned to blocks based on their
score ot the mathematics pretest. The low block included
subjects with prstest scores petwesn O and 30. The high
block included subjects with pretest scores between 31 and
Gl

Table 4
Geometryv Achievement — Means and Standard Deviations (5.D)
T R E & T M E N T
LOE0 CAl
B L Mean A, L5 27 o 3
0 S5.0. 16.52 15.81
L i i ia g
U e s b
H Mean &7 .14 8. 44
o I .. 21.38 15.73
&= i 7 i3
4 H
Overall Mean 48.70 4.2
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group was approximately 14 points higher than that of the
Cal group on geometry achievement. In the high ability
grouping, this mean difference was approximately 28 points,
while in the low ability grouping it was approximately 13

points.

Results Relesvant to Hypothesis 3

Research Hypothesis 3. Students who receive instruction

and practice in Logo will demonstrate a more positive
attitude towards mathematics comparsed to students who use
the computer for CAL.

This hypothesis was tested using an ANOVA. The results
of the analysis are presented in Table 3. Means and
standard deviations are given in Table 6. As seen from
Table S, there was no significant difference between the
Lago and CAI groups on mean posttest mathematics attitudes.

Thus, the data did not support the research hypothesis.

Besults Relevant to Besearch Hyvpothesis 4

Research Hypothesis 4. Students who recelive

instruction and practice in Logo will demonstrate a higher
level of scademic self-concept compared to students who use
the computsr for CAlL.

Two instruments were used to measwe academic

self-concept — the Cooperswith Self-Esteam Inventories

(SE1} and the Behavioral fcademic Self-Esteem(BASED.

A aNOVA was done on the posttest data of the



Tahle S

Mathematics Attitudes — Analysis of Variance

SOURCE 55 DF MS F VAl uE FR>F
Treatment 22.01 1 22.01 1.08 0. 3043
Error 8%2&. 10 4.4 20.37

Tahle &

Mathematics Attitudes-Means and Standard Deviations (5.D.)

Logo CAT
Mean 16.96 15.57
5. 0. 4. 50 4.52
M 25 21



GET instrument. The results of the analysis are presented
in Tahle 7. Means and standard deviations are given in
Table 8. fs seen 4rom Table 7, there was no significant
difference betwssn the Logo and CAI groups on @san posttest
academic self-concept. Thus, the data did not support the
research hypothesis.

The BASE data were tested using a Treatment ¥ Block
SMOVA. The results of the analysis are presented in Table 9.
Means, standard deviations, and cell sizes associated with
the fouwr treatment—block combinations are given in Table 1G.
fs seen in Table ¢, there was no signicant difference
hétween the Logo and CAI groups on @ean postiest academic
self-concept nor was there a significant Treatment by Block
interaction. Thus, the data did not support the research
hypothesis.

fn analvsis of variance on gain sSCcores wWas also used to
tmet the BASE data. FPretest scores were subtracted +rom
posttest scores to arrive at a gain score for each subject
and an GNOVA was conducted on those gain scores. Results of
the analysis are presented in Table 11. Means and standard
deviations are given in Table 12. f#s seen in Table i1,
there was a significant difference betwsen the Logo and CAI
groups on meEan  gain in academic self-concept. &s shown in
Table 12, the mean gain of the Logo group was approdKimately
% points higher than the mean gain of the CAI group on  the

BaEE instrument.
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Table 7

Seadenic Self-Concept (Coopsrsmithi

- fnalvsis of Variance

SOURCE 85 DF M5 F ValLUE PH>F
Treatment Z&HTF. 04 1 26904 G. 47 G. 4977
Ereor 22E96.86 39 574.28

Table 8

Academic Self-Concept {(Coopersmith)

~ Means and Standasrd

Deviations {(85.0.1}

Logo

Mean Sh. 7B
H.D. 2293

i 2.
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Table %

Gcademic Self-Concept (BASE) — Treatment X Block Factorial

Analysis

;QUHEE o BS~ ) DF M5 F valLuE PRF
;reatment ) i;uﬁz 1 13.32 .95 0. 44648
Block F65.11 i 365.11 i4.98 0. 0005
Treatment ¥ Block B&6.40 i 84.40 3.54 0, 681
Ervror 833.24 =5 24,38

pNote. Subjects were assigned to blocks based on their
score on the BASE pretest. The low block included subjects
with pretest scores between 40 and 55. The high block
included subjescts with pretest scores between 36 and 80.
Eight students in the Logo group scored below 40 in the
pretest and their data were not used in the analysis.

Table 10

Academic Self-Concept (BASE) — Means and Standard

Deviations (5.D.1}

T R E A T ¥ E M T

Logo £al
2] i Mean 50G.17 54, 80
i S.D. &H. 67 & B0
L 5] N 12 =5
u ot s et o s B e s b — Ui
H Msan &, 335 58. 31
o I S.Da Z.01 2. Fh
G i & 1&
b H
Overall Mean 53.56 57 . 48



Table 11

Goademic Self-Concent (BASE) ~ fnalvsis of Variance of Gain
Scores

SOURCE 855 o M5 F Valiik FR>F
Treatment 104,48 i 104,68 S.84 G. 0198
Evrror 807. 28 45 17.94

Table 12

fdcademic Self-Concept (BA&SE) — Gain Score Means and

Standard Deviations (5.D.)

Logo Cal
Mean Z. 1% .19
5.0. - 71 « 05
) 26 21



The results of the gain score analysis provide only
indirect support for Hypothesis 4. The analysis indicates a
greater gain in academic self-concept whereas the hypothesis
predicts a higher level of academic self-concept as a result
of using Logo. However, use of the gain score analysis
allowed for the inclusion of all the BASE data and indicates
that the Logo group made significant gains in academic

galf-concent compared to the CAI group.

Summary of Chapter IV

This chaplter presented an analysis of the data for each
of the research  hypotheses. The statistical analyses
conducted did ot support hypotheses 1 {mathematics
achievementy and 3 (mathematics attitude), but did support
hypothesis 2 (geometry achievementl). Two of the analyses
for hypothesis 4 {(academic self-concept) did not support the
hypothesis while a third analysis using gain scores provided

indirect support for this hypothesis.

&1



CHAFTER V

CONCLUSIONS ANMD RECOMMENDAT IONS

fiverview of the Study

The abjective of this study was to determing whether
instruction and practice in Logo, a computer language for
children, wid o positively atfect achievement in
mathematics, achisveament in geometry, attitudes towards
mathematics, o academic self-concept of native students. A
review of the literature indicated that the Logo language
could be used to establish a learning environment in which
children’s understanding and enjoyment of mathematics would
biz grnhanced. The literatwe also provided tentative
evidence that, particularly with low achievers, a successful
learning esxperience with Logo would contribute to the
development of a more positive academic self-concept.
Furthermors, for various reasons, native students have had a
history of poor performance  in school mathematics. Because
of  the compatibility of Logo with the predominantly visual
learning style of native students it was felt that Logo
could be a valuable teaching/learning aid in the mathematics
education of these students.

The study involved two intact classes of grade four
native students (N=47) from two communities in northern
Manitoba. The groups were pretested on the dependent

variahles in September of 1984 after which a i crocomputer

I
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system was set up in each classroom. From Gotober 1984 to
May 1985 one group received wsekly instruction and practice
in Logo while the other group used their computer with CAI
programs. Students from both groups generally worked at the
computer in pairs and averaged about a half-hour pesr week of
“hands—on® time. Exclusive of the treatments, each group
recoived the same basic mathematics program, that is,

Starting Points in Mathematics 4 (Ginn & Co., 1982). All

subjects werse posttested in May, 1785.

Discuszsion of the Findings

The following is a summary of the +indings and
conclusions related to sach of the research hypotheses.

Ressarch Hypothesis 1. Students who receive

instruction and practice in Logo will demonstrate improved
achievement in mathematics compared to students who use the
computer for CAl.

The data did not support this research hypothesis in
that there was no significant difference between the Logo
and CAI groups on  mean posttest mathematics achievement.
Fossible explanations for this result might be:

1} Logo is not an effective means of improving
mathematical achisvemsnt.

7} The magnitude of the treatment, i.e. a half$ how per
weelk for eight months was insufficient to have any

measweable effect.

3 The instrumsnt used to measur e mathematics

5
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acrhievement was not sensitive to some of the mathematical
skills which might have beesn developed by learning
Logo. . ..2.g. estimation, problem S0lVings .-«

4y [Cal programs are just as effective as Logo in
improving mathematics achievement.

Research Hypothesis Lu Studesnts who receive

instruction and practice in Logo will demonstrate improved
arhievement in geometry compared to students who use the
computer for CAL.

The data supported this research hypothesis. There was
a significant difference (p<.Cl1} between the Logo and CAI
groups on mean  posttest geometry achievement. Fossible
sxplanations fer this result might be:

1} Logo is effective in increasing the uvnderstanding of
geometric concepts. Because Logo involves working with
distances, angles, and geometric shapes, it follows that it
should improve achievement in geometry by giving children =a

visual and interactive sxperience with that subject.

bsd

¥ The teacher of the Logo group might have besen aore
effective in teaching geometry than the CAI teacher.

-
*

Research Hyvpothesis Ha Students who recelive

instruction and practice in Logo will demonstrate a more
positive attitude towards mathematics compared to students
who use the computer for CAL.

The data did not support this research hypothesis in
that there was no significant difference between the Logo

and CAl groups on  mean posttest wmathematics attitudes.
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Possible sxplanations for this finding might be:

iy Logo is not effective in altering students® attitude
towards mathematics.

=y Students did not make a connection betwesen Logo and
mathematics. That is, Logo and school mathematics were seen
as mutually sxclusive entities and the attitude instrument
simply measured their feeling towards school mathematics.

3} The sxposure to Logo may not have been of sufficient
magnitude to have a measurable effect on attitude. An
attitude, once developed, is not easily changed and the
students had already had four years of school mathematics in
which to develop and entrench their attitude.

4) The students”® attitude towards mathematics was not
unduly negative at the outset of the study and was therefore
not  sasy  to influence in a positive direction. The

normative information provided in the Estes Attitude Scales

Manual indicates that the pretest mean of the Logo group

trancslates into a T-score of 42 and the pretest mean of the
Cal group translates into a T-score of 44. The manual
states that, "raw scores that convert into T-scores ranging
between 40 and &0 represent fairly typical attitudes toward
basic school subjects® {p173}. Thus, the mathematics
attitudes of both groups were in the lower part of the
normal range at the time of the prstest.

Raasarch Hypothesis 4. Students who receive

instruction and practice in Logo will demonstrate a hi gher

level of academic self-concept compared to students who use



the computer for LA

The data did not directly support this research
hypothesis in  that there was no significant difference
between the Logo and CAI groups on  mean posttest acardemic
self-concept as measuwred by either of the saelf-concept
instruments. FPossible explanations for this finding might
bl

1} Logo is not an effective means of influencing
academic self-concept.

2) The exposure to Logo may not have been of sufficient
magnitude to have a measurable eaffect ort academic
zmel f-concept. iz in  the case of attitudes, academic
sl f-concept develops over a number of years and is not
sasily or guickly influenced.

3) The students® academic self-concept was not  unduly
1owm at the outset of the study and was therefore not easy to
influence in a positive direction. The normative data
provided in the two administrative manuals (see BEI

Manual, p.l17 and BASE Manual, p.IX-1) indicates that the

mean pretest academic self-concept of both groups fell
within the normal range.
£ gain score analysis on the data from the Behavioral

Srademic  Self-Esteem instrument gdid provide indirect

support  for this research hypothesis. That is, there was a
significant difference {(p<.024) in the improvement in
arademic self-concept from pretest to posttest in the Logo

group compared to the CAI group. This result must  be
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interpreted cautiously however, since the rating of the
students was done by the respective classroom teachers and
depended on a subjective interpretation of the rating
guidelines provided. It is highly probable that the
teachers diftered in their interpretation of the guidelines.
It is also possible that each teacher’s interpretation of
the guidelines changed From pretest tor posttest. At best,
the result of this analysis could be considered promising

but tentative.

Conclusions

Bubject to the limitations stated, this study
indirates that ogeometry achievement can be positively
influenced by instruction and practice in Logo. This is an
important finding in  that geoeetry in the slementary
mathematics program tends to receive little attention as
compared to arithmetic. Thus, Logo could be a wvaluable
teaching aid which would enable teachers to  improve this
part of the mathematics program.

The study failed to establish that working with Logo
oan positively influsnce mathematics achievement,
mathematics attitudes, and academic self-concept. GSome
possible reasons for this failure were specul ated.

Gome tentative conclusions can be drawn from the
findings of this study:

1) The positive result in geometry achievemant supports

the visual learning argument, underscoring the importance of

&7



identifving appropriate learning modes and developing
instructional strategies which take advantage of the
learners” pradominant learning styvle.

2y  The absence of significant results in mathematics
achievemsnt, mathematics attitudes, and academic
se@l f-concept emphasises the need for caution in making
ambitious claims for Logo.

3} Despite the fact that, with the exception of
geometry achievement, the findings of this study were
inconclusive, the literature still suggests possible links
betwesn Logo  and mathematics achievement, mathematics
attitudes, and academic self-concept. Further research is

needed to establish whether those links are imagined or

real.

Frogrammatic Recommendations

Based on the findings of this study, the following
recommendations are made;

1} The use of Logo to aid in the teaching D% elementfry
schonl geometry should be encouraged.

?} Logo learning activities should be developed which
relate directiy to  the elementary mathematics curriculum,
particularly the geometry units at the various grade levels.

3y The elemsntary mathematics curriculum should be
sxamined and possibly modified in light of Lagu’s potential
to  increasse mathematical understanding in certain areas.

For example, using Logo, it may be fesasible to introduce
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certain geometric concepts at  an earlisr age than was
previously possible.

4} Teachers should be provided with hardware support,
software support and professional development suppori so
that thev can effectively exploit Logo®s potential in  the
classroom. Professional development is particularly crucial
and should include such components as:  orientation to  the
philosophy of Logo, familiarity with the Logo language, and
practical idsas +for implementing Logo in the classroom.

5}  Consideration should be given to increasing the
incidence of the visual pressntation of mathematical

concepts, particularly with native students.

Fessarch Recommendstions

This study raised a number of guestions which merit
closgr investigation. I+ is recommended that studies be
undertaken in which?

1) the same dependent variables are examinegd, but a
larger sample and, if possible, a randomized design are
used.

7y a longer time period of two or three years duwration
is used.

=y & more intensive Logo experience is provided. For
example, three or {four computers could be set up in a
1l assroom andlstudents could be given the opportunity to do

Logo sach day for several weeks or months.

4y various grade levels are included to determins

&9



whether and in what way Logo’s effectiveness differs at
different grade levels.

=3 the effects of Logo instruction on native students
is compared to the esffects of Logo on non—native students.

&) the effects of implementing Logo on  classroom
dynamics are examined. Such variables as teacher planning
time, lesson delivery, timetabling, student interaction,
distraction level, amount of time devoted to core curricula,
time on task, etc. could be compared prior to and after Logo
is implementad.

73 the relative merits and drawbacks of teaching Logo
using different degrees of structure are examined. For
exampls, one group could be subjected to a structured
approach as advocated by Howe {19803, another group to a
"pguasi-Fiagetian® approach {Leron, 198%), and a third group
to a Piagetian approach {(Fapert, 1980}).

8) half the class uses the computer for Logo while the
ather half uses it for CAI. Except for the treatment, other
snviFonmental factors would be identical +for both groups,
that is, teacher, classroom, school, academic program, etc.

?) bLogo activities, designed to reinforce specific
learning ochijectives from the elementary geonetry curriculum,
are used.

The above recommended studies could be undertaken

individually or in various combinations.

FO
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(1)

(2)

(3)

(4)

(5)

FRONTIER SCHOGCL DIVISION

1985 MATHEMATICS' SURVEY

LEVEL 1V
\».
’ Part A

‘Count FORWARD by S5's...... , 17, p ' PRSI
(p) 18, 19, 20, ..... (DY 27, 37, 47, .
(BY 22, 27, 32, ..... (Ey 25, 35, 45, .
(C)y 20, 23, 26, .....

Count BACKWARD hy 6's ..... . 39, ‘ ‘ . -
(ap)y 45, 51, 57, ..... (D) 33, 26, 20, .
(B) 34, 29, 24, ..... (EY 33, 27, 21, .

(c) 33, 27, 20, .....

(A) the 8
(B) the 4
(C) the 9

Which numeral

(A) 4061
(B) 46 100
(C) 40 061

-

Which multiplying table has the answers.., 48, 56, 64,..

times'! table (D) the 6 times'
times' table (E) the 7 times®
times' table

shows "four thousand sixty-ore" ?

(D) 461
(E) 4 000 61

Which numeral shows "nine AND three tenths" ?

e
I

(A)Y 9 300
(B) 0.93
(C) 9.003

(D) 9.3
(E) 9.03
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(6) wWhich whole numeral is shown by ......

(&) 26
(B) 206 _,
(cy 62 j
(D) 260 i
(E) 620

FOR THE NEXT THREE QUESTIONS
FIND THE NEXT CORRECT NUMERAL IN EACH

(7) 4, 8, 12, 16, .. ..... (a) 20
(B) 24
(C) 28
(D) 32
(E) 36

(8) 9, 12, 15, 18, .. .e... (A) 20
(B 21
(Cy 22
(D) 23
(E) 24

(9) 1, 4, 16, 64,  ....... . (a) 128
(B) 200
{C) 225
(D) 256
(E) 321

(10) The sum of 4 6 4 8

+ 2370 is .....
(A) 7028 (D) 6018

(B) 7018 (E) 7928

(C) 7928

79




(11)

(12)

(13)

(14)

(15)

The sum of

(a)
(B)
(C)

The

(A)
(B)
(C)

6572
6563
6574

sum of

78
88
87

W N
> OO
N o

25 + 26

The difference for

(A)
(B)
(C)

138
43
54

The difference for

(a)
(B)
(c)

$2104
$3104
$3950

The difference for

(a)
(B)
(C)

3544
3554
4554

[e ol WV o]

(D)
(E)

= Ve
~

|

(D)
(E)

$3 0

NN

(D)
(E)

7426 - 3872

(D)
(E)

80

252 637
178

4456
11 298



(17)

(18)

(19)

(20)

The product of

(a) 36
(B) 32
(C) 68

The product of

(p) 4080
(B) 480
(C) 921

The product of

(a) $78.14
(B) $72.14
(C) $67.04

The product of

(A) $226.10
(B) $227.10
(C) $236.10
(D) $326.10
(E) $226.01

The quotient of

(a) 6
(B) 6
(C) 5

remainder

J
o

X 2 is .....
(D) 66
(E) 178
8 1
X is
(D) 4050
(E) 4070
$9 .
is
(D) §$72.08
(E) $78.08
$6.46 x 35 i8S eeeee
7)) iS wevew
(D) 7
2 (E) 7 remainder

81



(21)

(22)

(23)

(24)

(25)

(26)

The quotient of 3 )23 is ..

(a)y 7 (D)
(BY 7 remainder 1 (E)
(C} 7 remainder 2

The quotient of $894 divided by

(A) S$115.66 (D)
(B) S149 (E)
(C) $148

6 x ? = 54

(a) 10 (D)
(B) 9 (E)
(C) 8

12 + 18 = 18 + ?

(pA) 18 = (D)
(B) 16 (E)
(C) 0

86 + 71 = 150 + ?

(pA) 71 (D)
(B) 86 (E)
(E) 1

3 kittens are in one basket.
2 kittens are in another.

To tfind how many kittens in all,
we need to .....

(a) add 3+ 2. (D)
(B) subtract 3 - 2. (E)
(C) multiply 3 x 2.

82

remainder

6 is .....

$137.75
$129.50

AN~

14
12

add

2




(27)

(28)

(29)

(30)

143 flowers
256 flowers are on another.

To find how many flowers

altogether, we need to .....
(aA) add 256 + 143.
(B) subtract 256 - 143,
(C) multiply 256 x 143.

18 books are on one shelf.
24 books are on another.

To find how many books

altogether, we need to .....
(a) add 18 + 24.,
(B) subtract 24 - 18,
(C) subtract 18 - 24.
There are 12 puppies.

5 puppies walk away.

To find how many are left,
we need to

(n) add , ‘12 + 5.
.(B) subtract 12 - 5,
(C) multiply 12 x 5.

Ellen planted 6
tomato plants.
There are 4
each row.

rows of

plants in

To find how many plants

in all, we need to ......
(A) add 6 + 4.
(B) subtract 6 - 4.
(C) multiply 6 x 4.

83

are on one shelf.

2l YRR
s ‘

3&;
¥
£¢

L
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(D) multiply 143 x 256
(E) divide 256 by 143
(D) multiply 18 x 24.
(E) divide 24 by 18.

(D)
(E)

multiply S5 x 12.
divide 12 by 5.

(D)
(E)

multiply 4
divide 6




(31)

(32)

(33)

(34)

There are 3 trucks.
Each truck has 8

To find how many wheels
there are altogether, :
we need to .....

(A) add 8 + 3.
(B) subtract 8 - 3.
(C) subtract 3 - 8.

Jo buys 3 note books.
Each book costs $2.35.

To find. the cost of all

the books, we need to .....
(A) add 3 + $2.35
(B) subtract 3 - $2.35
(C) subtract $2.35 - 3

Which fraction shows
how much is DARK ?

(a) 3 (D) 1
2 2
(B) 2 (E) 3
3 - o I
S (c) 1
3

Which fraction shows
how much is DARK ?

(A) 3 (D) 2
10 3
(B) 12 (E) 12
5 3
(B) 13
5

84

wheels.

(D) multiply 8

x 3.
(E) divide 8 by 3.
SCHOOL SUPPLIES
ey o
3

(D) multiply $2.35 x 3
(E) divide = $2.35 by 3




(35)

(36)

(37)

(38)

Which fraction shows

how much is DARK ?

(A) 3 (D)
10
(B) 1 (E)
6
(c) 3
11
The sum of 3 +
10
a7
20
(B 7
10
(c) 7
100
The difference of
(&) 29
10
(B) 6
0
(cy 1
0
3 of 16 cookies
4
(A) 4 cookies.
(B) B8 cookies.
(C) 12 cookies.

o] W

el

—
Ol

18

5

85

(D)

(E)

-
|

is

ol

(D)

(E)

(E)
(E)

34

P
o

NjW
=9

wijon

)~

14 cookies.
16 cookies.




(39)

(40)

(41)

(42)

The length of this picture of an earthworm is about...

(a)
(B)
(C)

The

(A)
(B)
(C)

The

(a)
(B)
(C)

The

(A)
(B)
(C)

5
6
7

centimetres. (D) 8 centimetres.
centimetres, (E) 9 centimetres.
centimetres.

- léng
3

4
5

MASS
35

10
100

meat
2

2

th of this picture of a paper clip is about...
centimetres. (D) 6 centimetres.
centimetres. (E) 7 centimetres.

centimetres.

of your body might be ......
kilograms. (D) 100 grams.
kilograms. (E) 1000 grams.

kilograms.

in one hamburger might be about .....
kilograms. (D) ‘10 grams.
kilogram. (E) 150 grams.
grams.
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(43) Jerry has two $1.00 bills. three quarters, and
one dime.

Altogether, he has .....

(pA) $1.35 (D) $2.75
(B) $1.85 (E} $2.35
(C) $2.85

(44) Martha has a $5.00 bill, three $1.00 bills,
one quarter, two dimes and three nickels.

In all, she has .....

(A) $6.40 (D) $8.60
(B) $6.50 (E) $8.75
(C) $8.40

(45) Which time is shown on this clock ?

(A) 25 minutes past 11 o'clock.
(B) 55 minutes past 5 o'clock.
(c) 5 minutes past 11 o'clock.
(D) 11 minutes past 5 ofclock.
(E) 25 minutes past 12 o'clock.

(46) The PERIMETER
of this field is ...

(a) 40 metres.
(B) 50 metres.

(qop) 155 metres.

(D) 155 square metres.

(E) 2000 square metres. gg:ézzy




(47) The AREA covered
by this lake is about...

(A) 8 square units.

(B) 10 square units.

. (C) 12 square units. |

(D) 14 square units.

(E) 16 square units.

(48) The number of cubes

in this shape is .....
(A)y 11.
(B) 15.
(C) 1e6.
(D) 18.
(E) 19.
(49) Here is a square -

showing 1 MIRROR LINE
(line of symmetry).

Altogether, a 5quare has .....

(A) 1 mirror line. (D) 4 nmirror lines.
(B) 2 mirror lines. (E) 5 mirror lines.
(C) 3 mirror lines.
K
N
N
AN
AN
N
AN
N
N
AN




(50) Which polygon is a PENTAGON ?

(A)
(B)

(C)

(51) Which polygon is SIMILAR to

(a) ‘ (D)
(B) Q (E)
(cy i

| ’

ooooo

N




(52) Where will the black dot

be after a

(A) at a
(B) at b
~{C) at c
(D) at d
(E) at e

3

4

turn ?

(53) Which picture shows a

(A)

1=

b=
(B)
(C)

=

(e

FLIP ?

(D)

R-R

(E)

NI%

90




(54) Which picture. shows a SLIDE ?

(A) ...~ (C) (E)

(B) (D)
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(55)

(56)

(57)

(58)

(59)

FRONTIER SCHOOL DIVISION

is .....

is

= 800 + 600 + 400

1985 LEVEL IV MATHEMATICS' SURVEY

Part B

The LARGEST numeral of

39 078 3¢ 780 39 087 39 870 39 807

(A) 39 078 (D) 39 870

(B) 39 780 (E) 39 807

(C) 39,087

The SMALLEST numeral of

11 101 11 110. 11 011 10 111 11 111

(a) 11 101 (D) 10 111

(B) 11 110 (E) 11 111.

(C) 11 011 :

Which ONE sentence is true ?

(A) 987 > 987 (D) 40 000 < 4 000

(B) 1625 4 1641 (E) 864

(C)—4007--=-four hundred seven

Which is the quickest way to add 18

(A) 18 + 7 + 2 + 23 (D)
(B)Y 18 + 23 + 7 + 2 (E)
(C) 18 + 2 + 7 + 23

Which ONE sentence is NOT TRUE ?
(A) 16 + 4 = 4 + 16 (D) 132
(B) 16 - 4 = 4 - 16 (E) 925
(C) 16 x 4 = 4 x 16

+ 7+ 2+ 23 2

7+ 2+ 18 + 23
7+ 18 + 2 + 23

+ 156
x 405

i

156 + 132
405 x 925




(60)

(61)

(62)

(63)

(64)

Wwhich ONE sentence is true ?

(A)
(B)
(cy
(D)

(E)

The

(a)
(B)
(C)

The

(a)
(B)
(C)

The

(A)
(B)
(<)

The

(A)
(B)
(C)

13 x 5 = (10 x 5) + (3 x 5)
13 x 5 = (10 x 4) + (3 x 1)
75 + 22 = 90 + 70
75 + 22 = 9 + 7

73 - 71 = 71 - 73

sum of 4 5 8
16 09
7 2 2 1S .ceee
1789. : (D)
2689. (E)
2779.
sum of 4 1 2 7
2 9 6 4
$2 19 8 is .....
$9289. (D)
$8289. (E)
$9198.

sum of $8876 + $629 is ...

$15 166. (D)
$ 9 506. (E)’
$ 9 505.
difference for 2001
- 73 2

1269. (D)
1259. - (E)
1168.

93

2789.
2788.

$9279.
$9287.

1169.
1268.




(65)

(66)

(67)

(68)

(69)

(70)

The difference for $7 00
- 19 5
(A)  $6140.
(B) $5050.
(C) $6150.
h .
The product of 6 5
X 7 is
(A) 355.
(B) 455.
(C) 356.
The product of $1 7 8
X 8
(A) $1424
(B) $1323
. (C) $1324
The product of $6 4 6
' X 35
(A) $22 610
(B) S$12 610~
(C) $21 610
The quotient of 4 ) 160
. (A) 4
(B) 40
(C) 5
The quotient of 3 ) 9 6 0
(A) 32
(B)Y 230
(C) 32 remainder 1

9oL

oo

(D)
(E)

(D)
(E)

is

(D)
(E)

(D)

(E)

(D)
(E)

456.
445,

o e e 0

ooooo

$22 590
$12 509

ooooo



(71) The quotient of 8 )$2 7 2 is .....
(A) $340 (D) $43

(B) §$ 34 (E) $43.50
(C) § 34.50

(72) Five-tenths of a cake is written as .....

(a) 0.5 of a cake. (D) 0.05 of a cake.
(B) 5.0 of a cake. (E) 5.00 of a cake.
(C) 5.10 of a cake.

(73) Thirteen~-hundredths of all the trees is written as ...
(A) 13.100 of the trees. (D) 0.13 of the trees.

(B) 1.3 of the trees. (E) 1.30 of the trees.
(C) 13.00 of the trees. ' '

(74) The sum of 10 cents and 17 cents is .....

(a) $27.00 (D) $2.70
(B) §$10.17 (E) §0.027
(C) §$ 0.27

(75) 'One whole numeral which would make ?2 >5 1is ....

(A) 6 (D) 3

(B) 5 (E) 2
(c)y 4

i ) 2i.S e 0o o o @
One whole numeral which would make ?2 <1

(76)
(D) 11
i’g; ig | © (E) 13
(C) 16 '

95 |



(77)

&3

(79)

(80)

(81)

To make ? < 4,

we could use the whole numerals .....

(pa) 0, 1, 2, 3 and 4. (D) only 0, 1 and 2.
‘88 6, 1, 2 and 3. (E) only 1 and 2.
(C) 1, 2 and 3.

\ “

Which time is shown on this clock ?

(a)
(B)
<)
(D)
(E)

Which temperature is-shown ?

7 minutes
34 minutes
26 minutes
26 minutes
34 minutes

past
past
past
past
past

o'clock.
o'clock.
o'clock.
o'clock.
o'clock.

AN I

V.

Asz
(a) 14° celsius. fL
. (B) 15° celsius. e El
(c) 16° Celsius. ] E.
(D) 17° celsius.
= o
(E) 18° Celsius. )
What happens at this temperature ?
(A) Fish start jumping to catch flies.
30
(B) Water in the lake starts to freeze. 10
[
(C) Water in a kettle starts to boil.
L]
(D) 0Old men can go outside in a T-shirt. 10
(E) Ski-doos fall through the ice. | |
18 millimetres across my thumb is equivalent to .....
(A) 18 centimetres. (D) 1.8 centimetres.
(B) 18 metres. (E) 0.18 centimetres.
(C) 1.8 metres,

9%




(82)

(83)

(84)

(85)

2 litres of milk is equivalent to .

(A) 1000 millilitres.
(B) 2000 millilitres.
(C) 4000 millilitres.

1200 grams of potatoes

(A) 1.2 kilograms.
(B) 0.12 kilograms.
(C) 1.02 kilograms.

The average of 1 raven

(A) 1 raven.
(B) 4 ravens.
(CY 5 ravens.

(D) 20 millilitres.

(E) 2 millilitres.
is equivalent to .....

(D) 120 kilograms.

(E) 12 kilograms.

. 3 ravens and 5 ravens is

(D)
(E)

2 ravens.
3 ravens.

Animals in the Cirtus

Llephants 1;-‘3" A

Bears égé;giggézb

oo | S|

| =2

Dogs {::F_:B ‘F:’—l:?

248

«
of

Q'-.;@

|

55 *«'53 ??ﬁ

Lo Ay

@

&

¢/

1

Seals w4 L‘J

Fach picture represents one animal.

How many more lions are there than bears ?

(A) 1 more lion.
(B) 3 more lions.
(C). 5 more lions.

97

(D)
(E)

7 more lions.
9 more lions.
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(86)

(87)

(88)

(89) -

How
(A)

(B)
(C)

15

(A)

(B)
(c)

64

(a)
(B)
(C)

?

(A)
(B)
(C)

DOLLARS

Babvsitting Earnings

10r-~—

Rita

much money did Rae make ?

$4.00
$7.00
$8.00

60
25
30

-
il

72
62
8

X 5

15
25
65

45

75

(D)
(E)

(D)
(E)

(D)

" (E)

98

(D)
(E)

Rae Rick

$3.50
$2.00

20
1545

56
58




(90) Pat has 35 balloons.
She gives 14 balloons away.

To find out how many balloons

are left, we need to .....
(A)_  add 35 + 14. (D) multiply 35 x 1l4.
(B) subtract 35 - 1l4. (E) divide 35 by 14.

(C) multiply 14 x 35.

(91) 32 birds are in a tree.
18 of them fly away.

To find hcw many birds
are still in the tree,

we need to .....
. (A) add 18 + 32 (D) multiply 32 x 18.
(B) add 32 + 18 (E) divide 32 by 18.

(C) subtract 32 - 18.

(92) 35::::Zf:fifi://

123 birds are on a wire.
87 birds are in a tree.

.To find how many birds

in all, we need to .....
(a) add 123 + 87. (D) multiply 123 by 87.
() suvtract 123 - 87. ~ (E) divide 123 by 87.

(C) subtract 87 - 123.

99 |



(93)

(94)

(95)

Our school had 2364 books.
1678 were used up.

To find how many books
are left, we need to .....

(A)\_add 2364 + 1678.

(B) add 1678 + 2364.

. (C) subtract 2364 - 1678.

Chris has 240 records.

He keeps them on 6 shelves.
There are an equal number
of records on each shelf.

To find how many records
are on each shelf, we need to

(A) add 240 + 6.
(B) subtract 240 - 6.

(C) multiply 6 x 240.

Pierre has 60 model cars.

‘He keeps them on 3 shelves.

There are an equal number
of cars on each shelf.

‘To find how many cars are on

one shelf, we need to .....
(A) add
(B) subtract 60 - 3

(C) multiply 60 x 3.

100 |

SCHOOL STORE
sa8's .

(D) multiply 2364 x 1678

(E) multiply 1678 x 2364

L LTI L LU
LI LI LI T ]

e Tox | crowow T oo

(D) multiply 240 by 6.

(E) divide 240 by 6.

&2 =5 6o DS

nj
pom

B ool Boh

0O %i? o O ok &b

(D) add 60 + 3.

(E) divide 60 by 3.




(96)

(97)

(98)

Paul cut 4 lawns on Tuesday,

3 lawns on Wednesday,

and 2 lawns on Thursday.

Dave cut 3 lawns EACH of those
three days.

To find how many lawns the
two boys cut together,
we need to .....

(A) add 4 + 3 +

(B} add

(8}
-+
w
+

(C) add 4 + 3 +
(D) add 4 + 3 +

(E) add 4 + 3.

Lee-Anne divided 102 marbles
with her 5 friends and herself.

To find out how many marbles
each would get, we ......

(A) add 102 + 5.

(B) add 102 + 5 + 1

(C) divide 102 by 5.

(D) divide 102 by 6.

(E) multiply 102 by 5.

Jerry swam 2 lengths of the pool.

Doris swam 5 more lengths than Jerry.

To find how many lengths Doris swan

we need to .....
(A) add 5 + 2. /nﬂ@ﬁ%‘m IOy
(B) subtract 5 - 2. = - GONZS - .
(C) multiply 5 x 2. ”§§E§§Tg.. 2
(D) subtract 2 - 5.

2 x 5.

(E) multiply

101
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(99) A shape with three sides .is called a

(100) A shape with five sides is called a

(101)

(102)

(A)
()
(C)

(n)
(B)
(C)

A shape with exactly four inside angles is called a

a)
(B)

(C)

square
circle
triangle

square
triangle
octagon

triangle
rectangle
circle

(D)
(E)

(D)
(E)

(D)
(E)

quadrilateral
cube

-----

rectangle
pentagon

. .

pentagon
octagon

How many sides has
a lump of sugar

like the one in T
the picture. //////////1
(a) 4 sides ' )
(B) 6 sides .
{C) 8 sides 1]
(D) 10 sides il R
(E) 12 sides s Sel
'
”~

102




(103)

How

(A)
(B)
(C)

bty HOHOBLOHO

wety S OO Y

woteasinr 0 505 89 85 & O

musdy  HOHOHOHG

Friday H®G

Each @ = 4 apples sold.

many apples were sold on Thursday ?

6 apples
5 apples
7 apples

. (D) 12 apples
(E) 24 apples






