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ABSTRACT T

o

Using Logo as a Todl to Develop the Concept

-

4

of Angle in Secondary I
o
Deanna Mendelson
This research study describes the acquisition of the
[ ’ + N
.concept of angle in a specially created Logo
environment. Eight -Secondary I (grade 7) stﬁdents,

¢

aged 12-13, participated in the stidy implemented

during the second semester (January-May) of the school”

year. The study was conducted by the teacher who also

3

acted as the researcher, in the natural setting of ‘the

school's computer 'lab. Teacher-devised activities

formed the basis of the analysis attempting to

identify whether the created Logo environment was an

effecfive tool in developing the‘specific concepts of
angle ° therein concurrently with the mathematical

Al

symbolism. .. ‘ o

&

.
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CHAPTER I
& . :

3 INTRODUCTION - -

The study of the concept of angle has‘for years been a
éhallenge to studéﬁt and teacher ‘alike. One of the.ma;n
"problems in the teaéhing of angle in-the:traditional school
‘curriculum is the use of ﬁﬁefinitigné and stereotypical
models of angles in standard position. Freudenthal (1973)
stresses the need for iboth’ the static apd dynamic
definitions of bangle to be introduced at the ééme timé_as a
means of developing the notion of angle. To this end, thé
kogo environnent ' offers ‘an attractive tool to aid the
teacher in p;esénting the concept of:anéle to the student.
This study undertakes® to examine the effect of }he’use

-

8f Logo as a tool in the acquisition of the concept of
N - ~ \

angle. ‘ The concepts developed in the study involve, (a) the
right: éngle. (b) angles less than/greater than 90°, (c) a
complete rotation of 360°.'kd) comélementary/supplementary
anéleé. .(e) 1interior/exterior 'angle rotations - all 1in

standard and non-standard position. ‘These concepts were

taken from the Secondary I curriculum. -

-
L]

The research 'review iP ‘th§s 1study. beg;ns with the
findings in the aéquisitibn of 4'ggle -concepts in the
traditional ‘curriculum. It also includes an inspection of
the Secondary I (grade seven) curriculum and the treatment
of ﬁhe concept'of angle developmeny in fhe current textbooks.

.in Quebec. This part’ of the research review reveals the

7

.
Y -

LR AN



1

protractor as the only tqol of fering manipulative éxﬁérience

) ~ w - 9‘ “
in the development of ang;e. and its general application ik
to angles 1less than 180° in standard_position and rotated

-

from rigﬁt to left. ‘ '.;x

The study continues with .a review of thg Logo research
(Hillel, Kieran; Taurisson, prles. Sutherland, Noss) which
po;nts ouf severai"trgnds in éggzstudenté' acquisition of
the angle concept in a Logo environment. Aléhough the

research generally points to the usefulness of Logo as a

- /‘
tool for the enhancement of the concept of angle, some

problems. have also been poted by the. aforementioned

researchers. .

The‘ research project was undertaken as a teaching
\ :

experiment where the researcher is the actual teacher of the
students in }he study. A Logo eﬁvironment wass created
especially for this study. The structure of the p;oJect lgy
in the teacher devised activities which developed the
cafgépt of .angle. The teacher's role was to motivate the
students’ iﬁterest in the mathematical concepts embedded in
the ‘Logo/ activities, and thus to promote the acquisition of
thé ma;%ématical symbols concurrently with those of the Logo

v ) .
Turtle Geohetry. P

The ‘analysis undertaken in this study is twofold.
. .

" First there 1is a task analysis within each activity. This
section outlines | the concept beiﬁg developed in each
activity through thé various'structuged tasks, and looks at
how léach task was interpreted by the'students. ‘Secondly

-

there .are the student profiles which examine the behaviour

<

LY
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‘ 3
‘

‘'of the students in carfyiﬁg' out the various tasks of the‘
seven activities. The findings of the research study reveal

the effect of Logo as a tool from the observation of the

LY

students - in their acquisition of the angle'concept developed
in the teacher/researcher deyised act;vities. Some problems

which were observed are also outlined in thHis section. A
)

further evaluation of the concepts was carrfed out in the

items , ihcorporated intg the studen&s' final June mathematics .

4

examination. 4
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. mathematical (as in textbooks) generally defines this sta;?c

CHAPTER II
&

'd

< o

THE TRADITIONAL CONCEPT OF ANGLE

-

The Traditional Definition of Angle ' ’

. According to MWebster's Ninth ColLegiate Dictionary an

angle may be defined-as, 1) a corner wWhether tonstituting ad’

projecting_ part or a ‘partially enclosed space." 2a) ‘the

figure formed by two lines extending from the same ‘point,

2b)° a. measure of an anéle of, of the amount of turning
. . ,/

e

'necessary to bring one line or wlane into coincigence with

s

or 'parallel to another...etc.
A look at a popular ehdyclqped&a (WOfld”BOOk. Vol. A,
. _— ) > .
A 4' v " -
1,% 1973) used by most upper elementary to secondary. students

A

in Montreal reveals tqg‘ definition of -an. angle as "the
opening between two lines that meet aﬁ a point. Thq point
is the vertex and the two lines that form the angle ‘are its,

sides. -Angle comes from' the Latih word angulus, meaning

2

- e

corner.."

Both definitionsn\stress‘@he static angle. The amount

¢

of turning in the first . is related .to the measure. of an

~

angle. y

14

From earliest times 'mathematicians widely accepted
. \ ] . )

Euclid's definition of angles in a plane. He defired the

angle in terms of the relationship between two lines rlather

2

than in terms of the rotation of one of the lines. The

modern deffnitibn’,of angle, whether popular (as abeé)‘or

¢ . , ‘

. - N -

¢
4

LI

A

4

&
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"angle of Euclid as follows: a figure is an angle if and’

oﬁly if consists of two noncollinear rays with a common

- '

endpoint. This definition - generally is accompanied by an

explanation, usuaily pictorial, representing the sides and
the comhon vertex of the angle. The measurement of angles

‘!
is _generally dealt with next by ill\ustrating the use of the -

~“orotractor. This explanation of angle measurement, often

unrelated . to the actual definition of an angle, is usually

4

v

' . . &
developed with an imaginary rotation of a ray extending}£nqq

‘;he common endpoint. Thus the definition of the angle

rotation 1is wuSually associated with the ‘"measure" of an

'

" angle and learned as another cogfept of angle.

A

The need to include. both the static and dynamic

k]

o : .
aseects of an angle in its definition has been stressed by

many researchers: According to Heath (1956) the essential

nature of an angle is that of rotation,,and &herefore should

'y
be inéluded in developing the definition of anglef

Freudepthal'-(1973) cites the need for both static and

dynamic definitions of .angle. He suggests introducing the

2

meaSurement of. angles at the same time as angle concepts, as
a means of developing the understanding of the latter. Thus S

. . . .
it may be qpncluded that the visual aspect of the static .

a

£
angle and the notion involved in the dynamic approach\yould
4 - é 4

seem to be of equal importance in developﬁnéAthe concept of

angle. - - : o .

\

\
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The General Approach to Teaching Angle

Most geémetry in the school curriculum seems to be
largely taught for rote memorlzat16n A survey of textbooks
usually vields pages of deflnltlons classifications. and
theorems‘ presented in an attractive array of colours and
accémpanied by aiagrams which often. replace any' active
manipu}ative' experience on the part of the student. (see

Appendix A)

Children- learn from a variety of sources - from drill,

. . . . M
lectures, —tests, observing models, manipulating real things,

and from contemplating ideas. .Following the geometry
curriculum as a strictly page by page textbook course often

eliminates any manipulative ‘learning éx?eriences. This goes

against\ what most ﬁsyehologists su;gest., According to
Piaget (1969) the ‘mental images: children create and move
about \in their, ‘minds are a)product of their experiences.
Tq;refEre. children who see and‘manipulateAan abundance of
objects, shépﬁg and. symbols should have .clearer mental
iﬁageg than those without such exberienceéf While the
theories 'of Plaget and others like Bfunet, Gagné, and Skemp
pfovide’t a theoretical basis for organizing children's

experiences.‘ they offer llttle value unless the teacher is

k]
P

systematic in Eianding‘ and deciding how to apply the

psychological principles to. what she/he is teaching* Thus

3

the ,stGdent may be led to memorlze a model of a concept for

swhich he cannot apprec;ate all the aspects thereof simply

because. he cannot® apprec1ate the organization which 'is

v i

inherent to the materjial.
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Angles and othet* geometric shapes are generally
represented in textbooks in standard form and ffom one
perspective.  This often leads to the students' retention of
a stereotypical model: of a given anéle. Gillian Close's
(1982) resesdrch found that primary children possessed a
static -concept of ray pair angles due to the fact that
teachers and/or textbooks emphasize this concept of angle.
jbis. she continues, QQ;med the basis for the pupils’in the
._ _secondary—Tevel” whose concept .of angle was not fully

developed, and who were not able to recognize the right

.

\ angle in unusual corientations.
The traditional classroom method of teaching the

concept of angle geherally .employs—-one basic tool - the

’ €
protractor, used for the measurement of a contained angle.

“~

Most children master the use of this tool without any real
i

knowledge of whap it 1is they are measuring, as is often

exemplified 4in the common ertor of reading the "number'" on a

protractor from an incorrect side. i.e., left to right,
, instead of right to left.  Close (1982) states that the

W
secondary students failed to recognize that the use of a
: e

F IR different scale or & different position with the sane

protractor can give different. yet equally Eorrect ‘answers.

This 1indicates the .lack of the basic understanding of the

. 4&
-+ rotation of an angle.

e



. . 1 ) , 8
The Tradjtional Curriculum in the Teaching of Angle

After the skill of using a protractor is considered to

———— 4

be mastered, in Secondary I, the <curriculum extends the
notion of angle measure with an array of classifications:
. acute angle <« 90° : » —
~ right angle = 90;
obtuse angle > 90°? and < 180°

straight angle = 180°

'reflex angle between 180°and 360°

-

This 1is generally the first set of clasgifications to

be megfrized byrthe students in order to facLliiate a rapid

— identification of isolated diagrams of angles. This leads
~t§ the acquisition of vocabulary of an abstract nature,

which when  hot developed with the concrete manipulations of

rotations of ‘angle rays, —is generally not associated with

- i

angle rotataion.

IF must be noted here, that in an attempt to introduce
the concept of bngle :rotétion, more recent textbooks have
included, in diggram form, the concept of a 360° rotation
and' /the pértial rofafions possible. However, the student "is
once agaiﬁ:lea to a pictorial representatiop where the angle

-may be percéived as two straight lines and their measure, -

rather ﬁhan the amount of an;le rotation. An extension of

the concept of angle measure';ncludés the rela}ionship of
special ﬁairs of angles, such as,complementary/supplementaf&
angles. Thé’ student~is aga;n°1éé to acquire new vocabulary,‘°
introduced with accompanying diagrams. Suddenly classifica-

A
N

“Q




U

.

)

tions reviously learned are no longer discussed, only to bg

replaced by new and more complex ones. The student
generally learns each of these classifications ‘as a sepérate
entity, with 1little reason or support for the various
mathematical calculationg ana rarely any need for estimation
:

skills.

» Geometry tests often include  definitions as part of

) >
the &ewaluation. cher' items require identification of

figures which aré~based on models presented in,tﬁe texts .

In Secondary I, the students are also introduced to
constructiong, with ruler“and compass, of coﬂgruent angles
following the learning of , the previously mentioned
classifiﬁation ofz\anéles. .The problems encountéred at this
stage involve the requirement 6f reproducing a figdre of an
angle, which until now has been picporially represented
without any real emphasis on rotations. The sole meaﬁé of
measuring an angle until this stagé, ﬁas been with the

{

profractor. and often only in standard position. Also, the

student ‘mbst likely has not fully mastered drawing’ah_angle

of a given measure’ using the protractor due to the

difficulties arising in the measurement of obtuse and reflex
angles with the scale of the protractor. Thus with new
fools in hand (compass and ruler), the student is led

througﬂ’ another bout of frustration as she/he is F;ven the

. .

steps td complete each formal construction; another set of
rules to be memorized, in most cases! A lack of uhderstand—
ing by the students is often observed in a construction with

A

compass and ruler-where a few intersections have been added

«
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here and there just to make it "look good"!

o oA
In Secondary 11 and III the formal constructions build

upon those supposedly - acquired in Secondary I;° the
conetruction ~qof b;éectors of ;ngles, perpendicular lines and
perpendicular bisectors, ’and their applications to
construcfing triangles usipg the three. theorems of
congruency: sés, SAS, ASA. The' probiems that were
encountered in Secondary I are usually repeated in Secondary
I1, since memorization of ’'steps and définitions of
congruenc& seem to be the basis of these conceptt‘%ather
than any manipulative experience. Angle applications are
then extended to all regular pol}gons. and designs featuring
inscribed squares and tfiangles in circles, are undertqken.T

.In Secondary II, the curriculum ‘also calls for the
";pplication of skills". Here the properties of ahgles in a
trianéle or a quadrilateral are explored once again by means
of .diégrams and deéinitions! Angle relations for parallel

lines follow and are soon combined with the properties of

polygons -that preceded these cbncepts of angle relations.

.One can see that the concepts of angle at this level build

ub at a tremendously fast rate, since this is only the
geometry aspect of the mathematics curriculum! One cannot
help but wonder whether ' the designers of the curriculum

believe that the students can master these concepts; the

-

identical ones may be found in. the standard text .for

o

Secondary III in the public school system.
* The problem with angle concepts is inherent even in

the . Secondary III curriculum where the student is required:
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to apply the 1learned concepts £o'discovér (once again) the
relationship of equality of angles or congruency of..
triangles." Without a bas%c kndhledge of geometry concepts
developed through manipulifiﬁgA and visuyal activities, the
S

student's visual perception is now called into play.' For
now she/he has po épply what she/hé has acquired;‘mainly in
thé form of rotely memcrized abstract rules for symbols on a
page in a.kext book. (seé‘Appendix A) It is not surprising
that the National Assessment (1978) found that about one
quarter of the 17-year old could not produce the corréct
number of degrees in a right ahgle or in a circle. 1In like
manner ‘the APU (1978-82) found that qk age 15, only ;8%
could accurately measure an angle of 106°, ° .

Vap . Hiele's analysis (1959) of a typical geometry
class "presents the teacher as one who feasons by a network
of relations which his students do not necessarily co -
prehend. 'On the basis of this network the teacher presents

o

the mathematical relations which the students learn to/ apply

I}
out of habit, but which they do not understand. Van Hiele
maintains that since this network of relatidns is Kot formed

upon the sensory experience of the students, ;& is imposed

/
and therefore not understood, and thus risks béing forgotten
. /

- /
in a short time. ' // ¢

// -

Wirszup (1969) claims that the maj9fity‘of high school

students are at the first level (necognﬁtion) of Van Hiele's
S ) y

development in formal geometry. A;/this level the students

//
can learn names of figures and recognize shapes as a whole,

i.e., Bquares and rectangles seém to be different. Yet, the '

'

~

!

.//
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'‘each

/

higﬂ

, ' 12

course that the schéol

students take, demands the

fourth ' level of Van Hiele'é development. He describes this

level as ‘"deduction", where the student understands the

significance of dedudtion and the roles of postulates,

theorems and proof; and where the student cdan write proofs

with

4

high

understanding. This would. seem to indicate that the

school student is still perceiving geometric figures in

0] ’ 13 - . ‘ » + » I3
their totality as entities, and is hence analysing figures

[

according to their, appearance.

One' can easily relate the plight of the student to the

u

van Hiele'so analysis ©of the odifferent levels in under-

standing geoqgtry, and the <c¢laim <that a person must go

th?ough the levels in order. Usiskin 11982) exemplifies this

>

/plightg"uith the often heard remark, "I can follow a proof

wheq¢ ybu do it in «class, ‘but I can't do it at hbme.”
Usiskin . points out that, "This student may be at level 3,
while the ‘?eacher is operating ..at level 4." At level 3

(order) simple deduction can ”Bé followed but proof is not

understood, whereas 1level 4 demands proofs to be written

with wunderstanding. USiskin (1982) further explains that

has

<

relationships

tWo - pé}sons who reason at different levels cannot understand

each level its own linguistic symbols and iQ? own net-

‘work of connecting these symbols. Therefore,

~

other. Thus "the student cannot understand the teacher
who is using objects (propositions, in case of procf) and a
. network of relationships (proof itself) which the student

does not yet understand used in this way" (Usiskin 198%).

. . ‘ 4



Children's Understanding of Ang;g

in the Tradjtional Curriculum

RESULTS OF ASSESSEMENTS

The study of the concept of angle has for years
been a challenge not only> to the studenf, but to the

teacher , as well. In 2 recent report of the National

Assessment of FEducational Progress (1978) l17-year old
studénts were asked the following item (RKO4): "What
is the “measure in degnées of the angle formed by the
hands of the clock when the time is 3 o?ciQCk?" ‘
The results-  reported for the 17-year olds are

slightly -less than satisfactory. 1§ one can’ assume

5
thqt a 17-year old should be able to visualize: the .

\

hands . of a <clock at 3 o'clock, then it appears that

about one quarter of the 17-year olds either do not

know that there are 90° 'in a right angle, or that

there . are® 360° in a circle. The report further

. suggests that the relatively low performances in the

g . * &

geometry section of the National Assessment appear tc

-

be the result of a lack of appropriate instruction or.

inadeguate attention given to the initial development
of the idea during the early secondary school level.

In an unreleased exercise of the iame Assessment

(K11004) “only - 55% of 13-year-olds responded correctly

as to the number of degrees in a right angle. 20%
indicated that they '‘did not know". It was &also shown

that :13-year old respondants ‘héd less difficulty
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-

- A

telling how many degrees there are in a right angle

\ ' N .
than they did in visualizing the right angle from the

¢
’

position of the hands on the clock. : 3

. In the exercise' tREO1) the students were tested

v

’ i
in their recognition of vocabulary of measurement of

angles:

"An angle ' may be . measured in units called:
centimetres;‘ degregs; ‘gramg; ‘inches; I don't kﬁow" -
15%2 of the 13-year olds selected "inches" as units of

measure for angles. ’

-
|

A fﬁrther éxamination of the literatire was
. undertaken in an attempt‘to review the research where
the major miEcoBcéptions of the concept of aégle were
studied. There is oniy a small amount 6f li;erature

relating to children's acquisition of the concept of
- . i‘ “ ’,
angle. The literature review is of children's concept

of angle, first in the traditional curriculum, using
traditional methods’ ;f instructioﬁ such as tﬁé‘
protracktor and then using thg computer and the
programming language L?go: ;

In a study of mafhematics éerformance “in the

United Kingdom, the _Assessment Performance Unit (APU

1978-1982) examined the students' concept of angle,
(ages ‘11 and . 15). Diréct testing of the definition of
" angle was Qndertaken in the pracfical survey only with
the 15-year olds. Of these, only 4% defined an angle

as an amourit of turns or rotations. Most of the

pupils spoke of ‘angles in terms of "distance" and

L 4
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“area'. (29%). In the .items which compared equal

angles (drawn on graph -paper), over half of the

li-year olds in the bottom or lgber middle attainment

- levels ‘gave answers based on the comparison of arm
lengths.

7 | It was also noted that the combination of long

“ )
linq§w and a 'long/ arc éuggested a large angle to
. 1i-vyear olds ga? more strongly than it did to 15-year

s

olds. ‘ 7 .

s

| - The results of this study on ‘the estimation of
/ angles ’Ehowed a preference of certain '"round numbers'

/ ‘ as responses, e.g., over 40% of 1S-year olds responded

!

/ , 45° when estimating an angle: of 33°, around 10% of

'll—year olds responded 100° when estimating an angle
of 120°, ~ Only 14% of li-year olds in-the study

correctly estimated the measure ©f a 30° éngle. When

.o : * " asked to estimate obtuse angles, around 10-15% of the

- pupils, ages 11-15, gave responses outside thé‘

appropriate “quadrant; 69% of ‘ls—year olds correctlyl

/

The iteﬁs in/ the APU survey which dealt with

estimated an angle of 106°.
.right angles required the pupils fo estimate or to
supply the special name given to an angle whichq
actually measured 90°, e.g..

ITEM B1 AGE 11

"This partiéhlar angle has a speécial

name. Do 'you know what it is?"

65% of 1ll-year® olds responded uwith "pight angle", 5%

hY

-

/
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with- "90° angle". In a  subsequent item where the
question was, "Estimate the size of this angle." Only

-

60-70% of 11-year olds recognized a right angle-or a

90° éagle in this item.

éthwing and measuring angles using a protractor
was éi%%? investigated in the APY Assessment. It was
found that measuring acute angles-with the protractér

posed no problenm. When me?suring obtuse angles,

r

however, , between 15% and 2024 of 15-year olds and up to

)

25% of 1i-year olds used the wrong scale and gave an

acute angle as their response, e.g., at age 11, 45%
\ . it

could measure .a 53°, angle, at age ‘ 15, 58% could
- . [}

-

measure an angle of 106° within a margin of 1°.

ITEM B7 - AGE 15

t

"Measure the size of this angle"

(Actual'size 106°) e '
&

/{ A total of“‘16% used phe wrong scale on the
protractor apd gave the supplementary acute angle
as their answer; the rest also misread the scale.

Very few pupils used the wrong scale when drawing

-angles, even for obtuse angles, in contrast with the

P @

results for measuring. The réport concludes that the ‘

high success réfgs obtained for the practical items
was probably due to the~f$ct‘tha£ they were the final
questigps in a topic "and al; pup}ls had already
estimated and measured varidug 6ther angles prior to

»

being-@sked to draw an angle.

]
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G. CLOSE - CHILDREN'S UNDERSTANDING OF ANGLE AT THE

PRIMARY/SECONDARY TRANSFER STAGE (1982)

Gillian Close 1lists similar _f}ndings of how

childreﬁ understdod angles in her review of research.

-

G. Holloway's work with 7-year olds gtresses

children's reliance on intuition _rather than

measurement in the bdmparisgn of aaglesyas\well as
their confugion regarding which aspect of angle, such
as arm length-shou}d‘be peashbed. ‘A s;hdy"by Geoffrey
Giles also found that children made erreors such ;;
measuring arm lengths in items jinvolving the lisFing
of five angles in drder of size. Many of his pugils
demonstratéd difficulty in identifying all €Le angles
in diagrams with‘ more t@an two rays emana§16§ from a

vertex, and over - half, in examining such diagrams

demonstrated hncegtainty as to whether an angle-had

-

<

exactly two arms or not, -
' Close cites the findings of David Fielker, who
attributes the difficulties <children .have  -in

recognizing 45 degree angles to the strong feelihgs

for perpendicularity that all children seem to have,‘

from the '"teaching ‘of square corners' before being .
introduced to a more geﬁéral idea of angle. (This was
also observed in the APUW survey.) Over 80% of the
.pupils were able to foId aﬂ irrégular sheet of paper

twice to make a right angle, but fewer were able to
N o .

ident:l,fyF the posi%iod“'of the right angle on the

» N

folded :papér. Cdnseqdeﬁtly some folded the paper/in

.
.

4
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. N half again in a’variety of incodrrect ways when- asked

to halve their right angle. They seened to have
perceived a right angle as the whole piece of paper
\ and perhaps as ;n area. ‘ , ¢
Close's research 1nto children's understanding of
. angle ueing a protractor as a tbol reveals many
mlsconceptlons &n chlldren B acqu1sitlon of angle

A. PRIMARY CHILDREN'S CONCEPT OF ANGLE : .

-
[]

. . 2
The primary children's definition of acute pnd )

| o obtuse angles was found to be one of perception rather

.
®

. " than \meesurement. Furthermore they possessed a static
. concept of ray. pd}r angles. This she attributes to
- . q

. the fact that most primary work emphasizes the static

B n ® I3
angle either by the teacher, and/or the amount of werk

. B ~o.
in the textbooks, which is not related to ray pairs.
. B. SECONDARY STUDENTS CONCEPT OF ANGLE
. ) 'v . . I

Many Secondary level pupils gossesSed 8 narrow

.‘,concept of angle. Their predominantly static
- ‘ v

\
(
1

_’definitions of angle related to their pfimary school

“

experiences of ro%ations to drawinés of static ray

s ' gairs.1 o i ) .
C. ANGLE MEASUREMENT g N
" ¢
( 1, Primary Level , .

‘ Degree measure was introduced via the use of the

protractor, and ' thus the children had a.grasp of the
- 90° angle. However, they were:unable to use multiples
“Q\h ii 90 due to the fact that a 90° angle had not been

4

1ntroduced as a rotation of a quarter turn.
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2. Secondary Level ~ ‘
Close found tha; a lack Ef understandiné of the
relationship betuween intQitive angle size.and angle
. measurement‘ was widespread; a.probléem she feels qould
be overcome with the use of a full protractor. This
. J S 'yould especially assist in the measureéent of thé
\\\\ fefléx angle. Close also found miscqncepfions of an
angle &n the students' confusion of the heasurement of
a given anZie and the classification or name (acute,
obtgse)vof the angle. .
D. THE RIGHT ANGLE IN NON—STQNDARD POSITION
Another _ difficdlty that was exhibited by

.. . s

- children was the inability to recognize a right angle

/ "in unusual orientations. According A to Close; "éhe
. . inébilit; to recognize right angles ‘in. all
_— orientations, érecludes"advancement in work on both
/ ﬂy; propert;gs of shapes and angles".
- E. THE NOTION OF THE 90° ROTATION | \

1 Ld

Some - pupils were not aware that 90° was a
. quantify which® c¢could be subdivided while others could

« not re}até the partiéular concept of a right angle to
. ( ' g

¢

. -~ a slightly smaller angle, . Although they were able to

conceptualize rotations throygh mulfiples of right

angles, the students were unsure of the meaning of a

L !‘ .
( {full’turn.— - ‘ )
-F.  ANGLE ESTIMATION
Tﬁé item of 1lowest facility in Close's fesearch”

was the one in which angle estimation was required.

o ™
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Pupils found ‘;t most difficult ko esiimate angles
which were not near 0° or 90°, or whose ndﬁ-teflex
parts were not near to 0°.or 90°. Close emphasizes
that measuremént with‘ a protractg{ can only have
meaning after "a long and very gradual debelopment

to create an underftanding of the approximate size of
an angle from its drawing... and the relationship of
this to its degree measure’. Another serious
mi;conceptién that Close reports is ;he effect of arm
length on the angle size. A number of pupils felt
that arc length, irrespective of its raq;us, indicated
angle size, whilé others considered the position of

angles to be important in determining their size.

THE PROTRACTOR AS A TOOL FOR MEASURING ANGLE

An effect of the use of different protractors was

N
seen 1in the .fact that some pupils were ynaware that

| L
there is a" unique measure of an gngle. They failed to

———

o m—
%

recognize that the 'use of a different, scale or a

different position with the same protactor can’give

“

different, yet equally, correct answers. . "

S
s
.

[\.

T —



CHAPTER II1I

\

LOGO AND ANGLE - -

e Concept o e in Logo .
. £ - .
Before | reviewing the literature .in the children’'s

conception o} angle in Logo, we will first4discuss’hoﬁ angle

- LI

is used irn Turtle Geonetry.

The Logo Turtle can be commanded to rotate énd move
abou; “the computer screen, .creating graphic image&- Tﬁeég
images are buidt from descriptions baséd on what the turtle
knows "how to do. The bommands FD, BK immediately output a
line. . The commands to pivot or rotate tgé'turtle are RT,
LT. In order to construct .an angle, one nust give a
sequence of commands: FD, BK to produce the initial ray.and .
to- bring the turtle back to its initial state. This has to
‘be followed by ; rotation indicated by the commands RT ér LT
‘to orient %ﬁé turtle so that the final ray of the angle may .

be produced, This is followed by FD, which will allow the

-
.

o

turtle to complete the angle. ’ .

.Any constructed angle may be viewed as commands to

exécute three basic steps: P 0
1. FD :SIZE
) BK :SIZE

2, RT :ANGLE

3. FD :SIZE

In 'this way the concept of éng;e in Logo is dependent .

on fhe amount of rotation required to begin the construction.

’




‘of . the second ray, rather than on the visualization of tthe

7 -

s -
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P ¢

ray pairs of the traditional static angle.

The description given . to the Turtle will cause it to

produce an angle no matter where it is ini}iallywpositioned

of headed. on the computer screen. Thus the child can be led

‘to acquiré ihe concept of angle in non-standard position

-

since a constructed angle is readily reproduced especially

“«

once it has been defined as a procedure.

L4

’ An angle in Logo may be perceived as the exterior or

t

inverse rotation as well. For e&amp1e. for right angles the

commands can involve a rotation of 270° in order to

v

construct the interior right angle, i'.e.,

FD 50 BK 500 -RT 90  .FD 50
OR" S '
a0 ' - .
20 (= FD 50 BK 50 LT 270 ' FD 50

In this ingtante the construction "of anglé in Logo

necessitates the coordination of the relationshib betweeh an

angle of rotation and the adjacent constructed‘ angle.

I.

) " 3
4

e C uter and & Lo a
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THE FINAL REPORT OF THE BROOKLINE LOGO PROJECT (1979)

' _According to the research of The Brookline Report,
the Logo language sets ,forih"as “subjecf matter" éf
Turtle Geoﬁetry> the concept of :"The use of humbers to
measu;e lengéhs and angles\;...' and, fonmal’ and

A intﬂitive understand?hg of special ahgleéﬁ 90, Eéo,
| 180;9 The Report points "out that ﬁafier' 20-40

-
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'ENVIRONMENT (1985)
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hours of hands-on eiperience with the computers, the

grade 6 children's ability to make size comparisons
béfween grosgly different angles was augmented by the
Logo experience. As to the concept of aﬁgle. the
Report -states that altﬁough the stddénts ma& have had

<

only a vague idea .or none at all of the meaning of

degree as a measure of an angle, they did have-an

intuitive sense of the relative sizes of angles as a
‘ I

result of their Logo expérience.1

The Report &also states that it was difficult to

"

discover that a rotat%on of mor? than 360° turns the
Turtle ' around more ghan once because the Logo Turtle
movés. instantaneously to i&f new orientation withoup
visibly rotatipg. . With regardb to direcfion of
rotations, the Report ‘concludeg phat many students
never achieved the steps of combining .rotations to tﬁé

right and to the left into a single rotation.

T Although the Brookline Report deals with ‘the

subject matter of Turtle Geometry, it does not make a

clear distinction between the mathematics acquired and

thelﬁrogramming skills exhibited by the children. .

B
o

-

Fd <

REVIEW OF STUDIES RELATING TO LOGO AND ANGLE

J. HILLEL - MATHEMATICAL AND _PROGRAMMING CONCEPTS

ACQUIRED _BY CHILDREN AGED 8-9 1IN A RESTRICTED LOGO

Hillel reports the results of close observations
1]

of ff%e pairs of ch;ldren. faged é-Q, over twelve

1

’ . P
- . r
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" weeks. While his .research looked at general

o b

programming and mathematical aspects of the children's
work, he qus -report some specific results on the
concept of angles. Using a Logo environment in which

the Turtle's movements were substantially slowed down,

. Hillel reports that all groups, by the end of the 12th

A

" session, were ‘consistent in (1) using 90° and 180°,

(2) realizing the inverse relation between right and

left rotations, and (3) being able: to add two

successive rotations of 90°.

Furthermore, three of the five pai}s were able to
¥

‘consistently .differentiate between acute and obtuse

angles. ) Hillel also reports that lateralizatlon
errors weré the most frequent ones associated with
rotation. | -
KIERAN AND TAURISSON - LOGO ET LA NOTION D'ANGLE EN
QUATRIEME ANNEE (1983)

Kieran and Taurisson's work with fourth grade

students points to chiléren's difficulty in defining
angle as rotation. . They found that while rotation
associated with ,a change in direction was generally
well perceivéd, it was not the criteria used to
classify angles. Both tﬁe Logo group and the regular
math group in their research .seemed to baée angle

[3

me&asurement on the length of the sides or rays. They

‘stress that more experience is necessary for children

to incorporate the idea of space contained between two

lines that extend from a common vertex with the idea

’
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«\pf, rotation. - Yet th;s notion«df angle was greatly
developed during the year of Logo. Kieran and

3 .
Taurisson examined the .students' understanding of

interior and exterior rotations. Their observations

seem to indicate that students isolate the exterior

»
P4

rotation and then perceive the interior rotation.
This difficulty to grasp the notion of the interior

angle may be explained as its being more abstract for

-
[

child?en at this level. The exterior turn may be

likened to a person who leaves tracks in the snow as
— he turns to go the other way. The Turtle does not
leave ‘a Erace gs it turn; to orient itself to produce
khe final ray of a éiven interior angle[’

C) C. KIERAN - LOGO AND THE NOTION OF ANGLE AMONG FOURTH

AND SIXTH GRADE CHILDREN (1986)

¢
' -In another study of Logo and angle among fourth
J - N

and sixth grade children, Kieran's research.findings
of the grade’ 6 students' écquisition of the dynamic
concept of anglg at mid-year demonstrated a lack of

13

recognition‘ between the input to turtle turn and the

.

size of an.angle. The students were still inclined to
use the visual .measur; of the.arm length to classify
the size of the angle. By the secohd hglf of.the year
of the same study, Kier?n reports that the reliance of
perceptual clues was 5till present in the students'
first attempt at détermining input to turtle turns.

'She points out that the students 1looked at the

relationship of the input to the angle formed only-



= ' -
[
1
.

s . 26

when the initial perceptual attempts failed. It was
)alsé evident in ‘Kieran’s grade 6 study that the
students were not able to perceive the supplementary
relationship inhéren{ in many Logo situations. N

HOYLES AND SUTHERLAND - WHEN 45 EQUALS 60 (1985)

Hoyles . and Sutherland's 3-year longitu&inal study

\

of 11 .and 12-year olds examines many facets of

children’'s mathematical work in Logo including the

L3

build up of mathematical meaning, the synthesis and

. eXxtension of concepts, as well as the social
interaction and affective aspecté. However, in
tracing out the use of inputs to.rotations of one

L
-«

pair of children, they noted that the children may use
- . )

inputs to'rotations of RT and LT withodt reflection on

what turn has already been madg or without synthesié

_with angle used in other angle gbnstructionsl They

point out that children may be adding or subtracting

numbers, o \ adding and subtracting "actions but not
e

angles. They have found that children have a tendency

i
L}

to estimate the size of any acute angle as 45°, even
uheﬁ the size of the angle adjacent to it on a
straight 1line or the reflex angle completing a tuirn is
given. Hoyles and Sut?erland noted that some:children
used a -restrictéd subset of inputs to RT/LT such as
" repeated qu;l digits and multiples of 30 ana 45, Thé,
uée' of these subsets,- they point out, facilitated the

. production of a range of projects in Turtle Geometry

but it is not ‘' clear “that pupils were aware of the

¢

Ta



process by which their goals were reqched.

A -

E. 'R. NOSS - CREATING A MATHEMATICAL ENVIRONMENT THROUG
- L‘PROGRAMMING: A__STUDY OF YOUNG CHILDREN LEARNING LOGO

' ‘ (1985)

Noss's study of children aged 8-12 years also

reveals the choice of inputs to RT/LT were often
randomly seleéied, or ' .consisted of conveniently
positioned keys (gﬁg.} 44, 77, 56). In the introduc-

tion phase of his researcﬁ, Noss's results of students
éombining inputs to RT/LT show 10% never comhined, 80%
cM:.:ombined similar commands (RT .50 RT 10 into RT 30),
and two-thirds of the students comﬁined inverses of

" . angles (RT 30 . LT 10 inté RT 20). To the younger
4 ‘ “children in part;cular.athe Td}tle effeé£i§ery served
. as én” introduction to _the concept of angle. The
younger séu&ents were restricted .to inputs of 10 or

20. vThe spec;al effect of 90 was quickly grasped by

o all but the lowest‘att§§ﬁers. Ag’a teachér'in Noss's
‘ study points out, "The céncept of angles is understood
. \ | so ‘'much better than i} I had stood ég the blackboard-
with a protractor pacéhse the childreﬁ are making the

. angles themselves for a specific purpose..." A fgw
children "discovereq" turns of- 180°~ often in the
.coptext. of . turning 90 the wrong.way, and then turning
'180° to compensate. 360° turns were. in general®
encountgrea'in the context of ‘circle constructions.

Noss, in  .the final phase of his research,

examines the effects of Logo on aspects of angle
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acquisition in the geometry study. These aspects\yay

be categorized as follows:

Right angle conservation - using varyiné positions and

arm length. The effec¥ of 'Logo on‘this aspect of
angle was strongest in the scﬁqol with the youngest
children (8-9 years old). It was suggésted that the
Logo children in this category may have been
introduced to the concept of right angle only in the
cpntéxt of their 'Logo work, while the older children
(10-11 years old) had already been introduced to the
concept in a conventional manner. (There was also
indication that Logo work narrowed the gap between
the. sexes, since' the ngg boys and girls obtained

comparable scores on this section, bhile in the

controlled group.the boys bﬁtscored the girls by 20%.)

.

Angle conservation -, us;ng varying p051ticns. arm
length and angle measure. A significant effekt was

found' in favour o% the Logo children on an item
comparing two unequal angles. This finding did not
extend,. however, to items involving an angle embedded
in a triangle, or in the <c¢hildren's ability to
conserve angle under rotation. ' / .
Angle measurement - the ability to recognize or
estimate relative "sizes of angles f;om'a rotational
r?exterlor) angle point of view.

In- this aspect, a significant effect was found in

favour of the Logo children s ability to order

(exterior) angles into relative Bize, i.e., greatest
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and least. This ability may be related, according to
Noks, to :the concept of an angle as a rotation, which

could be supposed to result from the Logo environment.

SUMMARY OF RESEARCH IN THE ACQUISITION OF ANGLE IN A

LOGO ENVIRONMENT ' .
. a .
The research:  findings dealt with in this review

of the literature seem to point to several trends in

P

the children's . acquisition of angle concept in a Logo

environment. They may be summarized. as follows:’

RIGHT ANGLE
Most children in all age g}oups were able to grasp the

concept of right angle without difficulty..

ANGLE COMPARISON % :

Logo .effectively enhanced the children's‘abilit& to

’

make sized coﬁparison between grossly. different right

. o

angles.

ANGLE MEASURE -

puts to RT/LT were more difficulp to estimate than

: »
those to FD/BR.  This was in part due to the speed

with which the ‘Logo turtle rotates, making it
difficult, for children to ‘'"see" the turtle turn.
Rotations of 360° or more were particufarly

diffic&lt to perceive due to this fact. Oftéh'choiceé

{

of inputs were selected based on édonveniently located

keys or as multiples of 30, or 45, which produced

desired effects on the screen.
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- D. . ANGLE CONSERVATION '

°

Although Logo seemed to provide an enhancement for
recogﬁ%zing vangleg in wvarying , positions, if was
difficult to ascertain whether the children understood
tbe angle measure as a sum of degrees of rotatian or
as a collection of actions to produce a.giveﬁ angle.

E. SUPPLEMENTARITY RELATIONSHIP

<

Inherent in Logo work is the necessity to distinguish
~between an angle of rotation and the 'adjacent
constructed angle. Children often used the input to

\ the rotation . necessary to position the turtle as the

measure of the constructed interior angle.

r

Pedagogical Imgi;cat;ggb”@i Using Logo

-

"The Logo turtle can be related to things people know

.

because it 1is not stripped totally of all properties..."

Papert (1980). » "Since a turtle has direction, it is like a
&

person and allows childrfen to identify with it-by bringing

their knowledge about their bodies and how they move

the work of 1learning formal geémetry." The goal
children's .first exberienbe‘in the turtle geomstry iearnﬂng
environment is not to learn formal rules, but to develop
insiéhts into the way they move in‘§pace: and to try to
estabiish a firm connection between thé personal activity
and, the 'creatioﬁ of formal knowledge. . By using the turtle

to draw simple geometric shapes, concepts such as angle may

be introduced to the child. Papert further puipg;;s that -

-8



o A 31
turtle geometry is an effective Way to cafrry out Polya's
sugéestions for the need to ihstruct children in the use of
problem-solving and mathematical strgtegfgs, " He also
claims tha;' Logo encourages students to plan their work,
develop 1logical sequences; and then”to}tgst it directly.on
the computer.

According to O'Shéa (1978) Logo brovides an'aide to,
one's own thought process by éliowing one to trace the
components of "each problem. . Aléo, a;;trapt thinkihg is
encouraged since cﬁildren have to consider new possibil-
ities and learn what éo anticipate from a given experience.

o Papert . (1980)' deécr;bes the effect of turtle geometry
on t%e use bf numbers to measyre angles as primqrily
"relatioflal" or ‘“affective", Hisﬁ view is that in the
turtle geometry context, childrer pick this ability up
almost unconsciously. In Mindstorms (1980), Papert
stresses tﬁe fact that everyone emerges from the Logo

. ]
experience with a much better sense of what is meant by 45°
\

. . °
0o 10° or 360° than the majority of high school students

ever acquire. '“In this 'way the ,student can be better
prepared for all the’formal *topics such as geometry,‘:
trigonometry, etc., in ~which the coﬁcept of | éhgﬁé’ is
central." ‘Furthermoref‘he stresses the ''body syntonécity"

of Logo, 2as well as a "cultural syntonocity!, where the
) )

turtle connects the idea of ang%e to the ektja school

éultpre of mény children. - For example, The.Total Turtle

Trig Theorem (Papert) ' of Logo which states, "If a fdrtle'

takes @a trip around the boundary of any_area, and énds up

t

t

N
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‘in the state in which it siarted. thenl;he"sum d*gill its
turns  will beu360°"pbecomes more in;eliigib%g since it can '
be related to éersonal knowledge. Therefore_;he concept of

2. 360° rotation becomegqén idea that can be used as a tool

tP think within everyday situations.

. In Logo, procedures are manipulable entities (Papert),

~ ¢

YThey can be named: stored away, fetrieved, chghged, used

as building 'ploqks for superprocedu}es and analysed into

—_
7

f Al - hd
bgbprocedures. -In this process they are assimilated to

s

.. -
¢ schematic or f;ames ‘of more familiar entities. Thus they

. acquire 4the_,quality of ‘beiﬁg‘ entities’'. They inherit .

'concreteness’'."  This asﬁéct of« Logo permits the use of
procedures to be incorporated into the ;éaching éf the
R
concepts of ' angle, where more than one rotation is
. ¢ Q

o A R -

involved.

Perhaps one of tge most powerful pedagoéical
implications of Logo concerns the ch;la as learner. Logo
allows children ‘to. correct errors right “on the’ screen
w1tﬁout er351ng or ~starting over. Thié' is.eépecially
1mportant for the reluctant learnér whose E%evis?on =
strategies will be vastly simplified using Logo: T
i "Mgthemaficsh’deals wifh abstraction. Its syméolism is
an . essential laﬁd power{ui .tool ’ip (effécting that
abstraction - df$QecoQtextualizingrknoyleageuand rglatioh—
ahips,:‘and yet it is just this’necessity for decohtextJ

ualization and formallty which many .children . find 80

o
I

difficult.” (Noss. 1985) Socital interactdons betueen pairs

of children or children working independently within Logo

L)
Y




¢ 33/!
environmentk contribute to the development of the
brogramhing straté;;e;: Tke feedback from tﬁe graphics
spontaneously encourages Qiééussion of strategy and
outcome. This discussion inevitabiy .involves the

verbalization of the mathgmatical problem at hand. This
el Wz e i e
verbalization would seem, then, to promote the acquisition
of the abstract symbolism of the mathematics, concurrently

with " the. more concrete visualization offered as a result of

manipulating the'Logo 'turtle on the computer screen.
<
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CHAPTER IV
5

THE RESEARCH STUDY

)

 Creating a Logo Angle Environment

v

It is claimed by its designeré tha£ the structure of
the Logo langu;ge provides avconcrete moael of,speci%ic and
powerful mathematicai ideas: The research literature
(Hillel, kieran, Hovles and Suthgrland, etc.) supports the

“claim that a Logo environment is rich and potentially wéll
suited to ’learning a wide range of mathematical concepts,
such as angle; Tﬁis "isﬁ due in particular tq,the Tﬁrtle
Géomgtry aspect of Logo- in whi¢ch the turtle responds to

simple commands such as FD; BK; RT; LT. These commang% may

be extended, into more complicated instructions such as

- . ] : 4
REPEAT. In Logo,-basic commands form the backbone of more
complex ones. In -this sense Logo 1is cons;stent, e.g.,
 REPEAT 4 ,[FD 50 <RT- 90]. This command will produce a

"square” as obviously to the student as - the repetitive

¥

’commands of FD 50 RT 90 FP 50 RT 90 IFD 50 RT 90 FD 50

RT 90.

The above commands. may bé :programmed into a
procedure. This ’resplts in teacﬁing the té;tle how to
pérform a new command. Thus in order to have the turtle

producé- a square on the screen, the command may simply be

given as ''square".

This study attempts to employ Logo'S’?urtle Geometry.

| ]
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~

as & means L of providing the student with a concrete model -

[4
-

'with which to ‘investigate’ the concepts of angle. An

9
intention of this ‘'study is alsp to examine the extent to

which Logo may be used as a tool to model the concepts of

aﬁgle such as complementarity and supplementarity.

I. SLOW TURTLE »

w———"

The designers of Loga Sstress the fact that the
properties of displacement . and rotation and their
.associated iength and degree measures underlie the
most basic turtle geometry activities in the basic

/ .
commands of RT, LT, FD, BK. 1In order to produce the

turtle’ graphics, 'the student must use these basic

geomeiric concepts of angle and line.

. ' As the review of the research literature
indicates, the students often 'had difficulty
perceiving the rotation of the turtle, especially

those of more than 360°, due to the speed with which

s

the turtle ‘turned. To this end, as in the Hillel

study .reported above, the turtle's rotation was slowed .

dowrn. 'The students' commands’ to tprn the turtlg pére

y 2

now called TRT (turn right) and TLT (turn left). This

S . .
fagilitated the students' visualization: of the

turtle's rotation.on the screen; : .

'

II.  NEED FOR STRUCTURE

K

-

"As ' the research literature purports, Logo’ users
left entirely to their own resoﬁrces, become
enraptureg  with the - graphics (of Logo) without

actually being aware of the geometry and mathematics

P e vty gt e
-
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involved. For exanmple, the'Brookline Report (Papert,

et al, 1978) idéhtified a range of mathematical
concepts .used by 11-12-year olds. that included-the
quantitative and qualitative notion of length and
angle, but noted that in several cases the childreﬁ
were gﬁaware of the embedded ﬁathematical cqnéepts
used in their programming activity.
Subsequently, the reséarchers seeﬁed to find a © -

" need to intrpduce gome structure inte the Logo classes
"in order to make ;the student more aware of the
mathematicg of the Turtle Geometry. Pea. (1984) states
that the 'guidance and support of 'the teacher are
nééessary if Logo is to be -‘used’ as the designers
hoped. Hoyles - (1984) points out tha£ the research
studies i;d feseafchers to decide - that it was

essential that a balance of pupil initiated

exploration and teacher initiated structuhe ghould be

"obtained within the learning of the mathematical
1}

ideas. Cathcart (1+985) suggests that if students_here

et

—

‘required to do sone prefplanning during thgir
‘off-camputer tiﬁe.‘ they would 1likely benefit-ih twg
ways: (1) it would result in more carefully structured
procedures and 12)-time would be used mofe efficiently
for enté}?ng commands . »

With the recommendations in mind, this study was
set up . with teacher-initiated structured activities
involving specifi§ concepts of angle' as objective

goals. These angle .concepts ificlude complementarity



III.

) ' ' 37

and supplementarity. “Furthermore, .off-computer plan-

ning time was included.

DEFINED. ANGLES RTA/LTA

In order‘tb,link the turtle's rotations with that
of the (constructed) angle, special procedures RTA
(right -angle) and LTA (left'anglé) were used in the
eHvironment. For example, RTA30 and LTA30 both
proaucéd E@ with the turtle rotating 30° to its
right in the f;ggt case, and 30° to the left in the
second case. (The actual orientation of the initial
side depends, of course, ~on the turtle's initial
orientation , on the sdrgen.f . The underlying procedufe
for RTA was as follows: . .

TO RTA :ANGLE -+ | " : .
FD 30 BK 30 |

TRT :ANGLE 5 .

FD 30 BK 30

END ‘ ‘
- Thus the turtle's ini?Pwl .state is at the vertex,
oriented in the directién of tﬁe initial ray, and*its

final state is at the vertex, orientéd in the
- . ’ -7 A
direction of the terminal ray, i.e., '

initial//)/z < .
I\ \

final

- -

~ This allowed for producing }arger constructed

qhgles as the sum of two angles. -
For example, the sequence RTA30 RTA4S would.

produce: Ly '
*‘ . . .



38
which is "equivalent to RTA75. ° 1In this way, these

angle procedures could be used as subprocedures in

produéing several angle relations such as:

« D¢ ATA (10-:8) RTA 1. N0y RTA(170-:A)
h)
qomplemgqtary supplemernitary
LTA (360 - :A) FTA iR
exterior rotation T interior rotation

In%tially, the students were asked to define
brocedﬂrés such 'as RTA90, RTA4S5, RTA60; RTA135,
RTA120, RTA110 AND RTA150.. These procedures were then
‘éiseussgd with them, and mgéified 56 that they would
be the .same for each student, ki.e., same length of
afms. same initial gnd final turtle states). ‘

IV.  PRE-PLANNING

’ “, The .Logo environment also included time for

| pfe-planning tasks, using paper and pénqif: abring
off-computer time. Teacher-iﬁigiafed discussions
served to motivate the stud;nts‘ interest in the
mathematical cohcepts embedded ' in the Logo
activitieé: As the'étudeﬁts worked through the tasks,
knowledge ués generaied independently as well as via

their interaction .with qng; another. The students'

exﬁlorations were shared upon compldtion of. each

A
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activity sheet, thus reinforcing the mathematical

concepte of the Logo tasks. , -

V. VERIFICATION WITH COMPUTER

Thé computér output may be considered. the
concreté modei po develop the child's notion of angle,
since as the child cgnstructs "the angle on the
computer, he is actually .manipulating the figure on
the scredn ‘via the turtle. The visual image of the
computer offers the“necessafy reinforcement to the
acquisition of the concept. Composing the speﬁial
angles using the angle components provides the student
with a visually manipulative experience in
constfucting , angles in varying positioné and

orientation and would thereby promote a petter

understanding of angles'and their relationships.

.

VI.  SOCIAL INTERACTiON

In interacting with other students ‘and the

teacher, the student 1is verbalizing the concepts and

*
~

‘is assigning the mathematical symbols - to the Logo

figures cqncurrently.

.

VII. SUMMARY OF COMPONENTS OF THE LOGO ENVIRONMENT
——'——_——_—_—1—_3———_’ >

c

The environment created may be outlined as fdllows:
i

A, Stencilled activities

.B. Teacher motivated instruction and discussion
kC. Pre-planning on paper
D. U;ing slow turtle and . defined angles RTA/LTA to

* produce the required figures

E. Verification wi;h the computer



40

F. Interaction of students with one another
G. Interaction of students with teacher
H. Vefbalization in Logo syntax concurrently with

mathematical symbdls of the ideas generated by the Logo
tasks . ' ’ . . o
_I. . Formulation of the angle concepts into mathematical
terms.

-

From the visual feedback of fered by the Logo
;nvironment, iogical connections among the angles préduced
on the screen may be deduced and their properties ‘can be
I reinforced by the mathematical symbols de&éloged through the
teébher - guided class discussions, as well as the
structured written exercisesl This would seeﬁ to provide a
sound base on whichvthe student should be able to build the

geometry concepts offered to him at the secondary school

leveis beyond grade 7.

-

Physical Setting of the Study . )

i

The activities for this research were carried out in

a

the cémpufer lab of the high school. This@lab Qas an actual
class}oom, outfitted with fourteen computers (10 Apple, 4
compatibles) 'and‘ four printers. ‘The computers 1iped twq
adjacent walls, as well as eithgr side of a center island
created épecjfically for the electrical outlets f&r the
eduipment. Against thé wall beneath the windows uﬁé a work
area, consisting of tables and chairs. The.front of the lab

was equipped @ith a blackboard, as in any ‘standard

classroom.
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Students in the Study

The classv of thrée‘ girlé and six boys (one boy left
the Bchool before the project Qas comple;ed) was selected
 for this study. These eight students of average to above
avefage intelligence formed "a Secondary I (grade 7) remedial
mathematics class "in a private high school. Some of the.
students were placed in this class due to their inability to
cope with tﬁe larger reghlar classes. Their ages ranged from
12 to 13 'years, and their levéI of mgthematicé achiev?ment

1 [}

was varied. Most of the students were able to perform at

1

their grade 1level 4in the computatiohal aspects of- the
mathematics curriculum where 'whole numbers were involved.

Decimal fractions and common fractions presented more

difficulty to these children as théy attempted to memorize
algorithms exclusively, as a method of learning these
concepts. ‘ This , style of learning was one which phey’were
comfortabie with since it placed less of a demand on them to
listen attentively in th%, classroom as the mathematical
concepts were being.introduced to them.

Most of the students were lQQ to ;verage achievers in
other areas of the school curriculum as well. Their

£

dnability toV concentrate due’' to a short attention span
\

hindered . their development in conceptual thinking as it
applied - to languages as well as social studies. Some bgfthe

-

students also demonstrated learning difficulties in the area
of memory and sequencing.
For two:. of the students in the stydy, English was not

..a first language, although they had been’ in the school
~N ‘ B

r
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system for all or most of their elémentary education. They

42

still spoke a different language at home, and were
i experieﬁcing difficulties with vocabulary attainment. The
language deyelopmen; of some of the students may have
cdntributed to their weakness in solving word problems, as

’,

well as in reading and interpreting the instructions in the

t

activities ;f this study.

The weaknesses manifested as a resuit of the students’
‘reliance on rote memorization Were especially evident in the -
aspects of the Secondary I ‘mathematics curriculum which
‘involved ‘tﬁe application of basic concepts to percent, ratio
énd proportion, as well as geometry and measurement
concepts., Another difficulty exhibited by those students
who were above average 1in their ability to grasp new math
conpepts was their lack of attédt#bn to details~- and
organization. These students were often quick anq);areless
workers -or they were unable to write down the mathematics
' - ythat they were using mentally. .

For these reasons the implementation of a concrete

. ] .
tool was' thought to be beneficial to this group of students

o

Pl

by the. teacher. -

Logo Experjence ‘ the

The students .chosen for this study were part of a
larger ‘remeaial class which was spli% f?f remédiatién in the
areas of .language and mathematics (as outlined): This class’

of twenty—oner students met together for a weekly session of

forty-fivé minutes of computer science which was part of the
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regular curriculum. The reseacher/teacher instructed thié
weekly class *in the Apple LogoAianguage. The éxperimental
sessions were carried ouf in the math sub-group of this
‘ class, éuring their regular mathematics periods.

The background in computer experience of this class
was idiversifiedq, since the school was fed by three other
. main schools, two of which belonged to the samg priva%é
school syétem. In éhese two schools, the children had been
exposed to Loge as a free explorazion nwitl; the turtle,
within the’ grade six program. These sessions of
approximately 20-30 minutes were blocked intg one semester
of the school vyear. ‘One school had used the Atari v%rsion
of Logo,\ the other Apple Logo. Some ideas of programﬁing
may have ‘been Intfoduced, but were generally mastered only

by those who had computer access outside the school (home or

camp) . In the third school, Atari computers had been used

I

exclusively as a means of introducing the childfen to

> ,
computers via games, computer-aided instruction, and sSome

students thought they “had also played with “turtles".

Althodgh they seemed to have had more access to their

computers in their grade 6 school year, they had less

experience with Logo than their counterparts. Thus it was

the teacher's task in the first semester of Secondary I to

find the level of the Logo experience of each student, and

to generally develop the basic rudinents of the Logo’

language.

The weekly classes were set up according, to the

philosophy” outlined by Papert. (Mindstorms), ‘the designer of

¢ @
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Logo. The students were introduced to the commands and
basic ideas of .. programming, ' and throughl various graphic
‘exploration activities, the§ acquired the skills which would
enable them to use pProcedures in bgilding other
superprocedures. They kept a log of theif-activities, and
worked wi£; partners randomly chosen. nBy the end of the
first semester all the students had acquired the bas@é
knowledge of how to employ the following cpmmands: RIGHT,
LEFT, FORWARD, BACK, PENUPR, PE&DOWN, REPEAT, WINDéw,"URAP,

- FENCE, PENERASE.

‘'They could also work in DRAW MODE or PROJEDURE MODE,

—

and they were able to wuse EDIT MODE ~to debug their

procedures. The students were also eager to learn how to
save their procedures. This led to the learning of LOAD,
< . .

SAVE, and CATALOG as well as the understanding of

manipulatiﬁg files using ERASE and ERASEFILE. .
The students ended thé first semester with éhe

introduction to building superpfocedurgs with already

defined procedures. )

" All the aforementioned commands were ;ntroauced and
developed through act;vities which did not emphasize any of
thé mathematiéal idea; to be vdeveloped later on in the
study. q?he_(coﬁputer) Logo periods throughout the year were
toially different in approach (little structure) as well a;
in goal, which was solely to learn the progr;mminé skills
via"gréphic projects in Logo. This is the experience the
studeﬂfé. selecté;.for:the'research study, brought with them

v

to the Logo/math clgﬁfes of the study.
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sear
CONCEPTS
{ The following concepts were introduced to ‘the’

students via a set of structutred activities produce_d
by the teacher/researcher. |
RIGHT ANGLE |
ANGLE ROTATIONS OF LESS IHAN/GREA';'ER THAN 90°

ONE COMPLETE ROTATION EOU'A,LS 360° | -
COMPLEMENTARY ANGLES

'SUPPLEMENTARY ANGLES

INTERIOR /EXTERIOR RO’I:ATIOQJS OF ANGLES

ACTIVITIES

Stencils were ‘distx"ibuted to the students at the

vbeginning of each new concept. The doncept was

-

developed through the Logo \tas,ks outlined in each

activity sheep .

P2

INTRODUCTORY SHEET

A:. general instruction sheet (see Introduction to

[

Logo Activities in Appendix B) was introduced to the

' class at the onset of the project. It contained

N °

iformation that would be used as a reference to

interpret ctany symbols used on the:activity sheets.
ok

Amongst the items  listed: with interpretations i:ere

- arrows of rotation_,'a shaded triangle to represent the

turtle's initial heading, and a non-shaded triapg_le to
represent the turtle’s final heading.

»

Also presented in this introductory sheet was the
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general way to proceed for all the tasks in the
- [

activities. The children were encouraged to plan all

;

L 4
. the tasks on paper ‘before checking with the computer.

GENERAL CHARACGTERISTICS: ACTIVITY' SHEETS 1-7 ’ -

1
Each new concept was developed through the

structured worksheets (see Anpalysis of Activities)
which Were stenciled with enough space for the students
‘to write and.- plan their tasks. The teacher introduced

‘each worksheet oi‘ally.f reading through all the

N . . kS . a
*instructions for each task in order to'relnforce the

o ' 1 »
meanings of the instructions, and to ensure that the

students could properly interpret the symbols. This

also-allpéyed for students to clarify any directi‘ons

'

necessary . &

Each activity sheet was composed of ‘two or more

K]

pages. and was brokeh into several tasks. These tasks

. ! ,
were presented either as figures to reproduce using
®

Logo, or as a set of commands that the .students had to
N :

‘visualize and °‘sketch on ?heir own. In other tasks the

students were presented with a problem which they had

_to sketch, and .plan on paper, and then verify their

strategy with the computer.
+ © .Other tasks were strictly mathematical in nature
and. served to “c":heck ‘the concepts, using appropriate

mathematical ’language. This involved calculating

. angles,: f£illing in charts, and listing reagons for

solving a pro?lerﬁ in a given manner. !

°

g
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-~

STRUCTURE IN ACTIVITIES o .

The stencils provided exerci’bs to help the
students develop the basic notion of angle rotation.
This included estimation and. calculation of angle

4 . ‘ o

measure, " and the relation of an angle to a complete ‘

¢

b

, /
ropation of "360° using the REPEAT command.
* The next part of the activities centered on

'defininé angle procedures for acute jangles of 909, 45°,
o PR 3 .

60°, 30°. as well as obtuse angles of 135°, 120°, 110°%,

150° (RTA/LTA). These . angles were defined by the

. <
stuQents and discussed ‘with them by the teacher in

'

order to ensure the proper positioniné of the turtle.

’

This waE essential to the activities deyeloping the

complementary/éuppleﬁentary angles, as -RTA/LTA vwere

employed as subpfocedures to produce the new érocedure
or angle. (see Analysis of Activities)

The f}nal phase of .the activitiés‘ppq ired the

@

studenhts to produce a given ‘angle using thendinverse

<

rotation. Since this was completed at the end of the

school ‘year} less structure was bpilt'ﬁnto this concept

. B J :
as time did not allow for more classes. The items in

’

this ¥'section were compriised of figlires where two arrows
« . ALY Y .
©0f rotation were given - interior and exterior turns. /.

The Engle measure for either the interior or exterior

.’

. i
rotation was provided. .The Bstudents' task was to

.

"supply the missing 'measure of roggtion using the

chyuter as verification.

i

1
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TIME FRAME - : .

Each activity sheet was completed over two or more
forty-five minute periods. This time was\feparate from
the regﬁlar Logo periods of forty-five minutes per
week. o |

Fhe Aactivities began in‘pge second semester, after
an initial beriod of introduction to Logo programming
The activities were not hecessari;y completed in’

consecutive weeks due to a break for holidays, exams,:

etc. within the school calendar. 'However, each coqéept

/
was completed within two or three’consecutive "lessons )

~to enable the _students .to carry,£orth,tnegideasmuitﬁ,_uﬁﬁ__
My, i

which they were working.

ITI. TEACHER/CLASS DISCUSSIONS

The -teacher acted as motivatdr in introducing the

concepts dealt with in each activity sheet. The
teacher- also clarified general directives in the
initial presgntation of each activity. During the

off-computer planning time, the teacher motivated

discussions which acted asJ reinforcement to the
\ ' .
.concepts ' being developed at the time. This allowed the

pupils to share their findings and'.to discuss any

questions about the activities that - they might have.

*

forgottep from the prqviousfiesson. At the completion
“bf each -activity. (concept) an in-class discussion was

heid ﬁhere the concepts formulated through the tasks
. ) ? ' % .

were summarized and verbalized mathematically, in order -
"to ensure a basic understanding before proceeding to -

Ithe subséquent activity.

. ~

A ’ ? A /



"METHODS OF EVALUATION

Iv.
. 'Observations during the actiVities were poted. -
Interesting problems that arose from discussiogs
P améngst students were noted, along with the written
work on the stenciled sheets. Since no tape recorder
A ‘or video caﬁera was employed, the teacher transcribed
‘ all the notes at the end of each class. £
. To ensure that the activities were being develdpeqﬂJ
dﬁ : by each student, ‘theif folders were inspécted at the.
' end of each class as well. The class discussions
) outlined previously also served as a formative
, B evaluation on an ongoing basis. A summative evaluation
was “given in* the form of f?ur questions involving the
gconcepts of angleT%n the final June exam. )
V. IOUTSIDE INTERVENTION . -

‘Intéfventiona‘by the teacher, once the students
began their work, was minimal and was usually re;erved~
for settliﬁg disagreements amongst students or
encouraginé a " deeply frustréted student to continue#
The teacher did not supply iéeas "to try" gut, rather,
pudged ~thé children to think béck about something the;
had . already ’learned that might be useful in the

_situation at hand. . | .



-CHAPTER V

ANALYSIS OF THE STUDENTS' WORK

The Logo Agt;v;ties
I. ANALYSIS OF ACTIVITIES PER TAS&m

" The analysis -: that follows includes the tasks as they
were presented in each activity, as well as examples of the
students’ interpretatioqs of each task.  The . students’
cémmands were typed horizontéll;. Any commadds that weZ;

corrected by the students are underllned with an arrow

pointing to the~vcoppectien——ﬂ—*sxamples—wef—the—students

sketches HRave been reproduced where p0551ble

Each activity contains a BPElelc objective in the

development of the concept'of angle: >

Act1v1ty 1'- RIGHT ANGLE; ANGLES LESS/GREATER THAN,
90°.

\

. A COMPLETE ROTATION OF 360°. :

Activity 2
Activities 3 - 4 COMPLEMENTARY ANGLES.

Activities 5 - 6. SUPPLEMENTARY ANGLES.

B

Activity 7 INTERIOR AND EXTERIOR ANGLE ROTATIONS, ’

.

’ All tasks in the activities arevstructured to prgvide

the students with experiehce in observing and manipulatingt

&
the angles in varying positions (standard, ro%gted and(pr

*

reflected) . The ~-tasks include written questions - which

require the  student to ‘reflect on what she/he " has

construéted in a previous task, and to incorporate the
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mathematical language with the syntax of the Logo

)éonstrﬁction. )

‘ Upon completion’ of each activity, the éoncept being
developed was formulated into mathematical termg in order to
bridge the Logo ideas with the formal mathematical language
of the ;urriculum. ' | -

II. INTERPRETING THE FIGURES

The figuqes *in the activities have specific
indications which are necessary in the interpretation
of each task. The students were given an explanatory

| sheet outlining the inherent instructions.of these

figures. The following is 'a guide to reéding_tbe
o « figures. A '
A, . The so}id‘ lines show the first part of the figure to

be reproduced.

B.: The shaded turtle indicates the initial turtle state.
C. The ddtted or dashed. lines show the part of the

figure to be completed by the student.

D. ‘The unshaded turtle indicatés the final position of o
the turtle. .
. 9 g . .
F. The arrow indicates the direction of the rotation.
I
N ; .
'
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LOGO ACTIVITY SHEET 1 N

TASK 1

WRITE THE COMMANDS TO COMPLETE THE FIGURE.

Fig. (a) FD 50 :
- , ‘ "——_'—'b ‘
As BK 50 . s

JActivity 1 intends to reinforce the students' concept

of a 90° angle as a rotation of 90° to the right. JTﬁE

P

figuré is pfesented inh;sxandapd~p954;;QBT__ihe~s%udeh%—¢s—f—-————
, - . ‘

rEZuired to write the commands to draw the dashed line, |

given the turtle's position after the complgtion‘bf one ray.

No difficdities were encountered with this task. All the

students demonstrated an implicit assumption of HOME as the
. 5 & '\
starting position. . . -

S

TASK 2 ‘ o -

WRITE THE COMMANDS TO COMPLETE THE FOLLOWING FIGURES.
"Use-50 for your INPUT in FD and BK

Fig. (b) Fig. (c) - - Fig. (ay ¥

Rkt S l v . )

Figure (b). is presented in standard position withiq '

‘rotation of 90° to the left. The activity is to be =
completed the same manner as figure (a), with the”exception:

:that (i) . all the commands must be written to form both fa&s

-

w
-
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of the angle, and (ii) the turtle ro;atiog is to the left.

This task presented no problem: : The qpposite
rotation was exbéuted correctly by a}i. ( ’ -
Fig. (¢) and (d) ‘

These nf;sks -present a right angle d}awn iﬁ an
~16verted position. The students' initial task is tO'pOSitiOD
jtﬁé’ turtle to begin to draw the solid ray of each angle.

The secoqd step is to.jotate the tur;le to th? RT or LT to

5

- complete the 90°¢ angle.

Most students were successful with both of the above

steps—toexecute theanglein figures—(c)—and—{d

Some work that _is of interest is noted below. 8

s

Studept S and A

\ Fig. (c) - PU “ initial positioning of turtlé' .
| 'FDSO ' -

TLT 90 ‘ o .

PD L, ~ '

'FDSO'\ .- ‘ C

BK 50
- TRT 270 «— ignores the rotation arrow,uses
FD50 " .exterior or inverse turn of 270°,

‘ £ ) to complete the right angle. _° T

s

Student R - \ ' S
- - :
) TLT 90, FD 50 BK 50 TRT 180 FD 50. . j
-~ 2 R . ',

TLT 90 '~

L4

° ® M

‘R used the round abobt turn of- -TRT léd and then
o -, N : ;

‘oh
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L3

either corrected or added TLT- 90 to conplete the 90°

interior angle. R demonstrated difficulty with the [

perception of 90° from an upsidé-down position. ty
Students T and'L v
’ (AN t ) .
1 ’ -
(c) e FD S0 BK S50 TRT 90 FD 50
FD 50 TLT 90 FD 50’
. a
' ’ , - Y
(d) ’K:_____ ) FD 50 BK 50 "TLT 90 FD 50
FD 50 TRT 90 FD 50

0 ,
In the preplanning stage of paper and pencil T and L

. . : . A
assumed the default heading of the turtle to be as shown by

' 4

the shaded .turtle of the diagram. Therefore the TRT 90°in
figure (c) demonstrates a lateralization problem,'si;E;:it

‘would bring the turtle to HOME pos;tién. The TLT£90' in

figire (d) would produce the identical effebt in reverse.

They corrected the lateralization problem upon feedback

from the bomputer. T & L demonstrated a preoccupétion.with -
the' angle rotation to complete the figure ah¢ thus did not

correct the errors that their new ‘commands would still

’

produce when executed on the combuter. They assumed the

o

default heading as west.
' F--- >- - -}
%

cee— -4
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. ' :
It is* ﬁﬁifficult tc know whether the students

verified their commands with the computef which would
produce the above figures. T & L dempnstrated a
lateralization problem which the compuﬁgr feegback should
have helpeq them visualize. | “

Starting in default position completely changed the

location of the figure on the screen. q | '

A s
TASK 3

WRITE THE COMMANDS TO COMPLETE ITHE FIGURE. BRING THE TURTLE

BACK TO THE STARTING POSITION AFTER THE LAST TURN. . e
- o ,

HOW MANY 90 DEGREE TURNS DID TQE TURTLE MAKE?

WHAT IS THE TOTAL NUMBER OF DEGREES OF THESE TURNS?______

THE TURTLE WENT ALL THE WAY AROUND _— TIME. .

" The arrows indicate the direction of rotation. ‘

The students readlly recognized the Beed to
reproduce the .given right angle before the completion of
the figurs was possible. However, there was confusioA for
some in interpreting the three. questions that followed.
Some students calculated only the three right angles needed " A
to complete the dotted angles of the figure. Subsequently
they ansﬁered that a complete rotation wés. 270°. When
actually working\ on the computer they did go through four

right angles. Other difficulties were encountered when the

rotafion arrbqs were not followed.

L4 »
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Student T: -

/N FD 50 BK 50 RT 90 FD S50 BK 50 BK 50
FD 50 RT 90 FD 50 BK 50 TRT 180
- ' ’ ‘\ J

T is wusing the visual cues of the_“L_pattern before “
executing the  second right angle. T then coméietes the
figure correctly by turning 180° to the right. Judging by
the commands that were written and then erased, T seemed to
work in direct mode in order to figure the angles. \

-In answer to the first question, T fésponded two
NN

AN
turns (90° & 180°), yet in response toy,question 2, 'T states

7 \
the total number of degrees as 180°. The last question T

answered as the turtle went all the way around four time.

ance the word time was .given in the singular T showed 4

possible 1lack of understanding the written instructions as

well as of the arrow notation Gsed to iné;cate the

direction .of rotation. Student ‘A is an 'exampIe of the
~

‘completion of the three dotted angles while assuming that

the first 90° is already drawn. His commands begin with
| S

FD 50. |

BK S0 __'*___.

TRT 90 o &,‘/ e ,
) ” | F:DLSO - ' : |

e

A answered all the questions correctly.: - A's
interpretation of the instructions .to complete the}figure"

were taken 1iterally';E the completion. It is difficult to

v

know whether or 29é)’A verified %he commands with the

¥

', computer.




TASK 4

HOW MUCH DO YOU TURN THE TURTLE TO THE LEFT TO PRODUCE

]

FIGURE (a)? — A
~
LN
v ,
Fig. (a). Task 4(a) introduces the student to the
45° angle concept. The students are required to estimate

the amount of rotation to the left. "
All the Etudents readily recognized the angle

measure as half of 90° right Engle and correctly answered

L85 ° —
oo

- (b) | (c)
Taskg, {b) and (c)J present the right angle in two
non-standard position& (b) is a right angle rotated 45°,
while (¢) 1s the  reflected image‘-Of (b). Both figures
require the student to recognize the'contaiﬁed angle to be
"a right angle and .to recognize that the drawing of the
‘figures cannot be executed until the turtle has co;pIEZed
an initial turn of 45° in (b) and of 90° + 45° (135:).in
(¢). o y
) Thus "the'%‘ifficulties of the students fell into two
“mqin cétegoriés: (i) those students who were able to orient
the turtle correctly to ‘its initial state but failed to
recogniie the right gngle in the.non-standard position and
(ii) those‘ students who had difficulty with the initial

¢

state of the turtle.h N
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Student M -
TRT 45 FD SO0 BK S0 TLT 90 FD.50 BK 50

\

(b) " .
M produced the(icorrect “figuré with paper and pencil.
However the computer feedgack did ngt poinf out fo.him that
he had ignored the rotation arfow in the_diagramf

M wrote the following to produce figufe (c)

TRT 135 FD 50 BK 50 TLT 280 FD S50°

2,90

7Y%

AN

M positioned the turtle correctly for the initial

3
state. To complete the interior angle-:of 90° M rotated the

+ 2
I T T~

)

turtle back around the exterior 280°. The feedback from ?hé
computer would g;ve the impression that the inputs weré“.
correct. It 1is not ciear whether 280°. is the result of
idqofrect addition or,just a_gues§ or estimate.

Student A

A's work demonstrates an incorrect interpretation of

the tash/ <
Fig. (c) o TLT 45 FD 50 TLT 45 FD S0
oW T R
4 . adds TLT 45

s /
/

P

[N

L

’

A successfully produces the figure, but he ignores

all .the conventions explicit in the task. A begins the
’ - -

angle from the rqy rather than the ‘vertex of the angle. He

Ll
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r

ends his figure in .the given position, but the angle has

‘not been compieted from the inverted position although A

does denongtrate recognition of the 90°engle.

Student L ‘ N -

Fig. (b) TLT 50 FD 50 BK S0 zgz_gol FD 50 BK 50 ' .
| inserts fRT 50 C e

Fig. (c) PU FD 50 TRT 90 TRT 45 —s |

TRT 50 BK 50 *BK 50 TRT 50 FD 50

FD 50

L had difficulty estimating the 45° angle correctly.

However, the visual feedback for the rotation of TLT 50 ¢
presented L with an acceptable reproduction of the initial -
heading of the turtle in figure (b). P

L seems to be launched on an automatic input number
of 50, as she“apg}ies it to FD, BK, ,and TRT. The completed
figure was corrected by L to include an additional rotation
of (TRT) S50° (10° more than 90° given).

The work for figure “(c) aéaiﬁ'makes use of 50 as
input / for both moves as well as rotations. "L  has
difficulty with the inverted figures' initial heading. The
scribblings to the -left of the worksheet indicate some
attempt fo correcf the heading, but it is difficult to teil
whether someone was dictating the'conmands to her quickly,
tnereby ceusing spelling errors, or whether L wes‘actually

able to calculate the turn of 135° independently.

’



Student T
Fig. (b)
IRT 90 “FD 50 BK S0 TLT°90 FD 50 BK 50 BK 27 ) . d
‘ 50 ‘ K 270 FD 50 ‘
TLT50 : . A
» "‘ o
‘ 2
. .
‘¢‘v
R —
. ]
. ‘.3 ‘

T disfééands the rotation arrow in the given figure.

This results in qAEEFeral;zation-error. T attempts to fix
. P - .
up the lateralization ror after’ verification with the

computer but becomes confused-. y
Fig. (c) 5

»

TLT 90 TLT S0 TRT SO FD SO TRT 90 TLT 180 FD 50
T has erased the first commands that were planned on b
paper and produces the above commands using direct mode.

Again - it 1s difficult to know whether T was bgéinning at

( the end positMon and working backwards. "\j// . .
Student CH ' T ' {\\\\_
Fig. (c) TRT ?; FDZAS BK 45 TLT 90 FD 45 | .

TRT 135 TLT 135\ )
CH corrected very ‘well with the cowputgr feedback. ]
CH was ablé to cofrect the initial turn to 135°. However, >~ E

'CH assumed that the interior angle must tgen also be 135°,
without '»actually checking the gholef#figqre with the
computer. . : § . - . .

B e \
TASK 5 ' ‘ . : -

-

HOW MUCH DO YOU HAVE TO TURN THE TURTLE TO ‘COMPLETE EACH OF

THE FOLLOWING FIGURES? ' . "y




N

Q

Ly

L4

/ v N

/ .4 \
'/\ : ’ K \\
! ’ A}
TLT - TLT 4 TRT— . —2

WHY DID YOU CHOOSE THIS NUMBER OF DEGREES FOR EACH ANSWER?

-

\ - . L] . ™
a Thais task checks the estimation skills needed to
identify.. angle rotations of less than 90°. The direction og%

rotation is ;mportént to achieve the correct figure.

Most students cited visual cues as the reason for the
estimation without making explicit reference to 90° as a
basis for compar}son.

only ohe student was able to express the need to

calculate the' number of degrees to be less than a right

{

aqgle.

TASK 6
. {
HOW MUCH DO YOU HAVE TO TURN' THE/TURTLE TO COMPLETE EACH OF

THE FOLLOWING? L ,
P , oy .

. ' > P

,/ : A A

- . / -,
Ve — Vd
Fig. (a) 4 - Fig. (b) .
‘ N

1

This task elicits the estimation of angle g{eater\

s

tpins gu* from bP;h a standard and inverted position. .All
. » i
Students recognized the contained:angle to be greater than

=100 usiqg visual cues, "jt looks right'", as well as being

able ‘to’ express the fact that, "because 90° ¢&s styaight; 50
we add 20° to make the angle'”. ‘
This shows good egtimation skills which have been

fostered by Jheir (use of) Logo skills.
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LOGO ACTIVITY SHEET 2
TASK 1
WHAT FIGURE WILL THE FOLLOWING COMMANDS PRODUCE?
SKETCH HERE

FD 50 ’

BK 50 . ™~

TRT 90 |

FD S0 :

BK 50 ’

CHECK YOUR ANSWER BY TYPING THE COMMANDS INTO THE COMPUTER.
’ & ‘
DO NOT CLEAR SCREEN

‘NOW WRITE THE COMMANDS TO PRODUCE THIS FIGURE:
) . R ~

BRING TURTLE BACK TO THE END POS ON SHOWN. :

HOW MANY 90 DEGREES TURNS DID THE TURTLE MAKE 'IN ALL?

1

WHAT IS THE TOTAL NUMBER. OF DEGREES THE TURTLE TURNED?___

This task reviews the concept of ‘the right angle by
, .

' checking the Qupils' skill to visuali;e the figure from the

written commands. Recognition of 90° turn to form a right
. . 1

»

angle is necessary to complete\this task

Completion of +this figure posed no problem- to the

students. -

-

The second part.Bf tﬁis task deals with the concept of a
complete rotation being eéual t§7860°. This is developed by

askiné the students' to complete three more rotations of 90°

.

»

v
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each, which would then bring the turtle to_the same state at

which it

began.

Thus the total rotation is completed. The

students are then asked to

(a) calculate the number of right angles the figure has in

all

(b) calculate the number of degrees in all the riéht angles,

or 4 x 90®

= 360°. .

The major problem 1in analysing this task stemmed from

the fact

taék as

that

wa

s

-

many

of.

the students did not interpret the

intended. Although all the studeﬁts\completed

the> first righ; hnéle corfectly; many did not interpret the

next tas

include

k

the

as

a

first

continuation of the first,and thus did not

© -

rotation in calculating the sum of the

+

angles in the complete rotation of 360°.

The® following

N
how the figure  was reproduced correctly visually, but thg
o ' :

ekamples of the students' work illustrate

" task objeifive could not be fulfilled because of the

individual interpretations.

Student T
FD 50

BK 50 TLT 90 FD 50 BK 50 TLT 90 ‘TLJ 90

.-

°

h i

BK S50 TRT 90 FD S0 BK 50 TLT 90° TLT 90 FD 50.

B

‘T . successfully completes tﬁe figure given:'disregarding

the rotational arrows

“

and thus will have difficuéty in

answering the follow-up. quegtions' ihap/dé;l with the 360°

;othtion.

o
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Student M -t
TLT 90 FD S0 BK 10 TR 90 'FD S0 '
B
, BK 50 ﬁ TLT 90 . :
) L ,
R < :
: - r—
o ks "
1 2. 3.

Original commands show completion of the figure with no
regard to 1nherent 1nstruct10ns ' M perce1vi§ the figure in
the above manner and proceeds dirgctly from his initial
perception. . ' |

ﬁ begins to correct his‘command%;,but doe§ not verify
them with the computer, and’ therefore does not carry
Ehrough the cqérect number of rotations which will lead to
tﬁg correct answers to the questions that follow. _
" oOnce again the objective of this task will an‘be
fulfilled because of the individual's interpfetgtion of the

task.

TASK 2
WRITE THE COMMANDS TO PRODUCE THE FOLLOWING FIGURE. °
FHE FINAL POSITION OF THE TURTLE IS SHOWN  \_
5 . ¢
. S
HOW MANY DEGREES DID THE TURTLE TURN EACH TIME?
o
WHAT IS THE TOTAL NUMBER OF DEGREES THE TURTLE TURNED? __
SINCE THE TURTLE CAME BACK TO ITS STARTING POSITION, THE

T

TURTLE MADE COMPLETE ROTATION.
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This fask deal;\\with thé 90° angle in a fotated

e

position as well as with the"concept of 4-90° anglesare

1

equal to 360°. The rotatio

)

progression, in which the angles

the final "'position shown is a repetition o e previous
task. This time four angles had to be dqgwn in succession,
vet, some students assumed the first angle was alqead&

formed or else they did not bring the TURTLE back to the

" final position, and therefore did not complete the fourth

. c /
right angle. Again, if either of these omissions was

-— '

incurred, .the ansders to the questions which followed the
task ;ould not be answered correctly, and the complete
rotation of 360° concept would not ,be ‘reinforcéd as
iﬁtended. .

. Another difficulty that was encountéreq in this task

was the recognition of thelgoé angle in rotated position.

This' led to some students estimating the angular measure of
4 N . '
each rotation which, of course did not lead to four equal

angles. Thus the computer feedback was visuélly

v

misleading. - ’ :

N

The following. students' work illustrates some of the K
aforementioned disffgaities. |
Student A ) o
TLT-~80  FD 50 BK 50 TLT 90 .FD‘SO Bk 50 TLT 90 FD 50
BK 50 TLT 90 FD 50 BK 50 o y

’, . .
B ) . ,
N l )
' . 2

-

gﬁl . . omits'initial turn of o
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A completely ignores thé rotated position of this

figure, and writes the identical commands as in Task 1. - It
is doubtful that' A verified his‘commands with‘the‘computer.

%
Student Y

RT 45 TLT 90 TLT 90 BK 50 FD S0 FD 50 ED 50 BK 50 BK 50

FD 50 - BK 50

v ) h
. Y initially writes commands which result in only “two
fight angles being 'drawn. Y then corrects the first
commaﬁds to FD and BK, but verification with the computer
wogﬁﬁ have shown Y an incomplete diééram. 'Y obvipusly used
the figure on  the sﬁencil to answer the questions that
followgd, because they were all answered correctly
(although - Task 1 was \incorrect). Perhaps the \four
rotational arrows aided in identifying 4 angles. ‘
Student L ‘ .
TLT 45 Eﬁ'°50 BK 56 TLT 90 {D 50' BK\SO FD 50 BK 50 |

13

TLT 180 FD 50 BK 50 - ' . .

- m\'% \< .

L recogniées the initial positioning of the.TURTLE to

be 45° .to the right. L completes the firsf right ahgle

correctly but omits the rotation of 90°, before writing the

“




BK 50 TLT 80 FD SO BK 50

t L 67

next set of move commands 41 then compensatgg by rotating .
the turtle 2 x 90° or 180° to complete the figure. Thus L
has ‘writtén commands for fo&r. turtle turns, -‘but L has,
notcalculated the total cofrectly. nor has L verified;éhe -
commands ,with the computer. . Since the feedback from the

¢

computer will not duplicate the figure, one can assume that

L either did not‘ check the feedback, or that .L did check

‘Wwith the compuier, but did not know how to proceed to

correct the commands.

LN

Student T .
TLT 80. FD 50 BK 50 TLT 80 FD 50 BK 50 TLT 80 FD 50

\"“'f“‘\n.r $o ‘
N _ .

- TLT 30 TLT %0 ,

T uses visual cues to hélp her complete the figure. By,

k!

followiné the rotatio%él arrows, T rotates the turtle four

timeé. Each rotation is 80° to the left. T éoes not \

position the turtle to begin as shown, uhich.may‘lead one

to‘conclude‘that T does not recognize: |

a) that the beginn&ng' and ending state ‘ofﬁ a compieté
rotation are the sanme

b) .the right angle in a rotated_position,/

Since there are erasures behind the commands given

. above, T probably wrote these commands using the computer

feedback as a visual.aide. The fact that the four angles

are not equal does not seem to bother T. -
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TASK 3 - TRY THIS!
WRITE THE QQMMANDS TO PRODUCE THE FIGURE BELOW., POSITION
THE TURTLE AT THE END, SO THAT IT-IS IN THE SAME POSITION
AS IT STARTED. (as shown). | |

. !
HOW_MANY ANGLES ARE THERE .IN ALL?

'HOW MANY DEGREES DID THE TURTLE .TURN EACH TIME?

WHAT IS THE TOTAL NUMBER OF DEGREES THE TURTLE TURNED? ___

THE TURTLE HAS MADE COMPLETE ROTATION.

-

TASK 4 o - ST

FROM THE ABOVE ACTIVITY, ANSWER THE FOLLOWING QUESTIONS.

a) . WHAT Db YOU NOTICE ABOUT THE COMMANDS FD, BK, f?&?

b) DO THE. INPUTS CHANGE EACH TIME?
) -~y .
c) HOW MANY  TIMES IS EACH COMMAND REPEATED?

d) SINCE THE COMMANDS ARE REPEATED - THAT 1S - THE COMMAND
AND THE INPUT REMAIN THE SAME - -
WE CAN WRITE THESE COMMANDS AS:

REPEATIINPUﬂ [COMMANDS IN ORDER TO BE CARRIED OUT)

square
l\
How many times? . ’ bracket

REPEAT IS A VERY USEFUL COMMAND WHEN YOU ALREADY RNOW HOW

MANY TIMES TO REPEAT SOMETHING!

r
.

-

Task 3 asks the students to produce a figure that is

the result of rotating the turtle 45° to the right, eight
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times. This results in one compléete rotation of 360°. The
rotational arrow; in the figure once again provide the cue
to the number of angleg the TURTLE must draw to compiéte
the figure. The instructions again emphasize that the
' starting position of , the TURTLE is the same as the ending
position, thus offering fhe cue to the complete rotation of
the fgrtle. |

The  major difficulty \in completing this task was the
task of recognition of éhe.two angles that must now make ﬁp
one .right angle. Therefore the simple calculation of 90 =+
2 = 45 was not part of tﬁé initial planning of this task
for some children. - This led some students to use visual
cues t; estimate- the ampuﬁt of rotation in each angle, and
to therefore not rotate each angle equally. The computer
feedback for these unequal angles proved to generate much
frustration for those students.

As the students went on to Task 4 some were able té use
the- ques{&ons about the repet}tion of the commands as cues
td pfoducing the figure in Task 3. Task 4 introduces the
students . to the REPEAT COMMAND of the Logo language. It
also serves to reinforce the concept that the compléte
rotation of 360° may,?g broken up into "X" number of equal
angles.

Here are some exaﬁples, of=how(the stud%nts perceived
Task 3. -

Student T
T chooses turns of 90, 90, 90, 85, 85, 85 as the

sequence of inputs. .
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°

T has heav{ly pencilled in the following lines in the

figure on the worksheet.

T first completes figure by making four rotations of

°
.~

a0°®, T "recognizes the 45° turn to make the two angles of

L]

45° each equal to the 90° anglé T has already formed.

JadR
L

‘However T is aware that to get ta the next angle is
going to be a rogétion greater than 45°, but T fails to
recognize that this figure is made up of the previous two

‘tasks. I ;X(f T estimates 85° There are erasures under the

wrltlng, which leads one. to assume it“washthe computer

L4

feedback that 1led to tha; estimation. In answeriné*the

»,

questions, T correctly answers the 'total number of angles to

] .

be 8 - the number of degrees ie calculated in several ways
‘90){4”‘ . ) S I
360° + 45 *
Bé X 3
In answer to the Qquestion: What do you noticg about

Y

the commands FD BK TRT? ° . #
T answers, "...that vyou always have .to use those
commands"

T answers the-'question: Do the inputs change each time?
] C .
with, "'No". . : el

Lid
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T's answers show a lack of recognition.of any

dathematicall calculations associated with the concept of
one completg rotation is equal- to 360°. »

The visual cues are what T uses tér’produce‘_the
gepmetric figure. The computer " aids ‘T with the visual

aspect of this task.

mj'

Student A ¥
First set’of commands looks like this: , o
TRT 45 FD S0 BK 50 TRT 90 7FD,50 BK 50 TRT 90 -FDlgh
BK 50 TRT 90 .FD, 50 BK 50 C

‘ ; L

A realizes his mistake and crosses out the above

commands and rewrite§ the commands correctly, rotating the
turtle to the right 45° each time.

A's stencil figure(now looks like this:

»

A has drawn'a circle around the figure. A demonstrates

that the rotation of 360° applies, here by deﬁing the

- rotational circle.’ ' ‘ ,

1

Student R ‘ .
. | ‘ . NZL

R repeats seven times:

FD S0 BK 50 TRT 45

&

¢

-
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R's commands. are an example of completing the figure
without returning -the tuftle to the end position.
Therefore, the feedback of the computer will be correct,
but the amount .of angle rotation doés not equal 360°. R

misinterprets the gquestion whiéh asks, "How many angles in

4

aliz" and answers with TRT 45. R answers the number, bf
degreés the tuftle turned each time correctly as 45..‘

R éalgulafés the answer to the total number of degrees
the turtlé tﬁrned as 315 or 7 x 45. -

Task 4 ‘also checké the students' comprehension of the
mathematical terms angle and degrees.

.

It is interesting to note that R interpreted the
question asking, how, many angles -are there,with the Logo
command TRT. 45. The term angle and the turtle rotation

seem to be synonymous for R.

TASK 5

TRY TO WRITE A REPEAT COMMAND 'TO PRODUCE THE FOLLOWING
FIGURES. . -jV . ’

e *

Fig. (a)  COMMAND

Fig. (b)
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-

A) DID YOUR GRAPHIC DISPLAY LOOK LIKE FIG. (a),'(b)? IF
YES, GO ON )

B) NOW WRITE THE REPEAT COMMAND, CHANGING THE OE;DER IN THE
SQUARE .BRACKETS. ‘

c)- wéAr HAPP.ENS?'_______‘ WHY? .
This task was completed by the students after a class

discussion about ‘Task' 3 and 4. Thus the .taskl ser:ves as

reinforcement' of the wuse of the REPEAT command of Logo as

well

rota

as a reinforcement of the concept of one complete

tion is equal to 360°. Generally, the students pérformed
' ' a

well' as they recbgn'ized the figures from the previous

.

tagks. The fact that the .repeat input times the angle

otation is to equal 360° in one complete rotatiaﬁ, stressed

the

P

concept of the equal angles in each figure.

‘ Y

- LOGO ACTIVITY SHEET 3

TASK 1

. WRITE THE COMMANDS TO PRODUCE THE FIGURES.’

>

Fig.
T_HE ‘

OR LESS.

-l
. 7 '
(a) Fig. (b) - Fig. (c¢) Fig. (d)
‘ ‘ .
NUMBER OF DEGREES IN EACH FIGURE IS DEGREES

©
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Task 1 serves to check the students' estimé(lon skills

for angles 90° or less. The figures were poqitionéd in

standard and non-standard positions; the rotétions were
givag either to the left or right. The initial heading was

given (in each figure). <

Some of the main difficulties with th)‘s task were not &n

the angle estimation, but in the erpretatibn of each

task, from the visual cues given; i.e., rotation arrows and

turtle pdsition.

N
»y

Many students omitted the initial turn of the turtle to

the position given in the,figure. An example of this may be
L 4
seen iq the work of A for figure ci. i

Y

TLT 4 FD 30 BK 30 TLT 45 FD 30 BK 30 TRT 30

A does not recognize the right angle in figure (¢) and

so completes this figure by rotating the turtle left 45°.

-

At the end, the turtle is returned to HOME position. ™o
' v ) ~ L e
verification with the . computer has been effected since, the

\ . . ¥
feedback would have been different’'from the original figure.
) - 2 .

- L]

Student CH , / )

TLT 45 FD 50 BK SO TLT 90 FD 50 BK 50

2

Fig. (c)
\




- CH recognizes the'90° angle. / L

\ ] . \

@ \
Student. T v

0, -

IRT 45 .FD 50 BK 50 TLT 55 FD 50

H

¥
~, . {
‘ us 50
. ’ ’_-N - . ) N ‘
~ _  Fig. (b) A .« . ‘ .
N b . 2 ;.
T writes commandg for this ,g::re from the .visual cue.
“ ! - ’ » A ’
. Lateralization seems to be a pro here. :
e i T g:hecks with the computer but only _géarrected the TLT. to 55
kﬂ + - .
- AR Yriginal input is erased). , ' . ¢
'. R v B - .‘J * \/ Vo . r
. s -In figure (c¢) T esttmates. that angle to be 65°. X »
' s LT 1 7
- ‘ .
k . ' L FLT 45.'“ FD 50" ' BK 50 TLT 65 ‘ED 50 BK 50 .
«B‘A‘ ’ § : o ¥ " ' J
. [ ', o .3 .
" @ J\' . ~ . " ? i
Q, -. "“The flgune T execut/e/d does not produce the figure given on
-,’,_. ‘ N ( .
.+, .the .wqusheet. does not feel the need to correct 1t
. further. - i : o 8
) . o ' ¢ " " ‘ [y ‘
e is interesting it ﬁte that T “has no difficulty in
& , . )
comple/tlng figure (d) o ) §
. iy
a * . N N ) R " ¢ ) A\ v ’ ¢ Y
o o ‘ o " , , i :
a ‘e N vt = " - )
o, . TASK i ' ~"/ , ' ‘ . -
n’ . .q “ N . P . N ‘\' N
NRITE A PROGEDURE FOR EACH OF‘THE FOLLOWING FIGURES
- TR USE. THE‘ STARTING POSITION K LY Y ’
| ! 3 s . R 1\ » .‘ \ ! _
C ; v’ 1
-l . ' " "
% , ' ! ) ’ o
‘ ) " v » : o -
LY g . % . M ‘x .. 1]
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POSITION THE TURT}E AT THE END OF EACH F/IGUi:QE AS SHOWN.

. ~ us® g : 0"
ply— AR
' 4 q
To RTA90 To RTA45 ' To RTA30 To RTA6Q
ﬁ , ' v
\ —_— L B — e — i
o -
)
. END END Y END ) END
L . X ' ‘ ] . . 3
f . Task 2 is stryctured to include thé idea of a procedure

. r L]
. 50 that' the resulting angles may be saved on the students'

personal dlskettes 0 Here the spec1fic an\g‘}.es of 90°, 45°,

. 30°, 60° will be formed so that they may bemsed <later as
components to buildings 'la'rg'er "angles\. Therefore, the

students - were gjinstructed to -begin and end in the same
. o p) '

Y manner and to ‘use 30 as the input to FD and BK. For

-

* example: TO RTA90 FD 30 BK 30 TRT 90 "FD 30 BK 30 END.

‘ > The greatest problem encoun;erfd with this activity lay

et iTr the change of the input to FD_and BK to 30°from' §0 that

S . N . bl
tTe students had been using up to this 1:><‘3:im:.£

[

. T and L defined RTABO using 45 as the angle rotation
. . b‘t were al:'»ie to correct the error E;atlsfactorily7 after®
| Iecklng with the computer. . ‘ ‘ +
w ' - The procedures  for, each of these angles was undertaken '
independently by each student -bu:c the teacher/researcher
< did correct each one in order to ensure the workability of '

+ 7 these modulecs in later tasks. _ . -




-

[}
]

TASK 3 . _ J

USE THE COMMAND RTA30 TO PBODUCE’THE FOLLéWING'FIGURE.
. ’ . .-

- / .t 13

) i z’,' A
O S

a) 'HOW MANY TIME§<pID YOU USE THE COMMAND RTA307?
b} 'HOW MANY DEGREES DID THE TURTLE TURN EACH TIME?;¢____
¢) THE TOTAL ROTATION.IS DEGREES.

This task 'oncei‘again in orpgf;tes the features of the
Logo commands to build one angle‘qf gb° by puttingfﬁogether
three angles of 30°, ‘Simply by commanding the turtle to

*®
RTA30 three t}mes, the turtle will carry out the procedure

of completing a 30°/ahgle, stQpping after each angle in the

correct position to "stack" another 30° angle alongside the

first, and so on, until a 90° angle {s';rodhged.

Some of the students did not realize this capability
and so included an extra turning command tOnrgposition the
tur-t'le-t-% Segin é}nother 30° angle.

N : .
* This error was readily corrected from the visual cues

@ffered by the cdmputer screen.

Another difficulty encountered was in the use of the

Logo _ command RIA30. . For example, student A wrote out fﬁe

commands to form

was not necessary. ™~
- \ .
Student A . e
' ED 30t BK 30 TRT 30 FD 30 BK 30 v
N — ., \

RTA30 .RTA30  RTA30 . - R

s -
. . o

a" 30° angle until he realized that this.




Student R -

. RTA30 ) was written above an erasure of the

RTA30 ~ commands to form a 30° anglé.

fed

Student T

RTéEO TRT 20 RTA?O
/ RTA30 RTA30 -~ RTA30 I | S
The cbmputer chepk.rgihforces the use of the &bmmand. o
All the students Qere sable to, answer the three
questions that were based on calculating three rotations of
.30° to .result ‘in 1 right angle or 90°. '‘Teacher/pupil
discuss}on ‘reinforced the idea of building one largeé angle

[ 2l

from a number of smaller ones. ' .

[}

WRITE A PROCEDURE,  USING THE COMMAND RTA45 AS" A

- « SUBPROCEDURE, TO PRODUCE THE 'FOLLOWING FIGURE.

A This task ¢hploy5“ the Logo syntax for building a.

complex fiigure from componeﬁtét In this task the complex*®
4 rS) . 9 Q
figure is the 90° ‘angle, which 1is composed of 2, 45°

angles. . The command RTA4S thus becomes a ébbprocedure of

the overall procedure for 90°. This idea was discussed

3 .

orally with the students who developed the idea of putting

togethe@ghkhé ."pieces of a puzzle". The veﬁbalizatipn of

. . .-, (
the Logo‘ commands as well as the mathematical calculations

< - which result in 2 x"45° = 90°, helped any students who

. R {
. . . .

e L e,
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were still . writing out all the commands instead of using

subprocedures to, complete the figure.

TASK S . .

WHICH OTHER 2 SUBPROCEDURES MAY BE USED TO PRODUCE THE

. FOLLOWING FIGURE? WRITE THE PROCEDURE. . :

. []
This task offers the students verbal as well as visual
) . * ‘

cues. = By now the students have grasped the idea of using

7 3

the subprocedures_ as components. The difficulties
encountered here by two'students are illustrated below.

Student L (

.
ot

RTA30

4

a) First the turtle turned Q? degrees. '

, e ) . 30
{ _ ‘ )
b) The second time the turtle turned 9%, degrees.

-

60
c) Tﬁe turtle turned\1§fﬁ_in aii.
Y 60

L gemonstrates an almost automatic response to this

task in’ writing two commands of eqﬁal rotation. L ignores

the visual cues of two’difﬂerent—sized angles, as well as.

.

-thél verbal cues of "which other 2 ...". In answering the

questions L calculates ' 60° for ° the first turn.
l o
Interpretation of the second turn is 90°, and the total is

£y

_ added correctly as 150°. However, L does not seem to make

.

3
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any connection’ betueen ' actual figure of 90°, and (a) the
total of 150° » 90°; (b) the visual cues 6f 60 + 60 that B
the computer screen 6ffers.

R on the other hand writes the commands corréctly

-

‘RTA30 RTA60 o . -

but R answers the questions in the same way as L. There

does not =seem to be any association between the visual and
b doing a .

the mathematical calculations. R seems to
’ . ¢ “ s ¢
gumulative addition 60— 90 —-—150, rather than adding the
a ' . -
components included in the one large angle pf 90° .

TASK 6 . “

CAN YOU FIND QTHERBPAIRS OF TURTLE TURNS THAT WILL PRODUCE

A FIGURE WITH A TOTAL OF 90 DEGREES? [V Do

WRITE THE COMMANDS FOR EACH TURN. - ' e

‘&IRST TURN '

SECOND TURN . )

TOTAL NUMBER OF DEGREES o 1 -

'
’

IN 1st & 2nd TURN. , ' /

Many students had difficulty  interpreting/ the task.
Teacher explanation clarified the 90° was [the ‘figure

produced By‘ the ,sum of théjgégrees used in.the frist”and

[c]

second turns.
L]

The chart in this task serves to draw attention to the

° ’

fact that other components , of 90° may be used. This also

helps -the students to drill the mathematical, computations

a Yy

of __. + .= 90° or 90 - __ =

and the assqciatidﬁ with the visual output of the computer .-
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-

The answers were discussed orally in order to reinforce

1

the concept (of complementarity). « ) ,

} '

)

o

4 . o - , K
v . On the whole the students were reluctant to experiment g

‘and corr;ct with the computer. - ‘ : - )
( TASK 7
' . ' . = 3 '
. SKETCH THE A FIGURE THAT WILL BE PRODUCED AS A RESULT OF THE
" FOLLOWING COMMANDS. - - |
a) RTA45  'b) PUT. c) +TRT 90 d) PU
N RTA4S . FD 50 v - FD 50 . ,
' TRT 90 RTAG60 - TRT 1803 %
PD . "~ RTA30 PD N
RTA30 ‘ RTA4S
; : RTA60 - RTA4S
' CHECK EACH SKETCH WITH TI-:E COMPUTER SCREEN .. - e

. This task checks the students’ percéppion of‘a‘§0° éngle
ag ibeing composed of two smaller angles. 9t asks - the
sthdents £o eftimate or projéct what they th;nk_the éémpuﬁer
turtle 'will pr;duce as a result of each set of comﬁands.-
Only (;) ﬁs in standafd pgsitfoﬁ. ﬂbr the otper figures tgf

u’ students have to go through the moves of the turtle with .
‘their pencil on paper. The angles may be estimated. ] i
The students as a whole seéméd to pay particular
attention to the tirtle state in cgrr&ing out each
actiyityﬁ | The°an§les tended to be dfan less carefuily and
sometimes resulged in the initial®- angle being drawﬁ too .

large or too small.

.
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H Student L

This dis L's sketch for (b) /"i .+ L positions

the turtle ‘correctly but her estimate of RTA30 is way too

large, and then L is confronted with drawing the second

angle of RTA60 even larger. This results in an angle

Y. . —
greater than 90°.' L does not seem “to have checked with the

3

computerl The sum of the rotations 30 + 60 = 90° do not
. seem to be associated with her sketch. ‘ , g{
L Student A .

' A's sketch for (¢) i' also shows no recognition

. . ' /
of the sum of the ro;atiqns equalling 90° or a right

© angle. A also éeems. to héve drawn the first angle less

than the second in size.

‘Student R R N\ .

- - . . N
.

R represents (c) as \ - .
¢ + 1Y . . .
. _ L) » .

¢

R also does nkt quite ~complete a figure of '90°. R

seems to have taken great care to draw the second anglé

4

.sﬁailer than fhe . first. 'In doing so R has neglected to

form a right angle even though R has been successfﬁl in

» . .
; figure (b) ,'there does not seem t0 be any association
with the two components used in each.
/

oo .« Student T : .
T has difficulty with the adjacent side . of ' the two .

13

components. T draws

. . a,) . W . 4 - R
. . oo o e o S A\ :




R P, ot ™ ose a
TR T .
IR R

R LI

ks
DT

b) \\f\\// which is erésed‘- //\QP;

¢) ‘; . which is corrected
A - '

T d{es not seem to check figure (a) since the 45° is

one that T Is more confident with. 1In figure (b) T does

'

not seem to be sure of how toc proceed and so T ghecks with

the ; computer. The. drawing exhibits some perceptual

+ * o

difficulty. T proceeds in the same way for figure (c). 1In i
both figures -there 1is no real differentiation between the
‘angle of 30° ‘and the angle of 60°. .Figuré (d) is correct

after the initial position was realized //1 “—erased.
L 4 . ) . .“
TASK & ‘ - CL

THE PAIRS OF ANGLES THAT ADb UP TO 90° ARE CALLED

' COMPLEMENTARY ANGLES.

e

USE YOUR CHART ON PG 2, TO FIND DIFFERENT PAIRS OF

COMPLEMENTARY ANGLES. LIST THEM BELOW. ' s

\ - . B e

= 90°\. + = s . v

| 3! - ";

T

In this activity the mnathematical vbcabulary for
complementary angles is developed. Again the'students‘are\

.asked to reinforce the concept by calculating (without the

»

‘computer. this_timé) pairs of angles that equal 90°. -

-y, .

".u ' ‘ o " . »
' M ) .
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84
™ Many students omitted (the second column) to write the i
sum of the angles' = 90°. Some computational errors were

L3

made. e.&, A 45 + 82v=’90;. Y used one pair as 90° ¢ 0 =

Q0°, demoﬁstratiqg. a need! to fill in the blapks with any

7 numbers to ‘total 90°. The measurement of the ;ngles seens
’ to be lacking in thg . interpretation of the task in the

following example as well: 14+ 89 = 90

2 + 88 = 90

none of the students used decimals as complements.

TASK 9 ' : , S
a) CAN YOU MAKE AN 8 STAR PATTERN? €4<% . '

USE YOUR ANGLES TO HELP YOU WRITE A REPEAT COMMAND.

This task is repeated once égain in the,context'of : .
using' thet RTAAS‘ Eo Sagld the star or to complete the
rotation of 360°. o
The = students. were all able to pﬁt thé idea of the

subprocedure into a repeat command REPEAI'B [RTA4S] .

o

"L and T wrote REPEAT 8 (RTA30]- which they easily:’

corrected after the computer feedback. A

. TASK 9 b) g ’

CAN YOU MAKE\ A 12 STAR PATTERN?

’

SKETCH COMMANDS )
LY 4 .
{
* ' Before the students tackled this problem, the second |
] o . .

' , session of this group of: activities had taken place.

:.v ' . . /‘
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The activities leading up to the development of the

COMPLEMENTARY ANGLESugconcept were discqssed, The pairs of

angles were seen by the students as:

L4

a) concrete pieces 'of, a puzzle that fit together to form
) ¥

one larger piece, as represented visu%lly on the
[ N Fs

monitor.

b) mathematically as two angles whose sum is 90°. ,

' ; i .
After this discussion the students were able to use

. . A X ’).
their calculations, to help them in estimating the angler

measure needed to complete the star patterns. The need to

Y
use only visual cues was diminished considerably.

L ‘and T,still find the need to use visual cues to complete

9 (b) ‘REPEAT 12 [RTAS0]

(]

¥ g E
12 [RTA30] . ’

.

i - l n 3 : -
/ . :

v _ LOGO ACTIVITY SHEET 4 .

s

’ This _activity has as its aim to further~deve16p the
coﬁcept of complementary angles. To' practice this concept -

this activity uses angles with rotations to the left, which

i

are defined as LTA90, LTA4S5, LTA30, LTA60. The tasks are

structured similar to 'those in Activity 3, except for the
7 4

inverse rotation (to the left) of the angle. e

\

s

TASK 1

L d

WRITE A PROCEDURE FOR EACH OF THE FOLLOWING FIGURES. USE

~ THE STARTING POSITION A - ' '

- 1\ L)
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TR T T

e ST,

LI,

procddures were checked bytgzzillteacher
uniformity of the constructedn '

‘ 86
Lo

POSITION THE TURTLE AT THE END OF EACQ FIGURE AS SHOWN.

450 -®
o <
q0 - q =
. v D J .
TO LTA90 | TO LTA4S | TO LTA30 ~ TO LTA60
. END \ " END - LJEND END

l

This task asks th? students’ to write a procedure to

form angles of 90°," 45°, 30° and 60° which would appear
: ? ¥
graphically . as-the ppposite of those programmed in activity

3

3. The students did not’ emcounter_ —any problems with’

lateralization. . As in the previous \activity all the

8

)
ngles, since they

would be useq as components to form orme gle of 90°.

.TASK 2 . '

WHICH TWO SUBPROCEPURES MAY BE USED TO PRODUCE ' THE

“

fOLLOWING FIGURES? WRIZE THE PROCEDURE.
: , )

ys :‘ ‘ - -
(a) I ) _ '

to ensure the

!



- This task uses the Logo syntax of subprobedures,to form

another PROCEDQRE. In this way the students are‘required to

"build " a 90° anglesusing two sma%ler angles whose sum is

L//”\ ’ g0°. One difficulty encountered was in- the interpregation

-

of the figures.

Students K and Y

a) LTA90 : LTA4S a) 0 v
-z : o . ‘WG, / .
b) LTA90  LTA30 or/ LTA60 b) _% b
30 i 0
o - These students looked® first at the whole angle of 90°

‘and at the containéd angle of 45°; or 30° or 60°. The

- . ' . »
" concept of putting together adjacent angles to build a

larggr .one of 90° is Bo%.reéognized.,'A procedure has not
‘been Written. . o ‘ '

The fact that the-coﬁmgpds?ﬂéré not corrected indicates
that no verification with the computér was carried out as
the.graphic display woqld.no¥'iook like fhe given diagran. _

. Another difficulfy was in the in£erpretatiéhlof the Logo

- . ) . |
) . . K .
instructions.




. to 2LT A45 end. -

Student CH , . . 4

al-FD 30 BK 30 TRT 45 FD 30 BK 30 TRT 45 FD 30 BK 30
) - 7— -

Al

TLT 45 TLT 45 ‘ o

p s . < : . »
CH initially writes all the commands to form the given -

¢

flgure but with the angle rotatlon to Gﬁe right instead of

to the left. Verlflcatlon w1th the computer has led CH to .

~

change the'\apgle mturn to TLT to correct the 1aterallzatlon

» .

} When CH was -asked to use a procedure composed of

¢ « * -

'probleh.

the subprocedure in Task 1, CH produced: To 2LT A45 End.
/ . R - .

loy . ‘ .
This shows a 1lack of understanding of the Logo syntax for

combining procedures. 3 A
B J//\; . e
C“ - . !

The inténbregation- of the instructions .to qritg' a
P t , 3

"procedure" was not realized by the; majority of ° the

students. Most wrote the commands as demdhstrated By K and

L4 L)

Y, that is, using the defined angles of Ta#k 1 This may\be

due to the fact that the 1nstruct10ns in : the previous

. ?
Activity 3 were given in that form and the students
, ' : ; D e
automatically. performed in like manngr. ‘ ' ~ /
- ~ . T N C
v Rt , N LT ' _
TASK 3 i }//4 - T
FIND OTHER PAIRS "OF COMPLEMENTARY ANGLES TO MAKE&G&HER _
» 1 ¥
FIGURES. USE THE. COMMAND ILT. l éﬂb . MR -
. R - - N
FIRST TURN ~ booe :
D . \ \
SECOND TURN ‘ , o
TOTAL NUMBEK 1 1 S R
‘ , T S ‘
OF DEGREES . i ‘ T Cet

This .task checks th& pdpils'T ab;lity} to .use. the ..

™~ | R



i

calculations 6f +two angle rota*ions that equal 90° gr to

\

compute 90° - ,____ = g All the students were able

to write . the number representing the angle-measure in each

case correcti;. However, all the students cbmpletely

’héglectﬁd the instruction fé’"uSQ the comméag TLT", i:hich~ g

. LY .
would enable them to visualize‘the~rotatidﬁ of the turtle

to the 1left and to verify the rotational measures with the

computer. Since no commands were given, it is difficult to
know yﬁether they were verified 'with thi computer. The

students seemed more confiden% in carrying out this task

than its counterpart in the previous Activity 3.

“

X
TASK 4 ’ ¢

WRITE THE COMMANDS TO COMPLETE TH% 90-DEGREE ANGLE 1IN EAEH
FIGURE. USE YOUR PROCEDURES AS COMMANDS WHERE POSSIBLE.

A

- - e o oe-
v

(a) us

«

| A\l . ey e J/ (d)
. " —-4
t , n l
: Ve bo B N
’
’ . ’ ” Y5 N
* ‘ 7 % \\
(e) © £y 1 - ' (g) . Lo

The figures in this task represent cqqplementary angles

F
W
A
~

in standard and noh—standarg positions. 1In each figdre the
angle peasure is given of one complemgnt of the pair of
complementary angles. .The poéiﬁién of the turtle shown in
'the d agrém is the position of the ‘turtle afte:'cSmpletion

» - . o
of the given complement. The'students’' task is to first of .

s



x

. ' | - .

.all, caléulate -the measure of the complement needed to

#

e complete the complementary angle, and secondly to reproQuce

«
the given figure u51ng the angle procedures deflned 1n Task

1 as the "pieces” tq compose the angle of 90°. Thls task

also 4n;2rporates the . angle procedures from Activity 3,

i.e~, rgtations to the right as well as angle rotatlons to

" the left ‘(in this activity).

4

Figure (a) was reproduced wighout any difficulty.
™~ o . . : ’
However, most students wrote commands:

LTA45 LTA45 or REPEAT 2 [LTA4S]

1

This wduld result in thé correct figure but.the dotted

o angle would be drawn first. Thus the position of the

turtle in.tne given diagram was Eargely ignored .

Figure (b) was easily completed using two angles with

>
rotation f% the left. LTA30 was completed first in most
cases. Student Y wrote commands for (a) and (b) as a right

-

angle and a contained angle of a smaller'measure:

hfigure (b) LTAQQ LTA30 was corrected to LTA30 LTA60

Y's_first attempt ignores the visual cues presented i
the figure on the.stencil. There is no oomgleﬁentarity in
the initial commands. Feedback from the computer helped Y
correct the‘comnandsf Q0 7

30

Figure (c) presented some difficylty as thls figure of
a 90° angle is not presented in standard position Most of
the children readlly calculated the "missing" number of

degrees in the figure to be 60. However the rotated

position of J:ne figure presented problems with wrrting the

k +
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Logo commands. ~ ’ o
Student S ~
RTA 30 LTA30 AN , ¥

’

I ;

S observes the position of the turtle in the diagram
and correcfly forms jre‘ 30° anélg ;py rotating to the
right. However, $ dhows an erasure beneath her next
commaﬁd. Since it i; Ept"clearh it is difficult to analyse

except _to. not? that S has some diﬁ%iculty w}th executing
the next angle. Théjcombuter feedback has tbid's'that fhe
commands are not correct as they are wrltten&J‘rhe problem
here is the p051t10n1ng, of the turtle correctly before
producing the LTA60. ' F

AnotRer diffi¢ulty encountered was in recognizing the

30° rotation to the right first and an automatic response

of . L

. N\ B .
LTA30 LTA60 was given ! )
A has a problem with the rotated position.
' . / -
Another interpretation of figure (c) cémpletelx\ignored

complementarity but “produced the correct figure. .

Students K, ¥, T and L

RTA30 LTA90 I/ \O/

-

e
2

N _ K
Student R

R'shows no complementarity in his commands LTA30 ,LTAAS-

H v s
Here the calculations, as well as the figure is 1ncorrectu

» ]



: Student K

92

N/) - , ! - a

This has not been verified with, the computer. _ -

.

, i \ :
Figure (d) -was completed by many- students without

giving the command to position the’ turtle to begin the

figure, which is in inverted pokition. T
[N P

REPEAT 2 [RTA45] .

Verification wiéh the computer would p}gsent this figure in'

standard position. I (\\h‘ ,
"~ D &

’ ’ o
The heading of the turtle may have been’ assufied by

these students.

TRT90 RTA45 RTA45 LTA4S :c»

K has written ,6commands to complete a 90° angle. The

last command p;aceg the turtle back in the position'given

”

in the diagram on paper. There seems to be confusion with

the position given. which is where the turtle will be at

9

the end of -the first RTA45.
Figure (e) again deals with a complementary angle which

is " made up of two 45° angles. ' It is presented in a rotated
' ! : . P - . ' - @

’
i

Again, the commards to complete this figure.Were more

-

position.

difficult to write for some students.

Students R and T

LTA4S RTA90 \/
N v l ’ b ‘

The above commands will produce the correct graépic

uithoﬁt the concept of complementarity being fulfilled.

. . | f

15



Student s LTA45 RTA45 RTA4S -

»
_Student CH ' RTA4S’ LTA4S /
S and CH bqth. recognize Jthe complementarity and the

need to form two angles of 45°. They are experiencing

‘difficulty with the interfacing of the Logc angle
- ¢ v o

procedures.

¥
®

S correctly rotates left 45° first, but‘for some reason
crosses it out. The new figure is not rotated. It is
difficult "to know whether CH gag verified his commands witp
the computer. CH does not fé;ognize Fpat he has written
the inverse commands. The turtle‘state.atvthe end of each

&

rotation- has not been observed. t

Figure (f) 1is .i? invertedﬁform."Most of the students
wére able tﬁ completev‘this correctly. Some s;udents who
had assumed the turtle state in figure (d)c did not omit the
initial ~commands to TRT90 before beginning the two angles
of 60 and 30, Only two students bmitted‘the initial turn

. in their commdnd§. _—

Figure (g) 'is inverted aﬁd rotated. T, 'L, 'K Qnd Y
correctly pbsitioneq the turtle' before beginning the
figure. Their commands are: . |

TLT 135 LTA45 LTA4S ‘ ﬂ

The following students assumed the default position.

L4

Student A REPEAT 2 [LTA4S]
Student R RTA45 LTASO ~ )
R's- commands .'also shqy no recognition of
, complementarity. o Lo
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Student S o | -~ S
5 has ' difficulty with the inverted and rotated position <

. i ~b ‘
TRT 90 RTA45 RTA30 - §F: i ! -
. ‘ ¥

S has ﬁgot ;alculated the angle measure correctly. S
may be using visual ;ues only. T E ;

The above sfudents have not taken the time to correct
the commands with the computer. This may have peeﬁ due to

time cohstrain}s in completing this activity. CH totally

ignored. this' item.

4

TASK 5 ‘ i »
SKETCH.- THE FIGURE THAT WILL BE PRODUGED AS A‘RESULT OF THE .
FQLLOWING COMMANDS . CHECK YOUR ANSWERS WITH THE COMPUTER.
a) TRT 45 (b) . TLT-30 (c) TRT 90.
LTA4S " “Rmae " RTA4S
LTA4S ? LTA TRT¥90
. o RTA45 . ",
© skETeH " SKETCH SKETCH -
- T e -
(d) REPEAT 8 (LTA4S] . ‘
-q(e) FIND THE MISSING ANGLE .TO COMPLETE THE ST;% COMMAN&:\
. .
REPEAT 6 [LTA__] SKETCH
This task provides the students w%th the opportunity to <
use their estimation skills and visual éerceptual skills in
. drawing the figure that each sgf‘of commaﬁds will produce.. -

4

Included ip the'figufes are: ’ . ..

Ye -

(a) \\\\l//// an example o&.a pair b?’complementary
!
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B R Ca . , v X ." . NE) " I .
B - K a R . ! : ~
- . ) » j

/ O ' o ) - - /..
{ ) . ¢ ) , . ‘ /
' » 95 //

s angles where the turtle is first rotated to produce the

-

non-standard form, . i
. v

N " -(.0 /
* X {b) “ ST a reproduction of a typica

y

1 ‘ N ‘. . 5
error i interfacing, which will not result n’

complementary angles

»

(cj‘ K] As ﬂs = * A

o ‘ an: example o a
‘ y o ;

figure “where an interfacing rotation was not needed in this

4

. position. )

and verifying them with the computer should be An aide in

completing this task., : ) N - Lo

o

Figure (d) checks the students' ability/to calculate

! 0

one rotation of 360° that will be completed as a result of

-

this command, while (e) .solicits the nymber of degrees

angles.
All the séudents sﬁccessfully sketched figure- (a)
althodgh the right angle was not alkays evident in their i
;'ﬁfinal figure. ‘ )
. Figure (b) presehted more di {iculty. Some students
could ;ot correctly port;ay the rgtated position siﬁce,t?ey

were intent on showing a differenfe in angle measure.

Student S ' Student T <
Student R Student A - v
b : ;




b

/

Student CH \ _/_ ' ) .

R's figure shows a complete &rfor in rotation. The oﬁheg
figures seem to have more difficulty with the commandg
RTA60 and LTA30, which will result in a bisected 60° angle

rather than a -90° angle., K and Y were successful in

sketching. L omitted the entire page of tasks.

a

-

Figure kc) was completed correctly by three students.

"The other students were successful with the initial turn of

' : B
TRT90 but they ignored the second turn of TRT90 between the
two 459 angles.

Student’ K - _ " Student Y

"

Student CH Eorrected to ////r<:::j

Student A

P o

© Of the above students only CH seems to have verified
and attempted to correct his sketch from the computer

feedback. T

" Figure (d) was completed correctly by all the students,

Figure (e) was completed correctly by all the students
except S who used 25° as the rotation. S calculated 25x 6
= 150 but dig-nét seem to remember the number of deérees in
a cqﬁplete rotation nor did she try to work it.out with tﬁe

éomputer.



TASK 6 . R ) ! >

THERE' ARE DEGREES IN ONE ROTATION. .
COMPLEMENTARY ANGLES ADD UP TO —____ DEGREES. .
a) WHICH FIGURES ABOVE ARE EXAMPLES OF A ROTATION OF 360

DEGREES? . .

* ~
¥ . -

& )

b) WHICH FIGURES Aﬁé EXAMPLES OF COMPLEMENTARY ANGLES?
o S !

This task 1is presented in.the form of statements and

questions in order to freinforce the language associated

o

“with “theA mathematical copcepts acquired in the activities

thus far.

3

Two sBtudents confused.the rotation with the degrees of

a right apgle and corrected 90° to 960°.' R and A, whésq
"first language is ‘'not English, cogghaed the nuﬁber of
degrees in complementary angles ﬁith those, of one
‘ rotation. ‘It is difficult to know if perhaps the senten;;\\
should have read "one complete rotation". ' : E

A was unable to . answer questions (a) .and (b) v
correctly. ~R answered (a) correctly bu? used the figure in*}7
i - - ' ! / ’

5(e) to answer (b).

o '

. . )
) g I :_ E
&

A\
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. LOGO ACTIVITY SHEET 5 .7

: . \ _
. TASK 1 o " e

3 L

WRITE THE COMMANDS TO PRODUCE FJIGURES:

- €

THE STARTING. POSITION IS GIVEN (ALL ANGLES ARE EQUAL.)

Fig. '(a) ~ ~ R

. HOW MAY DEGREES DID THE TURTLE TURN IN THE FIRST. ANGLE?
HOW MANY DEGREES DID THE TURTLE TU%N IN ANGLE #27 .

HOW MANY DEGREES DID.THE TURTLE TURN 1IN ANd?i #17

.
’
A

Fig. (b) *\

1Y

HOW MANY DEGREES DID THE TURTLE TURN IN EACH ANGLE?
. , - ANGLE #1__-
- . CL ' ANGL¥2,

! | ' - ~ ANGLE #3

TOTAL DEGREES #1 + #2 = #3 =

1

HOW' MANY DEGREES DID THE .TURTLE TURN IN ANGLE #47
HOW MANY DEGREES DID TRE TUMLE TURN IN ALL 4 ANGLES?

. " TOTAL #3 + #4 #

’ S————
4

\

Fig: (c¢)




.’ " . . . , ‘, ,

. ,
» . { ‘ . 9%
L4 * '

HOW"MANY DEGREES DID THE TURTLE TURN IN ANGLE #1

' ¢
, ‘ , s ANGLE #2 :
gL Ce ANGLE #3 .
Coe | WNGLE #4 W __ .o

ANGLE #5

LY

* ¢ HOW MANY DEGREES IN ALL 5 ANGLES? —
3

HOW MANY DEGREES DID THE TURTLE TURN IN #6? e

THE TOTAL NUMBER OF DEGREES THE TURTLE TURNED/IS

I4

L) ‘ ' //’/
Task 1 requires the students to interpret the angle

- rotations dccording to the numbers in ascending order (in

-

9

the written diagram) as well as to interpret the questions

followihg the mathematical terns for angles and measurement
\ ’ : - :
rather than the Logo terms. The questions develop the

®

concept of a number of equal angles whicH add up to a total

o *

~of 180° or a half rotation. The students,‘therefore. had to
ééleulate. tB; meqsurement of €ach angle‘before proceeding.
The students were xﬁécted to use thé angles that had been '
" de}ined in the previous actgvitiés as components to complete

: . ~the half rotation of 180°. - -

/ '

Oorrly _ one student interpreted the' instructions
/ -
correctly. This student used theé initial pgﬁition of the

turtle as given in the diagram. The angles were correctly
p ‘ rotated although she did not use the dgf{ped angles as
. Components of the figufes._@ﬁ : | |
All the students were -ablg £o answer.the questions to
figure za) without Ad;fficulty, even though two students

, omitté¢ the commands to produce the figure. - .

r ’ -

§£m
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-+ One student used the defined angles 'éé components

correctly,. but disregarded_ the .initiql state given in the
b ' diagram and assumed the initial state to be HOME bositidn.‘
Student K ) ) AR

Eeg.n(b) RT 90 LTA45 LTA4S5 LTA4S LTA4S

/

AN ?

7

-
>

" -Fig. (¢) RT 90 REPEAT 6 [LTA30] . © )

4 o -
Another manner in which the task was interpjeted, was to
5 .

'assume the initial state was HOME position j,and to complete
/ —_— ' 5 U
¢ ) a) ‘'the angles to the right, and b) the angles to the left
- = Student A ‘ .

e

. Fig. (b) RTA45 RTA45 UTLT 90 LTA45 LTA4S

- . Fig (c) RTA30 RTA30 RTA30 LTL 90 LTA30 LTA36 LTA30
Two students had the most difficulty understanding this

o '« “task and wrote tﬁe following commands:

Students T and L ~ , )

- / - . i

Fig. (b) TRT 45 TRA45 LTA90 LTA45 LTA45 angle #1 45°

i - ’ | s #2  45°

. " #3  90°
. #1 + 2+ 3 = $4 _ 45°

Total: #1 '+ 2 + 3 + 4 = 135°

~
Fig. (c) TRT 30 RTA60 LTA30 LTA60 LTA30 ‘LT?30, LTA30

I I . .
Both these figures'commands "will produce the correct

the girls worked with the computer initially or corrected

with i¢t. (There are erasures on the paper.) There may have

)

been confusion with the initial state given in the diagram,

as an additional rotation would be needed té begin'a fepeat

-

* figure on. the Logo screen. It .is difficult to know whether

of LTA45 or LTA30. Using the turtle tate in the diagrame
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[ Ly -

. would necessitate the LTA90 or RTA60, but would confuse the
7 ‘

calculations of the number of degrees to complétb the hilf
. s ' {

LY

rotation 6f 180°. Therefore, 4if this -exercise was

T

completed using only the visual cues that the diagraim
“wffers, the calculation of the measure of the angles couid:~
. - = N v ' o
be sacrificed. vt R .
s ! " vJ 'J‘., ! ‘. o ?
TASK 2 e |

-

WRITE A PROCEDURE TO FORM THE FOLLQWING F'IGUE‘!EIS.’q ' ! :
< - - oA

USE 30 AS INPUT FOR FD AND BK . - o S

-

Fig. (a? 135° - ‘T
. P ‘
D ’
- ; \ » .
a . o
TO RTA135 2
Fig. (c¢)

wo' S S

,’b N R ) -

'-‘L.”D

TO RTA110 . » TO-RTA150

I3 —

This task asks £he students to define angles gf more .
than 90° in‘ordér éhap they may be used as componeats for
building - supélehgntary xagglesf Thg.:érocedures ys£§\~_'
planned on- paper and verified. by the‘stuqentsﬂwighlthé/
computer. The procedures were orally discussed by the '
teagher aﬁd"class‘in order to ensure that all the defined
procedureg weré' uhifbrm. - The taftle is fotatedléoz'to :
the right in 'érper to begiﬁ each angle. The ending .

N . . - - . . ) e ‘

.
¢
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“ )
Flg. ga) Fig. (b)

o7 N

position as is shown-on the sheet.by the unshaded turtle
will enabieb.the students . to begin the suppiement to the

already defined angle. -
-/
For example. TO RTA110

- o
< ‘4

) TRT 90 FD 30 BK 30 TLT 1§0 FD 30 BK 30

y. N . .
END

- . .

-,

“The ‘inclusion of the "initial turn in, this procedure

P "" .
-differs from the brocédure for acute angles. Conseguently

‘an ‘ingerfacing command may be necessary before the command
cf the defined acute angle can be implanted. This allows

for a 'right and left'. component to be ﬁ;ed in the

a ’ '

construction of a given supplementary angle.
) A Y

’
)
’

TASK 3

1 Q

WRITE. THE COMMANDS TO PRODUCE THE FOLLOWING FIGURES.
. : ' ¥

THE MEASURE OF THE FIRST ANGLE IS GIVEN, ,

USE THE PROCEDURES FROM TASK 2 (ABQVE) WHERE POSSIBLE

2

P

Since 4this was ' the beginning of a new concept the Q

- {

sthdenQS(’éeemed t6 be confused with the interpretation of

the instructions in’ ,the diagram. Many~began‘by writing»
- s . R 7 (3

the * commands for the 135%' angle and not completidg the
A ¢ !

dashed’ angle. There may also have 'been a need to review.

orally the written instructjons, to use the proctedures

®

from Task 2 since many, in fact,_ rewrote the -commands.

S v
»
PO ' [



. commands for only the first angle.
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After brief teacher intervention, in order to clarify

-

the instfuction. most students succéssfully interpreted

the taék?

i

Only two students were unable to rewrite the procedure

correctly. ~Oneﬁpther student estimatqd the measure of the
missing angle. - /

Student CH , .
Fig. (a) RfAi%S LTL 46 FD 30 |
Fig. (b) RTA120 LTL 61 FD 30

Since the estimate was so close:-thg verification with
the compuier ~would "iook" correct. CH did nét uge the
éngles defi;;a for the activit%es for‘cowplementary angles
to _complete the’ sypplement. Twa other students‘g%bo

failed to wuse the defined angles  but wrote correct

commands to complete the supplement.

Fig. (c) ? Fig. (d) )
4 150"
\‘ i b " ’ \ ,j
Fig. (e) ' Fig. (f) , \ ,
300 - . o \- _ ) z‘ b. ‘
-ttt g = o q ‘ :

Fiéuresﬂ (c) and (d) continﬁe the objec?ive set out in

figures (a) -and (b). These two figures Were Eompleted in

A .
the same way by the afqrementioned- students. The two

-

students who were not successful in completing figures (a)

Y ows

and (b)' wrote the following commands which illustrate the '”

o

o 4



' TASK 4

Studentski and L

Fig. (c) TRT 90 FD 30 BK 60 FD 30 TLT 110 FD 30 BK 30

Fig. (d) TRT 90 FD 30 BK 60 ‘FD 30 TLT 150 FD 30 BK 30

*

Figures (e) and (f) were completed in like manner. The

figures will "look” correct when verified’ witkh the
computer. . However, the figure was completed by drawing the °
‘base 1ine "BK 60", and then drawing the diagonal line for

the éiven angle in the diagram. Thus the concept of a pair
of angles that egual 180° has not been observed here. The

same @ethod was used by Y and M but with different commands.

P

Fig. (f) RT 90  FD 30 BK 30 TLT 20 FD 30 BK 30 RT 20
: Al = “
BK 30 FD 30 ,

CH compleéeq figure (e)a‘correctly but used the same

N

commands as Y and M to complete figure (f)

Student R "
Fig.(e) TRT 90 FD 30 BK 30 TLT 10 FD 30 BK 30 TRT 45

’ RTA30 7\\\\\, : € t/,////
. - ' Ay

TRT 55 RTA30 TLT 180 . FD 30

R corrected this figure with tﬁe;computer: The line was

-'drawn to complete the base.: fhe base will not appear

perfectly straight on the Logo screen.

[}

B 9
3

HO? MANY DEGREES IN THE FIRST TURN? —

HOW ﬁANY DEGREES IN THE SECOND TURN?-.

THE TOTAL NUMBER OF DEGREES IN 1 AND 27 |
[ . . - ) ’ ; : Nar




Turn #1

Sum #1 & 2

Turn #2

Fig.a a

e -~ *

f ( : -

Other pairs
of angles
that produce

180°

Write com=-
mands fori
these pairs
of angles

(on paper)

- rot

THESE PAIRS OF ANGLES ARE CALLED SUFPLEMENTARY ANGgEﬁ.

BECAUSE ‘THEIR SUM IS EQUAL TO 180 DEGREES.

. This task

*

are asked fo

angle in each

180° in each

summarizes the work in Task’ 3.

The studen;s

:

"in the chart with the degrees of each

They are-then to observe the sum of

completed figure

and they are to learn the

mathematical terms and theorem for supplementary angles

.

"Tpe
supplemeﬁtary
sheet: of paper

-

commands but

*

students -are

and'_td

provided.

" asked to

Iﬁost

write the

form pairs of supplementary angles.

~The students

I'e

ations in

who had failed to

form other

sfudents

complete 2

pairs of
X

commands on the

omitted the’-

did the -mathematical calculations needed to

angle

figure, but had only extended the base

11he to complete the figure ‘had to read the definition of

supp%ementary

angles

beforeé

filling

the chart.
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Thede students did not take the time to go back and

correct those figures.

g

»

-, LOGO ACTIVITY 6

TASK 1 _ .

2

WRITE A PROCEDURE TO FORM THE FOLLOWING FIGURES.

. a) b)

120°
——————1:;“
TO LTA135 TO LTA120

1i0° : 150

o 2 ‘ g ,

c) TO LTA110 d) - TO LTA150:

\
v

This activity begins with the task to define angles

which could be used as a "left" éomponent to build a pair

of sqsaiementary angles. Since the students have already
defined . procedures for these angleé but with the inverse
rotation. they‘ had no difficult* with this task. Again,
the procedures were discussed orally by the teacher and
the class in order "to make §ure“@ﬁat all the commands

within the procedures were uniform. o ' /

TASK -2

PN Y

USE THE - PROCEDURES YOU HAVE JUST DEFINED TO COMPLETE THE

FOLLOWING PAIRS OF SUPPLEMENTARY ANGLES.

WRITE THE COMMANDS.

a) - , b)
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The wri;ten instructions for this task use the
mathematical term ‘"gppplementaqy angles”. Before
beginning the set of tasks in this gctivity a gene%al"
discussion ‘qnd review of the mathematical vocabulary was
held by the'class and teacher.

On the whole the students had no difficulty writing

"the commands for the figures.

"L and R -were successful in usiﬁg the defined angles
for components to cog;lete each fiéure. S Snd T wrote the
commands to successfully complete the figures rafﬁer than
using the procedures for ;he angles. Tuwo students wrote
ou; the .commahqs for one figure and switched to the.. .
defineq angle procedure. Students K and Y who worked
together completed the figures by extending the base liné
and using the procedure for the given angle.

Students Y(and K
a) RT 90 FD 36 BK 30 LT 90 LTA135

v

b) RT 90 FD 30 BK 30 LT 90 LTA110 ' ]

The figure appearéd correct on the monitor. Theée
stuéenté had completed the tasks in Activity § in the same
manner. - Two angle rotations to form fwo actual angles
have not been completed Here. The first rotations are

necessary in,Z Logo to orient the turtle in order to draw

‘the lines as shown in the figpre. Thus the instructions

to form. supplementary angles( have not been observed by

these students.

¢ N
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TASK 3 , ' | /

St =

SKETCH OTHER® PAIRS 'OF ANGLES THAT ADD UP TO 180°. WRITE

THE COMMANDS FOR EACH SKETCH. CHECK YQUR COMMANDS ITH THE

p %
COMPUTER!
a) SKETCH . b) . SKETCH =
- ; —
”T - v
COMMANDS S COMMANDS
) SKETCH d) SKETCH
COMMANDS . COMMANDS .

— c—

The instructions for- this task employ the properties of

gsupplementary angles. The studerits are asked to first

sketch the pair of supp}ementary angles in order to éheck
their estimatibn skills ' for the angle measure,as well as

angles. The students are then required to write the Logb

tteir comprehension of the visual concept of supplementary

commands that would produce the sketches on the computer

screen, and to verify them with the computer.

The students' work, for.this task produced very varied ‘ /
/
and interesting results. All the students chose to work //
independently as each one sketched his/her own figures. //

Two students constantly drew sketches for only one angle. /
These were Y and M who may have copied each others'

sketches, but the commands were different. The follouiﬁg

is an example: y
Student M : 2

. . i /
SKETCH ' LT 90 FD 30 BK 30 RT 170

)

FD 30 BK 30 ) : ,
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.

‘ . LT 90" FD 30 BK 30
N/
. . EDP 30 BK 30

-

Student

skErdH// RT 135
, \

-
0

attempted to sketch supplementary

/{; this figdfe Y has

angles, but M has sketched one ﬁngle of 170°. M's commands

are correct for hi

7
S

is sketch shows 170°. s

sketch. Y chooses RT 135 for his pngle !

rotation where

The remaining sketches for both Y and M are identical

aqgle rotations differ (as above). M seems to

confhsed.-obtuse/’angles with supplementary angles. Y
5 not seem fto«héve grasped supplemehtarity either. He:
also is not relating the angle measure with the rotational

/

input in . the Logo command to turn.

» Another . common error was found in writing the coﬁmands.

~for sketches ' which fue#e well estimated and sketched. 1In

this instaﬁ&e the commands, were either for drawing the base .
line f;rgé and the arm for one gf. the angles; or the.
uédjacengj ray or angle, followed by the extended base line.
Thés—;s illustrated by the following:

Student. A . ' | .

.
o
»

. . : RT 90 FD 30 BK°30 LT 10 .
— ‘1Q’T’TE’<i FD 30 BK 30 RT 10 BK 30

L \

SKETCH
/

FD 30

e . \
R ,hés correctly oriented the turtle to draw an angle of".
10°, and then completes the figure employing the visual cue

to extend the base line to the left. This figure will ,

appear correct on the Logo screen.

- "‘l ¥
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Student R . ) -

SKETCH - RT 90 FD 30 BK 30. LT 180
\\:?\ FD 30 . BK 30 . RT 45 FD 30
35 -

S ' BK 30

R /begins his figure by drawing the base ligé to the
right. He then rotates the turtle 180° to the left in .
order to draw the base arm of the 45°- angle, and then he
c&mpletes~the angle by drawing the adjacent ray.

Two students attempteé“to gketch supplementary ‘angles

in rotated or inverted position.

Student A
SKETCH " RT- 90 FD 30 BK 60 FD 20
,,J;L/145 , RT 135 FD 30 BK 30
__17__ _

uses incorrect input
A has reproduced his ' sketch with an input ‘of RT 135
instead of RT 145.. Since he has only drawn one angle and

completed the figure -with an extension of the base, this

figure will'éppear correct on Epe computer screen. v
STUDENT S
- -
SKETCH : ’ "TLT 45 FD 30 - BK 60 TRT 60
. * T —I—
_TRT 45 ‘ " TLT 60

FD 30 BK 30 TRT 120 FD 30
1
- ~ - BK 30 _ TLT 120
_/"-ﬂ * o -

These commands produce the following figure. ‘ A
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- ‘-JS seems to haye confused the right and left rotations
of the turtle, and so the rotations should be the opposite-
< - of what . she \has, written in order to produce her original

- ’ N
sketch. Lateralization seems to be the problem here. —

One student sketched a pair of supplementary angles as

SKETCH TLT 90 FD 30 BK 30 TRT 180

4

FD 30 BK 30

T sketches two distincf angles whose sum is 180°. fhe
-concept - ‘'of the adjacept ray is comp%etely'ignored. oThe
commands produce only a straight line or one rotation of
180°.

~~—"n another sketch T shows supplementarity as follows:

TRT 45 FD 30 BK 30° TLT 45 FD 30 BK 30
TLT 45 FD 30 BK 30 TLT 45 FD 30 BK.60

These comahds produce the following:

7
t

Since fhere are many erasures on T's/ paper, it is
-difficult ' to knéw if the commands were verified with the
computer, or. if the sketch vWas done in draw moée with the
computér. and copied 'incorrectlf onto ‘paper, T's. last
éketch was completed correﬁtly using theucomputer in draw
mode. Sup?lementarity.is a problem here.

' one student completed only two sketches.
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]‘
Student L '

SKETCH | TRT 90 FD 30 BK 30. TLT 140

FD 30 BK 30 fiT 40 FD 30

j "
40\ 11D BK 30

s

L hés produced a figure of supplementary angles for

which she wrote the commands for two angles whose sum is

-

i80°. | ) e )
It is. interestiné to note E&;:/ﬁbne of the students

‘used 'the defined angles as compo/ nts - for any of their

4

{ ,
sketches. °~ They readily understood the need to calculate-

’

other fsums) supplements to equal 180°.
. /’

TASK 4

3

LIST, OTHER PAIRS OF ANGLES THAT ADD UP TO 180°. .. .~

-

+ ‘=
) e

PAIRS OF ANGLES WHOSE MEASURES ADD UP TO 180° ARE CALLED -~

.

Tﬁis tag&h checks the students' comprehension of the

concept of supplementarity. It did ‘not present any
proﬁiem.

-~y
IASK 5

WRITE THE_ COMMANDS T0 PRODUCE THE 180-DEGREE ANGLE IN EACH
FIGURE. . | .
Fig. (a) ' //// Fig. (b)

Fig. (¢) o : | v
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// This task requires the students to estimate éhe measure

‘/ of each supplement and to wfité gpe commands to produce the

/ ' figures on the Logo s¢reen. The concept of supplementary

-angles'_is reinforced by the instructions and the given

a2
- hd -7

. visual cues. Figures (@5& and (c) are in non-standard
, positions. The oriéntatiéﬁ%%ﬁf the turtle given in the

‘di§gram 'is the- ending state after completion of  one

?

~sypplement. Since no beginning state was ‘given “the

‘. students were given the freedom to :begin qnéir figures

i -

wherever they chose. ‘ T
' v <

\ One student did not complete this_activity and omitted

-

Tasks 5 and 6. Another student omitted figure (c).

. .- -

The diffjculties in this task were\zﬁ\gstimating the

angle measure in f{gure (b) and .(c) which are in

non-standard position. Three _students did not recognize

’

the two right angles in this figure. These students drew

¢

- angles of 60° and 120°.

Student S . : -

Fig (b) ™ELT 45 FD 30 BK-60 TRT 60 FD 30 BK 30 TRT 120

* Fn-80 BK 30 ,
N, ’ S does not wuse- thé angle prbceddreglto produce her
) figure. S does net usewphe turtle's position as a’'cue to
- , construct an .angle supplemént. S d{so has not perceived

the right angles in the rotatedupositién of\this.figure.
. One -student only,atte?pted to use the defined anklesrto

form figureg {a) and (b). »

. , & J
v J | :
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Student L

o B

Fig. (a) LTA120 TRT 60 FD 30 ° Fig. (b) LTA110 TRT 70
In both figufes L assumes the initial turtle state is

as shown in the figure, and proceeds to write the commands

-

to form the angles pmittiné the commands to éosition the
turtle to begin these angle formations. : ‘

In figureée b) L has difficulty recognizing the two right
angles even though her erasures indicate that the figure

has begen verified with the computer.

~

Many  students wrote  commands to reproduce the—,

supplementafy angles by either drawing one angle and

extending the base (ray)\ or by drawing the lines of the
-

diagram without paying attention to the angle rotation.

L4 o n
N é

Student[A

Fig. (b) QT 45 FD 30 BK 30 RT 90 FD 30 BK 60 FD 30
" LT 90 ' S c ' :

. . The HOME poeition is assumed.’

A positions the turtle at a 45° aﬁ;le télbegin his
figure. He completes .the vertical ray to form the 90°
angle and then turns‘RT 90 to comp{e%e thg base to form the
two rays of the adjacent right angles. A‘brings the turtle

back to the position given in the diagram at-the end.

,étudlnt R

Fig. (b) RT 135 FD 60 LT 180 FD 30 RT 60 FD 30, BK-30

R. assumes the default position of the turtle. and

. ~ .
positions the turtled '\ by rotating RT 135. R completes

. the base and rotates the turtle LT 1eofiﬁd moves the turtle

- e}“”
I
@

© o



: : : EAR .
B ' s & 7‘0
’ . . ’ LT ] . . ¥
so' as to 'QQ§it10n it in the centre of the:base. He then

i
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forms a 60° angle. The turtle ends in the position given

in the diagranm. . ‘ )
This figure will be incorrect when verified with the

L

computer. R has crossed ous commands and has shown that

.
¢

corrections have been made. "R does not seem to notice the
incorrect angle from thl% rotated p051t10n ¢
All the students who attempted thls figure (c) were

successful in reproducing the:' figure on the Logo ‘screen.

-
o ‘ PR

* Most assumed the'initial state as HOME ‘drew the base line,

e
w

and then formeé\an angle of either 30° or «45°,

C . Student M ' -
: . Q
Fig. (C) RT 90 BK 60 RT 45 BK 30 FD 30 FD 30 FD 30
» e . t -

It is difficult to know if R wrote his commands £ir t,
or used draw mode. .

Student R . ' ’ - .

. . ]
Fig. (c) RT 90 FD 30.BK 30 LT 180 FD 30 BK 30- RT, 225

FD 30 BK

5 R has used an e%‘ rior turn of 225°fto form his angle
Flgure ~(b) wa%%acompleted correctly by most of the
L8 - s

< students who &ttempted it. None used the angle components

A

]

but preferred to write single line or anéleﬂ rotation
. ) ‘ ]

commands. Some correctjons were evident in tpeir work.

-

¢

. Student A \ v r _ o
) Fig. (b) RT 45 FD 30 BK-30 FD 30 RT 45. FD 30 BK 30
- e FD 30  FD 30 RT 140 . FD 30 BK 30 LT 30 FD 30
v, - : . . . . 2 ,
. BK 30 LT 901# ! L o .-
ot - " . >
k’ . A [ i ‘
"': 4 ¢ <
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-

. A has not estimated his angle rotations accurately. A
proceeds from HOME to form the 45° ray but is unsuccessful

‘ with the ﬁext rotation. .

. N .
<r ascef%aiﬁ whether -A wrote his commands using draw mode and

[ ] .
did not recognize the angle discrepancy.

t

Student §
, ~

Fig. (b) TRT 90, FD 30 BK 60 FD 30 TLT 45 FD 30 BK 60

-

) FD 30 TRT 135 FD 30 -
Shows calculation of- 0\06 -

. . - .- R . ‘9\6
A N TASK 6

WRITE THE COMMANDS TO FORM EACH OF THE'FOLLOWING FIGURES.

Fig. '(b) -

Fig. (a)

-

The task incorporates the angle concepts that the
) N> - hY

< students have acquired 'thus far: gg%plementarity and

. "
3

- ~ ' supplementarity:

L3

 The figures in:the diag#am-do not give the students any
L ..

s [ : . "
* constraint as to bqﬁlnning and ending states. Nor do the

4 ¥
R .

‘* written instructions guide them to use ., any particular

angles to complete . the fi%Prés. Therefore, the students
' ) <y *

'T?G/“ ' deﬁonstrated varied .approaches to }epréducing the figures. )
; ‘ ‘.Three st&dent§ pdmpletéd figure (a) - by drawing four
. \ h successive“-éﬁs}és ‘of 45°. They‘ did not use the repeat -
command . . ﬂ
T a -~

A has' not corrected the figure. It is difficult to

o
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One "étudent formed~ the base first and then filled in

the four angles of 45°

¢

Students” M and Y attempted to use the defined angles io
form Fig. a) ‘ ) ‘

RTA45 LT 90 RT 90 FD 30 LT 45 RTA45 RT 45 BK 30

Fig. b)

RT 45" FD 30 FD 30 FD 30 FD 30 FD 30 BK 60 RT 45

BK 60 RT 90 BK 30

The above two examples are typical of the commands

chosén by the students. They seem to be looking at .the

~lines in ‘the figure rather tQan the angles. To that end

in order to reproduce the 1lines

TASK 1 ' : u

o

\

they have taken great ‘care to positién the turtle correctly
- |

in the pattern of the

n < ‘

figure, correctly. . ’ -

"

LOGO ACTIVITY SHEET 7

(a) HOW MANY DEGREES TO THE RIGHT DO YOU HAVE TO TURN THE

B

TURTLE TO COMPLETE THE FIGURE?
<

lq FP— B— RT— FD— BK —

13

(b) HOW\ MANY DEGREES TO THE LEFT DO YOU HAVE TO TURN THE

TURTLE TO COMPLETE THE FIGURE? q .

*
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(c) HOW MANY DEGREES DID THE TURTLE TURN IN

FIG (A) + FIG (B)

+ > = . . o

*

Task 1 introduces the students tb the exterior

4

. Q .
rotation of the familiar right angle. Some stfidents were

" 1

immediately able to identify the exterior rotation as’ being

.360° less the interior angle  measure. For those who didg

€

not, the assumed answer was 90° for each of the interior and

exterior rbi%tions. Interestingly the total arrived at in

a

question‘ (¢) of 180° did not seem to indicate to these
students Qat this sum was the sum of the angles they had
used for supplementarity-: " The four students who answered

r .

incorrectly did not choose, to use the computer to verify
ﬁtheir answers. “
(a) HOW MANY DEGREES TO THE RIGHT
DO YOU HAVE TO TURN THE
TURTLE TO ~ COMPLETE  THE
FIGURE?—
(bl HOW MANY DEGREES TO THE LEFT TO

COMPLETE THE.FIGURE? *

3 7

CHECKR YOUR COMMANDS WITH THE COMPUTER.

'a) ) ‘ —--*  b) , s

\ [

Tﬁis task deals with a straight aﬁéle or 180° rotation

to " the right or left. This task also instructs the students
.- : L
to check their angle rotations - (turn LT or RT) with the

’ s

computer; Rotational arrows are given-in the diagram.
/



Four students fllled the blanks with 90. They did not

verify wlth the ‘computer. , .
‘ 1 :

1

Two students .answered (a) with 180-and (b) with 270.

These students have check marks under  the verification

-

columnd ¢

1

-

Two students answered (a) and (b) correctly.

-

Since* the students were not 'instructed to write

’

commands® for ;hg figures - in Tasks 1 and 2, many;si@ply

1
.

filled ~in - the blanks withogt bothering to use the'Lpgo

commands to verify their answers. /Ehis led to a failure of

- &
6/8 students'responses. }’//// . .

¥

TASK 3 | .

FOR EACH FIGURE WRITE THE COMMANDS TO PRODUCE THE FIGURE

WHEN | (A) YOU TURN THE TURTLE TO- THE RIGHT
~(B) You TURN THE TURTLE TO THEﬂLEFT

LT 90 /LT 90" LT 90

= FD__ . — oo ! -
BK __ L S o
RT_ S . :
FD__ ' o . . v S

BK

TURN RT ° TURN RT °

TURN LT ° ' "TURN LT -

TOTAL _—°. TOTAL —

Il
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Task 3 instructs the students to write the commands to

reproduce the figures b§ using two.different rotations:

Larrtarme

(a) RT; (b) LT. : Co .
The initial state- is HOME.- The orientation of the

turtle to begin the rotation has been given as LT QQ. The

¢

disgrams have rotational arrows to guide the students in
rotating the turtle. The figures are all in standard
position. ' ‘ . L 2

S . .
The students were ‘required to fill in the chart with

.

the angle rotations and to caiculate the total number of

&

degrees for both rotations. oo

Ohly two students were able to successfully complete

the task and to calculate the total as 360°. They. had

grasped the . concept and had subtractions on %heir” paper: to

-

show for it.
This task was partially ‘correct for the rest of the

, students. . The rotations to the right were always correct.

-

In most cases the rotation to the left was not observed and

the .commaﬁd was written as a rotation RT usually with the

¢

ddentical ‘input. ' Since no teacher/c;ass digcussion as to

the total n;mber of degrees the right and left turn must
-.equal. had Htaken place, the students were not Upset with .
their errors. The exploration with the computer yielded
the correct figure: on the sgreen..so how it was achievéd

did not‘seem importapt. -

~
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- TASK < ‘ d -

HOW MANY DEGREES ARE NEEDED TO COMPLETE THE ANGLE

TURN AND PRODUCE THE FIGURE? CHECK WITH THE COMPUTER.

, o ¢
(A) 5 A (B). . (s) AZA
. { - | g0 ; i
L }L
This task asks the students to calculate the numger of
_degrees . needed to rotate the turtle in-the direction of the
arrow with the '?’.One'angle measure is given - figure (a)
and (c) interior angle rotation 1is giygn. (b) exterior
rotation is givep. ‘ q-‘/,/ .,
If the students are not .able to calculate mathema-
gff\\\ tically the number of degAees, theyq;re to reproduce the
figﬁre using both the givﬁn rotation and the espimated
one. The two figures can be éompared for accuracy. ) >

n’?‘
Two students answered %ll thrge "rotations' correctly

as they had already graspéd ‘the ebncept of ‘one complete
rot;tion.v '

Three other students completed figure.(cs correctly.
One can speculate that‘perhaﬁs the visual cue of the ii{cle.
~£Srmed by the two rotational arrows as well 'as the given

angle of 60° prompted them to recall the complete rotation

as being equal to 360°. -

-

Since this activity tooj place at the end of May, time

\
* did not allow for the class to discuss this activity and to

. l '
formulate the concept of the interior + exterior angle-.

’

rotations being equal to ne tcomplete rotation. It is
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evident * from the k students' work that the complter

-

exploration without the teacher's guidance and instruction
1 . '\..? ! _
in the interpretation of the task is not necessarily enough

to Yearn a geometric concept such as this one.
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CHAPTER VI

STUDENT PROFILES

Each student in the research'project completed the set

"1 of Logo activities as was outlined in the previous section

(Analys;s of Act;vities). ihe activity sheets were kept in
individual studeng‘ffiles, along with the pencil and paﬁer
ﬁreéplanning of the tasks. The following is an analysis of
ihe work y?f each student, compiledu from the individual
fileé, and the researcher/teacher observations and anecdotal
notes. For aescripfion of étudents. see Appgndix C.

The introduction to each st&dent profile provides somé
insight to the generai chara;teristics of the student ip,
her/his - regular classroom programmes and }n the Logo
classes. ° ‘ﬁnj~ differences or s%milarities have been noted
here.

&he analysis of .each student's specific.ngo behaviour
is discussed under'the following heading;:

-  Planning . ' ‘ .

- ‘Debugging

- Cokcepts | -

- 90° angle

- 360° rotation o -
- compleméntary/qupplement%ry angles
- standard/non—standg;d Position

- interior/exterior angles . e

- Performance on:final exam : \

i
o

[4



STUDENT A

-

{

GENERAL CHARACTERISTICS

GENERAL CLASS. CHARACTERISTICS

.

A was an average student whose wgrk pattern in the
classroom was inconsistent. He was prone to playing quietly,
thus 1losing concentration while instruction was being given.
This would result in the  need for inaividual instruétion
both in. the classroom and at home. A's first language was
not English, vyet he had no. difficulty verbaiizing his .
thoughts. However, his vocabulary recogniéion was poor and,
this fac£; coupled with a high frustration leQel, often led
to difficulties ip problem solving. -

With one to one aid, A demoﬂgtrated ﬁgsfefy of

arithmetic concepts but their ,application to probléms

involving ratio percent was poor. &

BEHAVIOUR IN LOGO CLASS

In the computer lab, A haq , problen witq(concen—
tration. He ,u;ually worked alone and his attention never
turned from the computer and his activitiés. A was very
proud of ‘his work and often qffered to help those around him
(even if he was not always correct). A exhibited a sense of
self-confidence in the computer lab that was not evident in
the classroom. Perhaps 1t was the feedback from the
' computer that boosted his self-esteem. He was not afraid to
make a mistake since he could corréct it quiﬁe easily and

" show the eﬁited product. At times’he was challenged by one

of the other students (with Qhom he would talk or play in
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class). He responded by working at the computer task to

produce the figure for the other student to see. ‘;/7/

SPECIFIC LOGO BEHAVIOUR , ™

PLANNING

A began the research project by writing down commands to
. I s

produce the figures but without following the exéliqit

directions . in the tasks. One example of this was in

Activity 1, Task 3 wnere A assumed the first 90° angle to be
r

.(drawn and ' continued to write commands for the remaining.
_rotations.
L
Ny - t'
[}
]
[}

A‘ worked., from the given figure put~he often missed all

the ,cues 'in the diagram. This._ included disregarding
rotational arrows -as well as the turtle state shown-as
either shaded (for stanting position) or clear (for enékng
position). | '

A used estimation skills in planning the angle

rotations. These were ' not always verified and therefore
ihihere is evidence of an angle rotation being assumed from
\ previgus éasks. An example of this is found in angles in
npn-stéhdard position.
;'Act. 3, task 1 (c¢)

"TLT'45 FD 30 BR 30 TILT 45 FD 30 BK 30 TBT 30

The V-sﬁaﬁe Wwas éssumed to Be 45° (as in figure (a),
(b)) . Often in sketching compiementary angles, A was 80
intent on the size of each angle, that the objective of the’

90° angle was overlooked.

h r
e

a
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SKETCH A IRT 90 RTA60 RTA30

A began Activity 5 tasks dealing with supplementarity by

interpreting the figure as a set of Logo qraw commands. He

had not planned to use thg defined  angles. A Beemed to be\\\“

more qomfortable using the Lifo draw commands tha%)would ~
execute the correct  figures without incorporatihg the

‘defined angle components.

DEBUGGING ' J ‘ i)

A has demonstrated that QQ was confident of his planning
of tasks, especially in Activities 1-3, that he oft did
not verify with the computer and.-therefore, debugging in
these. activities was very 1limited. The major errors that
needed attention. in this section included the ‘assumption
about initial 'turtle state, following rotational arrows,‘and
the interpretation of wfitten instructions. The assumption
that angles in V-shape were 45° was evident in Activity 3,
Task 1 (c) ; < which was not verifi®u.

At first A w commands to dréh the angles to form
either complementar, or supplementary angles. H;wever. A‘
demonstrated that he “was able to go back and successfully
use the components made of the. defined angles to compose the
larger angles. Ip Activity 4. he employed the components
thféughbdt. Hoﬁever in Task 4, A again assumed the initial'
turtle state as giyen‘in the fig;fes (c).'(a), (e), (f) and
(g), which are all in non-standard position. The angle
comﬁonents were correct but @he Logo commands were

a;

incomplete to produce the figures, since the initial



commands to position,thé turtle !ere omitted.

’,
’

60

Kl e.g.:‘(E) ,I (f) []
]
) ! : N\ /, !
. ]
REPEAT 2 [LTA4S5]. B LTA60 LTA30 °
~ ‘ . N
N 50 ’ . \\
~ N\
~ \
. (c) - LTA30 LTA60 (g) REPEAT 2 [LTA4S]
v & [
X None of these commands was verified with the computer

(
and, therefore, not debu%ﬁed.

L]

In A's sketches of complementary angles in Task 5, A

fq haé not paid aﬂtention to details of angle sizes.‘e.g..
Fig. ®a) TRT 4p LTA4S LTA4S ~ SKETCH
. , f—ﬁ oo - {us
k Fig. (e) _FIND | THE MISSING ANGLE TO COMPLETE THﬁ STAR
COMMAWD:
- . REPEAT 6 [LTA 60)

Originally he‘skétched eight angles and then erased the
L ¢ . '

dotted 1line shown to produce lsix angles, but of unequal

/{ size.
’ ' Fig. (c) ’; TRT 90 RTA45 TRT 90 RTA4S

The middle command was not considered in sketching the

figure.. A has not verified his sketches with the computer.
A's work in Activity 5 exhibited much uncqrtaiﬁty at
’ the onset. In Task (e) A first wrote commégas to complete
each given angle, completely disregarding the second angle
' to be completed. However, after filling in the table at the

end of. the task and “following the class disgussion of

Pl
-4

]
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supplementary angles,\\l returned to, the task ‘and was

successful in . correctly writing the - .commands using the

defined angles for most of the figureﬁ. &
e.g., _ . ‘
Fig. (c) . RI.90 FD 30 BK 30 LT £10- F4 30 BK_30
o "° ' 4as corrected-to: RTA110 LTA60 : ]
This would';till be incorrect as the sum is 170°. ,
Fig. (d) , RT 90 FD 30 BK 30 LT 150 FD 30 BK 30
. was corrected to: RTA150 LTA30 ]
s 160 .
S | R
" Fig. (e) _RT_90 FD 30 BK 30 'LT 30 FD 30 BK 30

)

-~ .
¢i§:§:: ' A
-——— 3 e was corrected to: TRT 90 LTA30

No attention was given to the completion-of the angle of

150°
Fig. (f) . RT 90 FD 30 BK 30 LT 20 FD 30 BK 30
. . !
[]
was corrected to:
. 20° . ’ o .
4 TRT 60 FD 30 BK'30 TRT 30 FD 30 BK 30

A seemed to have reverted back to writing commands to form

o

the angie uéing visual cues only. : : v

o

IP Activity ‘6. iA once aéain failed to iﬂcorporate the:
defined' angles to build a supplementarﬁ angle, but resorted
to &producing the figures in Task 2 by forming one‘of,thé
angles‘ and 'then extending the base arm to compleﬁé the

4 .
180°. This was illustratéd in figure (¢) RT 90 - FD 30 BK

(A

.
L4
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with the computer produced the correct figure. -

] ' )
”’70—(ﬁ ¢
CONCEPTS ' . ‘ - ‘ g T .-

. . 90° ANGLE o . . -
‘o S0 ANGLE |

A readily retognized the 90° angle in staridard and

invérted positions. A - experienced some difficulty with

v -
¢

e ‘ Iirotated positions. ¢

.~ 360° ROTATION . - i

A's grasp °of'the complate rotation concept was strong.

2

Although he émitteq the-copmaﬁds for the first angle in the

a3 , !
star- patterns,

he was able to ansyer the written quesfiohs

___  correctly and to calculate the mgasufe of the angles[in the
‘ star patterns using the repeat command. NS

A seemed to have difficulty interpreting the instruc;

tions in Activity 4, task 6 wHere questions asked t$°;ist

examples (f;om the given figures) oﬁ‘a) a 360° rotation and

b) complementary angles.

14 .

A  answered. figure (a), .(b), {(c) to both.questions.
; ' Lo . - ’
Since A was- not interviewed aboqﬁ these resgonses 1; is

difficuylt to knoﬁ whether A could not associate_  the
vocabulary’ with' the concepts, or if the conceptslhad not’

3

yét’begn fuldy grasped. .D‘

® Note: figure (a), -(b), (¢) werer'compiemeétary anq}es
! | fiéure (d), (e) ‘were ' star patterns, using the .
| éepeat comménd ) - . j ' f/
- | . . -
(COMPLEMENTARY/SUPPLEMENTARY ANGLES: - . . =

A has demonstrated a solid understaﬁding of the concept

X ‘ . ’ ) .
- .

o P T &
=
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.ot R to A . 4
* " * -
of complementarity, His work showed an implicit grasp o{d

the f/sum of 90° over and above the use of the Logo comman&s

. ~

needed to interface the angle components in certain figures
S .
(rotated positions). \ //' : :

- 2 5’5 L /’ )

' REPEAT 2 [LTA4S}

A\ . ¥

[ ' .

(inverted position) LTA60 LTA30

¢’ .
‘. "REPEAT 2 [LTA45]

. ' AY
" A did not demonstrate a firm, grasp of supplementary

"(rotated and ihverteﬂ)

‘ »

angles, although he d1d attempt to employ the defined
Sy .

angles in ‘hls commands ‘He omitted the seqﬂpd component

necessary to -complete the sum of 180° in/some of his tasks

/ = -
(see debugBing) . In Activity 6 A drew sketches of

-
cw

supplémentary angles in standarg as well as inverted §

L]

positions. :;;gyﬂws < ) .
S . S

B . ' y
He also wrote comdands for the sketches that did not

o

-inCOrporate the concept of supplementarity but simply drew

the figure in Loéd '

L]

A correctly calcula{ed the subplémentary angles in all

. o
<

the written questionsf . !

\ Y

STANDARD/NON—STANDARD'POSITION S S
A had, dlfficulty recognizing the right angle in

‘rotated posatlon \\\///p J}L\\\\ ,:>x<:, ;:>

He recognized- the dnitial rotation of ?5° in each of

these figures ‘but then supplied 45 as the input to the
- ’ . N ’ o Q/' , '

<




Act. 6, task 5 (b). L. (c) \\\
q . .

INTERIOR/EXTERIQR~ANGLES

around the exterior In task 4, (¢) A identified the exte-

AN ' , ) ' ‘ "

. ’ i -
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angle rotéfion} ‘With the computer, A Whs able to correct
the error by adding another rofation of 45°. -
e.g. o TLT 45 FD SO BK SO TRT 45 FD S0 *;'

: \\\\V////” _ ' o TRT 45 (added)
In ‘wr;;ihg commands for cdﬁplé;entary angles in the

-

rotated positions (showﬁ above).' A omitted the initiaf
positionipg of the‘ turtle, aithough the an;le_domponents
were correctly’writtén.

A demonstrated excellent recognition of supplementary
ang{es in standard  as bell as non~standard position apd

sketched thse angles from both perspectives.

7

2

L]

A was successful in identifying the right angle 1nl(by

and in estimating the angles .in (c). The ‘concept of . -
supplementarity was.‘noi achieved by using the desired
angles RTA/LTA, but by w;iting commands in draw ﬁode

D)

A suécessfhlly identified the interior angles- in

'

Activity"7 but was unable to produce the angle by rotating

’

o

rior angle as the completion of a 360° cipcular rotation.

. . M = .? - '
, 60§7 ‘

o . RT 300 FD 30 BK 30
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'PERFORMANCE ON FINAL EXAM '

A answg{ed thqee' out of four questions cbrrectly. In
item (d4) he calculated the sum of the ahglesvin'the star
pattern incorrectly as 45° x 8 = 280°. He estimated the
angles correctly at 45°; 'He still seemed to rély on visual

S

cues of the diagram. — -

4 STUDENT L

GENERAL CHARACTERISTICS ] -

GENERAL CLASSROOM CHARACTERFSTICS

L was' a hardéﬁorking student who relied on rulés and
'réte memorization in order to 1learn her méthematical
cancepts. Her achievement -in mathemaéics was below the
grade leVel, with her computation skills the weaker of the
other two skills of concepts and applications. She still
relied on her fingers to count up or dpwn. and her multi-

plication tables had to be calculated very often. Once. L

mastered °~ a concept tby forming an association or by
Ve . & : .

employing some other memory device, she could complete: the

" exercise of drill, successfully, However, any cumulative

»

exercise presented great difficulty as the underlying

k3

understanding 'of the concepts ' was oftenlacking. Problen

solving ‘preSented a challenge for L since her vocabulary

-

skills were also weak and she often guessed on the
. e ) '

procedure from given word cues.
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L generally needed a partner to work with. This helped

her to drill the concepts éhg had just been taught. Often
she would assume the role ‘of insfructor, guiding ger
partne;, as she orally repeated the procedures she was in
the process of memorizing (he#gelf). Since L was a. very
warm, outgoing person, she Wwas usually able to mask tﬁe many
frustrations she experienced when her memory failed her.
Iﬁdividual help from <the teacher 6r a classmé;e always
helped L retrieve ;?e information she needed to go on with
her task. The operations wi?hﬁfractions and related topics
such as ratio and percent posed fhe greatest challenge in
the class curriculum. Here she had no concrete model to
rely on 4;nd pictorial representations were sémetimes

difficult for her to interpret.

BEHAVIOUR IN LOGO

Since much of L's maéh B&oncgpts) acquisition was still
at the 'cpncrete or pictorial stage, L was very af ease with
her work in the computer lab. Since the initial taskg were
relatively -easy for her to perform, L's self-confidence was’
augmented ' and she approached her work w;th enthusiasm. All
through the pr&ject she would ask the teacher during regular
math class. if "this would be the day to work in thé computer

-

lab. .

Logo revealea problems - wiéh lategalization which
sometimes led. to periods of frustration and anger for L.
Relying7'heavi;§ on visual cueé, L discovered that this was
not often reliable in proceeding with the tasks The

frustration this caused for her often prevented er }romf

» o : )

.
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continuing in a disciplined manner. She did not feel she
had to be polite to a computer!

. As the project progressed, so did L's perseverance. She

learned to ‘discuss her problems with her partner (who was

not always the same person) and to attempt different avenues
A

¢

of approach. She also became less inhibited with the
computer and' was often seen "playing turtle" to help w;igkk
turtle state problens. Her new-found self-confidence

allowed her to help otherNstudents; as she was prone to do

,in the classroom. Perhapse using Logo as a learning tool
o

St -
injected L's learning of math with fun and pleasure, since

\

she never complained, "I can/t remember!”, but instead she
would say, "Oh, 1 seei"
SPECIFIC LOGO BEHAVIOUR
PLANNING

L usually planned her tagks with the computer in draw
mode. She was able to plan activities dealing with 90°
angles in standard form without the computer. L rélied on

visual cues as she 'used draw mode. 'She learned to

recognize angles associated with 90° or 180°, but her

.estimation skills for 90° and 45° were the easiest to plan

with paper and pencil.

After the concepts of complementary and supplementary

~ g

angles were discussed and a-theorem was formulated, L was
able to calculate angle rotations with paper and pencil.
Sometimes L planned a task based on a previous one she had
already completed, but without paying attention to whether

the figures were in the identical position. Often she wrote
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cop?ands which .assumed the HOME position or she omitted

commands to orient the turtle to the position given in the

.diégram. -
DEBUGGING
L worked se?iously at debugging her commands. One

difficulty she encountered were omissions in her commands

due to“ the fact that she worked in draw mode and neglected

a

to write éverything down. This was illustrated in Activity

1, Task 3 where she counted three right angles instead of

four. ' :
. AN

She unnecess§rily crossed out the commands for the last

rotaéi6ﬁf”4/\\

In planning task 4 figure (b) L gave inputs for moves
1 T " .
N

-— —

and rotations as 50°.

"

TLT 50u FD 50‘ BK 50 TRT 56 TRT 50 FD 50 BK 50

She did not recognize the right angle in nﬁn-standard
position. It is difficult to know whether L has been’able
to_disEinguish the difference between FD, BK and TRT. s

Although this was verified with the computer, L failed
tb perceive the incorrect angle. ‘

When interviewgd about ,hér.peplies tg Task S, '"Why did
you cﬁéose the number of degrees for each answer?" (which
was less than 90°), L said, "becayse these are the degrees

. L
you need to make the shape!!". ¢
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&
In the interview for her choice of answer to the next

question which concerned obtuse angles, L observed thh&l

"Figure (a) looks bigger than (c) on paper, but on the

1

‘computer they look.equal”.

¢

In Acétivity 2, Task 1, L used TLT and TRT

interchangeably . without considering the difference to the

final outcome. As i Activity 1, she has calculated the
total number of /angles from the ones she hgs written
commands for. I Task 2, she has calculated the total number
éf degrees as 270 due to two errors in her commands.
Activity 2, Task 2 | |
‘ TLT 45 FD 50 BK 50 TLT 90 FD
(‘:) 50 - BK 50 —_ FD 50 BK 50 TLT
) _1_é_o_‘ FD 50 BK 50

Having omitted the second rotation of §0°, L compensated
by rotating the turtle 180° to complete the figure. L has
not verified these commands with the computér 'or she may
have tried to correct it and become frustrated.

An iﬁterview with L and her partner at the onset of tﬁis
tﬁsk resulted in the teacher trying to get.L to become avare
of the turtle's orientation. ' _‘ . '
T "Where is the turtle heading?"

L "To the left." )

T "Make the turtle go to the left ih a circle."

L tu;ned the turtle left 40° -
This resulfghin a wavy line when the turtle moves FD.

T "Turn the turtle to make a siraight line."

L's partner "Turn 95°. Turn 60°

L "No! Turn &45°¢."
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L and her bartnér were uncertain of the number of

dggrees in each rotation. They used visual trial and errér

methods to get the tﬁrtle to reproduce the angle. They did
not recogpize the right angle in rotated position.

. As we can see, L and her partner were able to arrive at

the ?orreét solution using draw mode. The total figure ua;

not completed correctly\however.

Activity 2, Task 3

¢

M

L used tfial and error in Taskiﬂ as wéll. beginning
with 40 as the input to the rotations and 50 to-;D and BK /.
Then she tried 50 as the input to the turns. Siﬂce L was
using wvisual cues only, she fhen tried input 40 or 50
infercﬁangeably. When t%e teacheér intérvened. L was at the
point of frustration where'she was ready to give up.

T "Check -to see if the same input is needed for each
rotation." ' |
L "That's whyedit's not working!" -
L's partner discovered 45° as the input.

L then proceeded to change all her inputs to 45° and

was ecstatic that it worked. . L computed 8 x 45 = 320°

incorrg;tly. -
' Usually 1 could incorporafe what she had learned during
a class discussion to aid-her to debug a set of cbmmands.‘

This was exemplified in Activity 3, Task S.

\‘ i RTA60 RTA60 -
. . — L o
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The ‘commands show a repeat of two RTA60. L wrote these

.quite automatically since the prévious figures had all been

figures of equal angles. She had assumed this figure to

~

- follow the same .battern. She also could not fill in the
¢ . )
subsequent chart where pairs of complementary angles had to

be' calculated. It was only after the class discussions that

A

she grasped the concept that the two angles did not have to

o

be equal but ‘that their sum must equal 90. She then went

back and debugged correctly, and then proceeded to fill in

the chart. C e /

s ® *

L's reliance on visual cues did not allow her to debug
figu?és where equal aﬁgles had to be calculated. The tiﬁe’
thafe‘lapsed between complementary and supplementary angles
seemed to be too long for her to remember what was discussed
in khe previous figure (In fact it was 6nly about one and
half weeks). '

L's lack of ability in calculating equal angleq resulted
in much frustration in Task 1 of Acti%ity 5. L interpreted
the inherent instructions of these tasks so as to begin/with
the second angle. This resulted in the incorrect number of
angles being drawn and she compensated by rotating a greater
number of degrees to complete the figure, e.g., , £

-

(b) TRT 45 RTA45 LTAQ0 LTA45 LTA4S

Only three angles of 45° have "actually been formed.

{(c) TRT 30 RTA60 LTA30 LTA60 LTA30 LTA30' LTA30.
This figure —was completed by drawing a larger angle (60°)

and then a smaller (30°) contained angle within it..
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-The remaining . tasks. in Activity 5 were completed with
commands which ‘produced a straight line and the rotatioﬁ of
the given angle. ]

e.g. Task 5 (¢) | TRT 90 FD.30 BK 60 FD 30 TLT 110
0 FD 30 BK 30
f“’i'h-e"_figure‘ althoﬁgh appearing correct (on the Logo
screen, does qpt show s;pplementarity: No attempt has been
made to debug the tasks in this activity. .
Thus one c?n see thgt L's debugging usually depended on
her being able to '"see' the incorrect_figure rather than on

her knowledge of the concepts of angles.

CONCEPTS
90°ANGLE

L readilQ'recognized the right angle and‘:was able to use
it in star patterns. E
360° DEGREE ROTATION ' ‘
L has not demonsﬁféﬁed ‘that she has .fully grasped the
concépt of a complete rotation §f 360° or parts thereof. L
did not demonstrate the ability to calculate equal angles to
complete a rotét}on as was seen in the star patterns vhere
an angle of less than 90° or 45° was needed, e.g.

"CAN YOU MAKE A 12 STAR PATTERN?"

REPEAT 12 [RTA60]. . )
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.
Ih activity 2, she was able to use draw mode to write
commands for an eight star pattern (see debugging) but

1

answered the question:

0

WHAT 1S THE TOTAL NUMBER OF DEGREES THE TURTLE TURNED? 320°
SR
The same question for a four star pattern where she
recognized the 90° angle, was 270°.
“In  the introductory tasks to Activit& S on supple-
mentarity, L had difficulty calculating and recognizing the

s 8
equal angles needed to compose an angle of 180° or half of -

360°. - : .
(b9 HOW MANY DEGREES IN: ANGLE(#1 45
) H
TOTAL DEGREES # 1 + 2 + 3 =
B b as
. HOW MANY DEGREES IN ALL 4 ANGLES? TOTAL #3 + #4? 135
N (¢) | - TRT 30, RTA60 LTA45 LTA60
was corrected to: TRT 30 RTA30
RTA60  LTA30 - LTA60 LTA30 LTA30 -
_ LTA30 | | |
HOW MANY DEGREES DID THE TURTLE TURN IN: ANGLE #1 30
| | ' 42 60
#3 30
#4 60
#5 30
| : -
A - _HOW MANY DEGREES IN ALL 5 ANGLES? 240
‘ | - 180 '
*"a@
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HOW MANYCDEGREES IN #67 180

THE TOTAL NUMBER OF DEGREES THE TURTLE TURNED IS 180

LY

These tasks demonstrated once again L.ﬁ reliance on
visgal cues. In Task (C), L khew that 180 was the number
. she needed for a correct answer, but her work exhibited her

[}

lack of understanding.
COMPLEMENTARY /SYPPLEMENTARY ANGLES

L Qemonstrated the recognition of complementary angles
in her written charts and in the figures‘she‘reproduced
nsi;g the‘angle components. L was able to calculate supple-
mentary angles using the theorem, but was unable to use the
two—anglé components to produce a supplementary angle.

She has written commands to complete the figures_of
supplémentany angles by drawing the straight line at the
base, and then forming the arm of the given angle py'
rotatiné fhe given amount of rotation‘;ﬁ the figure.
e.g. Task 5 (c) TRT 90 FD 30 BK 60 FD 30 TLT 40

-

FD 30 BK 30

1

This does not show two angles whose sum is 180°. L

~

completed the arithmetic calculations of the chart
correctiy. |

L did not complete A;tivity 6 due to illness. She
began Task 3 and succgssfully'skétched two supplemeﬁtary
angles for (a) and (b) and wfote correct commands. This

time bo¥h,angles were formed.
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Activity 6, Task 3

*SKETCH TRT 90 FD 30 BK 30 TLT 140
TN FD 30 BK 30 TLT 40 FD 30 BK 30
HONIHO ;7 |
) S
SKETCH TRT 90 'FD 30 BK 30 TLT 90
-//J,//’/’ FD 30 BK 30 TLT 90 FD 30 BK 30
STANDARD/NON-STANDARD POSITION. -- e

"~

L was most successful in recognizing angles of 90° or
)
45° in standard posi%ion. Her recognition of a right angle

in inverted position was also solid.

L had difficulty recognizing the right angle in the
non-standard rotated positions of Activity 1, Task 4,

figures (b) and (¢). L relied on her visual estimation of

-

50° which she. repeated twice to complete figure (b). She

has also 'used &50° for the input to FD and BK. It is dif-

r

ficult .to know whether L has distinguished the rotations

‘from the moves in completing these figures.. .

- e.g., Fig. (b) TLT 50 FD 50 BK'50 TRT S50

. TRT 50 FD 50 BK. 50
v
. Fig. (c) - o

~

Figure (c) began with: TRT 50 FD 50 BK 50 TRT 50 FD
to which she added the initial commands of:-_'
PU FD 50 TRT 90 TRT 45 which were hastily'written on the

-~ i

side.
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’ ‘ . The x‘e’,flectec’l \Sersion of figure (b) seems to hhve beén

. ) ‘ Ng \
difficult™ fonr L to perceive.’' Her original commands would

q
--have resulted in the identical figure to (b).” L has also
- 9 f‘ N - .
neglected to follow the turtle states given in the diagranm

V4 (c) as well as the rotational arrow. ‘
IS 2
‘An  Activity 3,. L was successful in the review Task 1.

Her recognition of the rjjght angle in -‘stan’dard and
non-stan;:lard bosition wag' corréct as. was .the 45° angle. L
encountered diff;lculty wWith Task. 3 since she did not
rgcognize that the right angle was now broken into three .

equal angles of 30°. . After teacher/class discussion ofs the

tasks, L wasa able to incorporate the defined angles into

the | domposition of the complementafy -angles in the

sfibsequent tasks of Actiwvity 3.

Ay .

Task 1, Fig - (c) | . ) Task 3 -

” "—

s o

Task 7 ' checked L's estimation and v:jualizatioh

: s'"kills.‘: Only the sketch for (d) resulted in a méar perfect

- right angle. Figure (a). was- begun correctly but th® second .

angle did not complete a right angle.

SKETCH " COMMANDS
To(a) - ' . .RTA45 RTA4S ’
¥
' (b)e . ' ' TRT 90 RTA60 RTA30 ' '

.
. N J b
o @
- .
- “
. . & .

‘Since the 30° angle was rather large, L drew the 60° angle

E even greater resulting :&n & total greater than 90°, ., .= _

€
~ 5 .

Ce
’

0
.
- ' . L
' - °
A
- .
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- SKETCH COMMANDS »

{c)’ ) " TRT 90 RTA60 RTA30

- -

v

This -sketch deménstrated ‘L's ﬁnabilit§ to visualize the -

’ /
non-standard position of the complementary angle. .

.

(d) /R PU FD 50 TRT 180 PD - RTA4S

[

RTA45 . o

4

Figure (b),and (c) offered the most challenge.

Nonéﬂjof these sketches were corrected with the computer.

v ”

Perhap L felt more confident since she did not have to

b .

write any commands for this ;askﬁ,,u
INTERIOR/EXTERIOR ANGLES ’ ” . p

L was not successful 1in identifying _the  exterior

v

rotation to pr?duce the figures in Activity 7. She.was

“ able to "estimate tQéiinterior anglés of 45° and 60° where

no measures were given. However, where the interior"angle‘

of 110¢, 60° or the exterior angle of 280° were given,,L
t . )

was gnable to calculate the measure to produce themepposite .

0 ’ ‘ \-/, s (“
angle rotation.
PERFORMANCE ON FINAL EXAM® ‘ .

L..-scored two rout of four 'qn the final exam. She was

\unaEle to identifg the supplementary. éngles in (a). "~ She

,

- was also unable to calculate the sum of the angles in the€

nizht—étar patte:n; (d). This performarce concurred with
f ’ . o T

thé.findings 6f’the qﬁgyarch project.

\;n item (c) she wrote 90° in one angle only. e
- ' . -
0
[N f ¢ qo N
¥ given. :

90" I :

22
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STUDENT CH |

s

GENERAL CHARACTERISTICS oo ‘

GENERAL CLASSROOM CHARACTERISTICS
CH was a student who often neglected to work in the
classroom mathematics period unless he was individually

motivated. . Easily distracted CH was seldom enthusiastic
aboutﬁ'any written assignments at school. His math achieve-

L, ment was below _average for his grade level as was h@s
reading comprehension level. CH' verbal skills were wery/
strohg and when interviewed on ‘a one to one basis he was

", generally able to eg?balize his+« thinking patterns very

. - well. Often he was able to' write a mathematical statemepi
to illustrate his thinking process. With individual help éH
was able to grasp the'conéépts he was lacking apd to apply
them to this work. -

BEHAVIOUR IN LOGO CLASS , }

4 .
CH usually worked with a partner during ghe research

project. Since he was not very aggressive he often allowed.
his partnei. to influence his thinking. However, as the

¢ . 4
. project -~ progressed, CH became frustrated when his partner

c

» was inattentive. = Teacher intervention was often necessary
to get the pair back to work.

As a result.'CH resorted to working independently.

This was in total contrast to his classroom performance,
where' he would more readily be distracted‘and "join\yhbthe
fun"- than wérk alore seriously. CH's insight to problem- .

" solving seemed to be highlighted as he worked at the’

. T - - “ . )
* - -
« . ' . , ) »
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computer. The reinforcement he received from the computer
;eemed to bg enough to motivate him to persevere.
SPECIFIC LOGO BEHAVIOUR.
PLANNING ‘ . -
s CH workéd véry éarefully 15 the paper and pencil -
V. planning of eaéh activity. He calculated the angle measures

on his {Borksheets and then used the computer to verify his
work . Often he used the computer in draw mode to write
commands to an activity where 'he needed the visual ‘
reinforcement as.hé went along. /
DEBUGGING
In debuggg!?!, CH was inconsistept in his pétformance.
+ As the activities fﬁebame more comple; CH would debug his
commands for +the positioning of the turtle at the beginning
of a task, but Wwould then assume the same input for the
remaining commands without verifying them with the computer .

<

At times CH would use visual cues to rebrqduce a

.figure‘ when the angles should have‘been equal in measure.
Frustration set. in Qhen thé computer did n&; reproddce what
he interpreted from the visual cués. Intervention was often
necessér? éo ‘remind him that perhaps there was a way to
calculate the anglqé be%ore proceeding:

‘Other times CH could produce a perfect sketch but
would u;;te, commands for it without verifying them with ﬁhe
computer. Often when time did not allow for CH ;o debug
each task compieteiy with computer verification. he omitted,

tasks randomly returning to them later.

.
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CONCEPTS

360° ROTATION

.CH was successful in rotating a 90° angle to completé
one rotation of 360°. 'In Activity 2, Task 3 where a
complete rotation of 360° was made up of eight -'AQ; angle,
CH wused wvisual- cues to reproduce the figure, and upon

e

verificatibn. with the computer beca?e totally frustrated.
Te§cher intervention ﬁelped him observe the irregular line
drawn by the turtle. This helped him to realize that the
turtle's ¥btation had to be 90° or a factor of 90 to produce
a straight line by the turtle.

In Task S, figure (b) he was ablelto use a REPEAT

\ B
command to \produce the same figure. 1In Activity 3, Task 8

he was sdccessful in writing a‘REPEAT command for both an &%

-

eight-star and twelve-siar pattern. In Activity 4, Task S
he was correct in answering all the questions and performing
tge tasks dealing with one rotation of 360°. On the final’
test he did not }espond correctly to the item based gn this

concept.

COMPLEMENTARY/SUPPLEMENTARY ANGLES s

CH demonstrated that he was able to use the components
he had defined' to bﬁild complementary angles. He was able
to sketch complementa®y anglés borrectly and to write the
commands to produce the angle\ - ) e

The activities 'dealin with supplementarity were more

difficult to analyse since CH worked mogg;inconsistently and

.omitted the last page of Activity 6 completely.

In Activity 5, Task 1, CH was able to calculate the

—

¢

)
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&

' measures' of the angles correctly as 45°, but hié addition

was incorrect at 185 : .

L1 = 45 °

L 2 = 45
- L3 = 45
L4 =_45
) TOTAL 185
In Task 3, figure (c¢), (h> and (e) were correct while

f&gure (b) ‘Qas incorrect as he has omitted the supplement
(of 160°). CH used the components he had defined in the

first task of Activity‘ 5 to reproduce the supplementary

angles in figure (a), (b), (c) and (d).

- A
In completing the chart _which asked CH to record the

measures of the. two angles in the activity (Task 5) and to

find 'the sum, CH's calculations of his estimates in figure

(b) - 46° and 61° respectively did not motivate him to go
back and correct so that the sum would be 180°.

(a) 135 . RTA135 TLT 46 FD 30

(b) .
E uw, .

iIn Activity . 6, CH showed an understanding of

. RTA120 TLT €1 FD 30

L]

supplementarity in the written question in Task 4, but he

was ‘not successful in using the angle components to form the

supplementary angles. He instead wrote out, all :the
commands correctly, &alcﬁlating the ‘angle rotations. 1In
Task 3 his sketches were all correct but the commands for
(c} and (d) were the only ones to produce the figure he had

drawn. Here, too, he did not employ the angle components.

-

ES

3




. Task 3 (b) < -

TRT 90 FD 30 BK-30 TLT 60 FD 30
160 2,0

- BK 30 TRT 160 FD 30

- A

INTERIOR/EXTERIOR ANGLES )

‘ CH did ‘not demonstrate that he had grhsped the con;ept
of interior and exterior angle rotations in Acéivity 7. He
did recognize the need to rotate a gréater number of degrees
when making the exterior turn in e;ch-of the figures. It
was only. in the last two figures that CH was correct.

However, in Task,.4 (b) he used the input for the rotation
N e ,

with the command FD.

?ES
'\:3290 FD 80 LT 280

In figure (c) he qgcognized the total rotaéion of 360°

]

-—”i;57 LT 60 RT 300 )
éo /D-?

STANDARD/NON~STANDARD POSITION I
CH was. able to readily réﬁognize the angles dealf’uith
in thé\ reseérch. project when they were given in standard

position. At times, CH had.difficulty with commands for

angles in. non-standard position. This assumption is based

partly on the fact that these are the figures that CH most

often. omitted and never returned to. In Activity {, Task 4,

ic)( CH demonstrated the difficulty in writing the commands

-to préduce an invertéd. rotated= 90° angle. Although he
. initially recognized the 90° angle, he changed his command
o inputs after having difficulty with the initial positioning

of the-turtle in the figure. . g

v
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Task 4, Fig. (c¢)
TRT 135 FD 45 BK 45 TLT 135
FD 45 .

<

PERFORMANCE ON FINAL EXAM

[
AN

\

cH . answered two out of four éuestioﬁs correctly. The

question. that dealt 'with complemehta;ity was not corgectly

¢

calculated. ‘

‘ -

r

’ .
35 L o

CH supplied 85 as the missing measure. Although he had
no difficulty recognizing the 90° angles in item (c) he was

*

incorrect ‘in his response to the sum of the angles in the

star pattern of figure (d). His answer was 280°.
\. : o ) ‘

STUDENT M

GENERAL CHARACTERISTICS

L

GENERAL CLASSROOM CHARACTERISTICS

M  was a confident and able studentlwho exhibited great

t

potential in the‘hathematics,program. His class achievement
? ©

in math was in the above average range. M was always quick

to piék up a new concept and to attzzﬁ:)to relate it to

something he already Kknew. " In his selfZconfident manner,

however, M often neglected to listen to the methodology

required to implement the new idea, and would begin.to work

independently. This allowed him to finish ahead of the

—
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class and the other students often solicitqd his help in
comﬁﬁgting their assignments. <«Usually M's results were
perfect, but every so 'often errdrs in calculations due to
incorrect prqgfdure wouid dppear. This resutted in M
needing » individualized instruction <to catch up on what he
had neglected to 1listen to. Another cause for M's errors

¢
was carelessness caused by the speedy way in which he

worked.

BEHAVIOUR IN LOGO CLASS

M's classroom work habits were also evident in the
computer lab. M was adept at using the computer and the
Logo langdsge. Thefefore, he was often impatient with the
introductidn to each activity and often began the tasks
ahead of the class. -The teacher had to intervene on many
occasions since M's ihterpretations of the activities were
not always the correct one;.

As M wo}ked through 'the activities, he displayed 5.
_sense‘ of self-confidence ‘and much~entﬁusiasm. .At first he
worked alone and later, a new student entered the class and
became 'his bartner. The commands for the research tasks
were generally chéracterized by hasty rotations, Qith a lack
of attention to the detaiis of the visual cues in the gdvén
diagrans. Therefore, rotation arrows were ignored; diagrams
were perceived differently when more than one angle was
invdlved. What seemed to be most important to M, was to
reproduce thé figure od,the screen (which he almost alzays
did) and to finish each activity in enough time to be able.'

to extend what he had acquired to reproduce more complex

figures on the computer. . .



SPECIFIC LOGO BEHAVIOUR

PLANNING

M was very quick to write down the commands for the

task at hand. He rarely used the draw mode to assist hinm.
[

His estimation skills as well as his visual perception

:
¢

. enabled him to produce his plan quickly and usually

efficiently. ‘ Where his original plan was incorrect, the
figure would be - reproduced correctly ' but would not
necessarily -demonstrate the concepta~inteeged by the
researcher. M always sought the shortest, npst efficient
way to plan his cémmands.

DEBUGGING -

M demonstrated complete ease when at work debugging a
set of comman?s. His work clearly showed where he crossed
out an incorrect command or where he applied liquid paper
to a° fine.- M was always cheerful when  the teacher/
researcher had to intervene to get his attention back to

2

the class to listen to the explanation of the objeétivé for
the day.

Debugging for M often 'included attention té the
rotational arfgws or the correct use of the components to
form. complementary or supplementary angles. Many of M's
commands assumed the HOME position of the’ turtle. M

demonstrateq no difficulty in using the repeat command .

i
i

CONCEPTS
90°angle

M experienced no Qifficdlty with this concept. His

a
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haste often led him to rotate the turtle in the wrong

direction, but the result was always correct.

e

360°rotation

M was quick to grasp the concept o{ thé total
- rotation and to apply it ‘to éhe repeat ‘commanq.“' He
successfully _completed all the tasks in Activity 2, and
went on to form other star patterns using dgéima{ pumbers'
(calculéted on the computer) as the ipput td the rotations. .
2 COMPLEMENTARYZSUPPLEMENTARY ANGLES } . -
Although M was successful in reproducing the given
figure, M did not always employ the defined components
correctly to demonstrate complementarity or supplemen-

'

tarity. . v

"a) COMPLEMENTARY ANGLES

M demgnstrated the acquisition Qf the contept in~all‘
the -verbal quéspion; as well as in’all‘of Activity 3.

In Activity 4 he used the components incorrectly in
several tasks.

e.g. Task 3 (a) 45 LTA 90 LTA 45

(b) LTA 90  LTA 30

- _ . In each figure he produced first a 90° angle ‘and then

A4

a . smaller \angle within the right angle; no éomplementarity

is demonstrated. :
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(b) SUPPLEMENTARITY
M correctly answered the written questions and filled

. -

in the chart with pairs of supplementary angies. However,

in writing cquands to reproduce the supplémentary angles,

' M used the obtuse angle component and then completed the

figure py extending the base 1line. The figure appears

" correct on the Logo screen, but it does not demonstrate

’ supblementarity using two defineé aﬁgles. ) o
) Sos
e.g. ' : v =
Activity 6 Task 2 (a) RT 90 FD 30 BK 30 LT 90
. .
N LTA135
135,
4 - .
’ In Activity 6, Task 3, M sketched only.one angle, the
- - v

obtuse angle, apd completely omitted the supplement. One can
assume \ that. in- wfiting "the commands for the previous
activity in the aforementioned manner,'M,cahe‘to-visualize.a

.

supplementary angle as the obtuse angle, but neglected to

extend the base line.

e.g. SKETCH : COMMANDS . ?
" °LT 90 .FD 30 ~ BK 30 RT140 FD30

B0
L4 . 1] .
l i §§ . -

Fd

In this task he has also omitted the use of the

defined angles.

In the set of complex figures in Task 6, M success-

fully reproduced the figure using simple Commands to draw

it. r

‘ , )



INTERIOR/EXTERIOR ANGLES L

M immediately grasped the concept that th; sum of - the——
interior and exterior angle rotations must equal \360'.
Although it .was the end of the school year, he worked dili-
gently to master the concept effectively.

STANDARD/NON-STANDARD POSITION

i

M had no difficulty in recognizing' or reproducing

angles in mon-standard position. He readily used exterio}
rqtations in order to cofreétly orient the FurtLe.
-
PERFORMANCE ON FINAL EXAM -
M responded correctly to all four questions. His only
( error Qas in the- subtraction of 180 - 45 = 35. This

demonstrates his inattentiveness ta detail once again.

- ¢

‘STUDENT S

NERAL CHARACTERISTICS

GENERAL CLASSROOM CHARACTERISTICS

S was a student who did not _approach her work at
school with any enthﬁsiasm or interest. She expended a lot
of energy in attracting attention to herself with her ‘
égtitude of ;ndifférence, and, by involving other students o

into distraction. S's performance in mathematics ranged

7‘from average té, below average, while her reading compre-
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hension and vocabulary skills were even loTer for her grade

level. Howeveq, there were periods of'concentration in

' class where S was able to follow the céncepts and apply them

to "the exercises at ' hand. This qccouﬁted for the uneven
acquisition of math concepts iq S's all over performance
level. . | . _ .

BEHAVIOUR IN LOGO CLASS

"In the computer 1lab S also showed inconsistency in

I

"her behaviour.  She often chose to work with'one'particular

partner, but since s8he insisted on being the aggressive
participant' of the partnershib, there was much time lost to
argufng and then hasfy completion of an activity. This also
led to the partnef’s departure at times. As 1in the
classroom.‘ S demonstrated the ‘ability to carry out the
activities with precision once she.decided to be serious.
When S worked. alone, she was able to use the Logo language
effectively, and the positive reinforcement from the
dsmputer served t§ bo}stér hef pride in her work. .

~

SPECIFIC- LOGO BEHAVIOUR

PLANNING ‘ ‘ ' o

‘ S began the project by writing all the commands for -
‘each task on paper ana then verifyiqg these with the
computer. She was usually guccessful in estimating the
amount of rotation in each figure. As the tasks became more
involved, S often used draw mode to assist her planning.
This was particﬁlarly evident in'the figures where a repeat

command could be used. However, S did use the skills she

N o
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apquired in a task to help plan similar stsegugnt tasks.

This was demonstrated again in the figures (Wwhere a‘ shorter

' plan could involve the repeat command of the previdus

activity. :

DEBUGGING

» -

15?7

S demons;raped, a good 1level of perseverance iq~ -

~

debugginé the errors in her.commands. Often fhe source of

an incorrect reproduction was due to  her neglect 1ih

Ea—

following the rotation arrous given 6 in the figurés. S

(]

demdnstréfed_ an excellent use 9 'thmetip in calculating
inputs for rotations when the figure on the computer Bhowed

an incorrect angle or when an exterior turn was necessary.
5 ’ s

-

Activity 1: PU FD 50 TLT 90 PFD

TangZ. Fig. (c) ) BK SO BK 50, TRT 90

FD 50 TRT 270

\

o

Activity 1: TLT 45 FD 50 TLT 45

. Task 4, Fig. (c) . FD 50 . TLT 45 * 2+ ~

¥

In ‘completing the star pattern in . Activity 3, S’

\

initially wrote the cpmmands in d;aw‘mode before she was

reminded that she could use ihe repeat command since all her

angles were equal in measure. She successfully wrbpe a
repeat command for the twelve star patg;rn. . T
Another ‘source of error was found in the initial

turtle statei This was evideht«wheﬁ two defined ang}ea éere

1

used to compose one complementary angle.

-t

'
Ed ’ ¢

(VRN

>

3

p

-



formation. TRT 90 RTA4S5 TRT 9 RTA4S5
{ S T )

. . - oy
' S encountered , the most frustration and difficulty in -

Activity 4: RTA4S RTA4S

Task 4, Fig. (e) s

aq

3’ ) S " has omitted the command to orient the turtle to

execute the commands correctly. S has not verified the

ddmmgﬂds with the computer. Ihe above figure is the inverse

—

of figuret (¢) in which S exhibited similar difficulty.

N . RTA30 LTA60
X - 4 ‘ .
{
In the task that followed (Act. 4, Task 5) S has not

\ .
attempted to verify her sketches. Thus the cgmmand to

positio“ the ‘furile in figure (¢) was interpfeted as angle

Activity 6, Task 3 where she was required to sketch\a pair

Fad

”

of supplementgry angles and then to write the commands to -

produce them.  Her -last two ¥. sketches were in non-standard

positign and orienting the ‘turtle presented many difficul-
ties for her. Although there are many erasures supporting

her debugging ‘efforts, she has not’ Beeia~ sucéessful ‘in  /

’

carrying thr@ugh her cofré?tions. .
(e) : / FD '39@ \\‘Bk 30 TRT 50 FD 30 'BK 30
. L TRT 130 FD 30 BK 30 R |
;‘ , . s
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(d) , TLT 45 FD 30 BK-60 TRT 60 FD 30

- -~

BK 30 TRT 120 FD 30 BK 30

These are .her final :entries for the two sketches. ’
They- exhibit a lack of perséverance “in debugging
complete}y. S has demonstrated throughout the project good
estimation ékillg espécially with &5° rotations. She Pad
more Qifficulty with the rotation of 30°, but the papef and
pencil activiti§§ helped her clarify the visual 30° ;otatiqp e

msince she was easily able to calculate the meaiire of an

angle using the geometry concebt of a 360° rotation.

s
kS
. ‘

; . CON@EPTS ~ . ‘.\

{ 99°ANGLE | ~—
S readily recognized the 90° angle in the acPivities

- in®roducing the project. She was able to identify her error a
when given -the rotated and iﬁverse poéition‘ //A>\\\j ~ and
= ‘4 '\ corrected fhe initial rotation. of 45° to 45 x 2. .She had
‘ difficulty vefbalizing her ideas about rotation &nd
responded to a question .about angle measure simply as

*

» &' -~ .
. ""Because it's an angile". . g g

'360° ROTATION T .

s

1 'S was successful in identifying the complete rotation.

‘of 360° as "being maderup;bf 4-90° ang;es or B8-45° angles.

ot

She was able to uge this concept_later, on in calcylating

’ ~
* angles with a sum of 360° to produce a sf% or twelve-star
f

figure. S successfully employed'this concep;‘whenrusing thq"

repeat command.

. . - ’

B . ,
‘ ' . )
‘v
., f s ) 3
'
. » .
- &
. . «
N N wy B UL N - - N o v N -
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However, S demonstrated difficulty in verbalizing what

happens in a repeat command when the order of the inputs is

reversed. Her response was: ‘"It comes in a different
—_ - ‘shape'". Her reason - '"Because we mixed them up. So they
won't come - out the same and different order".

‘ e
COMPLEMENTARY/SUPPLEMENTARY ANGLES

»

Although S showed accuracy in Actigity 3, Task-1-5 by
writing the angle measures on the diagrams and doing the
arithmetic calculations on her worksheet, she was‘uncertain

« o 1n interpreting Task 6 where ; chart with complementary
angles ofl different measures was required. After the class
discussion éf comglementarify she _was able "to proceed .
successfully. The sketches in_tﬁis aétivity were'omitteq by

" s, s

- > L A
! In Activity 4 'S _exhibited that she had grasped the
" concept of complementarity although her Logo commands were

@ often incomplete. Her angle procedures were correct but shef
often assumed the default position And~gave only the angle-
commands.‘ She }did not verify her work with the computer?“"

- f§§$ figure (a) LTA45 LTA45 would not produce the f&gure‘in_

the seguence given.

TRT 90 RTA45 RTA30

©
Bl

She has incorrectly calculated the complement to 45°. Her
RN
LI N e
responses to the verbal tasks were all correct. The intrédu-

ctory - tasks to the concept of supplementary angles support

[ 4

S's grasp of the concept. So do the‘written charts where
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pairs of angles with sums of 180° were rgg%:ded correctly. .
. ’ o
The activitiek where +two defined / angles were to be

used as components to form a sgpplementary angle do not

demonstrate supplementarity. If these tasks S wrote all the

commands to produce the figures correctly in Logo. She did
, . ' .

not employ the two componénts in any of the tasks. Her

[}

sketches of supplementary angles were also correct.
INTERIOR/EXTERIOR ANGLES “ , i
S was not able to demdnétra;e any understanding of the
exterior -angle rotation. She did not grasp the concept of
opposite 'rqtational direction. In the activities where an
angle was to be formed by using a right rotation and then by

using the opposite rotation, S could complete only the

interior rotation to_the right.

T " e.g. , Activity 7, Task 3

’

-
LT 90 FD 50 BK 50 LT 90 FD 50 BK 50
‘\ ) ' : ¢ . * . -
. TRT 60 FD 50 BK 50 TRT 90 FD S0 BK 50

. o

When asked how many degrees were needed to complete

the interior and exterior rotétions only the interior angle

0o J?,?

, TLT 45 FD S0 'BK 50 TRT 90 FD 50 BK S50

3

’
rotation was calculated corrgctly.

*




v ' , k ‘ “ . ‘ /
° . . 162
No attempt was 'made to solve this problem with the

-

computer.

CR |

STANDARD/NON-STANDARD POSITION .

Although S initially did not éeem to recognizé a 90°
angle 1in non-standard position, she readily picked ubbﬁhe
skill and was successful throughout thé remainder of the

.- project.

She has also demonstrated the ability to recognize a -
’ e 7/

-~ /

figu;e rotated—45°. '
S Beemed éo -experience more difficulty with turtle
orientation in the activities\ witﬂ complementary angleé,
especially in inverted pesitioﬁ. ' (Eee complementéry/
supplementary angles). This presented a problem for S again
in Activit& 6, Task 3.

In figure (c) and (d) S attempted to proauce figures

in rotated or non-stapdard position. s
\ Howeveri she 'was unsuccessful in writing commands.to.
_produce these figures since she héd to deal first with the
initial state of the turtle and then with the angles (for

which s8he did not wuse the‘d:i;peq procedures).. Her first

attempt” at (c) provided her with ‘four angles.

- -t ‘ *’ ‘ .
The erasures show

6riginal sketch computer inputs only of '

fee:PaCk 30 or 45.
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Thélcommands for this were erased and corrected to:
FD 30 BK 30 TRT S0 FD 30

BK 30 TRT 130 FD 30 BK 30

For skétch (d): '

LT 45 FD 30 BK 60 TRT.&E FD 30

BK 30 TRT 120 FD 30 BK 30
t .

A lateralization problem seems to be in evidence here

as S ,would have to rotate the turtle opposite to what she

1

has written in order to complete her figure.

-

In Task 5, figure (a) S omittea the commands for the
second ang¥e.

In Task 5, figure (b) S failéd to regognize the "'90°
angles' in the rotated positiop of the figure. This was her
percep;ion: 60° + 120° _and she did not verify with tﬁe
computefﬂ ) »

In figure (¢) S showed recognition of the 45° rotation

by beginning her figure at default position: TLT 45, FD 30,

S

"TLT 45, FD 30, BK 30, but she neglected to tomplete the

¥

second angle. ' She had no difficulty with Task 6..

. _Thus ‘one can conclude that S was able to work with the

concept of supplementarity when the figures were in -standard

position, but, became confused when the figures were

~rotated. Her lack o?‘ perseverance did not enable her to

complete those figures successfully.

i
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PERFORMANCE ON FINAL EXAM -

S's score was three out of four. She correctly
calculated the complement and supplement and she was able to
recognizé the, sum of the angles in (d) as 360°. She also
correctly placed the 'measures‘ of each angle of 45° in the
star pattern. Her interpretation of item (c) was to supply

180° as the missing measures when one 90° angle was given.

, She could not identify the four rotations of 90° each.

STUDENT R

GENERAL CHARACTERISTICS

GENERAL CLASSROOM CHARACTERISTIES

R was a student whose4perforgance in the language arts
Program was' bélow grade average. Although he had been in
Canada for several vyears, he still exhibited difficulties
wiéh cursive writing ‘and his reading comprehension level
remained far below the average for his grade level. 1In
mathematicé class he was performing at or above the grade
ievel. Yet (in math <¢lass) R displayed an insecure
self-image and constantly sought individual reinforcement
and v;rification,° especially when a cumulative exercise was
beiné Eompleted. Often R preferred to work with a partner
when solving word problems or when working through an

exercise involving a ‘'‘new concept in* the mathematics

curriculum. In this way R was able to verbalize with

2
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someone the thinking process involved in acquiring the new

L

concept, and thereby gained the reinforcement he required to
continue . to develop strategies that would culminate in a

solution. L ’

BEHAVIOUR IN LOGO CLASS

In the computer lab R’ farely worked with a partnér.
The . computer seemed to be an effective aide which offered
him the. instént‘ verification he needéd to persevere. His
self-confidence was boosted so that he -would be seen
comparing a set of commands he had urittén with a friend
close by,‘wpile insisting his were the -correct onesl

?urther -into the project, R displayed less attention to
the Elass introductions and proceeded to work independently
on the tasks. This often resulted in misinterpretation of
tasks, especially where }t involved following cues inherent

to the given diagrams and/or written instructions.

SPECIFIC LOGO BEHAVIOUR
PLANNING .
At the beginning of the project, R worked diligently,
planning on paper, and then verifying with the computer. As
the projeﬁt progressed ‘it became more difficult fo observe
blanning , and/or corrections that had been made due ,tb\
_erasures. At times R experienced difficulty in interpreting
. . a task ;here the instructions had to be read and then carried
out in a specific manner. This was seen in Activity 3, Task

3

5:

N —

e
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WHICH OTHER 2 SUBPROCEDURES MAY BEE USED TO PRODUCE THE

FOLLOWING FIGURE? WRITE THE PROCEDURE
RTA30 RTA60,
. R was ' correct in writing the two-angle commands,’even
though he . did not write a procedure. He answered the
following questions incorrectly.

FIRST THE "~ TURTLE TURNED \Qg DEGREES. THE SECOND TIME THE

" TURTLE TURNED 90 DEGREES. THE TURTLE TURNED 150 DEGREES 1IN

ALL.

R has interpreted the figure as an angle of 60° + 90°

whose total is iSOf. The two components in his commands wete

not observed here. After class discussion R was successful
in coﬁpieting the® chart that followed, where he had to’
mathematically calculate other pairs of complementary

angles., The clarification of the written insfructibns
seemed to be necessary for. him.

R also ‘demonstrated/ya lack of understanéing in the
igterpretation of - visual cues such as angle rotation
ATrToOWs . In defining the procedures for the angles greéter
than 90° in Activity 5, Task. 2, R began figure (a) énd

figure (b) by wusing 30 as the .input for the initial

rotation, as well as FD, BK.

Fig. (a) TO TRTA135
‘ -
1ag’ TRT 30 FD 30 BK 30 RT 120
\ FD 30 BK 30
> | .

END s




Fig. (b) TO RTA120

TRT 30 FD 30 BK 30 TRT 120
120’ FD 30 BK 30°

END

R has ignpred the rotations given in the diagrams. " He
has confused the instruction to use 30 as input’ for FD and
BK. He has also ignoreq the turtle positions which would
requiré an initial ~rota£ion of TRT 90. R corrected these
errors after the class discussion. Other areas where R did
not follow instructions were seen in tasks where defined
angles were to bea used to write procedures , but where R

used the commandse\;? draw mode to plah’instead. As in the
aforémentioned examples, R was capable,of carrying out thel
reqdired tasks, but needed help in interpreting the
instructions. R also displayed a tendencyitoiassume the
default position in planning tasks? e.g. Activity‘l, Task 4
(c): PU FD 50 PD TRT 45 FD 50 TLT 90 FD 50 ‘

DEBUGGING

When R was not able to perform a task-readily, he would
usé draw mode to assist him in hislcor;ections. If this
strategy did not work, R resorted to discussing the problem
with a classmate., but he. would promptly return to‘'his
computer to éttempt ‘to empldy those techniques. Under the

circumstances, in. contrast tb the classroom, he did not
elicit help from the teacher. Although his correctioﬁ& at
the beg;nning of ‘the project ‘were quite clear, they.

deteriorated as the projeét progressed. Often R erased his
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original commands, which que analysis difficult for the
observer. An' example.of this was Activity 6, Task 3 where
figure (a) haa been incorrectly completed, then erased and¥.
corrected. Remnants of erasures with Liqﬁid Paper™
seemed to indicate a sketch of complementary angles. * His
corrected sketch did show supplementary angles, but his
commands did not. They were simple draw mode commands.
SKETCH - - ' COMMANDS
RT 90 FD 30 BK 30 LT 180 FD 3§ BK 30

70\ 100 RT 80 FD 30 BK 30

In Task 5 of the same activity, R did not verify his -
‘commands and so did not correct them. The same was true of

Activity 7. '

CONCEPTS’
90°ANGLE o .

R was able to recognize. the right anéle in stanéard
position. He experienced gifficulty-with the recognition of
the ‘90° angle in non-standard position at the beginning of
the project, but this was A ameliorated as the ~.project

progressed.

360° ROTATION * ; ,

R demonstrated 'a grasp of the concept of a completé‘
rotation in the tasks involving _star patterns and’in his
ability to _use the repeét command correctly. As previously
discussed, R's ;méin difficulty seemed to Sé in the area df
~ the lwritten exercises where he was required to.use the

commands to supply answers. He often misinterpreted these
e

\ . b
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by omitting a given angle and, therefore, not arriving at

the .correct total number of degrees (360°).

COMPLEMENTARY/SUPPLEMENTARY ANGLES to
ﬁ has. demonstrated skill in calculating complementary
andm supplementary angles. However, his comﬁands do not show
consistent understanding of - thede concepts.
| R uas:-successful in gsing the anéle componen@s'yo
hbuild complementafy“ angles. In a few tasks, Bowever, his

commands produced a right angle with a contained angle of

- less than 90°.

Py
e.g. Activity 4, 