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'ffsingle name a prevg

fﬁf?developed which integrated, within a Logo turtle1980netry eﬂV1'°"“e“t* '..

EI_Ftransfonnation geonetry curriculum objectives. The.major mot n A
‘affgeonetry topics covered were congruency. translations, rotationsfand

'ﬁdgthe van’ Hiele levels and phases of learning with’ the Albertf'grade seven4

l,flreflections. A curriculum incorporating both the instructional focus of

: }van Hiele theory andrthe instructional levels of Logo (Kieren, 1984)
"iwwas designed involving denonstrations and activitigf in Logo corres-:~
ponding to the intents of the van Hiele phases of: learning.;?,; o
' To explore student Logo and geqnetry behavions within thlS
':{environnent the researcher serVed as a teacher /. observer throughout

ks
L

:;fjeleVen biweekly eighty minute instructional sessions on the motion ;[3-'1"

;ﬁlgeonetny unyt Two heterogeneous grade seven mathenatics classes were ’“;

“involved' in the. project.” The work. and- progress of ‘ten: students was ;51“7”'

}]uc]osely monitored. Daily. and again at the end of the project video Fﬁff:
S tapes were’ reviewed and systenatic sunmandes were recorded on ’ {{vgtgt”dﬁ

;F?Jobservation grids and then analyzed. RS R TR

_d - Ta characterize the relationship found between Logo use and the van
;7inele theory. ‘the findings for each. pair of students were presented for
l,feach tOpic in a threefold perspective -,a descriptive sunnary df each
V&fgroup 3 work ‘a tabulation of the Logo activity observed and a’

"ﬁfconnentary on the students behavior related to the van: ‘Hiele: theony and

L&

Logo use. Additionally, the ﬁrowth of knowledge as observed through the

’7tfchanging student behaviors OVer the four topics was sunnarized and
;:ipresented with statistical analysis. 5‘?,:' r’:f B
;' Two post instructional tests showing the students successfully
rl”achieved the prescribed curl\culun obdectives provided the study s
id*validation.. e o e S
h'_f,‘, Generally’the students Logo activities began in direct mode '
”f;and relied on. trial and error construction using the turtle as a

J—

n»;'drawing tool' Students began to see the value of procedure writing, '

?';although the prbc lures were frequently used only to capture under a jl,‘

}ly established sequence of connands. Even when
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Jand arou
"n ﬁ967 1The Logo
i _ , .  F i "'ﬂ_on, DiSessa’ Hat%‘and_ .
5 l,a\vler tq‘ name 5 few but Jthe key phﬁosopher and spokespersoﬁ has’ beenf‘
}Seymour Papert._ The Log 'language.ﬂs suitable for use;Qn;childreQ;:nd_
& ;yet was developed as a powerful professional progra'mlng%language
fffliwould gqntriﬁute 10’ the study:of hu@an 1ntelligence and fts;. o
n;f'.development (Robertson, 1976Y. e ”15’“--= .

turtle, which traced 1ts movements on large sheet of paper,:, B
Movements were controlled by a remote button box using commands,,; fi |
described,hy—dfagrams depicting arrows pointing forward, ‘back, . rlght
turn 90 penup and so on. Since thon Logo has become aVCOmplex,andﬂk
sophisticated language. but still allows for easy 1n1ttationgto 1ts
use. The "turtle has bbcome & two-dimensional triangularly shaped
’- ’cursor that leaves tts tracks on the screen rather than on a sheet of
paper. Programi ngathe turtle ‘to draw geometric f1gures on the screen
1s called “turtle geometry and has become the. best knoun and most
widely used functton of Logo. j'v'a ']- 1' ‘ '*'n-\ :f. f".' e
The use of tUrtle geometry to develop -an_ 1htu1t1ve understandfng '
of geometrical concepts has caught on qulckly in many mathematics_ s
classrooms. Papert (1980) argues that the central themo in this e
intuitive development is thetsyntontc learnlng 1nvolved'in programmtng
the turtle._ Planning the turtle s movements on_the’ screen 1s ofton‘
pnderstood/py students as they slmulate the turtle s path by actually
ualktng 1t out.  This s often called playing turtle and s fiV
onsidered ‘to be body syntonlc., The. geometric learning in this "'“'7~”
environment has been called ego syntonfc 1G'that programndng the

'_\~'v".

v




f};xurtTe S movements, 4n'expPor;ng concepts such as d1sp1acenent, rotat1on
f?}and angle. congruence,.varlabﬁes and measurement, relates to the
;ﬁ}learner s prev1ous knowTEdge and exper1ence and qan ‘be usefu] 1n

‘1e“archy of geometr!c knowledge.; The different TeveTs of

T

[PPSR

oy yntonic nature.ls’ f'f' “"*--"'

f;}programming outlwned in the dbagram xnvolve a sequentxal progress1oh

ﬁ]gfrom that of funct10n1ng in dlrect mode where s1ngTe commands (Level 1) g SRR
Loor: simnle 11sts of commands (L8V31 2) give: 1mmed1ate results. The third:
}f}]evel of ‘use Gccurs where 1n1t1a1 programm1n9 L"VO]VES ]15t5 °f commandst B
L to. defTﬁE’ﬁEW\terﬁquhat can then be: used as. prTm’tTVES- The f°“rth a"d:}..l

5f;comp1fxityﬁa wh1ch ore can: work 1n % Logo env1ronment strengthens th1s jh‘ﬂ” .

o ;ukieren (1984) has suggested dffferent Tevelsﬂbf Logo use and the ‘ TT;“"
5ifinstructlona1 structure for Logo 1llustrated in F1gure 1. The Tevels of’

?f,fffth Tevels bf.use 1nvolve more soph1stﬁcated progranyhng. The ability REv

;}_to preplan genera11ze and structure the programm1ng 1nto fam1l1es of

ﬂsubprOCedures, and the use of varlables and recurs1on, are 1ncreas1ngTy ‘;f:}f,_

':femplqyed after lewﬁi three.-
. " The’ van Hiele
:r;of lookjng at’ geometry strat1f1ed in, Tevels wh1ch match the

heory (N‘l rszup, 1976 Hoffer, 1933) PPESents one way B

rifperception/think1ng process of the students. The theory strat1f1es ,f-;iﬁ"v'

bf-Tearning of plane,geometry 1nto the fo110w1ng sequent1a1 Tevels, stated
fbrief]y here and dSSCrlbed later in detat] ' SR

wa Basic Level The ohqects are seen as who]es and are recognfzed by
-_appearance a]one. LR : : D

nifLeveT 1 The properties of flgures are perce1ved but remg?n o

Lo unre]ated e e s e e
Level II Def1n1tions are mean1ngfu1 and loca] log1ca1
relationshlps between propertles and between f1gures are perce1ved
and deduced ‘vs,,. I Sl el

"f_ - LevelSTII The relat1onsh1ps are deduct1b1e from an ax1omat1c L
cvo T system. St e -

-y . N

L ..
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This sequential develupment occu;s thrOugh learning, thus the o

i';importance of the qpntent arld f!'tructional methods’ are stressed The ;Q;”{

‘fprocess that leads to the next devel: ofkdEVElopment has - been broken downfi'

'llinto five phases of learning dlinformation, directed orientation, o
_ ‘explanation. free orientation and integration (Nirszup, 1976)

The development of insight in their students was the focus of the o
van Hieles description of levels and the five phases of learning., This':f'{

_ﬂ.theory has been suggested as afcurriculum model for geometric learning A}‘Af
wlmmmmstcMmm wm mwr,wm) ,j,;,-; e
o Kieren and 0lson (1983) sugges a*link between the levels of- Logo
" programming in turtle geometry and he van Hiele theory of geometric
) Adevelopment (Figure 1) Through the integration of these theories one
- can envision using Logo and ltS different levels of use to~enhance a
.flcurriculum where the recognition, production an naming of figures as -

‘;'wholes, and a intu1t1ve understanding of theirLZroperties, are studied -

“:through direct mode activities. AnleFUTtlve understanding 1s implicit ‘?'

fin the writing of a- list of commands to-describe an’ obJect. -From. there

’ an ‘explicit understanding of the,pq}perties of those- figures and then of7v:-”

the relationships between the figures and thETP properties become
apparent *ﬂ'the naive: programming mode and can be extended u51ng more

structured programming (Kieren and Olson, 1983). For example, writing a

__ single procedure that willldraw squares, rectangles and parallelograms ,
: requires an- understanding of the relations between the properties of

' these figure .

1 2 PURPOSE or THE STUDY ,of

/' This study sought to explore and test the relationsdip between Logo' C
" use and the van Hiele theory of learning._ A teaching unit integrating o
“the principles of van Hiele geometry, described in Hoffer (1983) -and the_

Grade 1 motion geometry objectives using’ Logo experiences as a vehicle .

' was devised. It was felt that the nature of the Logo language with 1ts .

graphic capabilities. together with the students conjectures and active.‘:'

involvement in program definition -could help develop, and then build on,
‘the geometric intuition necessary\for students to move. from concrete ‘
. experiences to more abstract reasoning. The following maJor topics in
motion geometry were covered translations. rotations and reflections; f b

»



o The fo]iowing research questions further delineate the purpQSe of
“the’ Study. \ S T T sean
:ffwi}'jCan a set of experiences ‘be deve]oped in. the Logo environment that o
i '1ncq;porate thé'van Hiele 1evels and phases of ]earning? S

ﬂ,gfz., Hhat are. the Logo and geometric behaV1ors of the students whi]e fi.'
I working in such .an env1ronment? : ., . . f

'f:;3;;'Are Tevels: of Logo use. and the van HigJe levels of thinking
'-;*f;observably ref]ected in the activ1t1es of the students?

g44; fAre ‘these behaV1ors con31stent with the thedrized re]ationship
-‘*-vjlinking levels of Logo use and the van Hie]e theory? '

' 1i5,7;Are there behav10ra1 markers of tran51tion between Logo ievels?
’ji‘To what extent are such markers observab]e? ' S

e l '

1.3 osunnmous s |

o The researcher acted as. a teacher/researcher ina classroom setting_

"over an: e]even week aﬁriod ‘A team approach involving the classroom

1 teacher and r earcher ailowed each to assume the roie of advisors and
faciiitators to smai] groups of students as they progressed through the.-

8 unit. The researcher § observation of, and discussion with; the _
.students about their work arose thrdugh this ro]e. Although all memberSgyi*f
of two ciasses were 1nVOIVed in the Logo/geometry curriculum the f_ : fw
lintense monitori’g of students progress necessary to gather the data to 'i/!

"answer the questions above required 1imiting of the number of subjects “y‘
to ten ‘student volunteers o ’ : S ' : I

N A the inention of both the study and the unit was aimed at '
mathematica1 development and not advanc1ng the students knowiedge of

o Logo programming, Logo act1v1ties were 11m1ted to those programming J
concepts the students were : previous]y famiiiar w1th primitive commands
which move the turt]e. procedures, variables, simp]e subprocedures.,u N

taii-end recursion and disk operating commands.

-

l.4 DEfINITION OF TERNS

u//' An error or om1551on in command use or 1n the logical progression :
of the program.v't_ ‘ ' ' - '

, Debugg gv- The process of correcting errors or “bugs . gf,



”Tdevelopment of the learner.:-»fff

’i“tevels ]iz;d7ﬂp 7[§f.7]:7'“'. o | et o
'"f- van Hiele levels - The levels of g ometric th0ught outlined by the i

f‘Geometric Intuition - Intui‘;' in _
‘a topic without the conscious use “of 'easoning. In mathemﬁiics thik—
“':entails the use- of imagery, informal u_ Q|
?vGeometric intuition with regards to. this st dy, 1nvolves the 1mmed\ate -
- :recognition of images and the" use of inf al definitions and terms for\
';=identif1cation._ The intent is to’ build 9n this geometric intuition..i'
. The process requires experience of recognition and construction of f‘ﬂ-:h'af7
v'f-Qgeometric figures specified by the curriculum, and the use of terms and ;_'f'"
'.f;names in procedural titles. From there, the development of procedure "" .
'7fdefinitions can: be used as thinking tools imrunderstanding . f}v’;,-.:<~
'3'classifications and the realization and analysis of the properties of :

;'"the figures._7

van Hieles and presented by Hirszup
Hoffer (1981, 1983)

outlined by Kieren (1984)

u"'Logo - The name of a programming language available 1n several versions
‘ :,for use on a variety of different microcomputer models,. R '

::fPhases of Learning - The sequence of instruction necessary for students
n‘_to progress from ‘one. thought level\to the next outlined by the van
”3“Hieles and presented by . Hoffer (1983) g ‘

gState Transparent = In draw1ng a closed shape the turtle ends in the

B same position “and 0rientation as when it started

/

"hTotal Turtle Trip Theorem (Rule of 3600) - In order to draw a state

transparent closed shape. the turtle must be turned through a total

‘ﬁ:angle which is an. exact multiple of 360° (Hatt 1983)

ﬁ“v- Logo programming,levels - The five _levelsﬂof'Logo‘programmingg “H;ffii-

f language and t io\ing tools. .

e

RN



"fsuggested uses of Logo and turtle geometry is pervasive, documentation of;r

',j}"f L. s srmrlcaucr. OF THE STUDY

Although‘the}literature expounding upog\théfcapabilities and

,'ﬁthe effect in develOping geometry knowledge has ‘yet to be revealed Thisziaggﬁ""-“
;f"study seeks evidence as: to whether such an environment structured L
'tiaCCOPding to the van ‘Hiete stage theory ‘can. facilitate geometr1c

,tfdeveloment. The basis of the study is an instructional unit designed tofff*h;5l*15
"Zw,roVide appropriate computer-based learning experiences to- help students.‘?J“'“"

‘f'h‘ild ‘on their intuitive geometry understanding to study the basic motions
R ) & transformation geometry.. Knowing the effel.s of such experiences may

o 1.6 onsnulzmou or THE ncpom

i'ulfstudy. -

'”ﬂprovide impbrtant implications for geometry instruction.,}s;

R

The present chapter is an outline and preview of the study.,~

:‘}Chapter I presents the theoretical and research background to both’ the ;f}];"fﬁ7

";van Hiele theory and the Logo language.; .L.f*Aal; - 'Ur'-v-.~ ‘,s.j
e Chapter III*describes the curriculum development and research '

"de51gn. Chapters v presents “the findings of each. of ‘the instructional,i A

‘_}:topics in the motion geometry unit., The concluding chapter, Chapter V
' jﬁcbntains the summary, conclusions and implications of the research

G B
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REVIEH OF THE RELATED LITERATURE

The purpose of the study is to expl?re and.test for relationships
between the van Hiele theory of geometry learning and the use of the
computer language, Logo in Turtlevgraphics mode. Chapter II presentsvri‘
background information an }a‘framework for the study. A brief history
of the learning theories related to geometric ideas will initiate the
discussion., A detailed account of the van Hiele theory of. geometric
development and an examination of related research follows‘ The chapter*'
concludes with a discussion of the philosophical roots of the Logo :
language and the research related to the use of this language with

2.1 HISTORICAL PERSPECTIVE

The theory of develOpment of spatial and geometric ideas outlined
by Piaget and his colleagues describes a child S progression from
topological to proaective and Euclidean concepts in the understanding of_
representational space.- The important differences between the , _ '
tbpological projective and Euclidean stages is. the way in which .;7'”

"1': different figures are related to’ each other, with topological and

projective concepts involving qualitative properties while Euclidean
concepts involve quantitative properties (Smock 1976) Through
increased understanding, the ability to diffenentiate between the -
relevant and irrelevant attributes grows. Many studies have been done f:
which generally confirm the sequence of these stages, although
discrepancies have arisen regarding the . -age of attaihment of the stages _
(Dodwell 1963 Lovell 1959 Bober 1973, Montangero 1978) Martin (1976).
'“-f ‘has ‘shown that not: all. topological confepts develop before the 8
projective and Euclidean._ A number of* studies (Perham 1978. Schulz ":”
1978 Kucheman 1980 Thomas 1978) affirm that understanding progresses
from qualitative to:quantitative. e TR "’
Although Piaget was not concerned with curricula and schools some
general principles have been derived from his theory which may guide :
educational procedures (Ginsburg and Opper, 1979). It has beédn guggesged”

that the child s progression through developmental stages may[be N
R EIR: EIRTA R SR W

8 '



) fgexperlences
'fplane of thot

‘ i?t and reflect on them, S0 that they can come to _
'ﬂjfappreciate the Significance of their actions. The environment shopld

”f,?,provide chi]dren with'activities of their own choosing at which they canﬁt
,,l(u‘work individually but with social interaction (Ginsburg and Opper’ o :
. ?1979) Such free problem solving activities would likelyfhave an effectz:

“on the transition between stages. Bober (1973) and Kuper (1978) have

- l'shown such experiences do speed up the transition. -

Skemp (1971) outlined similar ideas on reflective intelligencqiﬁ . :f
:'.Mathematics is learned at an intuitive level long beforé’we can functionf
T at a reflective ‘Tevel, At the. intuitive level the child is dependent on .

\'ﬁie.the new. material being closely assoc1ated with his existing mathematicalfd
’f_schemas and on concrete thinking from which the learner can -

'Tlresynthesize the structures in his own mind“ (Skemp. 1971 pp. 67)

& L

2.2 m-: VAN HIELE mconv ,;‘: e

- insight, students must underst

'

‘ A theory more specific to plane geometric concepts, curricula and

}:' teaChing is that of the van Hieles.. These two Dutch educators were

| "‘;:.interested in the development of ins ght in their s&ents. To have

‘ = _andzﬂhzt they are doing, why: they are _]"

| -v“doing it ‘and when to. do. it. They can apply their knowledge in order to '

“solve. problems (Hoffer 1983) Through their reSpective doctoral '

yfdissertations in 1957 the ‘van Hieles formulated a theory stratifying
- geometric learning into levels of. thought. Their work did: not become

‘;iknown in North America until introduced in: English by, Freudenthal

) '(1973) Hirszup (1976) expanded on this introduction with a paper |
S fpdescribing the folTowing levels of geometric development '

A }'Basic Level- Figures are recognized by appearance alone and ‘are -
. seen.in tﬁeir totality. Students do not see the parts of figures,
" 'nor_do they perceive the relationships among the- components of the
figure. They cannot compard figures with common properties with -
- one another. For example, a square would be conceived as totally
, Hdifferent from a rectangle.‘ 5”,.‘~

‘.f Level I Students begﬁn to analyze the components of figures and :
' lso es tablish relationships between individual figures. At .



e this level individual figures can’ be analyzed but figures and

. their. properties ‘are -not" explic1tly interrelated therefore L
'Fgf'square is not a rectangle. g : N I

rv——n . r,*J‘/‘ﬂ.a,» ] e

-'*Level II Students relate figures and their properties.;;A.. o
- ,ff~T3§TEET_ordering of the:properties of a figure and of classes. of - -
- . ":figures begins. Definitions become meaningful Students cigfsee f'*_
~.. - .. that every square is-a rectangle. and can-organize: sequences Co
. ’“'“statements to Justify their observations.-.-.vfg;,

: .};‘Level III'i Students understand the significance of qeduction as. a
" means of. constructing and developing ‘all.geometric theory. The
' ',vtransition to-this level is assisted by the. understanding of - ‘
/~_axioms, definitions and theorems.:. However ‘they do not understand -
.27 ‘the need for- rigor, nor. the relationships between other deductive
‘ --v..systems.‘ ' , . : N

- [Level Vs Students analyze the vari0us deductive systems with a B
. 1ﬁT§ﬁ'HE§ree of rigor-and-are able to make abstract deductions. A .
. 'person at this Tevel deve]dps a theory without makirg concrete EERS
_ ",_interpretations._v . IR e
‘_.Hoffer (1983) has labelled these levels as recognition, analySis, order,f g
_‘-deduction and rigor. _ Dina van Hiele Geldof called the levels I through o
,'_ the aspect of geometry, the essence of geometry, insight into the -
.theony of geometry and scientific insight into’ geometry (Usiskin 1982)1:.
» y It is- inherent to this—theory that prqaression through the levels‘ ”Qvlo
f'occurs in sequence and one level must be mastered before moving on, as
_%each level is about“ the previous level.; The objects at level n are L
”}extensions of or . about“, objects -at level n-1, and thought which’ was S
. intrinsic at the preceding level becomes extrinsic.; An extenSion of
,1jthis is that people reasoning on. different levels _cannot understand one
5 another (van/hiele/ 1980) In particular, a teacher communicating or
iposing tasks at level n, to a student reasoning at level X, X<n, can .
,‘anticipate a communications breakdpwn or lack of: understanding on the
“"part of the studept.a N S (u .
‘The van Hieles also proposed the following sequeﬁce of learning 1n
"five phases. Just as Skemp suggested they. also think that learning
’ should move: from teacher directed instrdii‘on to student independence
ffrom the teacher. Generally each of the-instructional phases is Eooa
B necessary for passage from one thought level to the next. o




o nghase 1 - In ui The teacher engages the students in ;‘F :

.- conversation about the ‘objects -studied. = The teacher: learns how -
" ‘the students interpret the words-and gives. ‘them some understanding.
. "-of ‘the topic:to be studied.. Questions are raised and observations. -

-+ made using .the vocabulary and objects of the study setting the "j;f{'“'

Sl fi,stage for further study.._ ,v_. . et -

| ;{'fﬂPhase 2 - Directed Orientation - The teacher carefully sequences
. activities forastudent ‘exploration by .which students begin to
- realize what direction the study: is taking and’ they. become.

 familiar.with ‘the characteristic structures.. “Many “activities. in

S "this ‘phase are one step tasks: that elicit specific. resnonses._;;if;'tha”

a"f;_f " Phase 3 - Expliciting s The students building #rom previous .
-’N‘QEQ'A.f;experiences, with minimal prompting by'the teacher, refine-their -
0% use of the vocabulary and express their opinions-about 'the °

~*inherent structures of- ‘the-study. During this phase the: students o
- " begin to form the system of relations of the study. *;gi;_ T

~“Phase 4 - Free Orientation - The students ‘now encounter multi-step
- tasks :or tasks that can.be’ oompleted in different ways. -They gain\
- experience in. finding their own way in resolving the tasks. By
. _orienting themselves. in_the field of investigation, many of - the
- relations ‘between obJects of the study become explicit to the

~

students. o T T T ‘f“ B

. theim disposal and form an- overview., The objects and relations
-~ ‘are ifternalized into a new:domain .of thought. ' The teacher aids
‘mthis\process by providing global surveys of what the students
alreagy know, being careful not to: present new or discordant

: Phas%k Integrition - The students now review the methods at-

»:';'is at\tained

(Hoffer, 1983 pp.208)

In summary, the major characteristics of the van Hiele levels of

: thought are that- 1) the levels are 'sequential 2) each level has its own,a'

_ language,_set of symbols and network of relations. 3) ‘what. is implicit
.at one level becomes explicit at the next 4). explanations above a~

students level will not be understood 5) progress from Tevel to the _1ﬁ

' next is moK?\dependent on: instruction than on’ age or maturation and 6) -

pr@ress f

2 3 RESEARCH OI THE VAN HIELE THEORY

e Soviet psychologists have adopted the van Hiele ideas. Many
' studies have been don€ illustrating the importance of the phases of

learning and formed a. basis for developing a new eight year program withV e

» .

‘ideds, - At the" close of the fifth phase, the new level of thoughtw ;iffq

om one level to the next involves five phases of: instruction.-.ﬂ



o .Wo‘

”'5”f”of Learning and Teaching<

j];t development and“that the°passage from one level to the next is not a
'ff;sponta"e°“5 process wi%h age._ These studies using various modes of

' flV;can be affected by instruction. 1,J-:'“-"-> A e

a curriculum which insured ‘a single continuous line of geometric
' e ‘fpment for the pupils._ Pyshkalo describes the benefit An. that, by |
the end'of grade 3 all pupils did reach the Second level (van Hiele ?_};; "Ti
level 1), surpassing the progress of seventh gradelstudents using the :
traditional curriculum (Hoffer 1983) Kilpatrick and- Hirszup-(1969)
8 Ufedited 'y series of tran' ated“‘tudies.t“Soviet Studies in the Psychology
,Eﬁathematics . The Soviet psychologists

TA

p;stressed the importance of the role of instruction in cognTtive

“?“-'instruction illustrated how the learning or knowledge building process : fi_*

e,

:.- A L

North American research began with Hoffer (1983) writing a,

‘f,ﬁfsecondary level geometry text for a -one' year course with the van Hielt
: “iglevels in'mind His intention in using the text was to allow for T

";‘investigations and activities in the first semester, preparing students |

.?l*ﬁito work in: a’ deductive system (van Hiele L%vel III) in the’ second
'-isemester.» A‘proof writing test was given at the end of the year to f

» 'classes who had. used the materials and those who- had not. Participating
_ -teachers felt students in the experimental classes had learned more
’ 7gedmetry especiale under the topics of area, volume. and e

'7*f‘transformations. and could write original proofs as well as the control

',Tbﬁclasses.;.v;< L

| fj'difficulties many st

. ~ The Chicago Project (Hoffer 1983 Usiskin 1982) tested the van ;vi S
"'Hiele levels othjyddents entering high school geometry courses and used
2 this informatio to describe and predict the students achievement in
‘f;the course. Depending on the criteria used for the number of correct .
*responses. 67 to 90 percent of the students could be assigned to a van
» tHiele level. Analysis of the data showed that these levels are a good
’:}‘predictor of achievement on: year end standardized geometry\content and
,%f;proof writing tests., Using the students van Hiele levels as a R
v'_ylupredictor. Usiskin then suggests that half of. the students\gre enrolled
7 in_geometry. courses where they have less than 50, percent chance of .
,1success. B T E o ol R
This study conf the use of the van Hiele theory to explain the
:S:ts have with f0rmal geometry due to lack of o

. N



1iffproJect probed a few‘concepts to predict,an overall van Hiele level A

P answer questions at’
!f*level questions. .~.*'

i?"-v,"‘.teachers. Her results showed'“”

T:fffoundatiOnal experience.t The van Hiele level test developed‘within the ”

ﬁfi discrepancy with thi

f!is Found. in-that sore: students beigg able to;'::jfTQ

»fe_but there is no consensus across h¢,concepts thus peop]e can be at REEEL R
f_,,"'"different levels for various Concepts.  The inconsistency with the
q‘f'Chicago test results might be attributable to this Tack.of consenSus.. e
L ' The Oregon Project (Burger and Shaughnessy, 1986 Hoffer, 1983) S
il’investigated the. extent to which the van Hiele levels'serve as.a modela.-igf}ij
_ﬁizfor assessing students understanding of geometry. ‘The’ Subjects (45 B
,v,students drawn from’ kindergarten to. college ‘math majors) responded to

5£fsequenced tasks on triangles and quadrilaterals in clinical interview

'isessions., The tasks 1ncluded drawing shapes, identifying and defining '-1: o
'shapes, sorting shapes, determining a mystery shape. establishing R
~__.properties of parallelograms and comparing components'of mathematical\.rif;i?;
4_',systems. B N L o
j _ The 1nterviews Were analyzed to reveal descriptors of students _
. perceptions and comprehension levels and to assign the students to van
v ﬁ*Hiele levels of. predominant reasoning.' The interview data revealed a .
"'}number of . recurring behaviors labelledv“Level Indicators . Students who i
_-»seemgd to be. reasoning predominantly at a particular van Hiele level | ?”*”iu“
j'tended to exhibit some or all of these behaviors.;;;,.l” ~',:.:y,, E

RS Basic Level RN ' B . B A TA
1. Use of imprecise properties (qualjties) to cbmﬁare drawings and t .
identify, characterize, and sort shapes,. v s
2. Refergnces to visual prototypes to characterize shapes. :'“' S
- 3. IncTélston of . irreleyant attributes when identifying and‘describing;f'
-~ shapes, such as: or}:htation of the figure on the page. .=~ - i
- - 4. Inability to-conceiVe of an infinite variety of. types of- shapes.
. 5, Inconsistent sortings; that is. sortings by. properties not shared ];g;g}_
». by the sorted shapes. - . _'; :
"16. Inability to use properties as necessary conditions to-determine
S shape, for example, guessing the shape in.the mystery shape task - ‘
_r; atter far too few clues. as. if the clues triggered a visual inage. _‘4:35



Me”llf.é;rSorting by single: attributes. such as’ propertie ‘of 51des, while ﬁif

Level 13 - R B
* 1QMparing shapes e&plicitly by means of properties of thelr

. I

compongpts.

f;gééaProhibi ing. 'class inclusiohs among general types of shapes, such

..as: quadrigpterals. SEL

- ‘neglecting angles, symmetry, and so forth,

" "4, Application of alttany of necessary properties” i"Stead o

L7 determinfng sufficient’ prgperties when identifying shapes

a_n‘ff;;Y“explaining identification:“«a
0 5s Descriptions of types.of -

bbes by explicit use of ‘their. =~
- properties, rathem.than by ¥gpe names, -even if knownw For -

| “@Xample, {nstead. of- rectangle, the. shape would be referred td'as'a

: ;Tfiﬁﬁ_four sided figure with all right angles. "% _
© . 6. Explicit: rejection of textbdok definitions of shapes in favor of

" personal _characterizations.

'“Vflg,lreatkhg-ﬁeaﬁhtry as. physicsiwhen testing the valid\ty of 3 .. b
?*;L'proposition° .for example, ;elying on a: variety of drawings and ﬁ],»“i~

- making observatidns about ‘them. . -

- g8. Explicit lack of bndenstanding of mathematical proof

!.. o

Level 11 - A

1. Formation of complete definitions of types of shapes.‘_-t'”'l

fﬂZ;fAbility to modify definitions. andfimmediately accept and use.

" -.definitions of new concepts, v 2 9

- - 3. Explicit-references to definitions,, v ' “‘"v S

4. Ability:to accept equivalent ‘forms* definitions._re'#;'A‘ SRR S A
.5, Acceptance of logical partial ordering among types of shapes.;_.lg*ﬂ‘j"‘

'~_including ‘¢lass fnclusions.

prectse-atthibites. - S e

74 Explicit use of *if, then" Statements:

L

S T o .

,'?g'x”Jimplie§ s then p implies r) and the Taw. of: detachment (modus SN L
- ponens). . . o
,_39.;Confusion between the role of axiom and theorem.,-,v;_ '

w75l4. Understanding of the roles of'the components in a mathematical

v“‘r;4..lmplic4t acceptance of the postulates of Euclidean geometry’f'

sequence of the levels. ;

‘}e:.ﬁja.:Ability to: f rm correct informal deductive arguments. implicitly

" - 'using such logical forms as the chain rule (if p implies q ahg,q

evel 111+ ' : ‘ RERE - e
arification of ambiguous questions and rephrasing of problem
tasks into precise: language. .

' 552. Frequent conjecturing and attempts to verify conjectures B S

deductively.

'E7fﬂ3. ‘Reliance on proof as: the final authority in deciding the truth of

:a mathematical propdsition.. -
discourse,. such as axioms, definitions, theorems, proof..

(Burger and Shaughnessy, 1986 3 43)

: f“van Hieles original general description and
_huever the discreteneSs of leyels, N

This study conf

. .:/

nd ‘deciding on:a mystery’ shape.i;;:f;y*f

6 Ability to sert shapes according to a variety of athematically e

RS T .0

o .

L



o particularly tho efof analysis and abstraction, was not co;firmed LT
Consistent-with dsiﬁg s (1982) observations the use of formal deductions ﬂ}:j
among secondacy or post secondary geometry students uas nearly absent . ,,;;?t53
~ The Brooklyn Project” (Fuys, Geddes, Tischler. 1985, lﬂoffer 1983,)
developed three modules of instruction, properties of polygons, angle
measurement and area., The use of concrete objects in the mndules.fﬁfnga¢w
offered definite 1nstructional advantages and assisted in the “f_,ﬂ S
identifying the students thougﬂt processes. -Some module'activities
were similar to. those used in the Oregon Project.' The instruction

ff? moduies were used as’ research tools to obtain data in six hours of video

taped clinical interviews with sixth and ninth grade students. The oA
interviews of individual students working through the modules were .]?¥7f5_31
analyzed using protocol forms.;v'f‘” . P S
' Results of the,clinical intervisys indicate that the van Hiele
model provides a reésonable structure for describing students geometry
learning. Video tape analysis provides insight and information ‘on
students 'the levels of thinking, language difficulties, learning styles
and thinking processes._ Analysis of the interviews indicated the entry
leVel for the sixth grade students was mainly at the Basic Level while
: ninth grade students entered at the‘Basic Level or Level 1.1 Indicators,"
,ff similar to those described/in the Oregon project arose with the students o
identifying and- sorting shapes on an “it leoks like basis rather thah
by the usé. of properties, lnitial student descriptions were impr'cise.
The project also included an analysis of Eﬂg deometry strands - 14
found in three widely used cownercial text book series (K-S) e,rt- R
analysis involved the three levels of thinking and. entailed four 3:{”"~g*ff'}15
: components goals. expository seetion exercises and tests, with the |
3, following results. -Only in the texts for Grades 6 8 were even _‘ "'
occasional sections or exercises found above the. Basic Level’ and even, .
X ' tHen there were gaps between he expository sections,requiring first ﬂ; o
= second levels of erstanding d the corresponding Basic: Level : S
exercises involvi mainly recognition or identification of figures.w7j“‘-»“”\
The texts examined included few exercises of an analytical or informal

f,v deductive nature (Levels I or XI) '»”-i -f:t :a'ﬁ,";;gu,-'»;*v,,-j-*i’jfﬁ“f
- RS : T B
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.4 LUGO PHILOSOPHY OF EDUCAIION

Although Logo is\EEcomputer programming language, Piaget s theoriei
g of development are centn@l to it s de51gn. Some of these ideas were . R
expressed by Papert (1980) - TP REEE

e . .:(
BRI

S .~Child BN earn by interacting w1th their env1ronment and thinking
"’f'jbabout what\ hey have done._‘ . SRS R

S jChildren learn by building on past experiences with meaningful
~"~Z,models. S gg. - . v o :
7/5fChildren can direct their own learning.

' Children are. builders of (}.heir own 1ntellectual tructures, they
can learn without being’ taught : . - ‘
_ Having made these \1deas central in 3 the language the M. I T
research grbﬂp developed a philosophy of education surrOunding the use ..

" of this language. Logo was written to relate to child §” world Thgough
Logo children learn by d01ng and then reflect on “what they have done. -",
This jdea is. also reflegted in the theories of Piaget Skemp and also Q {'it
the van Hiele phases of learning. Papert advocates that writing a l
program in a. high level language 1nvplves an expre551on of thought’“\ R
processes not normally formed. when-a: mistake or bug occdrs, ‘the child

; can retrace his. own thoug"s -and understand his own mistakes (Robentson
1976) This rethinking helps children become clear, prec1se, logical
thinkers. In'"Teaching Children to be MathematiCians vs. Teaching about
Hathematics s Papert (1971) argues that many skills are bard to. teach’
only because- they are hard to describe. Logo, he feels, is a catalyst ‘
for comnunication because, in learmng within a descriptive system, - -
concepts become clearer and more conmunicable, stimulating interaction
between the teacher and students, and between students, when they
collaborate on a proaect. Teachers themselves benefit as learn1ng Lo
helps them understand and express what they are teaching step by step'e;;'
EREE (Y is inherent to this educational philosophy that children shoug’
wog{lin micro worlds task domains or problem spaces that are delimited
learning envinnnments where interesting things,pappen and. powerful ideas L

d - (Goldenberg, 19824 ‘These powerful 1deas should‘Be Simple, ;i

eful ‘and syntonic (Lawler’ 1982) This hdea of learning :

DR e

are‘fo

.

g'general,



- v _ " ) . ' K ‘q‘ ) ." :

:l}being syntonic, that is nelating 1deas and being appropriate to the

VV;”person S prev1ous knowledge, i also. ev1dent in the van Hiele phases.:,,ﬂf._7“1

'5Ideas can only gain power when they are shown by concrete models. The
'#b.turtle is central to this philosophy of a concrete model, children can o
_ .program 1t telling the computer how to duplicate their own body '

'movements and thus experience mathematizing“ (Papert 1971) fon
' -{themselves. Many of these microworlds can be built from: a simpTe
~.recursive. procedure ingwhich the 1nput variaﬂlgs can be'c anged Wlth §j
7':1nteresting results. ' ' ' . '

2.5 RESEARCH on LoD T

'Much of the literature proposlng uses of Logo a d research studies f"‘
'involv1ng Logo have been published in popular computer magazines. Most{"_
fof the uses arose out of prOJects ln elementary and Junior high schools[jf=

‘_where teachers 1n1t1al reports were very positive. Teachers commented'; B
n'_that students become enthu51ast1c self sufficient and often that '

:a_students who do poorly in regular classroom 51tuations excel inJLogo. 7

',~fproJects thus 1ncreaSing their motivation.: It is also noted that

rteacher-student relationships o en changed.as the teacher 1s moved from .
l_*a p051tion.of knowledge giver and authority figure, to one of advisor
~fiawhere they work with students on solutions.»,, E : s

i " The. Brookline Logo PrOJect (Watt 1982) 1nvolved fifty grade six

"lstudents case Studies of sixteen of them documenting their different

- learning: styles was 1ncluded The factors of planniﬁg alysis and

‘ 1nterpretation aSSistance from the teacher plus the math atical *

'concepts encountered by the students, in therf freely chosen prOJects,v ﬁl” o

were’ all recorded. A brief summary ‘of the students' learningﬂwith
7;'regard to the’ above factors was the: final report there were na-
: explanations of how the data. was recorded or analxzed nor: was there any
‘obJective testing included A conclu510n is given that children created
‘,ﬂ:their own microworlds in whidh they worked on a limited but expandable
. 'set of concepts with which they were comfortable. All students -~
| experienced success WTth ‘the Logo programming. Ve .
| The Texas Lamplighter ProJect was similar where Logo was used 1n o
;~‘all grades for 1nstructional purposes. The teachers reports were -
: pOSitive, but the princ1pal expressed concern about the time involved



: 'identify the process of teaching mathematics, allowi

:”"fand available td teachers in developing appropriate curricula (Hatt
1982) : {ig;ﬁf'.' FE L S
o Another prOJect commencwng at the same time was at Bank Street

activities.. Teachers were to help students as little as pOSSible in

S College School’ (Hatt 1982) Théﬁstudents had. extenSive access to. Logo, ff.p}
. ';with the researchers focussing on students learning problem solVihg L
‘Titechniques and social - 1nteraction among students as they worked on Logo ”'

‘ order to foster discovery learning. The 1nitial report (Jewson and Pea Q :

©1982) showed that children 1ntgract more when théy'are working w1th Logo
" :activities. Other results of the proaect were disappointing (Green, _';
_ ?1985) showing no differences with a. control group when the children

‘4:were tested on plannigg skills._ Papert (Green 1985) questioned the
results in: view of. the. lack of learner support from teachers. ' '
o Logo has also been used with learning disabled students (Natt 1978)
:where success was reported through changes 1n attitudes toward learning,

'"school and self concept. A report describing a breakthrough in e

' :communication with an autistic child (Heir and. Emmanuel ;976) through

: - the use of Logo, concludes that the improvement was due to the child s

‘7,interaction with the turtle and, his being in control of that di_-
"'environment.,v ' : . - R

Two studies have been done with preserVice teachers with low s);!.l,gg
oc

".mathematics achievement and no computer training. Austin ) (1976) f

" was students adaptation to the computer/mathematics egvironment and the»“' B

’f*transfer of the knowledge gained in the. laboratory experiences to real

_.‘world 51tuations. The students developed many mathematics and
o programming capabilities. They profited more - ‘from their mistakes but
 were less willing to try new ideas than children who had used the same J

- materials.

' Duboulay s (1977) study centered on those preserv1ce teachers'who :

were: weak in. and disliked mathematics with the- thought that the Logo

. ;experience would strengthen their understaﬂﬂ!ng of mathematiqal .
j’v"’concepts. Qverall con,clusions were that. the Lot periegpce prOmoted
bx'self-awareness of the learning taking place and 1ded JksubJects to -

’.»dtfficulties children encounter in learning mathemat ,

Rsight into the



o Using Logo in grade seven mathematics was: a long term study at the ii' :ri
vaAPtlflCla] Intelligence Laboratory at Edinburgh UniverSity (Howe and [
'l-Ross, 1981). . Eleven year old boys low in mathematical achievement and
tf'diSCduraged by their inability to learn mathematics worked with Logo
'L-for two years. The first year involved programming concepts and in’ the L
v second year procedureSewere used to illustrqte mathematical concepts. REE R
t[_lAll activities were based on structured worksheets. SRR S
, hievement test showed no significant'differences between the -
5,. experimental group and the control group, but the experimental group ! r
~7‘show a greaogr improvement in their undErstanding of the concepts. Thi
fexperiMeh al group was also described by their teachers as able to. argue
ﬂmore se”sibly about mathematical ideas and explain their difficulties
more clearly.. The- researchers suggest that imprOVements could be __fVi
"attributed to the increased time and the assistance these students

f:received ‘ P TR . -
‘ ‘Hillel (1984) examined the mathematical and programming concepts L
_ acquired by 8 and 9 year old. children who worked in:a somewhat : Ufgj-? -

'yf,'estricted Logo enVironment for twelve hours.‘ It was hOped that the :hwtv'
L_ L go could be used as a tool for learning some mathematics. Once the'
' ildren had explored a command they were. to use it in some. goal 3d v
'directed activi Children were encouraged to advance plan activities.-,}_?-f
-The childrens work . and their conversations with’ the investigators
were recorded ' Any work away from the. computer was also- kept..‘A R
observation grid was developed containing the following aspects ' N
__:'identified as important perceptual analysis, researcher intervention. fh
ib,?error coping, and mathematical and procedural concepts. ‘Detailed.
_:]analysis of the students work was done after the session and entered on
-the grid. A1 sixty sessions were ‘summarized on the grid for- each pair o .
of children and then summarized for-each of the five pairs. Therefore, ;_Va'
E'the results obtained are indicative of the maJority of children -
7<involved L
] No dramatic conceptual changes occurred in. the children by the end
.;1of the twelve sessions. traditional obstacles to the acquisition of
‘.mathematical concepts do not disappear. Analysis was unable to reveal
;definite conclusions about . conceptual understanding, many concepts were -
'”just emerging although the students achievement in dealing with a



. ik?i.:if:?ﬁh;r
Ar;—--formal language and mathematically sophisticated concepts was o
o fremarkable." Children worked mostly in direct mode, writing pro edures
*]_only to save their work T T B ‘r~i§:;jf’
e : Two subsequent studies (Hillel and Samurcay, 1985 Hillel 1985)
o ifused similiar methodologies to probe childrens understanding and SR
djﬂ7conceptual difficulties with Logo variables.v Four childrén . . A;;'f; S
__v'(participants in the earlier study) were observed as they.worked through
'f,strUthred activities.. _' R TR R
‘ - Initially five recurring difficulties with variables were perceived
1;f}1) The variable was identified but a. general procedure was not defined.»
f'\Z) A variable was declared but not used with in the procedure. 3) A
"._fixed procedure was assigned inputs._‘ g B T O
"f*;4) Assumptions that the variable can take on different values within the;
“}~isame pr0cedure. 5) Confusion about what the variable name signifies. B _
':; }Later the children showed a greater fluency in the definitdon and use of“-if‘*
1';lgeneral procedures including parameters other than length thinking
_v-_about two variables and the spontaneous definition of general
Tﬁprocedures. 3, S L e
‘ Some -of the difficulties the children continued to experience
-;related to their lack of understanding of the essence of procedure use
and_the relationship between procedures and objects they produce. R 7:v
ﬁResolving inter-procedural relations and coming to terms with the . °
lintrinsic nature of the geometry continued to be areas of difficulties.=ff-
: . i | e ‘“. iii}.t.‘ SRR ;. S i
, Hillel 5 studies provide a valuable contribution to Logo research:j, _
with extension beyond qualitative anaﬂysis. The detailed analysis withyaln'
_ respect to programming style and mathematical concepts proVided a- -
‘.prototype methodology for the present study. Lo L e S
The Atlanta - Emory Logo Project (Olive, 1985) is’ an ongoing Al
investigation into students understanding of geometric relationships. "f'”
Co A pilot-study investigated the potential for- using the' Logo language tol;'
v_ii“generate a geometcic microworld of relational learning cycles for i '
‘fipstudents and to assess the effectiveness of the teaching. methodology,
_ sequence and content fq; generating relational learning. o ' _
_ Twenty ninth grade students were taught programming through Turtle-' .
o graphics in a series of guided discovery learning episodes, of two o S
' hours per day / three days per week for a six week period. The_,a



2 6 SUHHARY

o _instructional focus for geometric relationships was based on rationale ﬂf‘f'”'

h?of the van Hiele model of geometric thought.. The teaching methodology éfzfififﬁ

"ffand curricular ideas were. based on-a. theory of . relational learning

fi,fcycles intended ‘to- help students achieve a higher level of. abstraction e

;'1"1n their mathematical thinking. Student interactions w1th Logo were RS
- saved using dribble file technolOQY- 31}0“‘"9 students ComPUter vork to;ﬁ?Jii}?L
. “be visually recreated IR - s |

v Nhile for most students the instructional sequence was too fast
f'gthose students able to keep pace shifted to a more abstract mode of

‘f}functioning with the Logo and the relational understanding of many of -ff”'

“ffthe geometric concepts 1ntroduced. "

Two key sequencing elements for generating relational learning fi'"’
: 3Ncycles arose from this pilot study, an instructional sequence shOuld

't7progress through a Fixed Procedure, a Variable Procedure toa
iffGeneralized Procedure for a particular type of Logo object before

*ffintroduc1ng a more. complex Logo object. - Secondly each new Logo obJect i’i[,'”;;

’fiis 1ntroduced only after the students have had the opportunity to

'v,refle.t on what they have been doing with éiisting Logo objects and the}_i

‘fre]ath"SthS they have’ discovered using those obJects. o

Current North American rejearc q d on the van Hiele model has

-T@i e

SN b ==
v_souéht information concerning the hierarchical nature of the levels andaa

:_:the placement of students within the structure (Burger and Shaughnessy,;g;;,t .

v341986 Mayberry 1981) Other research has investigated the effects of -

*.-instruction on a student s predominant van Hiele level (Fuys, Geddes and -

-a:Tischler, 1985) The geometric abilities of students as a function of

van Hiele. levels have also giep measured (Usiskin, 1982) These studieslg;:f'

f»have provided relevant ‘conc sions the Tevels are hierarchical in

~ nature, but seém.to be dynamic rather than static. Individual students N

~.can be difficult to assign to a van Hiele level as students can be on
" different levels for different concepts and stugents in transition are
uQ,particularly difficult to classify reliably. “ﬁ%eent research on the

B van. Hiele theory has allowed for the elaboration of the model providing v

-_indicators characterigkng the levels operaaionally as well as by -l"

LY .
) Stae



Vifslfdescriptions of the protocol analySis of the clinical interView
‘sessions.ji;@.;i L ~~'i’» e _:_~;'1,<};n L '

N Most of the research to date on Logo has been extremely p051t1ve,
*~fuhowever many of the articles, published as anecdotes in popular computer lf:r

" magazines, do’ not include evidence of- rigorous standards or" statistical .
'v”.;pevidence of the effects of Logo use.' Hillel's proaect (1985) was, the S
'_ff;first to provide ideas aqd techniques and to challenge activities jﬂ; i
'.f;jpertaining to the instruction in Logo use by ‘the. researchers., This K :

n"fﬂchildren s understanding of the mathematical and Logo concepts

v 5study is also the first in providing a detailed analysi; of the
o
jfencountered. The definition of instructional strategies is an
o -important outcome of the Atlanta - Emory project (Olive, 1985) B

igrole of instruction in the use of Logo in classrooms and its integratlonv;.gj

'f;jlinto the mathematics curricula have become an important research

"“Ir'questions. . f»f:? :'f.f .J'va ,fv* L RS L '*"14f{

The reviewed theory and research has influenced the current study

"‘£s~in many: ways., The propositions below indicate this 1nfluence and relate =R

i idirectly to the research questions of the’ study. _‘y_

- _~i '_.fx

b U A teaching unit is used as a research tool in a similiar manner '7f*7
’;. to. that of . the ‘van’ Hiele research of the Brooklyn Proaect._pf7]-1 -
» ..3v(Fuys, beddes, Tischler 1985 Hoffer, 1983 ) TRl
. ;f 2._,The van Hiele phases of learning (Hoffer, 1983) are the ba51s of‘ﬂ B
'_”_'i"the teaching unit. . : cn ; - ul
R .'f3i““Descriptions of behaviors at the various van Hiele levels ,
Lot Wirszup, 1976, Coxford, 1978, Hoffer, 1981, 1983) as'well as the .
o "f7level indicators as’ outlined in the Oregon PrOJect (Burger and o
vi”;fShaughnessy. 1986) provide reference for the analysis of
:‘:Y;students perception and behavior id order to assign the f!t‘ﬁ
:“ipj, students to:a; predominant level of reasoning.-q e B v
- @;j1Hillel' (1984; 1985) studies which ‘examine the mathematical and: o
L lprogramming concepts acquired by 8 and 9 year olds provides Q- B
"prototype methodology for data collection and analysis
B observation grids. e ’ ' RS

" S



CHAPTER III

As the central purpose of this study was to explore and test‘the
relationship between Logo use and the van Hiele theory of learning,
teaching unit was deVised integrating the principles of van Hiele N
geometry and the Grade seven motion geometry objectives using Logo :
experiences., Curriculum development Was the primary step in- answering
the research questions and ‘"Was'. followed by observation ‘data of the ‘

o 2 students' activities and behaviors throughout the teaching of. the unit.

Cemeoooey

_ This chapter presents a description of the curriculumadevelopment -and ff{ﬂf’*
e

validation, the research subjects and the collection and analySis of
data. o L S : : o

3.1 cumucuum ocvriuomm

) Q

In the Alberta Junior High Mathematics Curriculum (Alberta J¢'77'= B

Education, 1978) for grades seven and eight the ba51c motions
(translations rotations, and’ reflections) of transformation geometry

13¥i‘;

provide the vehicle for. ‘an investi ation of the properties of two ,’f y';‘
dimensional figures.- Thus transf rmation geometry was chosen as. the lf;,j
topic for an instructional unit i tegrating the van Hiele theory with a .

Logo environment.. In preparing he teaching progect unit the motion R

_—/’\geometry concepts outlined for grade seven in the Junior High

S Mathematics Qurriculum Guide ‘were identified and then classified
'.,?according to van Hiele levels. To initiate the analysis, typical tasks
ﬂ,related to the curriculum obJectives was derived from student exercises
‘a}presented in’ the prescribed and supplementary reference texts outlined _
in Alberta Junior ngh Mathematics Curriculum (Alberta Education, 1978)

Further analysis into leVels involved the 1dentification of basic

tasks were assessed with respect to these basic skills and were '

s Hclassified accordingly the corresponding van N .
‘THiele level of thought. Figure 2 presents a summary of the task ‘
analysis.. . L - RS »7' o cJ'”‘ !

O,,(ﬁ?

f;skills necessary to complete these tasks. Hoffer (1981) extened” the van .
"jHiele model by identifying basic skills’ (visual, verbal, drawing, i
logicalsand applied) at each level: of thought The. motion geometry

Transformation geometry is a continuation of a topic intrd&ﬁcég'in;‘f
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[ f’*.fﬁ7;'.*;i T ',1' fg"l;'fgiﬁf-fvi_ ,"}; = ':ff‘ fr}ZS.{ o

O L . B N S v . . (5 R

";ffthe Alberta Elementary Hathematics Curriculum (Alberta Education 1982)
"1In grade seven the experience continues with basic level tasks '
;7constructing the correct images for’ these transformations, representing
o ;the transformations through appropriate notation and identifying the
v—;V:"transformations or combinations of them, Identification of: the ‘_f
'.h Vtransformations nay involve the- properties of invariance in the ,7"'w
’ftbtransformations, a Level I task. The algebra of the composition of
- ftransformations is not included in the Alberta Grade Seven Geometry
o Curriculum and ‘was not included in'this. study.._ ,f- R
' ‘ The lessons were: developed uSing this assessment of the
W obJectives.; “The instructional focus of the van’ Hiele theory - the
A phases of - learning recommended to assist students in moving from one
‘ ‘T ”level to the next - was used as a model “As described in Chapter II

[ PSR

:",n'the five phases within each level are: Information Guided Orientation,f:_if

'*.Explication Free. Orientation and Integration.' To- incorporate these o

"fphases into the notion geometry unit suitable Logo activities were ‘T_
.éff;'needed for each phase. USing the instructional levels of Logo (Kieren,
L 1985} the following van Hiele / Logo curriculum model emerged ) ,
 The' Demonstration/DiscuSSion phase identified by the van Hieles as '

' ’Inquiry included many examples and non-examples demonstrated very R
- effectively by the compdter.; This enhanced the observation, vocabularylf
‘ E‘fcand dlSCUSSTOn necessary to. give some understanding of the topic and to J
L set thegstage for further study. - R B v

' “i In this. model the second phase was labelled Turtle Tracking. ‘The'?'
' students were given teacher designed procedures allowing far ‘one step
"éél. exploration“into the new'concepts. Some - examples are: a procedure
.. given which. required the supply of inputs to ‘complete the image the '
é?" identifyino of a specific ‘aspect in a: given procedure creation ‘of. a:

'@dESlQn or motion in direct mode or conpleting or debugging given
'procedures to complete the motion. NEREEE Do e ‘%”'

' Extensions were related to ‘the third phase of learning. Here the
intent of most of the activities was .to have students design and debug

...‘

el
g




2 The Free Orientation phase was titled Turtle Excursions...ln this L
'f;ﬂiphase. students extended their procedures to include variables explored""
fi7irecursive procedures related to the topic or both ' o B
| : The final PrOJect phase was an attempt to integrate the knowledge ‘“h
’f”fgained about the topic in two uays.~ First given some suggestions, the-;~57
N students wrote procedures requiring the use’ of the knowledge gained o

‘F:fthrough at least three of the last four: phases._
“;{7were to. work uith little assistance at this in fi
. 'solutions.‘ Second on‘demonstrating the various proaects to the class, -
he students explanations and discussions of the various approaches .
rovided a survey of the: insights gained ‘on’ the topic.» K
“the Translation Lesson Module is. included in Appendix A The framework_.

¢

this stage students<_
ng their own '

An example of ‘

=51;of the curriculum model is summarized in Figure 3 ‘~,‘"; e

Flm 3 uavamw mmlmm ll“'l’

YT num:x:cku;nsxenauses . . :
)u£1£ nuasz Y; YF;- ! tneo lllﬂ10ﬂ(ﬂ!l£ﬂk7 Cole
B luouuur ‘ oeuonsnuuwou /|nscusS|on -

R dlocusslon. -?ho ‘eacher Ioarns

how the students ln?orpro't the . :
"~ words and glives some undorsfondlng

" of the foplc to be studied, lnvolvlng?.:
. _qunﬂono .and vocabulary - e R

lmnanincnianwnou S

the iuchor carofully doslgns SR
sequences of activities for “student

- exploration so they becoms’ temiller
~ - with -iho chorocforlsﬂc sfruciuros

MICITIO

K bulldlng trom provlous "
exparience with minimal
prompting. from the. tescher;

begin fo form the system of - o

: '»rolaﬂono ot the study
mszmlam\nm ‘
sfudonﬂ encounter uulﬂ —sfop

. tasks, they galn experience - -

~ . finding thelr 6wn way In ruoivlng
- the tuks

|mnou

~'sfudonh rwlu uihods ai thelr

" disposal and fors an ovorvln;

i .objects and Telations are
*lnternalized Into 8 new

" domaln of fhought.

dmnsfnﬂon ot many oxamlos and. )
S nmlos ‘Invalving observation, =
- discussion. snd an- lnfroducﬂon

_ to. the- vocabulary : . )

el foochor doslgnod procoduros, :
.. creation of

stlon in direct mode;

" :completion o debugging of given
*.procoduros e s
, “janensums

design and debug procedures related to
. the to the fopic;  write simple |lsts of
- commands using knovlodgo galnod in Turtle
",--Tracklng S . _

'IIIULE Bu:msmcs

‘»»oxi‘ond proeoduros to Include varlablos, )
“explore rocurslve procoduros related = -
- io iho ioplc

glvon oMo’ sugg-sﬂons, siudoni’s wilf

write procedures requiring the knoulodgo' o
geined In the last 4 phases;. stydents work:

“"with as |1¥tle assistance as possible

tinding thelr own. solutions; demonstration of

. projects to the class to explain snd discuss
- ‘the.various approaches to give a survey. )



l*jﬁcongruency, translations, rotbtions .
h.'zmotions. however time constraints restricted thej_
o students to the first four.,]]fff:' B

j’f3j.2;’ Emv nrro me SCHOOL SETTING -

T4

d for use in the 1nstructional unit
,ections and combination of .
V”les used by the

Five modules were de',

b

In order to complete éiph a unit the students must be fanuliar and
comfortable with Logo prog?amming concepts which. when included with the

ometr.v unit requireg an extensive. conmitment"oi{ aln- involved. | Thus .
the proaect took place in an urban Junior high school at which the _;":

;.;'researcher had preViously taught mathematics for five years._ The

’ fadministration and the grade. seven mathematics teacher~offered ‘their o
fﬁﬁco-operation with the: pro;ect. Two heterogeneous grade seven .g;v R
"nf”mathematics classes were involved in the proaect witthwenty-two N
'f:hstudents in 7A and Sixteen studentsﬂhn 7B., Although the classes were

O

’-ntionally academically streamed students not involved’in the DR
Frefcygsss a Second Language 0ption comprised the 78 class. Academic ,j'__‘fﬁi
aChiev5ffpt for this group was consistently lower in all subject areas._i -
; Prior to the commencement of the geometry unit Logo programming

‘”fjconp were introduced in one eighty minute~session per week for
"'twel eeks. The researcher 1nstructed the 78 class and the

mathematicsiteacher (with no previous Logo programing experience). after o

o observing and assisting with the 7B class, implemented ‘a-similar program
- with'the 7A: class., In this introduction to logo, the stud nts became‘r

comfortab?’ with Logo primitives. writing their own proced res and,
simple subprocedures as well as disk operating: commands. They also _"

' ,explored teacher designed variable and tail-end recursive procedures and

wrote simple ‘variable procedures..; . »'v.. SR - .
During the teaching of the motion geometry unit the instruction
time for the two classes varied due. to differences in the class

itimetables. The 7A's instruction time was limited to. one eightv minute L
;session per week for twelve. weeks while the 78 class s instruction time
was' two eighty ‘minute sessions per week for a ten week period. Uuring

./

:the project the students worked on the Logo activities in pairs.

: Although all members of both classes were involved in- the project» six | f ’

T students inathe TB class and. four students in the 7A agreed to have E




fﬁdfétheir progresssclosely monitored._ A sample letter for the student and
c Appendix B Eight students initially volunteered

‘;}?ione of the_s;gyps. T _._.,ﬂaﬂﬁanatning phases were completed with
i;jgfstudent pairs working at thﬁ*computers. The teacher and researsher

'hdrew prior to project completion._“ﬂf5"75“sf

'"lveoffered guidance and assistance to the students ag they worked on the .r~;

vfprT rtle Tracking. Extensions and Turtle Excursion phases.. The‘ProJect
f[fphases were completed vith as little assistance as possible. 5

3 3 DAIA COLLECTION

Although all the students in both classes were 1nvolved in the
project only ten students were closely monitored. “As they worked in
pairs at the computers all of their work was recorded us1ng video
cassettes connected directed to the computer monitor. An: external
microphone connected directly to the VCR unit provided and audio
recording of the conversations between the student pairs as uell as the
interactions with the teacher or researcher.. Comp]eted procedures were '
saved on floppy disk._ Field notes were also kept of any activities away
from the computer such -as preplanning and any follow—up c%g_sroom -
discussions.<, b o : : :

3.4 cuuucuuu vnunmou’: B

_ The curriculum was validated by reference to three questions.

- f a) Did the curriculum on the whole, and on a day to day activity
basis. match the: theoretical modei? : R

b) Could the curriculum be successfully implemented by a teacher? e

c) bid tudents achieve the geometry knowledge required by the Albert‘ﬁff
cylum 1n this environment? ' : : :

The pae-design process established the face validity, the .
instructﬁonal modules appear to’ cover relevant. content. An’ interactive
design prgcess used throughout the instruction also confirmed the '

Ky validityg _Between class sessions review of the videotapes ‘and -
' cdmple d projects. as uell as discussions with the teacher. allowed for

R _,5./_. . &



: [»ogo * van H1ele currtculun materlals 1n the\ 7A claSs by the mathunattcs
: }.fteacher although she was not previously experlenced 1n the Logo use. S
;.lfThe teacheroand the researcherunq; regularly_to discuss the progcess, "1;31‘
N idireqtion and problens with the-unit.,szg o : : v“u.s i s
; Foltowing the ﬂnstructional phase of the teaching project the
y;valtdvty of. the curr1culum materials uas also checked through 1nterv1ews
with the: ten part1c1pating students as’ well as two paper and pencil (

;'tests (Appendix C and D) Individuaﬂ 1nterviews 1nvolv1ng paper and
-‘-penc1l tasks were used to ascertain each student’s knowledge a d-
understand1ng of the motlon geanetry topics studied» The . students
o written resppnses and audio tapé-recordings of the 1nterv1ews were

~

- another source .of data. e '-r,_4.:-:.v B R

The students knowledge of.geonetry was also assessed in a motion -
geonetry un1t test as well a school systeh year end exanination._tf',rfkyi'

0b39ttlves of the‘“Otlon geonetry curriculun were, _tested in a.35 item -?7-“

* multiple cholce test. The tegt was construeted in’ conference wtth the
classroan teacher from a test 1ten bank recaunended for use- in the =
*". school systen.- Iadividual and class results were recorded., The school ﬁ,'
systen evaluatlon consisted of 100 multiple choice itens,» ovaring all
grade seven mathenatics topics. 0f particul r fnterest to thls study
were éze studenfs results on the 20 itens cdiprlsing the geanetry :
sectlon of the exaninatfon., Indivldual student results for both-classeS»Tf
wereurecorded as’ well/class and system averages. The data’ fron both the_if
1nterv1ews and test results is r%ported and analyzed on page 87.>aﬂ;f,”

N

3.5 DATA musxs - T e

e

. hiven a valid 1nstruct10nal expertence in the Logotk Motion EREGIE
Geauetry, it 1s useful to study the Logo and geonetric behaviors of'the._f.
students and. the developnent of theirlnathenatical 1deas 1n this " ]
environment This was doneiihrough the: analysis of the video tape data S
f" which was an ongotgg process throughout the teaching project. The .;;j}f.;‘
followlng three stages of analysis were 1nvolved (Pothler, 1981)



i o design process. The A class began - the beometry un1t approx1mate1y

T revision .where necessary.;;‘

Immersion Stage : : Q) R . e
o The attempts that students made in complet1ng tasks and ‘the. -
s students behaviors were mon1tored so that appropr1ate adJustments of

'f”;tasks a551stance ahd responses on’ the part of the researcher could

;;occur during the sess1ons. F1eld notes of 1mportant comments and
"fquest1o?; were also recorded and analyzed at th1s t1me..

Reflection Stage _ o : : :

_ Th1s stage occurred between the classroom sess1ons when review. of
| the'g1deo tapes compleﬁed proaects and d1scuss1ons w1th the teacher
allowed fbr extensionnahdhrev1s1on of thg act1v1t1es, the 1nteract1ve

three weeks after the 7Bgclass al]ow1ng for further ref]ect1on and ’
_ The reflect1on stage a]so a]lowedA€ thorough rev1ew of the
"‘students successes and" fa1lures with the: act1v1t1es «so that

fajgadjustments could be made {m the fol1ow1ng sess1oq:i

Documentation Stage “"3 __1 . o
N Fo]low1ng the collect1on of data a]l sources were rev1ewed and
tabu]ated. The v1deo ‘tapes were replayed many t1mes af systemat1c fl

'_ sunmames were w?itten on observatwn grlds to- ana'lyze the descr1pt1ve v

'data on the students behav1ors as they progressed through the “
-factiv1t1es. R v
| 5n this phase. the re11ab111ty of the observatlon summarles wis
_?"affinmed through the revﬁew of . se]ected‘$p1sodes by a “schooi system
'f°consu1tant exper1enced 1n Ju51or h1gh mathemat1cs and computer b
;_education.‘{»" 5»»@ o ' R v.bi
~To 111ustrate the use of the observat1on gr1ds 2 representat1ve
'episode of dﬁrecttmode act1v1ty w111 -be reproduced as F\gure 4 '

"

- -
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i EXPLANATION or THE ENTRIES TO THE OBSERVATION GRID e e
Each separate activity was iabeiled an episode . For eiampief"hithé
v Turtie Tracking phase of the reflection lesson the students were asked
ﬂ'“‘to construct four given exampTes of specified refiections in direct

L mode, each exampie constructed was ‘labelled an episode. o :
A description of the’ task as. aSSigned to the students in the

:instructional materials is fncluded as . a reference.’ Any prep]anning

ddone prior. to computer work on the actiVity was recorded -this group had f :

prepared a list of commands (hence paper and. penCii pianning) _
b Any diffi lties in understanding,the students encountered with the

h'factivity instructions a lack: of necessary geometry knowiedge or a Jack
o of fiuency in. the Logo 1anguage were recorded. This entry aSSisted in e

ih:iesson revision. No such difficuities were eVident in the reported
factivity. R '7'u SO . ERE :

. A shmmary of the actiVity as executed is recorded in a]ternate
-forms. The prep]anned list of commands were entered under command

o 'iists.h The errors ‘and omiSSions were noticed on input and. corrections ;:r'
. were recorded as debuggigg, ‘A diagram of the Visuai output was also

ivfinciuded., ‘The: numbers indicate the order of’production including any
. errors. _. B ' : o '
: Most frequentiy the students guessed at the angie and distances
| __thus any analysis or distance or angle measurement was recorded '
Anaiysis generaiiy involved the identification of an angle measurements
through the recognition of a geometric shape or’ as in this case the L
» ' iength of. the mirror line was determined through an analySis of the ’
AR 'repe.t command _ - L
Do ' Preg]anned iists were input in direct mode to indicate the
:f_predominant mode of operation. The researcher intervened to remind this
. group to make the original and image state. transparent. o .
. Students comments and behaviors revealing definitions, mentioning
© of properties or indicating their 1eve1 of thinking, usefui in 8556551ngu
the van Hiele level, ‘were recorded. - Hoffer s (1981) 1ist of Basic
'Skiils for each van Hieie “level was used as. a reference for the anainis
of this entry.i This group easily debugged their preplanned list on
- input thereby successfully integrated the two actiVities. Paul
'expressed concern about the flaw in leaVing the pendown on the mirror




e R I

~}:11ne between 10 and 11.. These entrlesashow the students ability to u;g

' fappropr1ate names (m1rror 11ne, origin 1._1mage), accurately drﬁw .

: ':f1gures and: understand conservatton in dtfferent or1entat1ons these -
‘ilndlcate recogn1tlon or basic. Level. sk1lls. | '

=, The ep1sode was. cons1dered to be successful]y comp]eted 1f the o

'f1nlshed ftgure closely resemb]ed that given.. Size d1fferences between

Tf.the ass1gned task and the screen construct1ak were over]ooked if the Cenen

{'hconstructed orig1na1 and 1mage were cdngruent

ac .paingbﬁ students.; he 1§ems in theuppservat1ons re summahﬁzed

‘.Lep1sodes were togy ana]j&éﬂ tO‘reiEal descr1ptors of students’
"'rperceptlons andﬂcomprehensﬁon 1eve1s ‘and to a351gn them to a van. Hiele
'Jevel of predominant reason1ng us1ng the Ievel,&ﬂd1oetors outﬂ1ned by

:_3Burger and Shaughnessy (1986) prev1ous]y 11sted onwpagn 13’, Ltems
_._recorded as. checks on the. gr1d were summartzed statistﬁcal1y.'
"QObservat1ons of the students behav1ors were' also’ summarwzed but.as .

" The analy51s shoyn ahove was repeated ‘for. a11 re rded eptsodes for r:"'

- ,for edch’ pa1r Ef studengggand then summar1zed over the five pairs. Thej P ?

_brief descrlptions for each group,,dlsplay1ng either trends’ in their j:;_"fii

"ﬂlbehav1or or key observat1ons h1gh11ghting level of thought and.or Logo
o use. The results are reported 1n the fof1gting chapter for each student
A pa1r over the%four topics studted Each summary chart conta1ned the L
: ‘fo1low1ng categoﬁ s of behavior:. v;, e R
" started im\Direct- Mode . . oo Tt AP
. s Started-as a Procedure - oL e e S
- Successfully, Completed: ST
. Episode, abandoned before Completion
Properties Mentioned or-Discussed SEIPTI S
..~ Trial and Error Construction ___“,, _;u.“ oL e L
- Assistdnce Needed . ’ ’ SRR E AT M AT
‘Debugging. Done Visually Error by . Error L ' -\ o
Compar1son charts were analyzed as a whole, by category and by
:‘1ntergroup compar1son in order 10 understand ‘the particu]ar

7fcontr1but1ons of the Logo / motion geometry currdculum as experienced by

’,these studentsL

3 6 smww .

, In accordance with the purposes of thlS study, the methodologies o
' used were celected to test for the validity of the curricu]um and then

Do



to allow a close study of effects on chlldren. In correspondence’withfi,arﬁ”
.. the, former crtter1on B . T T U O
, '.- A deta1led theoretical analys1s of. the van H1ele 1nstruct1onal o
:f °. propositions of ‘Logo .in: Turtle Geometry Mode and: a parallel
| : ?analysis of motion: geometry was made.. The result1ng curr1culum was
_ ”"matched against all three perspect1ve. ‘ _l ’;. e _
- fAll students were given pr1or 1nstruct1on wh1ch enabled them at a o
;behavioral level to exh1b1t Logo techn1ques necessary and poss1ble
. 1n this study. _ ' ' e RN
'"‘? A teacher With no 1nit1al knowledge of Logo was given cont1nu1ng
1nstructlon and was evaluated as very capable of carrylng out the
f._instruction in the study. L SR . o .
<'5_rThe two classes were evaluated: us1ng a parallel for geometry test
:}fagalnst the - geometr1c ach1evement of. the prev1ous five years-of
l"'grade seven students in this school. Further,_they were evaluated
fagainst the achievement of all other grade seven’ Cathol1c school
_ stud "4 in Edmonton on the geometry portion of. the final exam.
. itThe ailed 1nstructional effects were studled us1ng the follow1ng
techniques. ?; Q”' = o 3 . ' : L
P- A selected group of 5 pa1rs of students had a]l of thEIP Logo _
;ccomputer work transferred to video tape wh1ch tracked the1r 1n

.. ‘session verbal 1nteract1ons as well, :
- fVldeo tapes were. analyzed using the methodology of Poth1er (1981)
' = In the 1n1tial phase of ‘each geometrlc t0p1c and then after f1nal
) fcompletion of’ the instruct1ons phase of the: study students were
“interviewed with particular}ﬁ¥tent1on to the1r geometr1c 1dea' '
4"Reliably coded behaviors. were

%%unted and categor1zed._ These
~vectors of category scores were analyzed for 1nd1cators

and change, among categories, across t1Me_Tpd among groups._ AR

*‘I



CHAPTER IV

| = ,fv msseurmon or THE mess

. It was the purpose of this research to explore and test the ‘ﬁ_llvgl;'

f~frelationsh1p between Logo use and the van Hiele theory of geometric s

. ii?learning. Observations of students as they progressed through the Logo‘
o/ motion geometry currlculum deve]oped for this study are the basis of o

the research findings presented in this chapter. Four topics, '

" congruency, translations, rotations and reflections comprised the unit i' ‘

}"of study.‘ -An out]ine of the Logo / motion geometry activ1ties for each -

. topic 1s fq]iowed by observations of students behaviors as- they worked

rij through the ac1tiv1t1es as we]i as by 1ntepretations of the observatlontrf‘

‘data.__v S D e : %

: The curricuium and observation data concludes w1th a su :;J
'vgroups Logo and geometry behav1ors across topics for the procedure mode f
hiact1v1t1es “} R . = *~.;r- . Jn- ‘ ~'¢ o
: Other 1ncluded data pre the students achievement scores on the two -

postinstructional examinations and student responses to 1nterv1ew

» questions. P R LR 4H-;vj;“r:;:.l
v conemuwey e

a1 lusmucnow\t pases o

. A. DEMONSTRATIONS / DISCUSSIONS

¢ o e : b’ '

Ingu1ry T ;éi," L

_ The concept of congruency‘ﬂas introduced w1th students view1ng
,;demonstration procedures.. Throughout the demonstration ‘a ‘teacher 1ed .
: 'discu551on sought to e11c1t the stndénts understanding of the concept 511__,
' as well as to illustrate the foilof”ng aspects of congruency. Chs g{
| a) Congruent figures were draun in different orientations to ilfustrate
ongruent figures can be transiations rotations or ref\ectiOn 3

‘ mage’s of the original .

'. b) Similar: figures of 1ncreasing size were used as’ nonexamplebﬁlo i

s : emphasize the importghce of equal size of. congruent figure A' o

: c) Two figures differing only slightly, were used to emphasfze;}:ije;"
35 : EE
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‘ congruent figures must be the same shape. e - g
d) Recursive procedures produc1ng many different congruent shapes were

used to initiate discu551on and 1dentification of congruent shapes.” j".,f

B omecr MODE ACTIVITIES +

Turtle Tracking A - _ o
‘ Two activ1ties 1ntroduced the concept of checking congruency, by %f:;
':,tracing. Students were familiar with this as a’paper and penc1l o
strategy but had to be acquainted with u51ng the turtle for this
'ﬁ,concept. Trac1ng could help reinforce the concept that congruent

' ;‘figures must be the same 51ze ‘and’ shape. This could be checked

“,vfigurally by superimp051ng one figure on top of another and ln a }.f,'
-language sense by checking for 1dent1cal command lists. \_
a) Students were given a picture (an arrow) on the screen, and the .-
turtle was used to trace the shape. A, record of the commands could
rbe accessed by the text SCreen.‘ Hhen the trac1ng was. complete the o
' list of ‘commands - was transferred to a, procedure., By superimposing '.
one image on top- of the other, students could check for congruency.vy'
f'b).The students viewed a rectangle ‘on the screen and were asked to
o 1dentify the correct command- list to construct 1t. COngruency was
"checked by inputting the commands to see’ 1f one shape fit on the '
other. 4 ' o ' ’

C.vPROCEDURE MODE ACTIVITIES : . ;o |
» Congruent figures were used to create deSigns or’ patterns by i% :
repetition of the shape through the motions of translation, rotation or.
reflection. These motions were>the tOplCS of later study. _The
activities would help prepare students to reaﬂize the importance of
v,congruency in these motions. Horking with procedures not only would _
give students-pragtice in'identifying congruent figures, but also assist.
them in- understanding how procedures include congruent shapes repeated

o many times. g
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eExtens1ons s , ,
o 2) A given procedure for a regu]ar hexagon constructed from snxf_fg
» Qcongruent equ11atera1 tr1angles was. 1npu”ﬁ' Students were to des1gn
. f}a compos1te-procedure to draw f1ve congwﬂent hexagons elther '
.“*;vaert1ca1]y or hor1zonta11y. O T A
".b);A procedure using the hexagon to create/afsﬂowflake patterntuas _
glven. Hhen “input th1S procedure was used to entify congruent
'3shapes and served as a pattern for a oomp051te R L
";;_]procedure draw1ng manv congruent shapes. e '

R Proaect _ _ : _
"fv Two prOJects were lncluded that 1nvolved repeated congruent shapes.
.a)fTwo procedures were glven as-. bu11d1ng blocks "ARC" and. "TRlLLIUM” -

- §Several tr1111ums ‘were then to: be JOIned as a garland (Flgure 5)

flb)ﬁAnother two. bu11d1ng b]ock procedures s and’ "Propel]er" were
‘.-g1ven. Interest1ng patterns cou?d be fash1oned by p051t10n1ng

' 'L.severa1 propel]ers (Flgure 5) ‘U-' S

(Burnett 1982) ;' o (M1croquests, 1984)

: C _ F1gu e 5 - Conqruency PrOJects ) ‘»'*4:;: :
4 2 OBSERVATIONS OF THE SESSIONS e

A, OBSERVATlONS DEMONSTRATIONS /- DISCUSSIONS ’ _ P .

: At the outset -of the demonstrat1on the students were fam111ar with
"-the term congruency and were able to correctly 1dent1fy congruent

f1gures. Throughout the dlSCUSSlon 1nd1v1dual students were ‘asked to

exp1a1n how they 1dent1f1ed the congruent shapes or give defin1tlons for:
~ the terms that arose. in the dtscuss1on. The fo]low1nq descrlptlons were?
~ some of the students responses.. ' o



TABLE 1- STUDENT DESCRIPTIONS 0|= conskusr«cv R

:'In two of the four groups the students were not sure-
* if congruent figures: could be in different ' I
B orientations. ﬁ'b ; T TR T R

The original is: the real“ picture while the 1mage is
“the second picture. ' :

:Congruent figures must be the same shape and 51ze.
_ [This description was given in the latter part of the
'~_demonstration 1 o

- ] } | |
During the Inquiry phase the students also discussed representation
of the 5creen results and agreed that ten turtlesteps would represent'

the space between two dots on- the dot paper.

NI
'

B OBSERV.ATIONS - DIRECT MODE'ACTIVITIES . - . _

_ Groug l

. During the tracing students typically moved the turtle in small ,:'~‘
| steps until the correét distance or angle was achieved The two
f’students in Group I. used a distinctive §trategy. After an- erroneous
b trial in attenpting to determine a 120° angle, they always returned to ,?'“
the oriqinal heading and began afresh. AT other groups used ‘a trial'

- and error strategy bUilding from

incorrect estimates rather than beganning a "draw1ng" again.

Group Il

. . This group also used trial. -and error strategy. 0nly 90° angles
. were. recognized without trials. Although this group too f’ -

- .worked in !lall steps but before recording one command on paper

3 their small steps were totalled mentally. : . v_ L S

roug III

The simplest method used by all groups to greater or lesser ‘
' _degrees was recognizing geometric shapes, Wlthln the pictures, for-
'which they knew the correct angles. ‘This group in particular recognized'L
’the arrowhead as an equilateral Sriangle, recalled from preVious
introductory Logo activities. They used their knowledge of the . repeat
o-command and the 120° angle in thvs new situation and eliminated the need
. for trial and error st*ategy. : 0 - ‘f» '



o

For th1s top1c onIy Group ITI checked for repeated l1st\

bpatterns before they wrote the1r I1st ‘as a procedure.

Groug v 'c'b '!'f'.' ) F'};”‘:'t #:, _

. Th1s group also recogn1zed the tr1angIe shape and had no need of
"trlaI and error strategy to determine the’ angle. Group v seemed '
'partlcuIarIy adept at bu11d1ng (by add1ng) the correct _

angles and dlstances to determine the" correct measurement.' |

Summary of Congruency - Direct Mode/’, _ :
As can be seen in TabIe 2 in a11;22ven ep1sodes observed
L ) .
- \i)g“ - Table 2 Toplc - Congruoncy Dl'rec‘t Mode Acﬂvl_'rlos
T " . . X4 . = . :
. Data Ca?ogorlos ?V‘f T R Sfudﬂn? Grgups ‘ o 6 .
- Displaying Number of . ‘ e S
' Eplsodos SRR S 1.7 1 _' HI V. iJotal - ) .
' :Tof‘al“Eplsodos 2 oz 2
Successfully Comploted 2 22 ’ )

Trial and Error : ' I
) Construction o e 2 B | . 2 N 2

Pr°portles ‘Men‘ﬂono’d ; : N e ) .
‘or'Dlscqssod _ . 0 .0. l.‘ 1 o2
.,i‘hnovly‘s‘ls used for . B .

.. determination of =~ - 1 1. 2 . 2 : 6

Dlsfances or Mglos “ S Tt :
students used a tr1aI and error strategy to d1scover the I1st of
'commands. Propert1es of congruent f1gures were ment {oned only twice as :

- ‘the students worked. - Students generaIIy moved the turtte in small steps -
until the correct’ distance or- angIe was achieved, but W1thout exception
the recorded commands were wr1tten as summations of these smaII
lncrements. ) S R R
C OBSERVATIONS PROCEDURE MODE ACTIVITIES .

. Grou} Group 1 VED 2 L

'.,Hlthout prep]anning, discussion or error, the students in Group I
rcorrectIy wrote a procedure incorporating both the given procedure ‘and
;the correct’ distances between congruent shapes to construct f1ve




f“g7vertical hexagbns. They discussed but dld not complete, revi51ons to

"their procedure to eliminate screen wrap around ‘; : . .
: ‘1 They indicated uncertainty on planning their pTOJeCtS.: Thus the ,..f :
_location and orientation of the turtle after the execution of given. -

.{,,procedures ‘was determined with direct mode trial and error analy51s._""

T

"The necessary information on: measurements of angles and distances were
~also checked Accuracy of measurement was- discussed as being important
+n fact the use of rulers and protractors was suggested though not

cpted Following some preliminary exploration a procedure'based on
the repeat command was conceived. Planning con51sted of no ‘more- than

ongoing discussion and visual results checks in’1mmediate mode after the_h :
I addition of every. one or two commands. ' o

.;.e L

a6

‘After mastering one garland of ¢lowers, th@y attempted to preplan a_*‘

'QProcedure to include two garlands. Still unsure ‘of the new orientation o
.and distances needed they returned to. the planning in action" )
.mode of operation. N 4

. Groups IT and 111 2 :
Groups I1 and 11T employed 51milar'appro hes to the ext n51on'

' activities.' Both wrote their procedures without preplannjn vand checkedi;‘
'*the results visually step by step. The five hexagons were, congruent but4_f~
'foverlapping.A Both groups used trial and error analysis to .

'accurate distance needed to move the turtle between each hexagon. uAftehe\:'

etermine the

) several attempts they were assisted by way of leading questions, in '

'looking for the necessary distance (the length of the. side of the.
‘triangle, i ‘e, ‘the apothem) within the hexagon procedure. They

immediately made the connection and corrected their procedure. Group

_'III proceeded to, design and, with one trial completed a_procedure°for a .

‘ﬁp“horizontal hexagon pattern. ’_ v .
' .Léﬁ Project work for Group 198 involved only the construction of a

l.garland of flowers. They were unable to preplan without working first’;-
jin direct mode. The -garland was cbmpletely finished in direct mode .
-s‘before the Tist was transferred to a protedure. They searched for a £
‘ ‘“repeatable pattern for .the rotation and for the distance moved between :
}{.flowers. After many unsuccessful attempts a reminder of the rule of
o 360° proved useful to them in finding a solution. oL :

pes



Groug IV

Group Iv students work on the proJect was l1mited to dlrect mode. '

’..They never conce1ved of an overall pattern or plan that could draw these
l.,shapes repeatedly. Instead commands were added one at a time and

'errors dealt with' by clearlng the screen and beginning again. At the
'h*close of the class period they: had completed the propellé® and had two -
flowers on the garland ‘but had falled to record many of their commands
‘with the result that a procedure could not be defined As they were

'f‘aware of the role of congruency in these patterns, it was decided these . =

]iproJects would remain: 1ncomplete and that they would move. to the "315; | g
. ,,,topic translat1ons_ o v . 3

'ruency - Procedures L .e

lved only two phases extenswons and prOJects

Tablo 3. R Toplc - Congruoncy - -Procoduros

Dafa Cafogorlos S b '.Sfude'n_t‘G‘roups o »
.. .Displaying Numbor of P B
- .Eplsodes S ] A S I E I A Total - - =

Tofal,"Eplsodos 42 R S SN

. started 1n . 12 0 2 s
- Direct Mode o > o , '
. Startedasa .. 3 0 2. .0 .. s
- . Procedure ' - ‘ , ‘ .
" Successtully Completed 3 2 " 2. 1 g
© . Episode Abandoned : . 1 . 0 I 2
T boforo C_omploﬂon ’ o e .
CLe Properties. Monﬂonod o o S
or Dlscussod f LI 0 2
-~ Trial and E_rror L ° e e o B
. Construction - = . " 1 2 220 T Sy
As,ls§,nc; Needed T 0. a3 |
v ' e ? T G U
‘Visuatly, Error by . - 1 2 R R | T
Error n . o S 5

| emphasizing procedurally oriented work. Table 3 dlsplays the data ':_M

observed from the ten ep1sodes of procedure act1v1t1es on congeuency. ;

"
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<gBearing inlmind that the intent of thése actiVities was to work in
Vﬂ;procedural mode, subJect to each group e ability to cope, it is ". |
_‘interesting<to note that one half of the,episodes were begun in direct
: .5:mode. Another feature of this direct mode work ‘is the nunber of . '
'episodes invoTving trial and error construction (7 out of 10) With no .
evidence of prepianning. Eight of the ten episodes were canpleted fff
successfuliy (axtlgure denonstrating congruency appropriately)

.3 CG.!ENTARY OI THE OBSERVATIONS OF THE CONGRUENCY TOPIC %-, o

My' The predominant behavior evident in a]l groups was 8 trial and
, error approach to construction. Functioning in direct mode is. . o
" campatible with this.st_a\egy, but even when students wrote procedures _,;g;.
 they found- ways to contihue this approach.‘ The oniy fonm of planning ‘
‘was ongoi iscusion whi]e inputting cannands. The strategy expected
was that st;gents would proceed from direct mode to procedure ‘when' they .
had coﬂteived'aﬁ”GVEFaTl workable, pattern and were able’ to preplan. v

i Group I made strbng attenpts to operate in this manner but, on. the who]e-?ﬂ

‘*_gfound prep]anning imposs1ble at this stage. As a resu]t procedures were
built one comnand at a time with constant’ visual checking for the
accuracy of each 1 move. ‘This inabi]ity to preplan is evident in the i
- following obsepvations: ' - A '
‘ After each attempt at. finding the correct ang]e, during the f

'éxtension phase, Group I returned to the original heading .:f ‘r*_
- During the project activities. Group 18 s attenpts at prepianning

o ended when they realized they were missing important infonnation.

. e‘At a procedura1=ieve1. all groups worked only with small bits. of -

b nformation at one time and required frequent shifts~between |
 direct mode and the'editor.v : IS , T

" = When. working at the project ‘stage- in direct mode, groups II L}I
' "and 1v. constanﬁ}y cleared the screenFand began from scratch

"; INTERPRETAT!ONS OF THE VAN HIELE ‘THEORY AND LEVELS OF LOGO USE ‘ o
The foregoing observations can be interpreted within the fo]lowing.'? |
© van Hiele descriptors, ' : : L



_'51978) L . - | L
- Their clearing the screen after each error, 1nability to preplan ffff

”:flgure ﬁ1thout error (Coxford 19787 T
.3,- As demonstrated in thlS top1c all grOups were able to T
ol successfully complete most of the act1v1t1es through trlal and

'

error strategy..;;jf f,_l‘.,? ,f*‘ff:5'ft¥g“3*r.ﬂ

*v_-they are not cipable of see1ng the relationsh1ps or parts (Coxford

U and build1ng through SIngle commands clearly po1nt to the
" students’ mathod of coping mtf mab’il'lty to 1solate the shapes

- Along with th1s 1nab1l1ty to see the parts of the figures comes an h']

CEOmonents. . I it hrl Ui '

_ 1nabll1ty to- analyze the geometr1c shapes “on their own. They seem to

',could not 1ndependently apply that 1nformation to, néw situations.::]_
L Each flgure and s1tuation seems to have been viewed 1ndependently.:/i

”angles or. distances. = T

.. see one shape entirely d1fverently from. another. (wirszup. 1976). ;,,-'
- Hben directed students L
" needed 1nfo tion t rough prompt1ng. Left-to thelr own- dev1ces,,g e

uereiable to seekﬂout and. 1dentify the

students 51mply used ar guess and check system to dete ." '

“—

Frequently, even,after the students had aSSIStance in determinlngj_'h'f

a measurement or a method of arr1v1ng at that measuremént they

unknownf“

T R L - R A L et : EEE L RS .- LT et
o . . . ca L. . a - T T DA . . ; ) s N T L

Students at a: bas1c level are capable of the reproduct1on of a

Students can ohly see the fIgures they are workxng w1th as wholes;fﬂ3'~*

o~
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! .,i . DEMONSTRATIONS 1 DISCUSSIONS

_ *ﬁffg'ff A group demonstrat1on was,dsed to 1ntroduce the students to the eﬁnf-f
' ?concept of tnanslat1ons and generate class d1scussion. The d1scuss1on '
_‘g'ass1sted in. both 111un1nat1ng the students understand1hg of . :
Tﬁtranslatlons and- h1gh11ght1ng key concepts of tnanslat1ons. The-,“

© TRANSLATIONS

41Bmmnmmpmxs W’TQQ”.

Inguir I

"jdenonstration invo]ved the fo]]ow1ng three approaches ,,.. vn,n 'yﬂ# g

‘f'“b)'jExanp]es and nonexanp]es of- translat1ons were denonstrated The3

- ;zand discuss the1r reasons.v_"

‘s,'a)'fThe conponents of a translat1on the orlg1na1, s]1de arrow and ﬂhage L

2N

- were’ disp]ayed and d1scussed o ‘.,‘ R

'nonexanp]es 1ncluded rotat1ons, ref]ect1ons and 1ncongruous or1g1na1.ﬁi
- and - 1mage. Students were asked to 1dent1fy e;anples of translat1ons

Lol

'Q”c)“jStudents were asked to provide 1nputs 1nvolv1ng var1ab1es for.’

ed1rections and d1stance to 10cate the 1mage in spec1f1ed pos1t1ons

_ df} on the: screen. Although the teachers d1rected the denonstrat1on -
L _procedures at the canputer, students prov1ded the requ1ngd 1nputs '

’5*BLg_DIRECT nooe ACTIVITIES

.

' prepare studen

'1_after one’ or two exgnples._-'

" Turtle Tracking R . . : _
. Th1s phase included the€£o1low1ng three act1v1t1es 1ntended to .,h
wr1te~the1r own trans]ation procedures “ ‘

3a)'_Student"were to- represent four- glven translat1on procedures on dot -

~ paper. . To detennIne the size -and dlstance students could enter the 1
edjt’ mode and. exan1ne the procedures. ' o '

e,b)f'A regular pentagon procedure needlng an. 1nput variable for size of

~ the s1de was used by the students as the. obJect to trans1ate 1n B
b direct mode.. They were asked to: produce three. dlfferent »
v "trans1ations and to record their cannands.. Uswng a procedure thh arv
7,d7variab1e to draw the or1g1na1 and 1mage was used to help students -

-

e 1. 4 L
‘ realize the two must be congruent., . T ',; e

:»c)-:Four 1ncanp1ete or otherw1se 1ncorrect procedures as we11 as



R '_4.5
d1agrams of lntended outcomes were g1ven for students to debuq and

‘F complete._ Typ1ca11y, the or1q1na1 or dmage was m1ss1ng, or-the
tran51at1on was. in the wrong direct1on. R : L

'-"c PROCEDURE MODE ACTIVITIES R R .

'i_A Three’ phases of 1earn1ng, Exten51ons, Turt]e Excurs1ons ‘and KRR
'Pr:33bts* emphas1zed work at the procedural level of translat1ons. -Ihe_yi

1act1v1t1es w1th1n each of. these phases were 1ntended to allow students o

) »fkto exp]ore the des1gn1ng of a procedure to construct a trahs]at1on.

T-Th1s explorat1on progressed from develop1ng s1mp1e procedura] lists: for o vﬂ
: Spec1f1ed tasks to tack11ng se]f directed: projects. It was the 1ntent
j that student knowledge of the translat1on concept be expanded through
'ﬁ: thlS progreSSIOn. : g ‘
Extens1ons _~.,‘nff "'hvf 'f -dvv' : S
The Extens1on phase of th1s top1c 1nvo]ved two d1fferent
act1v1t1es..- _ R T e : , :
S oa) Students were asked to. develop procedures to reoonstruct three g1ven }
- “9.d1agrams.v The obJect of translat1on was a rectang]e (F1gure 7)
:b)?'Students were to. create the1r own des1gn to use as-the translat1on
_1,”'ob3ect Then they were to def1ne procedures to trans]ate the des1gn
f'to three d1fferent screen ]ocat1ons.v».-" Lo B

Turtle Excurswons :

In the Turt]e Excurs1on phase, students were asked to deve]op a .
:_general procedure capable of. drawrng any trans]at1on using var1ab1e ‘ .v-f e
v§1nputs for the angle: and of translatlon d1stance. In-a teacher led _,: B

1'1 lesson 1nvo]v1ng cJass dlscuss1on the group deflned a var1ab]e ,f'ff'tﬁ‘

trans]at1on procedure. . R : S
~ Project’ o o

: The t0p1c of translat1ons conc]uded w1th a proaect.. Two procedures .jj
‘to draw C1rc1es (RCIRCLE drew a circle to the.rlght -and LCIRCLE drew & R

circle to the left) were g1ven. Suggestlons were g1ven and” students

;;f:were to d9519ﬂ procedures that involved translations. The most. popular .
@;uggest1on was to use a c1rc1e procedure to draw the follow1nq “s]inky".ﬁ?
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F1gure 6 7k~y> T (watt, 1984) -

e

OBSERVATIONS OF THE SESSIONS

OBSERVATIONS- - DEMONSTRATIONS / DISCUSSIONS ff;fi{

D1scu5510n of the students concept1on of a translat10n was

: SO enc0uraged throughOut the Inqu1ry Phase.‘ Th1s d1scu551on prov1ded

i

1ns1qhts 1nto the students def1n1t1ons for th1s mot1on. _When asked how
they had 1dent1f1ed anvexample as a ttans]at1on the. most preva]ent
reSponse was that “they Just knew ‘ However Table 4 be]ow presents

R remarks expressed durrng the demonstrat1on revea11ng students
a prellmanary understandlng of trans]atlons.v',~' el

Tab]e 4 ,ﬂepresentat1ve Student Descr1pt1ons of Translat1ons ';

Slides afe‘like.someth1ng is moved over. . .. ST
Slldes are 11ke 3 buﬂTdozer has-moved the. obJect over. ’
“Siides a]way% po1nt in"the. same. dtrect1on..»: Lo
S11des always- 1ook the sam!' upgaght

'3l Although th' terms ortg1na§ and age had been 1ntroduced in the _

prev1ous top1c,.th"students dnd not use them in any of the1r .

d1scuss1ons. , L . v . . .
Durlng the f1na1 stage of the demonstratlons the students were o <nf
asked to predlct the outdome of their 1nputs prior to v1ew1ng the _' .
output. General]y, they predlcted d1stances much larger than th Tt
outcome.- The students cho1ces of 1nputs were pos1t1ve numbers that
placed the lmage 1n the upper rlght qua_.ant of the screen. They had to
" be encouraged to use. negative 1nputs to lucate the 1mage 1n'other '
quadrants. Frequently a 1ocat1on was spec1f1ed by the teacher and a

S._ student was- asked to prov1de the appropr1ate 1nputs to sl1de the 1mage

to that pos1t10n. ln1t1a11y the students had dlffyculty prov1d1ng the

- correct 1nputs, but they 1mproved w1th practlce. ST R .”,1.A

L



."_i,-."B OBSERVATIONS "-'}__:;'DI'REC';T‘"r_iobv"Ef.A(fTIVlITI’E_'S"‘._:..""‘i“ s

: .;trans]ation 1mage of the pentagon must be the same 51ze therefore the
{fsame value- for the variabie was necessary.r This group was aiso_§ile to

B RO oL N
Ve T

Groug I'A. fo' 7‘xf_'¢.g'3_ﬁf.f o fJf,7”y§5-1'n S
Group 1 students discu551on concluded the originai and the £

"i;produce an 1mage at an. obiique angle- to the original the only s

’ﬂ06currence.n A]i other student exampies were either vertical or, e

S P0551b1e errors and- m1551ng information were discussed and corrections

- direct mode before editing the procedure.-

*ffbut were unconcerned w1th either the Size or. the orientation of the

'f,f(when questioned) the importance of congrueney of originaV to: imagee but
oostill struggied to achieve the originai heading before cgfstructihg the
liimage. They eventually discovered that when they turned the turtie to

,:amount"

, .debugging the given procedures. Hith aSSistan' _
',1comp1ete three examples but not ‘the fourth Thelr proﬂﬂems compiehjng
~ the exerCise seemed to-lead to- frustration which 1n turn, apparent]y '

yhorizontai

In the third act1v1ty, invoiv1ng the completion or correction of

':]ﬂtrans]ation procedures the entire command 1ist was . input immediateiy,¢ )

made, 1ine by hne.~ Any uncertainty resu]ted in testing for accuracy ih ff

‘ ".‘

GrouE II

At the outset, students in broup II qu1ckiy produced two examples~ :

L]

original and the 1mage. As’ they moved on to the next activity, they e
;f*ﬁexperienced difficuity.f Hhen asked to repeat this act1v1ty at the ;
‘f,,beginning of the fo]lowtng sessxon they were abie to complete three .
: ’exampies accurately. In red01ng the assignment they readtly discussed

_produce the trans]ation, they w-”

' have to: “turn back that same

“";!:' .

esca]ated the number of typing errors. Unabie tq distvnguish typing

v

e

g .?v'*vf f

g

"i. :

:{ . ’

3 errors from incorrect or m1551ng 1nformation they abandoned the ;#U-g;;i{Vf'
"act1v1ty. As preViously mentioned ‘the Turtle Tracking phase was - e

: e e

'.repeated before they continued w1th the Extension phase.;}v ERR PR
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Group III ‘;J."f57 'ci-f"v77”"'*’d' o

Group III 1nd1cated hes1tancy about overlapp1ng the orlglnal and

i ”-_"1mage, and as well their uncertalnty as to the nece551ty of . congruency. ‘g“

N _‘7Hhen asked to recall examples fragrthe demonstratlon, they concluded
'"Q[that congruency was necessary and overlapp1ng irrelevant. Hlth th1s L

;*~?»fknowledge, they proceeded to complete three examples successfully. .ff £

Group III students also experienced some dlfflculty w1th the

e ;:debugg1ng act1v1ty.; L1ke Grou Iy they 1nput the ent1re command llSt

€0
--and then studied the v1sual results. They could 1dent1fy the errors but

f;struggled in locating thelr p051t10n w1th1n the procedures., In the

'”?;fourth example they were unablqgto use. the vlsual results and sw1tched

1to recreat1ng the procedu;e one llnep\g ‘a t1me in d1rect mode. e o 2

Initlally, Group IV students experlenced dlfflculty 1nputt1ng a
’varlable to execute the Pentagon and six alternat1ves were attempted

at,:before success was’ achieved alétproduc1ng ‘their f1rst example’ they S
" turned RIGHT 90 to prodd%e a horlzontal translatlon but neglected to B

‘5return to the orlglnal headlng before draw1ng the 1mage. They descrlbed

,n'-fthe results as "a sortupf a tw:st“ wh1ch they knew to be 1ncorrect._
'fUnsspg of how: to correct the “tw1st“, they resolved the1r problem by

fproduclng all three translatlons 1n a vertlcal line. In the follow1ng

E fSession they‘were assfohd in draw1ng a horlzontal translatlon but were. ;l
":sstlll unable to complete an obl1que example w1thout step by step '

»-gu1dance. ' e S .
‘&i f To- complete the thlrdvactlﬁnty of turtle tracklng phase, Group v |
students debugged the glven procedures 1n dlrect mode | by 1dentify1ng the
jerrors vlsually. thtle atteﬁtlon was: d1rected at the diagram labels of

- 'Y for- origlnal and “I" for'dmage and thus they often incorrectly '
}focussed on the dlrectton ot the translatlon .as. the error and 1gnored

2y

.other possibll1t1es.;:%'-'f-

ﬁummary of Translatlons - Dlrect Mode Activltles _
S m the fourteen eplsodes observed (%ee Table 5) all students used

t'wtrial and error strategy to accurately complete ‘eleven examples.- The
'~ﬂ’double entrles for Group It 1nd1cate the repeated assignment

P T

cot
LR
4




Properties of congruency in. the original and 1mage uere mentioned and
successfully 1ncorporated No ev1dence of preplanning was observed

l

: j'{ Tablo 5 _ Toplc - Trans\aﬂons - Dlr,:c'f Mode Acflvlflos S
s ’ ) - /» . E.5 c } =
: mfa Cai'egorles SR j AR Studon“l' Groups
.~ Displaying. Number of e : SIS ST
g fEDlsodos S P i T Total e
T totergrsedes 3 2 3w
" Successtully Completed ~ "3 - 03 -3 20 . n - )
Trialiand Error @ T T
AConsi'ru'ci'lon o L AT 74 ¢ [RECRUEE R SERSREE b B TR
v ‘Properi’los Monﬂonod “ - o R .
woooor Dlscussed LSRRI S+ 74 SR PR SRR
- AnalysISused for . CoTn e L e
-7 . determination of 0 00 . 0.0 g
'Dlsi'ances or Angles L S R SRR ‘
B oessnvmous - PR‘OCEDURE_fMAODEf;ACT{-I‘V'I-\I-I\.E_S" o L
Group I ,: R R R

_ This group approached both Extension activities systematically._vA o
.rectangle procedure was defined to act as both the original and 1mage in .
the first activity ‘and. then used as .a subprocedure 1n a composite '_'
f' translation procedure._ Although they realized that the flPSt example .

2 _could be used as’ a bu1lding block for the second example, they did not}'l
use their procedure name. but’ rather recopied thei‘?entire list of _
:“commands.. Preplanning ‘was ' not in ev1dence ‘at tqk% stage,_ plans arose;ff

g -ithrough on901ng discussion. The third example, however disclosed a’ -

» '51gn1ficant change in strategy. Not only was it preplanne ut it waS'.'l
: composed of two distinct procedures one eonstructing both the original~

-and image and the‘gther describing the translation.A These were executed o

‘"‘success1vely in direct mode. [;,‘, , . ST '

| For ExtensiOns, activity B, Group I chose to translate an-

_ ’equilateral triangle.. They completed horizontal and vertical examples
feasily. A oblique translation was attempted for the third example.. Thek*-“

“'translation was initiated w1th a 45° left turn;. on completion they dfd
not return to the original heading. The v1sual results ‘drew the comment7
. “that s not a slide it s 2 tw1st“ Their solution has been described _;f‘f

'prev1ously 1n Group IV s direct mode activities, the left 45° was simply

o



'_*vdeleted and the translation became horizontal Later discu551on withaff L
.";Tthis group\generated a more appropriate solutipn to. ‘the problem._.‘" '
o white waiting for group: instruction and discu5510n on the Turtle ’

"Excursions phase activities,‘Paul (Group I) was able to plan the {19
5lvfollowing procedure independently. E N; R ‘ o g

0-

- "T0 SLIDE A o
| TRIANGLE -
o .TRIANGLE S T e A

b:uhile observing a trial run, he qu1ckly realized that once again the

| fj[turn back to the original heading had been omitted

L _through appropriate leading questions and explanations.;v_f.'”

o During the Turtle ExcurSions phase, the 7A, class looked at the 1dea o
. of a variable procedure and- together were able to develop a procedure e

o ﬁany of the questions asked‘g»,the other S$“9%%§§ indicated ~4ack
caiof understanding in. the: proces 6? value,of ge+g1ng wwth i?}?ria:a oo
proced&-e for.a translation. Onaisetwrmng to the&g polnpute sta%s
- was suggested they input and try ‘out thlS variable'progedure.» Moi§ﬁﬁk
‘ students did not. They began the prOJect act1v1t1es NhlGh Seemingl
‘r'interested them more.. . e - R . ‘f
o Paul was the exception._ Through the instruction he was able to |
f,‘ vdebug his. prdcedure by adding a LEFT :A. prior to draw1ng the image.o At 'j
'fi.the computer he input and tried his procedure and was. able to expl%}n tﬁ;r
Iig”g,ﬂisiting teacher the importance he saw in ustng a variable procegucg«*;,%Ia
Yo draw any - transﬂation rather than defining new procedureg fdr each
‘;“different translation.’kf‘ " L R . o
; Group 1 project work began testing variations in circle Size w1th _f-
input changes only after they felt confident using the c1rcle L ‘
fprocedures were. they able to plan. Their first two proaects were _"7i'

'~['preplanned and input without error. PrOJect three entitled the Olympic

V'.rings, required an oblique translation a concept they had con51stently

had difficulty with. ‘They: were unable to preplan and. began by writingo "

_'long lists of. commands.. They Jdmped in and ‘out of the procedure to R
continue with their trial and’ error planning. Unable to. analyze the.

o translation distances necessary from the information given on radius and

) :) } A



B {;diameter, they guessed at the distances repeatedly. A later diSCUSSion

w.revealed them both to be aware of radius and diameter and when asked to vwﬂv‘

Cuse. the measures, they could in fact calculate the distances. Although

'not in perfect p051tion, they were the only group to complete an Olympic '44/
'.p-rings proJect .“A ;]‘: »y i‘;i ﬁ::ﬁn'-ﬁ': : ' - -
l'i Group Il ‘w,: . ,
: o broup II began their first Exten51ons act1v1ty by defining a. -
N rectangle procedure to act as. the original and image, but their ,]* .
: rectangle procedure was defined so that the turtle’s beginning and .

'ending position: was 1n the upper left vertex.’ Prev1ous rectangle

'g' procedures had always or1q1nated from the lower left vertex. - They :

: seemingly dld not notice the. difference and proceeded to plan their 'f
ﬂg,translation procedure. Understandably the results did- not correspond
'f'with their plan. ‘They would' not conSIder changing the rectangle :

E f%procedune, preferring 1nstead to debug.the translation procedure. »Theb R

..7discrepancy between preplanned and the actual outcomes arose in the -
j”efollowing two examples as they never dld reconcile the difference
' vbetween the. originating position of the rectangle and(;he length of

”fmftrahslation between the regtangles.

‘ - Their original plan of u51ng the rectangle procedure as a
'.p*subprocedure to draw- the entire’ motion was abandoned as. they reverted to ’

"-‘direct mode in their second example. At this point they began to write

long horizontal strings of commands»and repeatedly cleared thg screen
whenever a bug arose.. ‘This. tended to be a time consuming process but
.:when they did’ achieve a correct list of commands a procedure was then L

defined. "‘ ' i;u‘ o | o e
' Group - T T e

Group III attempted to define a rectangle procedure to use’ as a

"3fsubprocedure in their first Extension activity.. Theic planning

'consisted of dlSCUSSlon while defining the translation procedure. fThey s
too returned to direct mode when the visual results were unexpected and

X fraught with bugs. As in Group Il's experience, this group wrote long v
horizontal strings of commands and cleared the screen: repeatedly "
whenever a bug arose. ‘When they finally acheived d correct list of

' 'commands they defined a procedure. T 1t$ . o
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‘ They realized that the translation procedure de51gned for the first
"iexample could also be used: as. a building block for the second example.a-_'?
1»An attempt was made to incorporate the procedure, not by name but

"rather ‘by retyping the entire command list.

' f,?.familiar repeat. command..vef sl

Hhen they attempted to add a founth image to this example they lost
_f’sight of-. their planned use‘of the rectangﬂe as a subprocedure and - .
L constructed the image one" side at a time, ignoring even, the very
PR o , P
‘ To. complete Extensions activ1ty B thlS group folJbued what was:
’ii,-becoming for them an established mode; of operation. The de51gn they
ose*to translate was a regular hexaéon.v The turning angle to draw

f@ shape was first sought through trial and error.  After being :,
renﬁnded of- the rule of 360° they: eas1ly arrived at the 60° angle. '
.Preplanning was: omitted as: they entered direct mode and developed a llSt
_ gof commands that was later defined f a‘procedure.» ThlS group began »
ﬂ-their second example in procedure mode*nbut thex quickly returned to ’

'dinect mode. when they became uncertain of the next move. When a 'u
o successful Tist of commands had been developed they were able to o
shorten this list using a repeat command. They then. created a ! .
/'procedure, translating the driginal and creating five different 1mages._,
-The two students in Group I1}: uprked on two projects in the same*

ffamiliar routine.: Pencil and paper plannrng led to direct mode testing
" from which they extracted a repeat command frpm their list gnd defined

it as. a procedare. "As throughout this topic eonmands cdénued to be - -
entered in fairly long horizontq striv‘gs and visual de;l?)uggin)g;occurrﬂ F

~ one erqey at a time.l ' iF

: o “ e ‘ . :'/ ‘% .
‘Groug R ) RO e
. As did the three other groups broup v alsp started the flPSt ‘
i_Extension activity with the construction of rectangle but they chose

: - to. work in direct mode building a llS{ one 51de at a time._ ThlS was

’ subsequently altered. to a repeat command and then to a procedure.- ThisL,}

- procedure was then used as a subprocedure wrthin a composite translatlon

_procedure. This group also fated unexpected output and reacted with the
quick return to direct mode operation.» 051ng long strings of- commands :
*and repeated screen clearing tp develOp a correct list became thenr

s s NE TN



Jpattern of behav1or. Group IV ‘was' unable to reach the po1nt of actua]]y
' _”def1n1ng a procedure durlng the f1rst sess1on. In the following c]ass

r‘per1od they were g1ven gu1dance dn des1gn1ng a translat1on procedure. . ';'
t:At this ppwnt they seemed to have- an establzshed notion of the pattern o

vvjvthat W°qu produce a trﬂnslat1on and a- procedure was preplanned ]’-ff"
) *In1t1a11y the. trans]at1on'étstance d1d not. match the S1des of the '
"rectang]e ‘but. th1s was eas11y debugged e

Fo]1ow1ng the ass1stance g1ven in act1v1ty 1 Group IV had fno{>
”daff1cu1ty in preplann1ng the procedure to s]1de thear own design.- The:.-"
. procedure omitted the or1g1na1 but was eas11y debugged on: v1ew1ng the
‘ouput. Th1s translatlon procedure effect1ve1y 1ncorporated 2 f
vsubprocedure._ - ' '

Summarx,of Trans]at1ons - Procedure Mode Act1v1t1es

Tab]e 6 d1sp]ays the results of forty ep1sodes of procedure work on ;-

: Table 6 Toplc ~ Translaﬂons : _-'_-,.) Proceduros
'Dafa Cafegorles o o - Studenf GrOups S )
Displaying Number of A x4 v .
Eplsodos : K [ LI v Total
'TofarEp{sxes.' REREEER R 9 . 10 40
o Sterteddn . 11 a4 6 o wvig
- . .Direct -Mode - - '; S Sl

Started asa 710, ‘3 5 4 22
‘Procedure. ... , - S ~ AR -
Successtully. Completed 11: 8 = 9 - 10 38

" Eplsode Abandoned 1 . L 0. 0 g,

. 'b'efore Completion =~ .~ REE T ‘ ) L _ .
v e e A
Properﬂes Monﬂogod N N o P R :
orDlscussod‘ R D I LRI 6 '
R B -

. Trlal ohd Eror o . ' o
Construction -5 9 . 4 20020
Mssistonce Nesded . 2 4. o 1. 1 g

| Debeggtigone e e el

" Visually, €rfror by -~ 10 - - -8 , S SR [ P ,}.7"

Error.



;'f“translations._ In: almost half of the episodes (18 of 40) the student/

.‘t ffepisodes) and is apparently similar to working in direct mode.,:Any‘ff?”‘
V;mention of properties was incidental and noncomprehenSive yet '

. ' "and visual prototypes, both attributes identified as levef’ indicators in_’f
‘ ;Burger s. interviews é}985 p2) SRR R feo-; L f_fgi.

;*‘accurately.,_

'jifchose to work first in direct mode.. Even in those episodes attempted

-initially as procedures, the students either returned to working in

’ ;hdirect mode. or worked Visually with procedures by adding and debugging

one’ command at a time. . This was the predominant strategy (37 of 40 -

-approximately seventy-five percent of these episodes were done

. _...7-

4 G,COﬂHENTARY ON THE. OBSERVATIOIS OF THE TRANSLATION TOPIC
INTERPRETATIONS ON THE VAN HIELE THEORY B

'BASICLEVEL = R
It was in thgb topic that the students first encountered formal

instruction on transformation geometry. PreVious interpreted

observations ‘on the. congruency lessons indicate students entered this ,f’-'

toptc functioning at’ a BaSic level of understanding, seeing the obJects

‘7*only as - wholes. This was . verified again in the Inquiry Phase of this
"‘topic as students were able to do little"’ more than identify translations -

:and could give no explanation of their identification process.' However, f‘

;the limited definitions they gave included use: “of . impreci, qualities

,For example, - .- \-

Slides are Tike something is moved over. o o -
Stides’ are like a bulldozer has moved the obJect over.

- ﬁk\During the turtle tracking phase students behavior(again o

,r_substantiated the following BaSic Level indicators‘

L W

Students at a Basic Level are able to understand conservation of ,f_

: shape in different orientations {Hoffer 1983). P - :
'f - Evidence of this arose with Groups 1 and. IV wheén they immediately:
S recognized and discussed the concept of congruent original and
;'image and the necessity of identical inputs to the variable
';procedure. . B ' L

—~ .



i Burger (1985) further describes students operating at the Basic _ ;
}'5Level as hav1ng an imprecise concept of the properties of the figure.;,;:ff];

| }these charatteristics.iv)fifd{fV"‘f f RSO S
‘-zGroup ILI needed ass‘ftance to overcome their miscoﬂikption that fﬁj!fp
‘overlappnng fﬁgures could not form a translation and: to.Jocus on
congruency as an impdrtant characteristic.;’ "; ' i ‘

o 225 S ’“asks predominantly through direct mode,
Col trial and erroruinitiatives. Little preplanning at this stage _
predicated a step Qy step draw1ng or copying mo@k(gf operation for SR

The Transltion o;Level I Lk o SRR
B In§truct on, discuSSion and aSSigned tasks in each phase of this ,
“topic exposelﬂipe classes to the components of translations and to the _;fr"
”u'relationships betwegp “the. components. Observation of the students __4
S attempts to aSSImilG%eithiﬁﬁknowledge as they progressed through the fg) .
_‘phases revealed the beginning of movement towards Level T thinking.. A_'“u
. trahsition’bétveén’Basi el_understanding -and that of Level I'begins ./ -
y establish properties of the figures through -5
h observation measufremen , model making (Nirszup, 1976). Informal
- analy51s of thgakigures eived is necessary to’ establish these _ o
”;'properties.-The following observations allow for further descriptions of i
: this transition.‘v,,': . o -,%w:- B P -
- Each group conceived a plan to use one procedure to represent both
& original and image w1thin a composite procedure which included the

-ﬁ_when students experiment" ;

motion. o



3 My . e Lo . - - [ R N - S, . .,
. . B '.'

The prep}anning of composite procedures indicates the students were
able to recognize both the component pieces of: a transiation and the
congruent relationshid of the. driginai and 1mage. It was aiso necessary e
' that they undg;stand the trans]ation reiationship between the original fﬁfyjf'"

and image.,n el L o o s
' "“j;' This relationship was a source of difficulty for-each of the
i groups.’*Their prepianned procedures defining the actuai motion
‘ -l invo]ved bugs.;. ERE : S ..y. ‘ '”“
"3«15- Ail groups responded to bugs in their procedures Wlth a return to
' direct mode functioning. _a_f S :
5_- broup 11 made an important discqvery when they reaiized that' had
| - to “turn back the same’ amount“ before constructing ‘the 1mage.,
Thisidiscovery was made in the Turtie Tracking phase and they 4
“'v consisté’tJy used this information in constructing their f;.[-iﬂ;yf»ff
procedures to draw horizontal translations._ o SR

A return to direct mode aliowed the students to continue with a __u"”vllv

trial and. error approach it was a return to functioning atthe BaSic ;;l‘ ;
levei where the. transiation was visuaiiy recreated step by step. But
the return to direct mode after prep]anning seemed to. hinder the tria]
and error process as they attempted to incorporate some of'their T
prepianned Tists. TS I T e
,?;- A]irgroups began to use long horizontal strings of commands.
Students had difficuity distinguishing typung errors from
incorrect or missing information.‘ Visuai debugging became a.
| difficult task._ S T S N
- Through this process Group III appears to have lost sight of their-fJTV
o j 1nitia1 plan to use a singie procedure to represent both the "
origfnal and image. The final image was created by copying or
drawing one side at a-time, '

ﬂ.'- Each’of the groups repeatdd]y encountered the same errors and oniyg{?":“'

by returning to direct mode were they all abie to produce verticalf_»

andwhorizonta] translation procedures by the Project phase.
_{'- uroups I, II and w were abie ‘ta prepian and execute correct JT

procedures. while Group III continued to establish their list of
o commands in direct mode before defining a procedure. A



- The plans of Groups I and IV to create an.oglique tr.anslat\pn were
S altered to a; vertical translation when they encountered bugs they

could not deal With

Group I had to struggle with the relationship between therted;f~'?e'

components when constructing an oblique translation in elzx.

phase., They eventually were able to define procedures in ff%ﬁngngJ

this relationship but required some guidance in the process.

Each level has its own lan uage, its own set of symbols and its own
}network of relattpns uniting these symbols._ If the students have not
fyet reached a new level of thought, instruction at the. new'level is not
flikely to be understood by the students. The)students may accept the
,explanation of‘the teacher, but the subJect wil] not be internalized
P(Nirszup, 1976) Observations from Turtle Excur51ons phase of this

tOplC

illustrate Such a Situation._:;

During the Turtle Excursions phase the students were encouraged to ‘

' define a variable procedure to be used to construct any

translation\ Most of the students were able to construct this
procedure only when prompted every step on the way._
Questions asked by some of: the students revealed their lack of

L understanding of” how a variable procedure worked

Most of the students were unwilling to- even try the variable ff

procedure at the computer, indicating a lack of Understanding of o

the adxantages of using such a procedure.‘<-

Paul s-jrasp of this concept seems to indicate his comprehension :
Gat a higher leﬁpl than the other students in the class._ He was B,
able to use ‘the’ ins!ruction to clarify hlS understanding of the e

concept and independently debdg his own procedure successfully.,
Paul demonstrated an understanding of the usefulness of a general
procedure and more, | an ability to articulate his understanding.‘,,
 This junp in levels was limited to this occurrence. Perhaps a
teaching 0pportunity was missed which could have extended these

= insights in the subsequent lessons. The predominance of . Basic

Level thinking throughout the class seems to have impeded Paul !
potential progress.,g?-h

P
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ROTATIONS

4.7 INSTRUCTIONAL PHASES - }}::ff’:
DEMONSTRATION / DISCUSSIONS

InguTrz

Students were Tntroduced to rotat10ns through a group
:_7denonstratlon a dTaTogue between the, students and. teachers was -
jﬁencouraged throughout the denonstratTon. ThTs dTaTogue é!%ved to h
-Identify for the teachers -the students prTor fanTITathy w1th and :
[understanding of, the top1c and to thhTTght those concepts the students .
iffound confusing or unfanTITar. . . S
‘ RotatTons were: denonstrated Tn the fol]ow1ng three ways ',7 Ts,{ '
?;a)ﬁ'The foTTowing conponents of rotat10ns .were depTayed and d1$cussed
“ﬂ:, orTngaI,Tmage, rotatlon center and rotatTon arrow (TncludTng STze g
;:jf.and direction). _.,,-' o S\ 7 R . a'”
,bI'FExaanes, and’ nonexanples of r\\atTons were dTSpTayed Nonexanples
*'}"TncIuded transIatTon and ref]ect10n Tmages as- weTI as Tncongruous
- figures._ DurTng the identTchatTOn process students were encouraged
. ;to decuss theTr reasons for- their TdentTchatTOn§.34 . ‘";ji’f 'f;:i,',i‘
€} To aIlow students to explofe the’ rotatTon concept and Tts - o
o lcunponents, they were proVTded with rotat10n procedureé‘reqUTrTng
rfstudent Tnputs for: rotation and detance fron the . rotatTOn center.
‘B; DIRECT MODE ACTIVITIES - ‘_3*4[ S

TurtTe Tracklng e _

Students were asked to create rotatTons Tn dTrect mode u51ng a
sImp]e ngure (a rectangle was suggested) to serve as the’ original ‘and
Image. Students were asked to conplete three deferent exanples -and
record their connands.. It wa§ hoped that hav1ng students create ITsts

of direct mode counands would prepare: then to def1ne rotatTon procedures

in subsequent pﬂases and wouId also aIIow for further eproratTon of the
reIatIonships between the c&hponents Tntroduced qn. the anuTry phase. c{-“

.h- PROCEDURE MODE ACTIVITIES - A L
- The activitTes of the ExtenSTon TurtIe ExcurSTons and PrOJect o
phases of Iearning were primarTIy Tntended to prov1de experlence in “‘
deanTng procedures to construct[rgtatlons.' ThTs experTence wou]d aIso

o My
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)

fallow for geometry development 1n the following areas | correctly _‘“‘iv'
_identifyinq rotations, realiZing command errors 1n such 1dentification. and
?comparing and contrasting location and orientation of original and 1mage,
fthus 1lluminat1ng some baSlC properties of rotations. Through this process
zstudents would develop their own * definition of. rotations._ ‘A description o
lof each of ‘the acthltleS 1s presented ' O

. .

) A.’Extens]ons ) . S e ‘ -,T_' S o i Pch

-

Students were asked to write a procedure to draw a 51mple de51gn (a,‘f"

"f:gflag, rectangle ‘or triangle, for ‘example) and then use this deSign as
' the original, in defining three difierght rotation procedures.;_The fj*,

t3rotation center was to be 1ncluded The distance from the rotation [7*

:al:

:a551st students 1n detenmining “the’ m1551ng 1nformation. RS

) Turtle ExCur51ons : x'*737[ _ '"‘,..“ B - ‘(,

”center and the degree of rotation were to vary._ _
‘Students were, to fill in ‘the mlSSlng 1nformation on’ two inc0mplete
-;-procedures.' Diagrams of the. completed rotations were 1ncluded to

0 i »

Patterns were created using 2 rotation procedure. A subprocedure

“llconstructing a squaresserved as the obJect of rotation. students*

1n1t1ally had to prov1de misSing 1nformation for the given procedures '

_ ‘,.and thén explored the effects of altering the degrees of rotation and
f;v,the number of images. ' et : ' : y ‘

b
lf:f:COHStPuCtlng a rotation. Again students needed to supply missing

A tail-end recur51ve procedure was. also explored as, an alternative to

vinformation in the procedures prov1ded for them and then explore f;L]*

‘ ~changes to the degrees turned or the figure used as the obJect of

4;rotation.-,_

Project - Do e T B

Ch0051ng from four progects, students were given. recursive procedures |
to- use as building blocks in a comp051te rota?‘on procedure. The students -
;Lwere able to use the given recurSive procedures howeVer their ' } :
:-understanding of - embedded recur51on was simply. knowing the Variable would
increase or decrease to a set limit at which p01nt the turtle would return ":
to the starting P t. Here is an example of one procedure and the project o

(Figure 7) it .was ’be used 1n.

e e - o e



“,“Tthfoughuthé student/teacher d1scussioh prompted by the denonstrat1on
vfz%gfocedures. The students were ud&amiliar w1th the center of rotatlon

7€ dvreqtion and anount of ratat1onf»”'”r*i : L - _
g *i Genépaﬁly, the stugehts could correct]y 1dentify the exanple gf

':rotat1ons fron nonexanples but were unable to exp1a1n the1r 'fl_f[, ‘;:'"

: f1dent1f1catlon or1ter1a. However, the follow1ng student renarks
fafeﬁbressed dur:ng,the denonstrat1on 111ustrate thelr concept1on of °
5ﬁnotat1ons. ;, A"f"" R : '

~' Tab1e 7. Student Descr1pt1ons of Rotattons

e

=Zﬁfl 7unns are in’a c1rc1e." e
“A turn. ;en that 1s not away fonn the or1g1nal [and 1mage] 1s

1,,4; ng; Qens b ,
A% N
‘3 In‘bne of the denonstratlon Js-/qures -an or1gina1 flag was

the rotatlon center and the

s

:‘constpucted.‘ Then the distance.from
f awodht of rotat1on 1n degrees were asked for as 1nputs before the
' rotation 1mage was: compieted.:-g , s R
, ’ Students qu1ck1y entered 1nto a sp1r1t of experhnentat1on,;

: providtng 1nputs for the denonstratlon. The fol]ow;ng exanp1esv S
destribed typigal’ explorat1ons.__- B S i
| The ang]e for three—quarter turn was._ d1scovered through tr1a1-f
;and error one student 1mmed1ately SUQgested that - an 1nput of LT 90';f

© would give. the same results.’ o L ‘ _ ,
h ’ Students beqan to experunent first w1th the full turn then used
'f 1nputs of 359° and 361° to see the effect., They dlscovered that same
- joguts are better than others for transfer to. dot paper and the
‘s”ents tr1ed many before represent1 ng the motlon on =

°
ce .__J,

. (.
-

3 q__'
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:dot paper. For example, a 90° rotat1on was found eas1er‘to transfer than ;

r60° rotation.,. '_- Rt ”f oy ?ﬁ-:* sl Ea ‘
Two students felt that a turn center that was 1 or fewer turtlesteps o

"from the or1g1nal was poss1bly correct but not senswble._‘f- S

= SRR SV
OBSERVATIONS < DIRECT MODE. ACTIVITIES “

. One’ student group was unable to complete the research proJect and the ;m;L’

frecorded observatlons of this group ‘were ‘omitted. The d1rect mode
;observat1ons on rotat1ons has been l1m1ted to three groups.

, A1 three groups requ1red gu1dance in completlng the first example.
fIn1t1al gu1dance cons1sted of asklng students to dlscuss orally the step;
1nvolved and'. to plan a diagram on dot paper of the completed motign. This
helped Group I but the students in Groups 11 and V were .unable to’ positton
the 1mage. They were encouraged to draw a rotat1on step by step in dlrect
mode and’ further asslsted through d1rected questions.as illustrated fn'the

S R

follow1ng excerpt of conversat1on between the researcher and two. students,..r"f

vDonna and Mary.v The students respoqses are capxtal1zed

' “Nhat would you do f1rst? DRAN THE ) IGINAL (Donna) [the
.+ original was then drawn on the. screen ‘What now? DRAW THE  © .
- TURN CENTER (Donna). Do .you want to draw the turn <¢enter on y-"?
~the original? NO WE WOULD HAVE: TO- MOVE BACK (Mar§) (the - =
. commands BK 10 were then issued]. Do‘we ‘want the lines: .
“:visible? 'NO, WE SHOULD HAVE USED A PU (Donna) [correctioniﬂ
-fvwere‘pade] ‘Now we need? A TURN CENTER (Mamy).  [To draw
© dot, first they tried ‘to use the per1od key,, then th?y tr1ed
- typing in the word DOT]. Why doesn't that work? HE
~ HAVE TO. TELL THE COMPUTER ‘HOW TO DO ‘THAT FIRST (Mary) .
- :COULD MAKE A VERY SMALL CIRCLE (Donna). Yes that would’ work .
- but there is an easier way. [A Tong: pause]. MAYBE WE COULD
MAKE JUST A TINY LITTLE: LINE. - YEAH, THAT WOULD WORK [they _
- used the commands FD 1].- WE HILL HAVE TO HIDE THE TURTLE T0
SEE IF: THERE IS A DOT YES THERE IS...' (Donna)“ s

-,;Groug L ~" L '-:T‘- - |
After complet1ng the f1rst example w1th ass1stance, Group .
" students- attempted to construct the1r second example as a procedure L

Twhich they named- “T0 TURN“ ~but demonstrat1on procedures pre-existing in fhl' T

the computer memory 1ncluded a pr&cedure using the same name. Confused
by th1s they resorted to direct mode. ‘Their second example was a -~
'repl1ca of the1r first list of commands chang1ng only ‘the rotation from

2 RT 90 to a LT 90. They realized and. ‘discussed the similarity of the '7'iyif5

ftwo examples, but decided that they had acceptable solutions to the N :



ass1gn8d tasks. .*]ﬁf B .ﬂ'”

Groug S O

Group II students flrst constructxon used a LT 90 rotat1on but
ljthe origana] and the 1mage were unequa] d1stances from the rotatlon

ifcenter, someth1ng wh1ch they did not recogn1ze as an. error.v They used 53”'

i:thls 11st of commands to produce a'second examp]e 1n whnch they used a -

:.rotatlon of RT 90 and were very. p]eased that they had created the same yf:

_rotat10n. For their th1rd examp1e they a]tered the amount of rotat10n
to 180° in the preceedlng l1st of commands. V1ew1ng the. results they

' realized the orig1na1 and 1mage were not. equ1d1stant from the. rotat1on '

_1center ahd that ! change in d1stance d1d ‘not appear: correct to them.
.’After d1scuss1on they conc]uded th1s was and error. and were ab]e to

jcorrect 1t'

B GrOUEV o | ,
: After estab11sh1ng a list ‘of commands for a rotat1on in examp]e 1

they easily produced w0 more examples changing the- rotat1on in the
first example and the d1stance from the rotation - X
yﬁcenter 1n.!he second x ot

Summa;y of Rotat1ons = D1rect Mode .
Once agaln a tr1al and error strategy was emp]oyed by al] groups.‘

PR o ‘.0' X -

Tablo 8 Top|c~-j Rofaﬂons - Dlrocf Modo Acflvlﬂos
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S Tofal Eplsodos f' o2 s s e

Succossfully Complofaa R S
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A]l three groups reqd1red gu1danqp %p comp]etlng the f\rst example, then
eas1]y went ‘on to complete two' add1t1onalaexamp1es. Tab1e 8 summar1zes '

the students act1v1t1es.__;" ”7,,¢1'_'-

B.

OBSERVATIONS - PROCEDURE MODE ACTIVI@;ES ST e

Common 0bservat1ons f"

Dur1ng the’ f1rst act1v1ty of the Extens1on phase all groups were f"
ab]e to prep]an and. to’ work in procedure mode.v Each group defwned three -

. very s1m1lar procedures Even though students worked at a procedural

leve], errors were still debugged one at a t1me after v1ew1ngaeach
output Groups I II, and III erred in d1fferently d1stanc1ng for the
or1g1na1 ‘and 1mage from the rotat10n center Through th1s error these
students camé to- reallze and discuss the rotatxons property of 7 ,;'1'.
eQU1d1stance..c - S Ty ‘ .*'nfh
11 groups worked on at least two of the four proJects, Projects 1
and 2 were eas11y 1dent1f1ed as turns by al] groups a]though some :-V o

_ explorat10n was necessary ‘to arr1Ve at@ﬁhe correct,rotat1on angle was

“in prOJect 1 was 1dent1f1ed as the center to wh1ch po1nts were to be
added ' ' ' ' o

v

necessary.. R uwﬂ D ~“v' '“,v n.- v.sw'
i All groups attempted progect 3 (Flgure 8) The procedure developed

@

PrOJect 1
Rotatlons PrOJects - F1gure 8

Pro;ect 3

L0

.‘,

All groups e&per1enced 51m1lar problems in moving the turtle the correct o

. _ distanqe and angle to add the points. Although they all conttnue to

work 1n procedure mode, they began addi@g@bne command and then v1sua11y
check1ng 1ts accuracy.. No group was able to complete this prOJect

E)



Group I L S : A e

: n. proJect 1, a hexagon was constructed by rotating a recurSive .
v_:ﬂ.triangie procedure Six times. hroup I had Just previously arrived at
“'e{-the correct~angle of rotation to. create a hexagon in the Turtle N
"a!,Excursions phase., In completing prOJect 1,_a 600 rotation ang]e was
“‘again determined through triai and error. hroup 1 approached this B
through an interesting Sequence. They first chose a 200 angle, which
'vbeing too small,. caused the triangles to overlap., To remedy this they
rged the recursive triangle, with a Similar resuit. Sudden]y they
that Size was not the important e]ement and beggn: trying '
angies and eventualiy arrived at-a rotation of 60°
procedure in i

ey

f;:”vfrealiz
| different
"§‘" Usi g the proceduré developed in prOJect 1 as a"”
ifproject ‘ actually caused Group I some difficulty.. Their first prOJect
_f used' t iﬂpput for the Size of the recurSive triangle. This input was
; also the: distance reqUired to move to- the vertex of the hexagon in-

uprogect 3 and could eaSily be determined by referring to the procedure __‘g_ -
m?for project 1 However, this group was unabie to trace this information f”»i;t
thhrOugh subprocedures and switched instead to direct mode and trial and j#fj.f

- ’fferror strategies. Once they Jhad confirmed that distance, they began to

idefine their procedure. They reverted to the slow: process of adding one | '_; :

'm'fmove, checking its accuracy in direct mode and ‘then repeating the B
‘ process., They were convinced that there was a repeatable nattern that
‘wou]d add all the points to make a star, but after many unsuccessfuP o
' zattempts they resorted to piaCing each point indiViduaily.,-

Groug Il

Conflict arose in Group II during the ExtenSion aatiVities over the:f

use °f procedures as a_ subprocedures. PreViously their strategy had - 0/

i_been to recopy the command list but now Mary reaiized and. eventualiy
fproved to Donna that only the procedural name was necessary within Ry
‘,another procedure. They had successfuily worked with. this concept in *f
prior Logo instruction. ~ S . B :
They also showed conquion in matching rotations represented by
ifractions with the correct number of 'degrees. ‘A 1/4 turn: was thought to
be 45° and a 1/2 turn 900, This conquion became ‘more eVident when they

,}worked on completing the procedures, the s

ond ExtenSion acfiVity. .-5:§::lg -



; knew Visually that a half turn was needed but their input of RIhHT

90 did not giué the expected outcome. They fell to gueSSing the

HT'»successfully used the rule of 360° to change the number of repeats and
'lthe angle to complete the pattern. The other groups as they altered
* the existing’ numbers, failed to match the number of - repeats with the

’rotation angle and thus the design either overlapped or did not complete

-a full rotation.v.._‘ ,f~, SRR . - SRR
Gr0up 11 though was . unable to tranSfer their sucCessful use of the

'rule of 360° into the PrOJect phase. Even' after uSing the 60° to. -

1;rediscover the angle through trial and error. .

Group III

Lo

Initially, Group 111 seemed unaware of their error in using unequal -
f;distances from the center of . rotation to both the original and image in '

fﬁirtuo examples USTng a 90° rotation.» A 180° rotation seemed to make this

-

did not de ug the existing procedure but rather began again defining a:

discrepapcé more apparent to them. Hhen this error was discovered they f"':

_-new. procedure. This discrepancy did not become sufficiently

apparent to them to warrant debugging their first two examples. f'

Groug V : -
without preplanning, Group v was able to write three rotation

f*pprocedures correctly USlng a: triangle as the object of rotation during
'i_jthe Extension phase.v Finishiﬂg far. ahead of the class,,they were

g?}ifehpllenged to- nnclude more than one rotation in their procedures. The'
A ‘

'v “result uas a- procedure that rotated six triangles constructing. a:”'

@ hexagon.i The number of repeats and the ‘angle of rotation for this

?}}* prgcedure was arrived at thqough trial and error. In defining ‘the -

fﬁotatton procedure the entire repeat command constructing the hexagon |

| produce a: hexagon preViously, this group found it necessary to Af:e noo

uas incorporated as the original and a rotation center exterior to the Tf

- hexagon was established but a single triangle was used for the image :

. (also involv1ng a repeat command).,“an viewing the output they: expressed

‘f.~’concern aboutiiomehoy "loSing a procedure and wer!’unable to determine

kr o



"Lwhy the hexagon had been om1tted. Assjstancefwas needed'to_resolye“thish -

-V'prob1em. g?:#:' R : : S : _

B Dur1ng the PrOJect phase th1s group completed prOJects 1 and 2., I

. both cases they wrote proced*res on the1¢f1rst attempt havmg
"pegcelved the correct ang1e of rotat1on on s1ght. -

Summary of Rotatlons - Procedures ;7

, S The observatwns of twenty six ep1sodes of procedure act1v1t1es are
f._,‘d'isplayed in Table 9. R - e . , _ _ :

o

T,ablej9. " Toplc - Rofaﬂons ---"'Prfocedures -

< Dota Cafegorles L : g Studenf Groups ‘
B Di§playing Number of RS L
: Epl’sodos R it UL V. Total

'3.',‘1'o‘jf'al"'Epl's_odes.vl' o8 & - 3 1

 gtarted tn - o v 2
.- Direct Mode ' , ’ R

Started as'®a .~ - .8 -7 2 5. .22,
Procedure ’ B . Lo

- Successtilly Comp-lefed 6. .5 L2 6 "9

" Eplsode Abandoned . 2 1 it 5 _
_boforeConploNoa- e ' S .

Proporﬂos Monﬂonod o I
or Dlscussed K 22

' Trlal and E.rror - o
"~ o . - Construction . I 2

: ) A‘ss.l'sfanco Noodod 1 Y
et tone T e
- Vlsually, Error by 3 4 2 -2 N |
[The sign1ficant number of ep1sodes begxnmng as procedures (25 out of

_' 26) evidences students much 1mproved ability to work at a procedural

~ level by the time they have reach the later phases of th1s topic. Only .
nine of these 1nvo]ved tria] .and ‘error p]anmng, and students were ab]e

'to complete sixteen of these epi sodes eithef easﬂy w1thout any planmng
or were able to prep’lan the1r procedures. The visual debugging g
; ?

(continuousT\y Jumpmg 1nto d1rect mode to view results) was stﬂl




" -

.l . N

ev1dent aTthough students»compjeted more procedures correctly on. flrst EEa

oo

4 9 COHHENTARY ON THE OBSERVATIONS OF THE ROTATIDNS TOPIC

.
L

INTERPRETATIONS ON THE VAN HIELE THEORY AND LEVELS OF LOGO USE

A,f :

Bas1q Leve] ‘.'171,3' : . o e \ Lo
Interpretat1on of the oﬁbervat1ons 1nd1cate the students entered _;,5 .

Ithe rdtat1ons t0p1c at: the BaStc TeveT of understand1ng. They v1ewed

'rotat1ons as wholes and were«able to correctTy 1dent1fy rotatlons. The
' fo]]ow1ng observat1ons SUpport thts 1nterpretat10n. o S e
o The onTy means. of 1dent1f1cat1on suggested by the students (“Turns o -

are in a c1rc1e“) was 1mpreo1se and struct]y v1sua1 (Burger
1985) o ' ‘ Co

| ['- In: the initial d!rect mode act1v1ty they were unable W1thout

prOmpt1ng to separate the components to f1nd an appropr1ate

o start1ng po1nt s “;' s

S -For the most- part they were: much‘more ab]e to 1ncorporate the

R

E {’- Group- II: confused the rotatlon angley’pnﬁ

v

‘ correct ang]es and distances through vi ‘1 recogn1t1on based on
prev10us experience than was seen in ef " '

jler: Tessons. _
J

@.eir corresponding
fractxons. ‘0On rea11zrng the outputs were’;

JluaTTy 1ncorrect they,ﬁ

S 1mmed1ate1y altered the1r ang1e.' Howevep' ey seemed unabLe to

’triang_e'used in the Project. phaSe used a rec2’ ’“procedure and -
f1TTs the 1nter1or. To Groups I, II and 111 0 p«;\@pe appears ‘ _
entlre]y different from the other and they are d%ﬁb'e to v1ew the*,jvrk
s1m11ar1ty and tranfer the angTe of rotatlon w1thout : '

reconf1rmatlon through tr1a1 and error.;

Conservat1on of shape 1n dlfferent or1entat10ns (Hoffer, 1983)

seems to be a Bas1c Level concept mastered by these students.

",'- The subJect of congruency between the orIg1na1 and 1mage did not

_arise, but, was ev1dent 1n thelr work and seems to have been '
obv1ous tb students at this poInt.-_ S ' :



Transwtton to Level I ' L o L o

: w‘lrzup (1976) descrﬂﬁdin students at the Basic Level of _

understanding as one able L4 1m1tate correctly but hav1ng no view of

their own actwny untﬂ ths

mode activlties of th1s tGWﬂc the students have begun to 1m1tate,_/~
analyze and. alter tpeig Own l1sts of commands.; R Sl
7;_- Every group alkered their 1n1t1al list of - d1rect mode commands,

'vvchanglﬂg either the rotat1on angle or the dlstance from the. ’

s“

, _7rotation center. They ‘moved beyond us1ng the turtle as a step by.
’ 7'Step drawlng tool and- showed 1ns1ghts 1nvolv1ng the nspectsnof the
language reflecting the changes they env1s1on.v»' ' k

: “j'Thejr abllity to d1stingu1sh the rotat1on components ‘within- the
command lists was’ further extended in the procedural‘phases. Exper1ence o
. with these elements and the relat1onship between them establlshed the :
basis of Level I thinking for these students. ’ = o
Attempts at design1ng a rotat1on procedure began as early as, the ’ jj"
" Turtle Track1ng phase for Group 1. S _ R
Once again all of the groups were able to preplan a compoS1te
j procedures to represent a rotat1on generally involv1ng a e
subprocedure to represent the or1g1nal and 1mage by the Pro;ec .{f o

"v

«

phase. _ . R _ ,
Ted The relationship between the obJect of rotat1on and the actual ﬁv"“
“motion was a source of d1ff1culty for all: groups._' o
, Group I1 did not initially recogn1ze ‘that equal d1stanc1ng of the
: i',: orignal and 1mage from the rotat1on center was a. property to be .

’ °>,considered The pr0perty came to the1r attent1on v1sually when .

' attempting an example 1nvolv1ng a 180—0 rotat1on. Even though they 3

'1recognized this property in th1s 1nstance, they falted to relate

A the 1nformation to their prev1ous, 1ncorrect examples. “The other

© groups encountered simllar exper1ences ‘throughout’ the top1c. -

f'Project 3 1nvolved two’dist1nct rotat1on patterns. All groups

" were easily able to complete the 1ng§r1or rotation pattlfn but
;were unable to perce1ve the’ exterIor rotat10n relat1onsh1p

5{ involving the object of rotation betng moved away from the turn :
. center.. Although z‘e students remamed 1n procedure mode they '

have reached a: hew level.. In the d1rect “-?;?7n5



'_:regr5¢3ed to add?ng 1nd1v1dua1 commands, v1sua11y chec;ff;ﬁ‘"jf B
o frfd1réct mode. They seemed uﬁable to’ ana]yze 1n prgp?anning or®”
o reflect1ng on, the re] onship between thetf*bu11ding blocks and

’f;:{repeatedly guessed at the needed d1stances and angles. SR

The transt1on to Lew; reflected in theif"
'l'? approach to. act1v1t1es a 'a procedura] 1eve1

T understand1ng is. als'

fby the Extens1on phg&fi vAs procedure work became more rout1ne by the
jﬂlater phases of th1f~top1c, subprocedures began to enter the students
7focus of attent1on as they began (not w1th out d\fficu1ty) to '

incorporate subprocedures 1n thelr rotat1ons protedures. Th1s

f;progress1on in. Logo use is 111ustrated 1n the follow1ng examples- ,}vdvfi;n“:hi

1'Froup IT. discussed and in. order to settle the resu1t1ng :
A ‘4 -d1sagreement needed to. ver1fy the use of :a. subprocedure 1dent1f1ed
Ef* - by name w1th1n another procedure. ' : RE ‘
- Locating ‘the requ1red 1nformat1on 1n a prevwously 1nput :

1subproceduread§s not pOSSIble for hroup I. Unabﬂe to. locate the L
“‘.necessary 1nput for dlstances they returned d1rect mode and guess 1»
‘n*work » SERTR ‘ ' KR "'c SR
a procedure as a subprocedure, Group V 1ncorporated the

‘?i_To Y
s

-TIT1st of commands rather than s1mp]y referring to the
o procedure name. LT ,



REFLECTIGNS

s 10 lnsrRUCTtounL PHA$ES ,
?fAﬁi DEMONSTRATION / DISCUSSION L

o nguir! e Yo, ERRER .

‘ - The' concept of reflections was introduced as students v1ewed adﬁ
Z;discussed denonstration procedures as snall groups w1th{the teachers.va_ #3

::Both fahiiiar and unfamiliar concepts pius the studéhts understanding ! ﬁi[

J' of refiectf ns could’ surface during these discuSSions 'ﬁ‘~ : - R

: - The- denonstration procedures iilustrated Tefiection concepts the

PRI RO j'tf.n;.;

'foliowing ways: - : "“e R _ »_,'.i.vxsg:-'°“fsa_--‘

‘*QJ, ?ﬁf

Ca) Cunponents of refiections (originai image~and mirror7Tine)Luere@,la
R DR LA
' : S nuﬁt*e"'

;ldispiayed aod discussed e R
The. identification process for refiections was highligted by

.A‘_fd1sp]aying Df exanples and nonexanpies., A discu5510n by the
L students of their reasoning was encouraged as they identified
”‘freflect\ons ’,_ | .T FEONS T SRR TI e
) Experieﬂce in working with the components and the re]ationship ;
L -_~between the canponents was prov1d'd3through reflection procedures
: reQuiring inputs for the angle of th .M’?ror iine and for the f'”
distance of the original and image fran the mirror 1ine. R
DIRECT MODE ACTlVITIES | S RO

<

e ‘."‘r..:

Turtie Tracking : o N IR
The direct mode activ1ties were' meant to a]idW’students to expiore

v‘reflections independently s0 ‘that - they couid arrive at their own cannand
iists.‘ FOUr exanpies of. simple refiections were given as- diagrans, =

.....

students were asked to construct cannand Tists to recreate these

\ refiections.‘ They were instructed to. firstsd;tw the mirror 1ine and

then construct state transparent originais and images. ~,@ EA §
The.students were asked to prepian their cannand lists before o Lo

moving to the canputer. Preplanning was. encouraged to assist the o B

students in differentiating between the caunand lists for the originai

and the ﬁmage. v . :. o ';.' S L .

' In.a foliow-up activity students were to choose two of their direct

mode lists of caunands and define then as procedures.:f['i_



s

C’.‘ PROCEDURE MODE ACTIVITEES . ot

S & P 4

The procedure act1v1ttes were 1ntended to prov1de the students w1th‘“~'”:"'

':eiper1ences pronotlng an understand1ng of the ref]ect1on mot1on as a
'?canpos1te of 1nd1V1dua1 parts.ﬁ Experlence w1th the act1v1t1es would
allow students to further explore the 1dentif1catlon construct1on and ,
.d1fferent1at1on of the orrg1na1, 1mage and mrrror 11ne as e1enents that '

must be C““b1"ed in a Part1cu1ar way to create an aceurate ref]ect1on }'. O

;procedure.; ‘L “j‘ e e T

, Examples of procedure act1v1t1es 1mplenented in the Extens1on,ca
Turt]e Excurs1ons and PrOJect phases ‘are. out11ned
.below.,;“"' . ' ; : C

Extens1ons e o R
“What . follows exenpl1f;es the. Extens10n act1v1ties.~ e :
_Students were gnven the foI]ow1ng procedure construct1ng the des1gn “the_."tv'

or1g1na1" -

'Io'oelelnnt;oéslce,° -7 . Constructing this:
. . FD30ORT 120.FD 20 LT 120 ~ -~ .. 70
"0\A‘msoeruorpwtj1m:,:-5. o
~ . FD 60 PUBK 60 - I R
CRT 120'BK 40 LT;120 K S0. =
~RT 120 8K 20 LT 120 & 30 PD
\.:'-END | s

1and were 1nstructed to create two procedures, one construct1ng the
ref]ect1on 1mage the other conb1n1ng the or1g1na1 and the imaqe. These
procedures were des1gned 1n the. c]assroan settlng pr1or to worklng fn
'the conputer roan. After successfully canplet1ng ‘these two- procedures._”
*they were to alter the1r canb1nat1on procedure to 1nc1§de a mirror 11ne. ‘
'Three act1v1t1es of th1s ﬁature were ngen. o _- o v;*di”' '

e B
" TurtTe Excurszons e v;,& L

Students were asked to define- procedures constructing n:kdections
,w1th mirror 11nes or:entated at 45° ang1es rather than vertical or
hor1zonta] R '

oy



- «ﬁhwﬁsuz

[

or1q1na1 and 1mage 1n a canb1nat1on procedure that coqu a]so 1nc1ude a

m1rror 11ne. j t _,". ;‘_;j L L V-ff“, o

1,11 OBSERVATIONS OF THE SESSIONS .« * . . Loeo

“
3

The prOJect phase 1nc1uded three exanp]es. Studentsswere g1ven

refTect1on mot1on.“ The students IeveT of understand1ng of énbedded

recurs1ve procedures was T1m1ted to knowtng the var1ab1e 1ncreased or

decreqped to a set I1m1t ‘and - the turt]e then returned to the start1ng -

[

.

Ao OBSERVATIONS - DEMONSTRATION / DISCUSSIONS R
Insight lnto the students ex1st1ng conceptions of ref]ectlons were

provided through d1scuss1on centered,around the ref]ect1on denonstrat1on ‘_

i procedures.. Students could eas1Iy 1dehtpf& reflectlons and expressed :

u‘.

the fol]owlng cannents when asked to eXpIa1n how‘they could 1dentify’

e

then. T S ~,uv; S IR :-u S
TabIe 10 -

FIips are 1n oppos1te d1rect1ons "; .

The mirror, Vine is the place -where: the fl1p occurs. e

F]IpS and reflect1ons are not-the sane th1ng.; AéfIIp doeS*aot have
a m1rror Iine and a reflect1on does.. . 2

e

@,

* As is ev1dent Hn their descr1pt10n§, the students used the tenn
“fIip“’and seened unfan111ar w1th the«tenns ref]ect1on“ and ﬁn1rror

Iine . They seened eas1ly abTe to transfeﬂ'%he1r know]edge of the tenns R

original“ and “image™ fron prev1ous topiﬁs to the agproprxate =

comp0nents with!n the nefTectvons.'/w‘,l N ,;,éI‘~

v . : . Y ’

T recurs1Ve procedures to use as bu1Id1nq bIocks 1n recorstruct1ng the '_.ff;.

po1nt.: Then they were asked ‘to conplete procedures to draw the .
reflect1on unages.~}.'v ey ' ' i
For exanple R
. 'T0. TRl S : o T0 FLIPSTRI 25 ~
W IS<s L L ? IF :5¢5 : :
: CFD ST v ;Is changed fo this C
CORT 118 ~and ‘then. complefed' ' 2 _ .
TRI :§-2 v : FLIP,TRI :5-2 ro
'LTIIB . B R S AR R
“3< $$70 . S B 1S "
‘- g ' , J (Mbore,]984) : SR
After conplet1nq FLIR.TRI these proce ures were to be used as the;_‘;‘v

Representat1ve Student Descr1p¢1ons of Reerctlons - Fi

&



Not unt11 th1s tOplC d1d a: student suggest the use of a negat1ve v
‘1nput pr1or to 1n1t1at1on by the teacher.; This student also correctly

'pred1cted the negat1ve 1nput wou1d pos1t10n the mlrror 11ne in a reverse IR

or1entat}on to. that wh1ch occured w1thea pos1t1ve 1nput._ For exanple

I - A‘d' ‘
0r1g1na1 Image ff-mf::'fi ;Fp 0r1qina1 Image . .f

L Pos1t1ve Input . ) Negat1ve Input

SRR L Flgure 10

OBSERVATIONS OF THE SESSIONS - DIRECT MODE ACTIVITIES

Gr0up 1 N
~The. two students in Gr“fh
_Iists., To comp]ete their first example, same tria] and error

1 were ab]e to use the1r preplanned ¥7"A

v1sua1 screen. debugg1ng was: used tb make correct1ons.- In the1r second
exanp]e “th prepIanned 11sts were corrected prior to 1nﬁut us1ng the
.know]edge ?ﬁst acqu1red. Tbere was sane exper1mentat1on to. detenfnne »
ﬂthe correct angle of" the obJect in reIat1on to the mirror Tine. On * .-
7comp1et1on of the or191na1 they reversed\the1r cannands to. arr1ve back
at the start1ng pos1t1on.- No other sﬁude t dhployed this technique, ‘
cont1nu1ng 1nstead to move forward detennIning distances and ang]es L
through tr1a1 and error. 37.,~;~ "r- '-; e R : o o
’ Group I totaIIy preplanned the thrrd exaane using subprocedurgﬁ, :
Qlabe111ng the procedure for the or1glnal “A", and the procedure for the
v1mage "B“ ' Jhe or1q1na1 an% the ﬁmage were. 1nput and debugged
_separately, then the mirror line was added This was the on]y group
Tthat analyzed bhe repeat counand and: the d1stance they wanted to move
‘beck before beg1nn1ng their or1g1na1 \_ e S a B
Ask1ng students n Group I'to preplan direct mode act1v1t1es proved

(a vaIuabIe exper1ence fdr then.v For students in. Groups II III IV and

v, preplann1ng resu]ted in a totaIly different experience. “ '_‘_ f;sf-df

.

Groups Il*and ILI ,;;;*;;;;.f‘j' S '5 SRR .:_";afi\
AIthough a]l of the students did write a I1st of commands .

;represent1ng theyr thoughts on the correct path for the turtle,,vII “"512:.

fthese two groups were'unable thgTOUQ these canmands. in. any way. As sa.,
consequence, they wrote long. horfzontaﬂ strings of cOnnands often IR
. Foo _ v




'}ﬁ_ 'cOvering‘two 1ines.:5§uCh'iists freguentiy‘contained’a singié‘er}or;”"" R

. Then the entire list wou]d have to be. input again and again, as 1s
necessary ag direct mode.. It was aiso very difficult for the students
to iocate any% etric errors in these 1ong strings. This prenature
preapianning appeared to lead to frustration and confusaon. Qu1ckly
reSponding to fhe frustration, students started fran scratch, 1gnored
their prep]anned 1ists and reverted to the faniiiar triai and erro/

- strategy..~_ : ' - ‘ .'

"pvt ' Group 11 students attempted to conp]ete the. original w1thout _
B returning to the starting p051tion of the original They . found this a ‘
difficuit task and and were assisted w1th making their cunnanx iist

state transparent. Fram a Visuaiiy recognizabie error they noted that‘
the distances fron the mirror iine to both the originai and the 1mage :
must be. equal q~?_“v;~; R o . O
—— ln the 7B ciass' one student suggested7it.wouid<?e benef1c1a1 to
S write a procedure to. draw a-mirror 1ine. PreViousTy, they had- 1nput a:
repeat cunnand in, direct mode whenever they wished to use- the mirror
line. Ali students immediately felt it advantageous to develop such a e
‘ proced re and enthu51astica11y set about p]anning and 1nputt1ng cannands‘ 4
" for one._ Group III sucessfully wrote, input and verified their mirror '."
*h: dﬂiné'procedure but on returning to their aSSignnent they regressed to o
. the repga{ cunnand in direct mode rather than USing their mirror 11ne B

'u.procedure. L
éf", Group v . _'¢ ) Ry ~ R - _
‘_. _‘_ Group IV haé‘Simiiar dif{acylties caused by over]y 1ong strings of.

direct mode cunnands but they resolveﬂ?ghese Qroplems _ v
by switching to procedure mode where they Junped fron ‘the. editor after
adding only. one or. two new cannands to immedaate mode to check the

'accuracy of the resulting image. They 1n effect enpioyed the same
~trial and error strategy they had found useful iq direct‘mode. Nithin -
the procedures the cannand 1ists cbntinued to be long, horizohtal

”- . o

strings.

Group v _ : , . v
. In the one episode observed hroup V used the long horizéntal

i '-str.ings of ‘ands. They also attempted to use a procedure to draw ‘the

& ’ e
I

. . X ' .
: .v. e . ,»’. [ T a .

.
,.7».‘» . .

-

W . PRI



-

ortzonta} and yertlcal mlrror Tines named "M L. l" and "M, L 2"‘ I.fv:f'vfif:

However, they cou]d never remember whlch name represented Nhlch S

procedure., After frequent bad- guesses, each nece551tat1ng debdggqng'.v~j D

they returned to the repeat command 1n dlrect mode. f[ff<“>:r_4y_

Summary of Reflectxoq; = Direct Mode

Tab]e 11 d1sp1ays a summary of ‘the data on 11 d1rect mode ep1sodes

?, on reflect10ns. In d1rect mode the most sallent feature
. :—x e L ‘ i o o ‘ S e . ' ""
’ W N Table AL Toolc - Renecﬂons i Dlrecf Mode Acwy,mes CL
o L& E Dafa Cafogorles _ Sfudenf Groups LT -
S . Displaying Number of. L ; e o .
R .EpISOdes . . Rl R RN L S G
S . T.O.ib'l ED-"l sodes 3.3 22w =
ii;‘fﬁq' ,SuccosSful Iy ‘Cohrpleted S T N T ORE DEIY - . '
. .'; . Trla’l and Error - | i TR : -
- ”Consfruqﬂon o0 e 2 e oy
Properties Mahflonod . R
, 'or lecussed ‘: e 20 e IR 1 ]
L 'g-Ana1ysls uSeg for : S Lo S
w7 . determination of 20 1.0 0 3
‘ S Dlsfances or: Angles IR SO :
e T ‘Uso of'procedures L2 00 0T o "3 .

k]

:of thls toplc was the effect of prep}ann1ng on. the VBFIOUS groups.;-f'

Y

{Gnoup I was able to use the preplanhing effectively. “They - were able to:k‘

see the- reflect1on motion as-a comp051te of. bu1ld1ng b]ocks that c0u1d

] be flrst be broken ‘down and then put togéther or grouped as. procedures C
jf'and subprocedures. Although the other groups were 1nvolved‘\p -
"hpfeplannlng, they were unable to use the1r prep]anned 11sts. "In fact

“thelr preplannlng seemed to h1nder them with command lxsﬂ stnput as
*1ong hortzgntal strtngs mak1ng debugg1ng an“onerous task. This s

!!lrror 11ne.‘ In fact they went further _1nputt1ng procedures for both.bf"""

;_treflected in the llmwted number of . ep1sodes successfu]]y COmpleted, .,}51 .
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- Ce 'OBSERVATIONS OF THE SESSIONS - PROCEDURES

Group I PR B e o

o Schedul1ng concerns l1m1ted the class time ava1lable and as a |

’ result Group I students completed only the three epasodes of the e
;f,Extens1on act1v1t1es. fDurlng the Exten§1on phase these students easwly o
llfdes1gned procedures for the 1mages as. a preplanned/fct1v1ty and o
‘:d1scussed the opposite angle d1rect1on of orlg1nals and - 1mages.- They A
~_also 1nput all three as procedures before check1ng thelr results.~_Two;E
'y‘types of - errors were apparent » one was typ1ng errors on’ 1nput whxle Lo
'vthe other or1g1nated when the 1mage procedure was de51gned " The
' _students had neglected to reverse some, of ‘the turns. As soon as they_ -

‘ realized thts partlcular error theymgkbugged every procedure, before f
v"check1pg the output, 1n the followlng mannertv Firsb check1ng Ehe oy
faccuracy of the procedures they had preplanned they then checked fort .
“j-errors 1n lrocedures in the edltor. All three act1v1t1es then worked:y'_ﬁ.
;lwvthout .erropr, Plann1ng was. aga1n 1mplemented when they began to addr‘Ef,
the m1rror llne." F1rst they rameonly the orlglnal procedure for the_V |
ﬂsecond example to check on the turtle s f1nal pos1t10n. The des1gns '“
1,d.jnt beg1nn1ng~and endlng at the bottom: r1ght.; -

' ~were all gtate trani

) They wrote a’procedure draw1ng the-mlrror llne and then added. that ,

*.fprocedural name to: the comb1nat10n procedure between the procedures for l

B the original’ and image.. On v1ew1ng the results they real1zed the mlrror
Jine’ procedure was nof state transparent. They discussed. .the nece551ty

. for the origlnal and 1mage to be oppos1te one another and qu1ckly a .;

vd_debugged by addlng BK 100 commands to the comb1nat1on procedure.f They L
ran ‘into the same dwfficulty d01ng a second exampFe and resolved it 1n a

,_similar fashion. The problem was. circumvented in the1r thlrd example by
chang1ng the composite procedure 1n whlch the m1rror llne uas drawn -

_after the Origlnal and 1mage.. R i
H'aﬁ Group 11 RVE' o v}r o .3i.

Group II was also llmited to the‘three Extens1on act1v1t1es. “:;E
. Preplanning and advance wr1ting of the procedures for the 1mages and the
],compbsfte procedure was: possible. All procedures relat\ng to the. first
. actlyity uere 1nput 1nclud1ng a procedure for a m]rror l1ne.. As had
: G"?“EAI they too neglected to change the dlrectlon of fome of the

Pf




‘t:‘angTes and'committed some“typing'and"copying?errOrs.:'They‘knew“:'

' debugging was necessary but had d1ff1cuTty deTv1ng deeper thanthe

'jsuperprocedure TeveT pat1cu1ar1y as the mlrror T1ne procedure placed '
'between the. OPTnga] and 1mage was not state tranSparent Ass1stance in
'v1dent1fy1ng and debugg1ng one procedure at t1me was: needed they aTso

:.f’-removed the m1rror 11ne procedure. Debugglng was done through d1réct

"-Vprocedure was corrected they re1ncluded the mlrror 11ne 1n the f1rst

',5examp1e onTy, 1n1t1a11y by d1rect mode and then as a procedure added
ito the superprocedure.v’“ : ‘ ‘

- mode v1ew1ng and correctlons were made one at a time.- when thé’

'.0

roup III

Group III was abTe to complete al] phases of thTS top1c. The

“prepTann1ng requested in: the Extens1on phase posed T1tt1e d1ff1cu1ty to f

u':tﬁ1s group, aTthough they too were careTeSS in des1gn1ng the fllp

;procedure compound1ng the1r fa1Ture to change aTT the d1rect1ons of the ;h
angTes by making many typ1ng and copying errors. They WEre able to N
'hlocate the errors in the 1nd1V1duaT procedures but spent a great de 1k of

o ,t1me Jump1ng in and out of the ed1t mode to check and change every .

) error. The m1rror T1ne was: added first 1n d1rect mode. Later 1t'

T_ appeared as a command Tine 1n the comp051te reflect1on procedures but

'fvonTy after all three examples were debugged. They st111 experienced

”.ftO deveTOp separate pnoced; |
- them i"fa §upérprqqedurefa i__,‘:'jT”done in. the prewwous phase.’ The : l

= horlzontaTTy.
-command An fhe superprocedure.l Desﬁlte the cTass d USSTOﬂ Group -

%3f1rst,began i djrect mode._ .Thé or1ginal mirror Tine and image were,vv
. not kept separaté lnstead the students wrote horjzontal strings of- ;,j'
tcommands too. Tong to.pebug. ?hey eventuaTTy decided to switch to s

[

-;d1ff1culty 1n determ1n1ng the. d1stance the turt]e should move; back after
Xithe}\had drawn ‘the dotted Tine to represent the mirror Tine and-once o
Jaga1n managed through tr1aT and error guess1ng. - "~f . )*(.f-

At the outset of’ the TurtTe Excﬂrsmns phase a Nass d1scussion

evoTVed on how'best to approa_' his act1v1ty The cTass consensus was

k4l

ach component and then to comblne

chless as a whole expressi.;fj-_ " bout the mxrror 11ne belng on'a
_?d1agona1. 1t was sugg.sted the ALF construct thé f1gure L ',°g:"l

The d1.¥ona1 or1e_”at10m cou]d be added Tater s a; s1ngy

& L@ he T : e 2



v_procedures 1n wh1ch they were much more w1111nq to work wlth an

1nd1v1dua1 procedure for eath conponent They were ab]e to debug each

;.part before beq1nn1ng the next. when all was work1ng we]l they bu1]t a

conb1nat1on procedure.v ﬁf-ﬂ‘ : - BRI N I
Durlng.rhe PrOJect phase th1s group had ]1tt1e daff1culty adapt1ng 'f -

3ftHe procedure to a- reflectlon 1mage once- they had fan111ar12ed

F'thenselves w1th ca111ng a. varlable procedure. 1ng t1a11y when they 1nput 2'i'“

-fthe reflect1on 1mage procedure they neglected to change the nane used xn o
' -the recurs1ve ca]l They needed ass:stance in 1ocat1ng and correct1ng

"fﬁj;miss1ng camnands.v Only ‘when

ﬂ ‘this error, but apparently did not ent1re1y understand th1s Fé]at1onsh1p L

-as. the ernbr was repeated and agawn a551stance was. needed

"

. Grou v -, . »‘;‘:‘{.‘. n ) "..:. . | ;.’. -: l‘v/ . .v 1 - , . | -

L Athouqh th1s group c ild ea511y def1ne reflectlon procedures in the _'°!
"”'Extens1ons phase they too made s1m11ar trans1at10n typlng and copy1ng
ff'errors. After two. attenpts at dgpugg1ng v1sua11y they recogn1zed the
‘.Apotent1a1 problens and coped w1th the:. renalnder of the errors at a
1iprocedura1 level checkwng thizi preplannwng and Input for errors or

hey had carefu]]y checked a]l of the input o

‘f:fdprocedures d1d they check the1r resuPts v1sua11y. The mlrror 11ne was -
‘3’wr1tten as @’ procedure and added to the superprocedure after both the

_ °.orig1na1 ‘and ‘image’ were constructed thereby avo1d1ng the need to make
”'77th1s procedure state transparent._- SRR -'5':5 ‘

Group v began the Turtle Excur51ons act1v1t1es by break1ng the e

;'.fu1timate f1gure into conponents and then def1n1ng an 1nd1v1dua]

g procedure for each one. They were able to construct one part at a t1me .
. by add1ng a few'camnands 1n the ed1t mode, v1ew1nq and debugg1ng 1n .
“'direct mode and then repeatwng ‘the process.. After conp]et1ng alV three f“f.f
procedures they defined a superprocedure and were-. very please to f1nd af{fff

_vff;45° turn would then chanqe this reflect1on fron a hor1zonta] pos1t1on tov”f5
o diagona] one (this last step was done w1th gu1dance) -l

t3u"i%the Proaect phase th1s group was able to convert the - -

original procedures to reflection Images. 0ther than the¥d1ff1culty
- encountered inputting the: recurs1ve procedure w1th the correct syntax, )

'*-fthey were ab]e to 1ndependent1y cunp}ete ‘and debug the1r proaects...

N i



"b:~d6roup I1.

m430f ‘the. angles,

Summary of ReflectIOns ot Procedures,

Table 12 dwsplays the results ar151ng from the 20 observat1ons of

1the procedura] work 1nvo]ved 1n the ref]ectIOns,‘{_gji*

o ; Table;lz ' Toplc < Reflecflons L
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’

g RSN
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,:Wup to. and 1nc1uding the Extens1on phasegpf‘th1§ top1c, thus ‘the sma]l

B ‘number (3) of ep1sodes observed 1nvo]v1ng the students in? Group I and
In thlS topxc, there was a. sharp 1ncrease in the; number
xd-successful]y compTeted epﬁsodes that began as grocedures.)
“also a s1gn1f1cant dgctease 1n the number oF ep1sodes inv
‘ ffand error strateg1es prep}ann1ng appears to have been producttve.
"Z;work progressed the students were more ta1katite about properties

There was
Tving. trlal
Asb,

1nherent 1n the subJect matter, concentrat1ngnon the difference between

tfv1sua1 debugg1ng seem to be 1ndicat1ve of~tw

-

zftithe prpcedure for the or1g1na] and 1mage_as being a change in direction
The low number of epfsodes 1n which the students used

hings.

They made fewer

oo
. R
ot .

. :i. o7 bl#" [

P

PO

7;fferrors that needed to be corrected and werefmore willing to examine the

toe
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e
DR

- of understand1ng of ref]ect1ons. 0bservat1ons revea11ng an

"".- A1though all groups .were encouraged to preplan theIr dlrect mo?;f

B 4"‘;: B -; "} . ’ L A:‘_.):_.'

entire 11st of commands w1th1n procedures for errors rather than Jumpang

1mmed1ately 1nto dlrect mode checklng. T -h; ggw“/ 39
-t AT P :

4. 12 COHNENTARY ON THE OhSERVATIONS OF THE REFLE?TIONS TOPIC if;m

INTERPRETATIONS ON THE VAN HIELE THEORY AND LEVELS OF iDGO USE

e

Cons1stent w1th the results of the prev1ous top1cs, student ,
comments durlng the 1nqu1ry phase of th:s toplc 1nd1cate a Ea§1c Level ;

unfam111ar1ty w1th terms, se of 1mprec1se qual1t1es for 1dent1f1cat10n “
as well as some. 1ncorrect 1nformat1on substant1ate th1s 1nterpretat1on.
:- Genera]ly students could correctiy 1dent1fy ref ctions but thelr
descr1ptlon were ]1m1ted to: "f11ps are in Oppos1t d1rect1 sYT ‘_
o Refﬂectlons were 1dent1f1ed only as “fllps“; Students sequd ,}‘V'h
unfam111ar w1th the terms Freflectlon" and “mirror 11ne” as we]]

as-wrth the representatron ‘ xthe m1rror 11ne as a dotted 11ne.

_”'- 0ne student perce1ved f11ps an_greflect1ons to. be d1fferent

concepts.‘;w L T o

\ ' ‘ ! .
Heffer (1983) suggested students at a Bas1c Level of a top1c S

-x-/* n

understand conservatlon of shape/and s1ze 1n d1fferent or1entat1ons.

f'- Dur1ng the topwc congruency of the or1g1na] and 1mage nevera'“, v
L emerged as ‘an issue, although students«a11ustrated through the1r7f
~work, their assimilatibn of“th1s property., e

SRR A

' students perceived the f1gures they were work1ng on- on19wa§ who]es they
S were not capable of seeing the re]at1onsh1p of parts (Cbxford 1978)

thought (H1rszup, 1976) o j”;" SRR e

s act1v1t4es, four groups had no vxew of how to proceed., In
2:59'39‘3""109 they .could not conceptuallze the reflection motion. as

'Ef‘discrete pleces thus command lists evolved as: str1ngs. and. not _
grouped T".BHY_uay,f These preplanned lists were lnput as L "J,':' o

5



V. Ya

' "hor1zonta1 str1ngs (somewhat I1ke work1ng in procedure mode where f 2

".fenflre command I1sts are 1nput at once)

:v:Debugging these 11sts was 1mposs1ble. Students resorted to tr1a1
f<and error strategres attempting to copy the motion one step at a

g t1me. They cont1nued to. be hlndered by enterlng long stlnqs. The

"erelat1onsh1p between the Logo Ianguage and- the geometry was

j1mpeded by th1s method of data 1nput _ - .
'Groups III and v demonstrated the 1nab111ty to reflect on the1r

B own activity when they grasped at’ another students suggestlon thatf’

_;:they develop a: procedure to represent the m1rror 11ne. They spent7
’ fmt1me des1gn1ng and debugg1ng procedures they could not use, unablef~
N to percelve how to effect1ve1y 1ncorporate these procedures.' :

‘x\ PR TR

Trans1t10n to Level I ;‘Iir ":V'* : :?7_ - -i,'»

c

As the students move closer to a new Ievel of. understand1ng they

':must be: a]lowed to experimenta]ly estab11sh the propert1es of the tOplC
.y:through observatwon measurement and modeI mak1ng (N1rszup, 1976) The'vf
"“ifolIow1ng comments 111ustrate the exper1mentat1on and model makwng

_ fobserved as the students 1dent1f1ed and developed relat1onsh1ps between
" the: : ‘ '

omponents of reflectlons.

-

~ATY groups were able to transfer ex1st1ng knowledge of the

Hvi“or1g1na1 and 1mage to appropr1ate components of refléct!ons w1th1n _.-*
. the first phase of the the Iesson. y 7-.‘,, '

_ benef1c1a1 for broup 1. “This group was able to segment a . ”'ffs/‘
S Qgreflectlon lnto 1ts"omponents and. then preplan command Iists
"JCOnstructlng the motion on the screen. in ‘their f1rst attempt

"u”subprocedures to represent the components of -the reflection ;37.1_

fPrepIann1ng the d1rect mode act1v1t1es appears to haye been ”ﬂ;;'>'"

B 'They progressed rapid]y tc prepIan and 1nput separate N.'chdu"a‘

"components correctly by t eir th1rd-examp1e. ,1”'f

[ 3

By* the extens;on phase all groups were ab]e to use procedures and

v
.

mot1on.. ' tﬁj' " o ;f"- -""~g.;' "',,1 e
:when creat1ng an orlg1na1 procedure, Group 1 reversed their

-'commands ‘and backed out, maklng their figure state transparent.:

AN other groups also making state transparent originals, ' Ee

E l, "contlnued t7'move forward 1n an attempt to complete the circuit...

¢
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Th15 d1ff1cult task” 1nvolv1ng repet1t1ous trlal and error can
overshadow the. 1ntended conceptual1zat10n of reflect1ons.’ Back1ng
out of a. procedure would rel1eve th1s problem and would be a
benef1c1al strategy taught to all students. ,”i R

'- Students can lose all concept of reflect1ons 1f the1r command l1st

for the reflect1on obJect is not state transparent. Th1s strategy L

- too ought to be. taught to all students.,.’ : v
D .' It appears that whenever the\students struggled w1th the

v“.

relat1onsh1p between the components of a reflect1on, they returned»

to tr1al and error guess1ng. Along w1th th1s return came long

horizontal str1ngs of commands. .

Students began to understand the relat1onsh1p between the or1g1nal L '

o lmage and mirror Tine as is appa"e"t in their approach to debugg1ng-,<T °

debug preplanned procedures as a un1t requ1res the students to
’*conceptually break down the1r or1glnal model 1nto 1ts parts and make

C .revlsions. They then were able’ to reflect on” the1r own act1v1ty. L

- Throughout th1$ tOplC Groups I and V were able to debug

f_ preplanned lwsts and ent1re procedures rather than empha51z1ng the"‘~”

step by step v1sual debugg1ng stlll evident ln the work of Groups
II “and 11, Groups 1 and N 1llustrated they could now alter
language lists to reflect the changes they w1sh to 1nclude,

- w1thout requ1r1ng v1sual ver1f1cat1on of. every move. '

'; All groups had‘ﬁlfficulty ed1t1ng and add1ng new 1deas to the f% |

e appropriate subprocedure, 1nstead they had to add command l1sts to,”i‘

the dr1ver procedure. ‘ ¢

v Also apparent in th1s toplc and 1nd1cat1ve of a trans1ton to Level
"I, the students began to establ1sh a more prec1se concept ‘of the

f“@,;properties 1nvolved 1n the f1gures.

= One property of reflect1ons repeatedly d1scussed was the
'l difference in. angles between the orlg1nal and" 1mage. e
't - As’ well the 1mportance of an 1mage and or1g1nal betng equ1dlstant

from the mirror line was discussed For most of the students, two R

or three examples were developed before they recogn1zed th1s



1ncons1stency m then' mode1 However Fon percewing th1s need
they did not correct any of the1r prev1ous examples.



¢ 13 SUHHARY OF PROCEDURE HODE ACTIVITIES

'5rﬂ'ﬁi{}f}ﬂf'f,:;fi"

snnsnw sumv OF meosssavmons

The students Logo / geonetry behav1ors as tﬂey progressed‘throu:tf'fh”i
Throughout the'four':j,,ﬂ'-”

e .statistmal ana’lys1s.

I the teachmg unit are sunmamzed 1n Table

"-»_5."'?top1cs the students behaviorial changes have been subJected to”

To charactemze growth in th1s env1 rorment the

perfonnances of the- five groups on the f1 rst tOpzc congruency were.

e ‘compared mth the1r perfonnances on the 'last top1c, ref]ectwns.

:‘f'}:'__mu]tiple comparison of proportions based on. the 1deas of Ty

';*‘~~developedzby Glass and Maqulre (1973) was used 1n Table 13

of five groups has been analgamated 1n thxs sunmary for stat1st1ca1

Y
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. df Cons1stéht thrdughout the topwcs.uas the htgh rate of successfu]
'3'.ffconp1et10n of all the ass1qned act1v1t1es. Behav1or changes however

.fwere ev1dent 1n the students approaches to: the ac1t1v1t1es.. In the
n“procedure mode act1v1t1es students were enc0uraged to preplan and then
v ”Qto work. at a pnocedura] leVel The 1ncrease in procedura1 lexel work
'57,%;re1ates to: the steady decl:ne.of trlal and error construct1on
_'fﬁvpreplann1ng became 2 viable poss1b111ty. The nunber of ep1sodes the S
f::fstudents rely on v1sua1 debugglng stead11y dec11ned as the students were“riu :
ihze_more ab1e to alter the language 11sts w1thout constant vasual checks. L
» lIn the early sessxons (congruency and. translat1ons) the students re11ed '

PR

Cel

l,f*strongly on a tr1al and error approach to: the1r geanetry constructions, j.2”5“
v{eithe turtle used ma1n1y as a- “draw1ng tooi“c' Procedure tr1ting COﬂSiStEdg_T.
lin_of bu1]ding a cunnand 11st thrquqh’a trial and error ap L
L frequent sh1fts between d1rect and procedure mode.‘ Act1v1t1es

roach w1th

B '_',~ .

'fthroUghout the rotat1on and reflectlon 1essons showed é sharp 1ncrease
/

.in. the use of procedures for construct1on.'°Tentat1ve use of ' ‘vifY”iJ :
: ﬂsubprocedures began in these later topics. v A ,47fh'» ) 55'5!:%
o ' St ents geanetry behav1ors 1nd1cate a Baswc Level of thin 1ng' o
-.:(seelng the/f1gures as wholes) throughout the 1ntroduction to each /
_ “.t0b1c.f While: ab]e to 1dent.ax_Lhe_tLansfonnation correctly,‘they ere .‘?ﬁ{
f,funable to def1ne or exp1a1n 1dent1f1cat1bn cr1ter1a.. ' ' _??i;ﬁ

As they proqressed thrbugh the phases of each top1c the stu"g

.:geonetric f1gures for correct ang]es or d1stances‘yas 1nfrequent
adyice assjst1ng w1th ana]ys1s or. construct1on strateg1es was never
oﬂ,app11ed in a new s1tuat10n._ In’ the 1atter phases of rotat1ons and '
- "reflections the students began to establlsh a pattern tor f1gure A
h:[,constructlon based on the recogni@)ou of ‘the caaponents of ‘the: 17- xiit‘;i_.“
*.transfonnatlon and the mot1ons between then._ Often properties were - s f(l
o recognized through vﬁsua] 1dentif1cat1on of.- errors.; SR <;t‘].f.3j“jr

: Var1at10ns in the students progress and in their approaches fb
procedure mode actlvites are highl1ghted by a tomg?r}son‘“f'the PUTRECRRNE
"“*vETfunhahEEE of Group I and Group . broup 1. showed -progress eybndg[.
; the otheé%four groups 1n thetr approach to the activities, while broup




Efifis;represi "of all other groups. In Tab]e 14 F1sher 2” scores »1153

canpare ‘the" B, '";e’s~of these ‘two' groups\1n a11 procedure mode

act1v1t1es for a]l top1cs. f

,Tab'_e:-'iig_' Comparlson Sumary - Procedure Mode Acﬂwflosl L
e T Group 1 and Group a1 LIS TTLL S R

P N

Cate§¢rllés_"'_' o i

:;..'>"I'otal<'Ep l.svodes : - RN 27 . o - 22
e Sfarfed as a. = ._0".9,8'“-‘ S .0.-.5-5 L '5'.10‘."»
S B T Procedure T P T T St
', '.Su)cce‘s's-f'ul Iy Cof’nple_tedf"” 0.95 082 : e 0.28 '}."
e Properflas Menjrloned B T N TINEN L I R TR ST
z - or~plscussed . Lo D33 SO 0B 19

e ” Trlal and Error

. Consfrucﬂon i 03 N 0.68 I' L 2,,659'_-‘ '
""",. AssistancéﬂNeedea Looowe T sz s 0
R .' Debugglng [bne S Coe L
o wwumegaw L0052 00 peE S ras
L Error LA LTt P T ol SRR
\ — o B . - - ,. - A

Slgniflc-anf dlffanjences at the 0.005"; and 0.03' t

‘:'Fron a: study ofwth]s ana1y515 1nd%cators of qrowth 1p.the us;
¢ to. represent geanetr1c 1deas are: an: 1ncrease 1nQ§he use of procedures
‘as a th1nk1ng tool redUced dependency>on tr1al and ‘error approaches to
't'constructlon and a more expl1c1t character1zat1ons of pro;ert1es.yp1he
_vasual aspect ‘of. geanetry‘knowledge bu11d1nq rena1ned pran1nent as the ‘
| students conposed and debugged procedures one or two camnands at a time.



-”cf;with thezé/assroon teacher fran a test iten bank reconnended for use 1n;e o
. the school system. Class averages as well as the 1nd1v1dua1 scores of,d‘j"3

-afAlberta Grade Seven‘turr1cu1un were assessed 1n ‘a 35 1ten paper and ﬂ' |

POST- I NSTRUCTIONAL EXMI NATI ON RESULFS

umt %and as weH m a schoo] system yea»r end exarnnatwon. Both

sets 0
o. 4 -. - '. A o \

-4, 14 nonou eemcmv UNIT\IEST e o
. T O\ e

1
Know*edge of the motlon geanetry obJect1ves prescribed 1n the

e

itﬂf’ The students geanetry knowledge was assessed 1n a mot1on géanetryffff.‘

st results w111 be reported 1n th1s sectlon df the chapter. f‘;ﬁ:fﬂ

~ ‘pencil test.. The test was constructed by - the researcher in conference R

'vfthe part1c1pat1ng students,4W111 be presented 1n Table 15

R

/’/

Table 15 - Moﬂon Geome‘l’ry Tesf Resulfs ‘ L

,’_a‘) Class Averages ' o v,_ S - A _' RS
B R e R

: b) :’P.ar'ﬂt':lpa‘l‘l'zn'g Student's ’§coros "Q‘_Tofal 35 " ) ST
o Devld. f.zz 63%)

-;. S "hry 28 (aox) 8

S s SR -_ Trocey S 22.(6.35)

Coroup 1V Gland 25 (116

L o~ ' S L i Richard 23 (66%)

SR T rown v cerata - 20flsm

. Franco 25 (11%) .

4.15 School Systeu Evaluatwn

-

.

F \

‘idnd proportIon - 8 ens, measurenent - 10 1tens, exponents -3 1tens;_'
‘ge anetry - Z(F'ﬁ:en and graphmg -4 atems.‘ For the purposes of th1s‘-
d7:study. the 20 1tens conpr151ng the geunetry sect1on of the exan1natlon o

3v,c The school systen exanlnat1on COﬂSlSted of 100 mut1p1e cho1ce
‘itens, covermg the followng topics nunber systemsv- 55 1tems, ratlo

ce D e e g PR AR L e
SR ST eroupl et ) o



i H7ﬂ,school systen and the 1nd1v1dua1 student part1cpan€s as well as scores"

N ’,

7T}and the overall test scores are presented for both cIaSSes. the whole

‘th oh. prev1ous para]lel systen eva1uat1ons w111 be presented 1n Table 16

TR IS S ™ Class

ST S . 78Class
0 school., Average
_'School Sysfem

o b)School Avprage "P_‘cev:ioos“_four"Y’ears g

Y

v‘¢)‘_'§ar33‘clpaflng S)‘udﬁy Scm'es -

Overall Te

",{}i,/ -, Total 100 -

L Group L Paul 8.

S?

t»vra ;,;ijg;_

I'_‘Groqp‘»ll Donna ';': 75_

SR o il shelte 31

Aracey . 55 - .

St Teroup v Dlane s ss
SN 7 Richard - 50

“Fred zf 68

;.?jliwszy
Sosag
.28

B S

l“ee&ﬁi;‘1!;kraw;» 53

QVIG COHHENTARY ON THE EVALUATION RESULTS

The reported test results of both thexnot1on geanetry un1t test and

628
1 62% L

[vf,,

RN ¥4
""f_16.7

Geon;efry Sectlon .. Ll

SR} BRNC:
O T
SRR
SR T

Table 16 - School Sysfem Evaluaflon Resulfs
0verall Test '_1.'»

‘78‘;,'
Y -7:} SRUR

BRI SEERSE
1] S

-_'the year end school systan eva]uat1on were lncluded as a va11d1ty check

- on the Logo /\Van erle currlculun deve]oped

‘The achievement of. the _u=-

5 Grade 7 geonetry obJect1Ves as set down 1n the A]berta Mathenatlcs

: “fCurr1culun was assessed through both of of . these tests.
' . on both: assessnents (72% and 73%) 1nd1cate successful ach1evenent of the

CIass averages

" f_currlculun obJectlves., Ind1v1dual results of the part1cpat1ng students

'show a range. of achwevenent fran sat1sfactory to exce]lent. The

:-‘students u51ng thls curr1cu1un d)d 1earn geanetry. '



-_‘f”fwel] 1n the sense of ach1evenent of currlculun obJect1ves, the
":’observat1ons on the qua11t1es of student’perfonmance can’ be a550c1ated

B Th1s prov1des a va11dat1on for the 1nstruct10na1 systen deveioped
71n thlS tnvestlgation. S%nce the 1nstructwona1 Systen 1s funttlonlng

vl

‘“w;w1th a successful instruct1ona1 env1ronnent. :}fufaf.%f

S




4 18 RESPONSES

] ; construat the 1mage for a spec1f1ed mot1oh A'
: }(trans]atxon, rotatton or’ ref1ectlon) Students were then asked

_ ;Yf;;ﬁexg]aln the ﬁdent1f1cation prdcess, vSanples to Choose from
"7jjn';nnc‘qded trans]at1ons fotations. reflecthns and 1ncongruouszf

:,[d)'pto connect correspondlng vert1ces on the ongina1 and 1mage of a’ -
':m,g1ven completed exanple of each of the motions, and to rev1se or"fffsﬂ
_ S S
‘c]ar1fy the1r def1nitlons 1% this- actIV1ty provided then wtth -;*4351

"add1t1ona1 1nfonmatton or 1ns1ght 1nto the motlons.v

In many 1nstance51the students responded:','llar]y to the interv1ew

mon responses.¢j* :'$; SN

6n'was done through a process of elimination



f?lnd1vidua1 student responses pr.v1de 1nSIght 1nto the thetr Q&'d:ff:i:pf

understanding of each of the mot1ons.» Spec1f1c ca!nents and - :
Y exp!anatlons ar1ssng as the students attenpted to exp1a1n or descr1be
‘ hjfthe1r protess of 1dent1ficat1on or construct1on are 1nc1uded for each:

'1_,

N The fo]]ow1na excerpts are the student s explanatlons as to how r‘fﬂy'fJﬁ

}th:y were able to 1dent1fy examples as trans]at}ons._ FOUr of the o

" sfudents were able.to clarify their descriptions of trans]atlons 1ater _7:””‘
f'Q_'n the: 1nterv1ews [after connect1ng coerSponding vertfces] and these

"7ﬁéf7eitensions to thEIP def1n1t1ons are also 1nc1uded :

o Paul B _...because they are fac1ng the sane-waysand are exact]y '

ju,,the same. shape.~ After connect1ng the corresponding vert1ces on - {j g
'?fan orig1na1 and 1ts translat1ons 1mage he descr1bed the connect1ng
: Jllnes as para1le1 butgrespond@d w1th -an enphat1c "No" when asked
f"'if the: connecting 11nes . . S,
*,t:'wou1d be parallel 1n every translat1on. On view1nq scme exanples
o ';oﬂ trans1at1ons he changed hqs reSponse to “...we]l maybe they

e
.. .

alt are para]lel. : SRRy

RSN

-~

TR Dav1d Each 1dent1f1cation was exp1a1ned as a result of _f~ O
L ,.eliminatlng other:uotlons., David too, after connect1nq the =
',corresponding—vert1ces on an original and 1ts trans]at1ons 1mage;f

X _ described the connect1ng lines as paralle? He then descr1bed af o
o o translation “the or1g1nal and slide inpge should be congruentﬁ;
“'fu’”and paratleé?f;pd was sure that this def1n1tlon would app1y tﬁt e

"'_‘ . "-o,-.ﬁ VN



emed ‘i f‘ ' zVi"-fS.ua:-l.l;' l‘siaﬁ!
3e11m1nating the qther mottpmﬁAi

ff]eroug II o

= She1]a.»3§t
i o sane,'except moved A 4
,n._.?:on an original and i,S%tfa“STat1°"s 4mage, Sheila sa1d ’ EA
A'}f?islides are paral]el-ft‘She thouﬁhf a]l tra"SIat‘°"S “ﬁh‘d be'v»'“l o

: f;Daral]el hnd was askéd ver1fy her statenent us1ng DP8V10US1¥ . H:SA:‘*
:"*7f{construct¢d or 1dentif1ed exqﬁples., On. encounter1",::a“ ‘"C°rr95t
e construct1on Sheila noted the orHJld!1 and 1ma§?. . SR *
R paralle] ”vAsked,vt.that\would change‘ﬁer idea abodt all s]ides f;f.ff{
*‘f?:;ftlﬂ»be1n9 parallel, she re§D°ﬂd9d ”“Nb that is 5t111 true Tnade a o

‘""3“»im1stake in’ draw1ng 1t.¢“ |

oo because I went

AR

;She,was_ab]e to correct the error.".
Tracez':w "It s the &ane pictur v i dbede it -
the same ang]e ,_n T

ﬁ"Greug IV : : L ': 'l T
D1ane.'l D1ane only dgf{
are congraent“.. ,uh'_g" @;“"

“"‘Groug v 'ﬂ;:‘;fn__
Ty GeraYd.@'t::':}‘; .

‘ t‘Then after conggstin

o aand its translatlons:



ROTATIONS '

The student responses to the rotat1on 1nterv1ew ques;1ons fo]]OW.%J-f"
: e

) The'responses 1nc1ude the students attenpts to expla1n the1r
l_?‘ 1dent1fltatlon of rotat1ons and how they “knew" that they had

| 1dent1f1cat1on cr1teria but could 1abe1 the rotat1on cunponents
appropriate]y,._; i‘ S e e R

“as. the or1g1na1, 1mage and turn center. The rotat1on was
1dentif1ed as-a 900 or 1/4 turn ,...because the 1mage is-

The rotatlon canponents were 1dent1f1ed as the or1glnal

e an equal d1stance fran the orvg1na1 and 1mane and that 1n

1Kﬁ.\ corrrEﬁdonding sides of an or1g1na1 and ha]f turn 1mage were

' ",-.:? \\

The 1/4 rotat1on was 1dent1f1ed ‘as 45°
"e 90° She knew the 1/2 was 1ncorrect

”}constructed a- rota61on.‘ Some students were unable t0rexp1a1n‘the1r j" s

nggl: Pau] 1abe1]ed the rotat1on CGT‘POnents in hws construct1on R

perpend1cu1ar to the orlg1na1'“}’ He also noted that correspond1ng
sfdes on an’ orlg1nal dﬂh a 1/? turn 1mage ‘Were paral]el 'f."“““‘”

"mage and turn center. ~David also noted that the ‘turn: center must o

o



.'Group V

Ly
- e

jlgaggy..: Dur1ng tﬂe 1dedﬂ!ficatlon procedure Tracey 1nc1uded
. 1ncongruous rotution nages (the staff gn the flag TS longer) and

rotatlon. :

1mage must be the sane d1stance frun the turn center as
the or1g1na1 and must congruent to the or1gna1

Gerald Ident1f1cat1on was made,,:...because they are d1fferent "'

-”ihtgd‘;'

1nd1cated (when QEeiiioned) t congruemcy d1d not. matter. ‘Sheﬂf"n”i

e was unab]e te consistently cansfﬁbct robat1ons correctly. SRR

: Groug v gfts"vh o : : : ,' g ; j S

D1ane*— D1ane was able to accurately construct r‘tat1ons, Tabel the

' three conponents (or1g1nal hage. and turn center) and use the an- .

correct notat1on. Severa1 atteﬂpts were needed to comp]ete a 180° S
‘ B - ffu.""

- ; R1chard R1chard 1dent1f1ed rotat1ons because _...they have the turn.;f;'

center and the cTockw1se rotatlon. : Later he added the rotat1on o

' 'jfthan slldes,“ Tater addlng "you can have 1/4 1/2 and 3/4 turns |

”u_;and the: image must be: conqruent ‘and the same d1stance [as the

or1g1na1] from the turn. center o He e11m1nated sane turns durlng;;{iff‘g

”-: 1dent1f1cation because they were too far away fron the or1g1na1
Fred . Fred correct]y Tabeled the conponents, 1dent1f1ed ’
'i rotat1ons, and’matqhed the angle of rotat1on and correspondang

fractlon._ He real1zed he had' 1ncorrect1y constructed“a 180° turanx-‘

because it “Tooked " wrong and tr1ed unsuccessfu]ly to’ "fix“ hTS ;
error.v,': P : L
. »

vl k T REFLECT!ONS

Student responses to quest1ons 1nv01v1ng the ref]ect10n motion S

f,'dur1ng the 1nterv1ews fo\low. The excerpts are ‘the. reponses to the .

R

vquest1on "Can youw explaln how you know th1s 1s a reflect1on7“ B w;

: . Grou I fﬁ_ ’ S _”z"‘.ftw'i.' u. : e -ff_"; ;}r

PauT : “They must be congruent ‘the mirror llne must be hanway
between the or1g1nal ‘and 1mage. Ltnes Joinxng the matchzng points
‘meet the mlrrbr l1ne at 90°” S e e

TDav1d “Ref]ect1ons are oppos1tes fac1ng each other or are

backwards.. They must be equal d1stances fron the mlrrorx

wne.
.ﬂu :




-

=

Ci et

_f.#f' the same distance fron thedgirror line.. The' mirror line ‘can’ go
77.i.;;l;f throuﬁh a figure like a square.“' She correctly constructed and

Vv
T

el

Groug W

-'v}‘K‘ fran the mirror line'_y

Group III

P

David correctly identified and constucted reflections and was
able to use his definition to. correct an error he had made in o

can have a diagonal mirror line but not often. She correctly

”“incorrectly.~>,;“.4?u;, o ﬁ.-~'. .-r: o '1f:n -.“fiﬁ .

Hary '”"“The original and image cannot overlap but they can:t
the mirror line._ The original “and image shoud be congruen'-and

identified all reflections{throughout the interView.
. Sheila' ’ 1'lthe mirror live things look backwards the image

the mirror ane.“l Nith the

, ception of an exanple inVOIVing a

45° mirror line, Sheila correctly identified and constructed the

«Afi exanples of reflections. f}v.ii‘?r:-**““‘v R ST

Tracey' Tracey’s only explju%tion for identification of o
reflections was,_“It is a reflection Because it'is not a turn or a

~ slide. The mirror line can be at different angles 90 45 180

270~and 360 L) She correctly identified and constructed

L reffections except those exanples u5ing an oblique mirror line.

<

Diane L ...The originaf”
line is a dotted linef
Richer He described ;

‘i;iage‘must be congruent the mirror
©d ejbetween two obJects.

ongruent and an equal distance ‘
ldinal;]f fe-[fgih;_ o ,':j. -

Group v e : o , S L
Gerald" Gerald was unable to explain.how he identified reflections,

although he could c0rrectly identify and construct all examples. bfhﬂ' Lo

- -He. was'hesitant to identify, as an exauple of a reflection one
constructed : ' ' ‘

?construct)on (his construction was not- “backwards") _ﬂj%ffi"7:'

Groug II

Donna.- B “The mirror line cuts the original and nnage in half yOU‘l'*‘ i

must be congruent and oppos te. They must be equal distance fran -

% o

e

identified reflections but constucted two of the refledtion imag s



e ='f;,_.l;l fo]d it Jin my mind on the mirror line, fthevnirror’”'h‘:
line reflects and.makes the other side backwards.- The original
- ”' and 1mage have ‘to! be the sane distance fron the mirror line.3 Fred
N correctly constructed and identified al] exanplesg but expegienced u

difficulty constructing an’ mage on an obTique mirror line. ,a{,f’::

.*‘4.19 commmv on hid lmn\ne’u nr.suus _fj_--'- S
i' The 1nterv1ew responses 1ndicate the students conpleted guestions _

vfb Ted on the’ Grade 7 motion geonetry cunricu]un succéssfully.vﬂln this,:d
-5ithe‘_tudents denonstrated their ability to create and’ discuss snnple

fﬁrepeated patterns in tenns of translations refiections or rotations,
;Teconstruct the image of a figure given a transfbnmation nane the ' TR
5}transfonnation or combination of transfonnationSsthat moves one figure fff""

}}onto the. other, and represent a transfonnation bf’the appropriatg’\
.fjnotation.»?ffngnz-*f;'A; ?”-f Q;Q,;ijj:"r ;yﬁ;f ;j: < :

?fTNTERPRETATIONS OF THE THE VAN HIELE THEORY

_ The students explanations and connents as. they conpleted these b
‘“ftransfonnation interv1ew activities show correlations to the experiences
?‘observed during the’ lessons,‘simiiar cqpnections,to the Vih Hiele theor%y
lcan be made.“ Throughout the Tesson observations the students entered: |
activ1ties prnnariiy at the sic Levei according to the van Hiele levels
of thought This was' especi ly apparent in: the definitions (T Te_il).

given du{)ng the inqu1ry phases of each of the topiCS.__fgff*‘_z

S Tabl 17 - Representative Student Descr1 tions_ R R D
durTng the Denonstration / Discussion P ASeS

- HTCONhRUENT FIGURES ‘f' ' ) ' R R

" . Congruent: figures must be” the same shape and 51ze.n_ R

The original is the “real™ picture._';}.w g I

“fThe image is the second picture. Dl .

~In:two. groups the students were not sure if congruentfigures _ e

":t,-could be in different orientations._']-z”\t R RNEEE S

; *jTRANSLATIONS s ' L o
~ -Slides are Tike sonething is moved over...s,u
.V.,,;'__i,STidesiare Tike a ‘bulldozer has move the object over. RN P R
©rav 7 Skides’ always point the same direction. LA TR e T e
Tin A “STides aiways loqk the same upright.-“ TR TR c e




. A turn.center that is. not away ff the or1 ‘
S ;R“ot sensible. (51c) oL 1opIne

Turns. %ice. in a’ ctrcle.,_-

__REFLECTfDNS coL T e
- Flips:are oppos1te d1rect10nS‘-.': L V”'
The mirror. line is the place: [here the f]lp occurs.,_» .

-,F]ips and ref]ect1ons are not the ‘same’ th1ng.; A flrp doe;~not
‘3have a mirror 11ne and a ref]ectlon does.;, Htm,_dkv_ ,

5:fHowever, as the 1n9truct1onal phases progressed there was ev1dence oﬁ the B
g_}students energing awareness of propert1es 1nvo]ved 1n 1dent1fy1ng and
v{f{constructing the ﬂransfonmations sfhd1ed, 1nd1cat1ng movenent towards

TVfLeve] 1 understan ng-, The 1nterview responses denonstrate a s1m111ar _J‘.¢§ .

—transition between these two levels of thought as 111ustrated 1n the
fdf owing d1scussion. 3,:14;[][i;4, }ﬁ,“ : . o RIS

Burger and Shau;§:essy s 1nvest1gat1ons of the van H1e1e though;
1e9e1s have suggested that the conparlsons of shapes exp11c1tly by means
of properties and their conponents are,vnd1cators of Leve] I '
understand1n9.1 Coxford (1978) also suggested that at Leve1 I e
understanding prop jties serve as. a means of recogn1t1on of f1gures._.ej”*
Unlike the definitton**duru ‘the denonstration~/ d1scuss1on phase df each
of the topics most of the s,udents dur1ng the post1nstruct1onal 1nterv1ews
were ab1e to give an explanatipn (or'definltion) for the1r‘1dent1ficataon

of each transfonmation., Many of these exp1anat1ons denote- the students'«‘ {;_:;;

: awareness of the specific PPODerties of the transfonnatlons.r {ﬂfl\
"'v*4:~Congruency of ‘the original and 1mage in each transfonnat1on was
fiijeCOQH1zed by 311 ‘but one student.. dost ment1oned congruency as
_ﬁa'ﬁfpart of their defintions. L '_ I . L
_f;f;The c0mponents of the transfonnat1on were easily 1dent1f1ed by al] ,fi"d
Hlfthn‘students. B "' & , L T -' - o L IR
5153'jﬁ*50ur of the students showed an. awareness that
.4ﬂﬁ'5;parallel segnent 1n a‘translat1pn.v; ,ﬁ;" L TR AT
'“u1"1§;f5he11a was able to.use the idea of mapp1ng para]lel segnents in
;gd;;transtations to correct an error in constructxpn, she had not ;Qﬁi"f
"pinitially perceived : Co T Ce

v”’s'gnent*maps;tofef[ :




o ; , ’1/2 rgtation was aiso perce
.?fjmportant condition bx two,d%her students. il

“ Despite the students awareness of Speeificrproperties of'the Qf‘ﬁ.f,if
:;;transfonnations, they also reliéd on qrpy characteristics identa, ( '

S

| fBurger and Shaughnessy s interv1ews q§ 9351c LeVei 1nﬁicatoTss Sgudents
ffgat a Basi Level of understanding use v1sua1 protqtypes, 1mprec1§e
:fﬁqualitiescib

conpare draw1ngs andaidentify and characterize figUres.

‘1rThroughoutf,' interviews students continued to. re]y on Visual
. con51derations based on the figures as wholes.a,b; "__RAR;_
- YIt's the, same picture, Just moved over.“‘;q?, R S

‘Eii'iifiult s Just moved over, it has to face the sane way. {“,:;;.sr ,1;“. |
’J’F”iiﬁ’“lt 1ooks like a picture thit goes apQund four t“mes~":»;;f“iet";u,;fngv
"rrnth4.Students frequﬂntiy tried-to correct thein conSETuctions when they

“looked“ wrong, even though they could not explain the erroc. _
-TSheila knew 1ntu1tiye]y her constructaon of a: 1/2 turn was 1ncorrect
rand expressed her frustration w1th "I Just don t. know what to-d6 “'3 o
ffln their identification of refiections students used expressgons ‘_f??‘?

‘}igfsuch as "I fold it in my mind“u it iooks backward" and “its.a’ :;f},f”*”

' :greflection because 1t 1s not ) siide or. rotation - highlighuing 11‘ -
_‘_"5¢,fthe1r v1sua1 con51deratioﬁ of the drawings. e: _;7';‘:f'-t.‘ ;se;n}?ﬁfu-lfu
-=';f7ér0ne s;udent s. idenification criteria included a description of the . .

* el ’

'_mirror Iine. _\}_f“ & fd,; ',‘iﬁ,’g,_ ..L-f“"1734¢7fk"f}f'}ﬂv. -

/ -
- Y

“An 1nablility to conceive of an infinime variety of types of shapes Qijﬁi_:,
i’ iabelled as a BaSic Level indicator (Burger; 1985) ~~Student’ responses :f_];f&
here/aiso limited the acceptable exano%es. -g? LR t«ff”fjfff; L
. r ;31" v T v T



ST

Ablb

> .r too far away fran the center of rotatton were a]so ellmlnated
:'--Although Donna 1dent1f1ed a reflect1on constructed on an ob11que
.. m1rror 11ne, th1s was thought to be rare occurence.= - "b
- Tracey 11m1ted the mvrror l1ne construct1on to 90, 45 180 270 and’
360 d%gree ang]és. ,:‘:_}.,' i dzd Lo B
~% Bas1c Level understand1ng is also 111ustrated by a focus on:_;

1rhelevant attr1butes and ‘an exc]us1on of ‘the - re]evaﬂf
f - Tracey d1d not see congruency of the or1q1na1 and 1mage as a .:uL'
7. detemihing attribute in m&tﬁon geanetry. = SRR R
'?f- D1ane Qﬂd not attend to 1abe111ng the or1g1na1 and 1mage on the 5
' d1agrans and thus made frequent errors.: - ' o

B -vMary d1squa11f1ed exanples of ref]ectLQns th%t 1nc1uded over]app1ng:§ e
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L= One student 1ﬁm1ted rotations to 1/4 1/2 and 3/4 turns. Exanp]es fﬂh o
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sunwzv concwsxons AND mpucmons OF THE: smuv S

Th1s chapter presents a: sunmary and the conclus1ons of th‘
same -of the 1mp11cat1ons for educators, and conc]udes w1th san
o recamnendat1ons for further research '

T s sunww oF THE INVESTIGATION o ,' RO o PRIEEL

The purpose of the study was to ex'ore and test the re]atwnsth
4 between Logo use and the van: H1ele theory of qeonetry 1earn1nq. Th]S
) re]atlonsh1p was ‘studied through 3 teach1ng un1t 1ntegrat1ng the van
. H1e1e levels and’ phases of learntng, and the grade seven motlon%geonetry .
‘ ~”curr1culun ob3ect1ves 1thﬂn a turtle geun try env1ronnent - The \'

‘_p’1nvest1gat1on of the Logo / van H1ele re]at1 sh1p 1nvo]ved two re]ateduj
"canponents‘- o . L ' ' ‘ ' ”?df
_ " The deuelopnent of a curr1cu1un mode1 1ncorporat1ng the van H1e1e
":phases of 1earn1ng 1nto the 1nstruct1 nal 1evels of . Logo was 1ntegra1 to

the 1nvest1gat1on. This mode] became%a bas1s for: 1essons on the mot1on h'
, e*geonetry top1cs .con ruency, trans]at1ons,,rotat1ons and reflect1ons. g
)Aufor each. topgc the follow1ng cunponents were dev1sed An "Denonstrat10n
.":/ D1scuss1on phase 1nvolved canputer demonstratlons and. group 3
- fd1scu5510n. “In the second phase,‘"Turtle Tracklng“ the- students used) ’Q
'tteacher des1gned procedures, to create a mgtion in d1rect mode . or k\\\__‘
o debugged the g1ven procedures to canplete the mot1on. ‘The 1ntent1on in
”*djthe "Extens1ons phase was for students’ to des1gn and debug procedures/
related to the top1c._ They were ass1sted in wr1t1ng procedures by lists
"}of camnands ‘recorded .in the: prev1ous phase. “Tqrtle Excur51ons" for
_ ,,”students at h1gher Logo or ‘van-Hiele 1evels,,was,to extend students ,

L procedures related to the top1c. 1In the final- "PrOJect phgseistudents
"f;were g1ven sane ‘initial act1v1ty suggest1ons and- were enc0uraged to
'3‘approach these act1v1t1es Nlth as 11ttle ass1stance as poss1ble us1ng

;the know]edge ga1ned throu%h the prev1ous phaSes to wr1te their own'

Drocedures oo ~4-* : L L
. The, studves second e]enent 1nvolved the researcher serv1ng as a
teacher / observer throughout the e]even weeks of instruct1on on the _"

.”mot1on geanetry un1t., Two heterogeneous grade seven mathehat1cs classes
'. were 1nvo]ved 1n the- prOJect. Although.all.mehbers of both,classes were;

; . XY R
T T



1nvo]ved 1n the progect the worm and progress of ten students, s1x _
: ~;ﬁ,.fronone class and four from the o*her Was . close]y mon1tored The ?5”hb
'fﬁstudents worked 1n,pa1rs at’th*.iamputers. The work and conversat1ons
v at ‘the canputer of the ten students were saved by a’ v1deo tape recorder
_ yiand an external m1crophone. ‘ eld notes of actrv(\1es ‘both at’ and away
: d,vfran the conputer were also kept Th1s curr1cu1un and 1nstruct10na1
_1phase was va11daf"ﬂ as fo]]ows "3-deta1led fu]l va11dat1on with y,#iant
”reference to the van He1]e theory, the mathenat1ca1 concepts,_and the
f}curr1cu1un was done there was a da1ly and top1cal va11dat10n based on
!ystudent responses a. teacher w1th0u' Loqo exper1ence was tra1ned and .. -
':”»carr1ed out th15 experlment w1th on of the. two c]asses 1nvo]ved as ~'
e subJects, conpared w1th those of

7‘SubJectS the re5u1ts obta1ned by
. (four prev1ous years of students and with. those of. an, entire. school if~f
, systen, indicated that students 1earned the geonetry welT

_ Ve Da1]y, and at the end .af the prOJect the¢z1deo tapes were rev1ewedv o
'-:and systenat1c sunmar1es were wrltten on- observlition gr1ds and’ then '

r:analyzed ~The: students were also 1£££rv1ewed and tested at the end of
,'the teach1ng un1t \ S : : ZA'” ' SRR
. To give as conplete a p1ctuge4}s poss1b]e of the re]at1onsh1p found
. between Logo use: and the van H1e]e theory, the fwnd1ngs for each’ pa1r of‘
, _'students SGre presented for every top1c in a three fold perspert1ve ‘3a>1 e
"?. “descr1pt1ve sumnary of each group, a tabu]at1on of the1r Logo act1v1ty =
fNand a cannentary on. those s}udents behavwors re]ated to the theor1es. :
In add1t1on, a sumnary of growth over the xour toplcs was presented and -
-analyzed ,iﬁ_ ' o s v ’ ‘_ '
‘ U ] Th1s flnal chapter presents‘conclu51ons and 1mpl1cat1ons of the h: -j E
szc’oucwsmus e T S
' The exp]oratory study focussed On f1ve research quest1ons., The _
| questlons and the responses to then 1nferred fran the research f1nd1ngs o
====?-are—presented '.j - L _“_ L ST
'1. Can a set of exper1ences be developed in a Logo env1ronnent
1ncorporat1ng the van H1ele’1eveTs .and phases. of 1earn1ng?
A;Logo 1 van Hiele curricu]un model was . deve]oped and, used
throughout the 1nstruct1on of mot1on geonetry. _Th1s.curr1ucu1un and the

4



assoc1ated studentfact1v1tes were found to have face vaT1dity WTth
repect to the van Hlete theory. The effect1veness of that currtculun _
mode] was shown by its successful use in a cTass whose teacher was not
j exper1enced in. Logo use as well as. by the classes successfuT
ach1evenen!’on a motlon geanetry un1t test and on the schoo] systen
geometry year end exam1nat10n. Th1s prov1des a va]1dat1on-of the

"E.‘«:
; a» curr1ucu1un model deve]oped 1n th1s 1nvest1gat1on S1nce the

lif”ﬁ 1nstruct1ona1 env;ronnent was functlonfng weWT in: the sense of
ach1evenent of currlculun ob3ect1ves, then observatlons of student
perfonnance can be assoc1ated w1th a successful 1nstructional systen
o Thus an’ effect1ve teachwng un1t can be deve\oped w1th1n a Logo ’
env1ronnent wh1ch lncorporates the van erle levels and phases of
1earn1ng : g UL R o ' : .
'. . The responses for the fol{owlng two quest1ons w111 be grouped under o
the top1cs of Logo behav1ors and geanetry behav1ors. _ e '
C 24 Nhat are the Loqo\and geonetry behav1an of the students work1ng 1n o
th1s env1ronn‘ t? ' ‘ ' e
3. Are ]eve]s

'f Logo use and van H1e1e Tevels of thlnk1ng observably

= reflected in the'act1v1t1es of- the students. S ’ '
a) The students Logo behav1ors ,g L > - ‘

' In each top1c the students act1v1t1es beqan 1n d1rect mode. .

E Students relfed strong]y on tr1al and error approach to the constructxonh:ah
of the mot1ons,d1th ‘the turt]e used mainly as a “draw1ng tooT“" As the;?if"
students progressed through the four ‘topics, they began to see the valueﬁ. o

- of. procedure wr1t1ng and the results show that they did indeed use

)~procedures. Hdwever most procedures took the fonn of captur1ng under aif

_ :name a sequence of - camnands which drew sonethan._ Frequently proceduresaa-

:Tf;were 1n1t1ated but the students either abandoned the procedure mode or}

"vworked at a'visual level, 1n add1ng and debugg1ng procedures one or two.vdi

,.cannands at a time; frequent shifts. between the two modes resulted X

'HAct1v1t1es dur1ng rotat1ons and reflect1ons top1c showed evidence of

rst dents .moving to the naive progranmlng mode. There was a more rout1ne¢

. uge of - procedures and a tentat1ve use of subprocedures. Only-.dne

&student was. able ‘to 1ndependently defxne ‘3’ general procedure 0

ﬂ;translate the or1g1na] any variance of ang]e and’ dfstance.’jffpf

[}
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kb) Geonetry behav1ors a

o ,lcont1nued to. reflect Bas1¢ Leve] thvnk1ng.. They were capabTe of _
"1;reproduc1ng f1gures us1ng ‘Logo w1thout error and construct1ons were SN

03

Through the precursgry Denonstrat1on / D1scuss1on phase of the

Hi_top1cs the students ‘showed. ev1dence of a Bas1c Level of geanetrlc
' f‘junderstand1ng. They coqu correctly 1dent1f'f )
"?;were unable to exp1a1n thewr 1dent1f1catwo_ process.,z_p o

_transfonnat1bns but

_As they progressed through the phases ' students behavtors

- canpleted as an draw1ng or: copy1ng mode of operat1on, recreatlng the

f1gures step by step. when errors were made students frequentTy cTeared;*_Pf

'fthe screen and began aga1n., Seldon dwd “the anaTys1s of geanetr1c shapesf -

o for correct angTes of d1stanCes arISe 1ndependently. If ass1sted w1th
" _th1s analys1s, any. 1nfonnatlon g : '
‘;not appl1ed to. a new s1tuat1on, 1t seen

i*vfIndependentTy e -\

'students were abTe to estab11sh a pattern for
b.recogn1tlon based on the conponents of the
: mot1ons between then.. The act1v1t1es began'to alter as the percept1ons
of the motions chanqed fran v1ew1ng then as wholes to v1ew1ng then 1n
,d1screte p1eces. The Logo construct1ons began to reflect thTS new _
;perceptlon.‘ The or1glnaT and 1mage were seen as a- group of connands andg.,~
-were eventuaTTy represented under a 51n91e nane as a subprocedure.

'*1 Correctly 1nc1ud1ng the mot1on between the or1gina] and 1mage w1th1n a

Qr style of attack suggested .asq*“d

each f1gure was v1e ed

T;\ .,'u?*

1gure construct1on\\a
ansfonnat1ons .and the :”Iv} DN

'Dlanned procedure cont1nued to be . a struggTe throughout the un1t A ,",.l,k
“ recogn1t1on and d1scuss1on of propert1es began to energe, Often'° _

, students def1n1t1ons g1ven in f1n\1 1nterv1ews rena1ned imprec1se and

'linking the Levels of Lago use and the van Hiele theory?

, geanetric shapes was reflected 1n the nature of the Logo act1v1t1es. :
. In1tially. observ1ng the f:gures as: wholes restr1cted then to o
jconstructlng these shapes in a drawtng or copy1ng mode thus the

beg1nn1ng w1th v15ual 1dent1ficat1on through constructlon errors.<ﬂThe
visual however there /was definite ev1dence of a beginn1ng awareness of :
the propert1es of transfbnmat1ons._" C

4, Were the behavyors cons1stent w1th the theor1zed relationsh1p

The students geanetry behaviors and the way they perce1ved
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Constructtons (althouqh neaFTYAaﬂt$suCCE§SfuPVv conpleted) were done

‘\;

thr0ugh tr1a1 and error constructions addspg and debqu1ng one cannand

at a t1me whether 1n§1 rect or procedure mode. There 1s httle
' ev1dence of preplanntn

at® th‘s Ievel Oﬂ‘y when students beqan to see 3
the figures as camprised.of canponents and the relat1onsh1ps between the " -

‘ conponents Gnovenent to Level 1 th1nk1ng) were they able to’ wr1te' S

L

composed procedures 1nc1ud1ng ]15t patterns and‘ eventua11y, . o
subprocedures. At th1s staqe p]ann1ng becones effect1ve. They have now -
moved 1nto the Na1ve Progrann1ng Mode. Loqo use- seens to" rely on how _
the students percewe the geonetry,,thus tl'lmk between Logo and van ‘:
H1e1e apﬁéars to- be cons1stent w1th relat1onsh1p theor1zed by K1eren and‘
Olson at the Bas1c and Level 1. ' ' ' ' o

5 Are there behavaoraltnarkers of the trans1t1on bef&een Loqo leveﬁs7
To what extent are such markers nbservable?'f’ o ;" : ,‘ 1‘_41_ _
Students seen to be mOV1ng towards the na]ve progrann1nq mode when'A:
they see the shapes as composed of d1screte p1eces.: Th1s was evwdent o
. when' prep]anned 1ists of cohmands began to be qrouped Input of the
11st was usual]y at a procedural 1eve1 Copy1ng a: 115t of connands for

"1_ the or1q1na1 to ]ater be used to represent the 1mage IS also an. early

marker of this tran51t1on.t At a. more advanced. staqe of th1s tran51twon
students they wou1d def1ne procedures and then use the proceduraI nane
w1th1n subprocedures. At thxs stage they were able to- debug: their £
procedures, however for most th1s was still accunp11shed w1th v1sua1
dlrect mode check1ng. Students at Level 1 had- the abl]]ty to- alter
parts of a procedure 1tse1f to ref]ect the changes they env1s1on 1
‘whereas those in tran51t1on were more l1ke1y to be able to- reTate errors?*t’
to p1eces of a list- of d1rect mode connands.- N L
Throughout the trans1tlon students strugqled w1th the relattonsh1p
between the conponents of the motlons. They usually resorted to. tria] P
and error strateg1es 1n d1rect mode to resolve the prob]en.; Students '
“were e1ther able to overcone their d1ff1cult1es and move back to -
procedure mode or. seened to. f]ounder’between the two modes as. conmand
11sts were d1scarded as students returned to v1sual construct1on. S
Prep]ann1ng early 1n the trans1t1ons phase seems counger-productive..i
Because the students st11l thought of drawing step-byvstep, students

s



ﬁ]‘would 1gnore preplanned work or perhaps worse would enter long,-nuxfa_33 _
horizontal strlngs of comnands wh1ch led to frustrattng, uncootrollable, o
errors. A)prenature 1nstructlonal enphas1s on prepldnn1ng seens
inadvisable. :5iu.fv-e"fs--f i B S L P v~’_-: 4;5}. =
Logo because of character1st1cs ok language 1n use” allows us to
see the trans1t1on in the students geonetr1c percept1ons and l1keLL
sponsors level changes 1n student behav1or. g :

53 mpucmous SRS ".'f‘ S e R R -
'if; Research to date on the van H1ele theory has shown many students 1n"
- high school and un1vers:ty geonetry courses struggltng at levels of
understand1ng beneath that at. Wh1ch the courses are be1ng taught. All
recannendat1ons have po1nted towards the prOV1s1on of. 1nfonnal geonetry )
expertences 1n the miﬁdle grades to bu1ld on’ students geanetr1c
1ntu1twon.‘ Th1s study is a f1rst step" 1n conf1nn1ng the relat1onsh1p of
Logo and the. van H1ele levels,.and us1ng this: l1nk prov1des an 1mportant'* '
veh;cle for curr1culun developnent 1n lnfonnal geunetry. The curr1culun
model developed ln th1s study prov1des a bas1s on wh1ch to bulld T
curr1culun 1n other areas of geongtry 1nstruct10n and poss1bly other
ﬁathenatlcal areas.» The data, both in ‘tems of student geonetr1c
ach1evenent and in tenns of levelled student actions, are supportlve of .
w the van Heile 1nstruct1onal theory. . - - f . . A
Ast stressed in the Van Hiele theory. this study also shows the rolen 17
| of 1nstruct10n to be v1tal The dec1sion for the top1c of study, S '
transfonnatlon geonetry, was based on - the scope and sequence of the .
\ provlncial currlculuh obJectlves and proved to be a prov1dent1al
4,. declsion. The. nature of - construct1on of transfonnatlbns in- Logo
"L encourages a trans1tlon in Logo use\fron swmple connand llsts developed 'f
through trial and error to a more stYuctured prograun1ng style based on‘;‘
build1ng block constructlon. Progrann1ng whlch has a bu1ld1ng block
approach 1s more apt ;o reveal the. geometr1c relat10nsh1ps 1nvolved
The foundat1on of the: Logo /. van H1ele 1nstruct10nal env1ronnent must
foster this trans1t1on so. that the 1nnate geonetr1c relat10nsh1ps can

energe. ' , | L , Yo L
o . .Throughout the - anstructlonal act1v1t1es the students freq ﬁtly '°”. '

oscillated between the dlrect mode and the: na1ve progrann1ng modg._ The



markers of the trans1t10n between these modes must be careff}”g
by teachers: 56 that" appropr1ate a551stance ensues.z If students are -

encouraged to approach act1v1t1es at levels they are nat ready for. they i

may not be. challenged students but rather frustrated and d1scouraqed

] . o Ay
B . e

s, 4 Rscmuomous FOR meuzn nesmcu BRI _' -

observed e

|

The flnd1ngs of th1s study suggest the need for further research 1n

[

' the follow1nq areas., f;“ S coi o
,'n“:'l; “0bservat1on - The present 1nvest1gat10n was based on’ an 1ntrodgctlon
_- : ito the motmon geanetry top1cs of” translat1ons, rotat1ons and
"h];reflect1ons..' B, B EE

L lResearch Quest1ons - Can thlS currlculun model he extended to tf"l

_ '1nclude operatlons on the transfonnations and qeonetry of two
‘-d1mens1onal figures’ Hhat Logo / van H1ele experlences would

'-encourage growth in’ these areas? Can this curr1culun model be used v

ll(at least for modellvng purposes) 1n other areas, such’ as
-.'rat1o/proport10n and equat1on solv1ng or more advance top1cs as o

REEERE vector space? P D T : AR
el observatwn - This’ curmc:z:?g executed in aka_] l.(C']aS_Sf‘O.Gﬂf

. ;env1ronnent _but under sp conditions, o
71Research Questlon -;In what - ways and to what effect can th1s _'f

"n'curriculun be.. 1mplenented 1n A large nqmber of classroons7'

“3..v0bservat1on - The students had twelve / e1qhty m1nute weekly

- : sess1ons 1ntroduc1nq Logo progrann1nq to. then prlor to beglnn1ng the

thmotlon geometry un1t : : . e :
. ';Research 0uest1on - N0uld the relat1onsh1p between Logo and van_
: H1ele levels change wlth a more»extens1ve Logo- bacquound? o

ﬁ 74.‘ Observation - The flnd1ngs reveal a relat1onsh1p between the. f1rst RIS

- Logo Levels of use -and the van H1ele levels of thought?,

'fhesearch Quest1on - Does th}s l1nk cont1nue to ex1st at Levels Il 3

:':III and 1V?

5.f'0bservatfon - Students achlevenent scores on related exaninat1ons
' ;were generally higher than usual. ‘ ' '
B

.o

-

o

ey 'loé g



nniﬂ_Research Question - Hhat are the 1ong tem. effects on acadenic ff-hf
. achievenent 1n a Logo / van Heile env1ronnent? “ e

' 6. fObservation alStudents geonetric 1deas seem to be shaped by,‘and
‘related to, the Logo activities. v v S
L V_Research Question - Hhat ‘are the mathenatical opportunities and
: .-~ideationa1 consequences of work in a Logo / van Heile env1ronnent7 .'j;f.*

“i7 Observations - The curricuiuu here confonned ‘to the geanetric 1deas”
' ‘ expressed 1n the curricuiun guide. J' SRCITR o :f~;l ;-" ' ‘"
Research Question - In what ways can Logo experiences be constructed.
fuily ref]ect the fonn ofjnathenaticai ideas such as :
'1-vector spaces, graphs, et. cetera? ‘What is the effect of u51ng ‘
7.apbropriate1y “fonmed" Logo representatlons on’ student mathenaticaiig

’ -ideas7 .

8. 70bservation - The effects of Loqo use 1n this study were primarily-,;f

v “?_cognitive.o It was observed however that students maintained a }2"'
Qr" high level of soc1a1 interactions in this. env1ronnent L

"‘*f'_ Research Question < What are the affective consequences for students=*«'

of working jn such an env1ronment7 . ‘;,-, B "\ﬁyi ;t

9.vf0bservation - Sone teacher acts seened to sponsor student growth in -
o this. environment, same to inhibit growth T
- Research Question - Nhat is the nature of such p051t1ve and negative

Lvmathenaticai teaching acts? ' t

coucwome smtmﬁ

_ The van Hieles were concerned with developing 1ns1ght in their
’students. The goai of the present study was an expioration- through o
the integration of the van Hieie phases of 1earning(within a Logo f

| environment and the intense observation of students in th1S o R

| environnent insights into. the teachind'.hd iearning of o |

tftransfonnation geanetry were sought The value of this research <
rest on the extent to which it al]ows f6r further insights 1nto "‘
levels of learning. , ' S
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TRANSLATIONS (SLIDES) - ﬁACHER PAGES

OBJECTIVES IDENTIFYATRANSLATION |

CONSTRUCT AN ORIGINAL SLIDE ARROW AND ITS IMAGE |

HATERIALS DEMONSTR‘?\TION D/ISK ( DISK FILE SLIDES lNCLUDES
, o DEMONSTRATIONS I THROUGH 3)

'jSUGGESTED ACTIVITES SR

i TEACHER DVIRECTED AC ilva -

Dlscuss w1th the students thelr understandmg of a shde Use
‘ DEMONSTRATION 1 prodgces translations randomly, showmg
the orlgmal the lmage and the shde arrow. The original and.
-its image are in different colours Dlscuss the three parts, _
- of the transTation, they can be. shown separate how how ,
oa sllde arrow is represented on dot paper.. DISCUSS the
. congruency of the orlgmal and its i age
. 2}7Students will predlct th.e results of-a shde when entermg
- verttcal and horuzontal mputs to complete the ste



,rs *

-leen q’ld“ Drocedures the students witl represent each e
' mothh on dot paper T : .

‘.Students wnl comp.lete translatlorlc n derCt mode usmq a
'_qeneral po.yqon procedure : :

| o - -\;. o g
Four lncomplete or mcorrect trahslatlonq are qwen to the

'.vstudehts to complete ST

Students wﬂl cre‘ate three translatlohs on their own usmg a

. rectangle as the OD]&& Dlagrams of the spemfled outputs -

v are gwen

_Studehts are asked to rreate their-gwn desngn as well as a;' ‘
. translatlon procedure for the mot on. Three examples are

requ1red

: qtudents. are asked to Create a general procedure to .
: construct translatlons Dlstances moved should be lnpUtS ‘f

complete gkt "

,Studehts are given three prolects on translatlons to

s



Lo

Thr(mghuut Turtle Trackmn uou uull be usxng procedins saved on your dlsk

o torepnsent each prooedure

2 Use the (o\llommg pmcedure to dnm apenlagun _ :

ue
TUHTLE THHCKIHB o

BEHD "SLIDES to load these mcedures

1 Use theprocedures SLIDEY, SLIDEZ, SLIDE3, 3ad SLIDEY The Scedure will

give gou the slide notation. Iraw the umamm. sx.mmanow end\MAGE -~

T0 PENTHG(IN SlllE o
REPEAT 5. [FD SIDE RT ?2]
ENI] N .

'Usmg tlus pmcedun dmn . penlagm of mg size.-In dxrect mode

- compiale three dxffml shdes of your pentqun, Keep alistof your
,cmmnands b , R :

. r:xampu:: - r:xmnp'u:z" -~ EXAmPLES



TUHTLE THRCKIHG CDDTIHUEB

3 The followmq four procedures m not l:omplete D:aqrams of the upecttd .
- ‘results are shown. Try and determize the missing commernds and then check
" - your-enswer by teachan the tuitle the' procedure and check the results. You -

. will be usmg 13e arrom procedure alreadg lnaded in the compuler memory fmm
- exercise’l. .. c

. 4o '\'

. v
................

a) 10 SLIDEA ST s e ST

U OARROW . L RN T N
*'_:'*‘-Pumqofnsotmom N J\p 1 NS
CENDS e e e

bl T0 SLIDE. 8
- ARAOW. -
~ PURT90FD 50 PU
S nnaow
CEND .-

‘w cl msuncc
“'PUBK 40 Pll
mmnw

END '

a) m SLIDE.D - ..
“PU LT 90 FD 40 m 90 FD 30 PD
mRROW
PU RT 90 rn 2
annom o
END A

e) TOSLIDEE

ARROLY 4.

‘LT 45 BK 65 RT. 45
END :




- EXTERSHDS
' l You can'use a rectanqle as a mgmal and then creale procednres .
“to slide your rectangle 1o a'eate desmns ' g

o Pu‘st umte Q procedure to dmn a rectannle

10 BECTHNGLE . S ‘

Usmg the 1dea of shdes write procedms that mll drlm on. the
_screen the fallommg dxagrams |

Becurd your command hsts

m.sunc.nm g f T SL{E mzcz ~ 'TOSLIDE.REC3

-

oous

’ [v e Ll . R



i ~ '_ EXTEnSIDIlS cun'rmm:n

S ”q_);m S’LIDE‘._D.‘EASIGN'Z;‘ | - nlﬂGBﬁM':i:' “

b TOSUIDEDESIGN2 DIRGRAM

2 Wrue a;rocednre for ] sunple desmn of nour dmlce

m ncsz S

o  ' Ilom mnte three dxiterent shde pumdm'es to muve mdalgn | R e
[ ._Bel:trd nonr cnmmands und save your moadures o m duk L

: Al

......................

L S Y
L T T e SR
.........................
...............................
........................

......................

..................
.................
.................
...................
...................

(O TOSLIDEDESIGNS ~ DIRGRAM



o ."_’2-51'2,_0 R

~ Try end create. general procedure for a slide using your desiga as the origijaal
- from the last extensioon activity. The distances and angles for sliding should be

mputSketchgour design and record your pipcedure. -

 SRETBH . PROCEOURE . -

......................

Save uour procedure 00, your dwk

]



 SLIBE PROFECTS . o

© U Youwill be using ﬁ@miméﬂ Fuwdwk s
© BEAD "SLIDES toiond these procedures.

"~ Dse the two circle procedures.  LCIRCLE will drew a circle to the left and - &5
" " BCIRCLE ‘to the right. Either procedure needs oae input. the radiusof the - .~
" circle’ (the distance from the ceiter of the circle to the outside edge). .
- Hore are some designs you can make with circles. If youhide the turfle. .
. while drewing drewing the circles. they will be drewn faster. Use the. ™ .~ ¥
-~ ideu of slides and try to.write procedures to create these designs onthe . ° " 7

 screen. Save your procedures on gour disk. -

SE PRBOBIBIRRNNN, e e el
L4 CROCAIANKRY - L e e e
(e ey
] . 4‘ wae . .P."J o .é;

) Lo . . ’ . - Y

| (XX XX XX B TR AT P
RN, 2sle2elesecnneleze S A

a . ‘ . [ '.‘ "‘u i .l

ER- el




. EEY A N
E .« :
K . :

" APPENDIX B

C. Y LETTER To STUDENTS AND PARENTS
, . o . o E } & O




{f»123ft

: 'Unlvers1ty of A]berta :
- Edmonton, Alberta L
L I TeG 265, @ L
s f~_bFebruary 18 1985

-H;éitskgfa ::f.' “:j. ‘;tsa#‘ii

, %lComputers are-a new and not very well’ understood tool in. educat1on.
X “'ere is much to be: learned about how ‘to use then most effectlvely. :

”'Dear Parents and Student

=

'I have. been teach1ng for ten years ‘the. 1ast f1ve at Cevesresdiees
School. For the 1984- 85-school year I have taken-a leave of absence 1n-v'
order ‘to da graduate work at the Un1vers1ty of" Alberta 1n the use of
= ,canputers in mathenat1cs educat1on.vv L : SRR
~ You may aready know that th1s year I have been ass1st1ng ............:"' ’
. with using canputers in: grade seven mathen$t1cs. esesseseesss and the
~school principal, esvecesssss, have grac1ous]y allowed me to incléide the.
Grade Seven students in my reasearch. ‘My. study. involves using the
" canputer as.a tool to teach and learn geametry. We trust the result of
- my. research w11] benef1t all students and teachers. B {~

}'Althouugh all: students will work w1th ceveseaiToe ‘and. me in th1s new 1

. approach, I plae—to work more closely with ten students as they follow

the lessons. It will be necessary to tape record their camments and

‘discussions with their partners and me and:to record their work both at

"“and away fram the canputer. 1 ant1c1pate my stuqy will take. . .

- approximately: two months, ~When the data is analyzed, th&childrens'
~didentities will be withheld. Students will be chosen to take part in

- the observation part of the study only 'if he/she and his/her. parents

.. consent, P]ease canplete the attached fonn and have it returned to

o..'.-.oo'..o.’

~ Yours truly, AT

-‘.Susan.Blamr

Attach. "‘.'v;-gz'ia;-‘;~7 _ j.fV.uffe



Dear M1ss Bla1r ‘
ﬂ Ne are w1111ng to have.'

part1c1pate

: ,Pup11 s nane. ' o
1n the observatlon phase o your'reséarch prOJect -as, outllned 1n your

j' your letter of: February 18 1985, should he/she.be\selected
R Pupij's signatuheﬂ_““ B ”#J; ‘ Parentfs_signature‘

OB S .

Ne are not w1111ng to have o ! "-'_7~.lv part1c1pate 1

, Pu1Psnmm N 3}._ T
S 1n the observatwon phase of your, research prOJect i S

. 't’

.')
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R TRANSFORMAT)ON ACTIVHIES o
Acnvmr TRANSLATIONS LE e h TR

’BRAH ANY SLIDE AIF THE FLAG R

Scr1pt PO T :
1. " Can you explain what a- s]1de 157 P S
2. - Draw. another slide that is different in same. way7 ’ '( B
3. . Can you tell me how" you know these are. shdes7

.4, Hdh\are your. two si1des d1fferent7 ' - ,

) N B " . s ~ "" . P

""'HERE ARE THREE FIGURES AND mzmo sum: IHAGES G‘I.VE. THE SLIDE NOTATION ™ - -
'FOR EACH,. o , R U BT

T oy e D T A S ey o
EC S S #T e e Tallle s 4 . B. 8 0.9 e e e e o - e e e . o
e e e e eie o 9::..'.. o . i e e . e o e e e - ',z_-__‘ A:".'A;. Lo o L §
Y Tl e e e e o g ’L;[';.ﬁ'.; ",,':q.'~
R . . . T . « o . ' - ’
‘ hd - - - ' *

Scr1pt _ _ B ‘
1. Have the student check those 1mages they thwnk are 511des.

2 - Using the' examples the students have identified, ask them to '
v;hm how they can 1dentfy exanples that are slides and.
t .

se that are not. T _ : S Eilvny

o
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DRAH THE SLIDE ARROW THAT REPRESENTS THE FOLLOHING SLIDES OF THE
ORIGINAL. ’DRAH YOUR ARROH AHAY FROH THE FIGURES.

g b o

[ 3 )
L » oy @\ . |
DRAW THE SLIDE IHAGE OF ABC *LABEL IT DEF " -
DRA | o 5

'Scr1pt ’ :
- If the students canp]ete the translat1on correctlﬂ‘then
1. Ask the students to compare: the 1engths of segnénts AB . and DE
~ as.well as BC-and EF. . . o
2. Can you explain what parallel 11nes are7 S
- 3. Are there paral]e] Tines in. th1s translation?
Draw segnents joining AD, BE and CF. Can you not1ce anythlng
- about the lines you have drawn? " . . 4
5. If the students recognize that these segnents are’ para]]e]
ask them if that would-that woulg be the case in all slides.-
Have them ook at ‘the prev10us exanples of slldes to conf1nn-'
’the1r reSponse. : o ol S

‘r - (‘%I < .
a

c’\
B
L



CACTIVITY 2:  ROTATIONS *

- DRAWANY ROTATION OF THE FLAG . _ = o =

- Scr1pt

Can’ you exp]a1n what a turn is? - :
Draw another turn that is q;fferent 1n sane way, "
.. Can you ‘telt.me how you know these are turns7

How are your. two turns d1fferent7 ”- :

Name the parts of a turn. o

GV W N =

" HERE ARE THREE. FIGURES AND THEIR® TURN IHAGES © GIVE THE AMOUNT AND
DIRECTION OF THE TURN FOR EACH. - SRR )

~ Scr1pb S
1 Have the student check those«1mages they th1nk are\turhs.: -
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Us1ng the exanp]es the students have 1dent1fied. ‘ask them to

_explain’ how they ¢an. 1dent1fy examples that are turns and ,

DRAH THE HALF TURN IHAhE OF ABC LABEL THE IHAGE DEF7 7

- ) ”

those that are not.vf

— i

| S ST
Iy o - S ’ . ‘ <
. «1.&3 . l ce e e
) ) ) ‘.8 . A.". ’.. ..
Q‘ s
Scr1pt e ' o
[f the students can. correct]y conplete this, rotatwon then

1.

2
3.
.4.

~

Ask - the "students. to canpare ‘the Iengths of segnents ‘AB and DE '

v as” well as BC and EF.
-Are there parallel lines in thlS rotat1on7

Draw segments Joining AD,. BE and CF. Can you not1ce anythlng
about the lines 'you have drawn? -

If the students.recognize that these lines 1ntersect (better
still, bisect) with the turn center, ask them if that would

.-'be, the case 'in all turns half turns, and in-all turns. Have

. them look at the prev1ous examples of turns to c0nf1nn the1r
~’u-response. : _ o



ACTIVITY 3, RE?LECTtoNS' <

~ TELL WHETHER THE FIRST FlbURE IS A REFLECTION OF THE SECOND TRY AND
‘ EXPLAIN WHY OR WHY NOT : | . _

. X .
e T . L .
v « el . . W .
P
<

Scr1pt - . =
1. Can. you exp]am what ‘a ref]ectmn 1s7 S : o

2. How. do,_ you ,know these are reflectlons" o
: P S e ) : C S

" CAN YOU DRAH]T,HE};'ﬂtR'Rszj LINE FOR THESE REFLEC‘T'EOM_S‘.V R




" DRAMW

T o
.-

B

THE REFLECTION IMAGE OF ABC; LABEL THE IMAGE DEF?

.
.
.
.
)
.
.
.-
*
.
.
.
.
.

.
.

.
.

.

.
(]
.
.
.
.
.

.
.
.
.

3

Cebme memm e

.
.
L
L]
.
.
.
.
.
3
.
.
.
3
3
.
.

Scr1pt T :
1f-the students can correctly conplete th1s reflection then:

1. "Ask the students to- canpare the 1engths of segnents AB and DE
© - as well as BC and.EF. . o -
- 2. Are there para]]el 1ines in this reflect1on7 : FRO
73‘ Draw segnents Jo1n1ng AD, BE . and Cf. Can: you_ notxce anyth1ng

.about the lines you have drawn? .

he -students recognize that the mlrrOr 11ne 1s ‘a

. ﬁpendlgular bisector of these lines, (they will explain it -
-f;jn stheir own vocabulary) and these segments are parallel, ask -
 “them if that would be the case in for al} reflections. Have
. them look at the previous examples of: reflections confim:

: ithe1r response. Ask them if. there is anything e]se they
:notlce about segnents AD, BE- and CF.. - N ‘

4 oy
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;which of the following circles are congruent? U :
..'X and Y’ RO |

Yand z. .

. X. Yi'ﬂﬂd ¥ A . ’7 v . . . . e : B .:;

oW L

- F1G.1. o FIG.2 . FIG 3j ‘
- .B. 1l and 3 .

€. 1 and 4
D, 3 and 4§

Q.
LY

1f a tracing of one circle fits exactly on the other, the circles
are said to be , : :

equal T
-the’ same L o o ;
‘congruent . - T e
‘paired = - ' . oo

T O >

. In thé fo11oQ;n8_bérallélocram, vhich”fiavres éfd’congruent2 

A. S and V“ate'bqngtuént

K. .S and T are congruent, *
I E and V are congruent . ‘
c. & and ‘U are congruent,
T.and V are'cbncruent

:“DJ ‘S.V,U a~d T are cougruent



o

. o |
. Which sets of polygons are congruent? - _ e : '

. . )
‘& ‘- s & & o o
¢ ¢ o o 0 I_f N .

o
L]
-
..
[

e e.78 ® @ 8 o s e ele e o & 8 o o

¢

Y b' 10.0 . ..\n .

. Wand X R LTS

. Wand2Z o - ) ot
W, X,and - '

. W, Yand

o0 w» .

[ SN ob]

A pair of ’po]ygohs prodiced by a flip is;

AL
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The number of “mirror. symmetries” for the rhombus ‘pictured to

‘the right is

’ .

b.

<A

C.

d.’

0
2
4

infinite

. The pair of figures which was produced by a ;e_fle{ctioh is

a. .

b.’

_The pair of polggén'é, préduéed by & slide is

SRR PR

. 4




EREI : . - ST . SR . . o
0. which figure represents the correct positioning of the mirfor line? ..

[

a.  fig.
" bl fig.

fig.

s W N

fig.-

"

.
oo R

[. . Triaﬁéle ABC has v u . axes of sgmmetrg’

1
2

L ec. 3 {
.

e Squéré”LHNO has - . axes of symmetry?.
a. 2 . C L M
b. ’ ' :

3
c. ‘4 -
5

| e .~
. The star has - . - © axes of. symhetry?

Cal”

b.

o oA N

' yﬂrf*’//" \Q‘- fepresents_'

per, 'ndtcular 11 es -
\pasfallel r

'perpend1tular segments
para)lel lines s

-'anfﬁ _‘.v
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... Which figure reptesents the correttamirrorilihe?;,]ﬁ'

_The pair of figures is produced by a turn " Which turn conménd,wouid*];ilﬁ
produce this? ’ o ol

2N

[}
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-r;ame a re‘gu]a‘r, »pven;tvai‘ion.
a) -XHGDB'" B
©b) :..A'GFE_-' -
, c)JBDFh
: d) BCD

U R

]

a) 5L

by 2D

c) (5 Lo o

S § 111 9 (20, 51) °-

B s 4 1 o
Which pair shows a'bfh'.p image. B
ren par a e

“

: c\>> d. A '
. Ea‘fch‘-fa‘nglev of a square meas'ure»sz - , e ‘
acas® e T b

Coeo90®
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s . - Sl T e ) L
27, The  correct. representation for ‘a7 turn clockwise is |

'a. !1g1 A . f-ig;-: 1 Al
L oceb fig. 2 : '
#100T e fig. 3
~d.  fig. 4

\ B

°3 ‘ The correct gurn comndnd ,for the hgure below is’ : : - Coa

kS f , g

. . , Y ¢ .
24. - A polygon with 4 turn symmetries is.

a. Aquare '.: e
b. parallelogram . = : T AP
c. triangle '

'd. rectangle
v2'5'. -~ Which motion maps S onﬂtg’vu. o

1
Lv<-_ﬂ-;

b) flip

Q) t»u‘r_n.v_

TVt . ,\'d')_ enlargement’

.
B



i‘?;;

'28. A pair of figures produced bysa 7 turn counter clockwise is: -

O Ow>
.

e

r

' ,!hat\slide should be added to (3R, JU) to® obtain a siﬁgle slide '
of (5Ly 2n)v, R L s :

"(ZL SU)“ |

(2K, 50)
(8L, 9D}

v

T‘he'pa‘i‘r of fiqures which 'wa'sﬂb'rod.uéed-hyfthe i'hdicatéd slide arrow is:

RU

T T2
. ! i -
 | -I 1] v L . I'b. .

JR G ] -.. ..«-,4‘__':.‘:_-,9-.‘.‘ I
P o

| 3 R 0
N P R
- e ——d ISR -
[ RS
I =7t { 4

g
i

e s Tl SRy SN

1
|
‘-
|
l -
] -

—t . T
L—_.J NN D

:

-— ]

\




_29,'. The f]\p '1.mag‘é of thef\gure wdu]:d be r'epr‘ESi.entéq_ib_y‘:_"' .“,— . \

oy
)

AL -

1

30 Name the turn angle that maﬁ\ the ObJeCt unto us rmage Q S

I

347 Which slide ar‘r_gw',p.rodu"c‘es:_.the:';is"lli_,\c‘i»e” (4R 2U)

a5 l

P . B .._.-u—-r—v

|
J
i
ik

- /
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33,

Nh1ch motlon OCCUFS 1n iﬁls actlv1ty
_ R
= 7?{ N   -f :d’,

(3L U) is used to get the image.

“ig- ‘obtained by (4L, 3u0).

'511de
fllp»y
‘turnr'

;en]argement

EE the second image from the original would be

A;?'(lL; Uy

B‘. '-.',(7.,1-'.’ AU)

€. (7L, 2uU).

34. -

c O W

D: (1L, 4U)

.

» ~

Given Figare DEFc,qﬁ&'iﬁsuimage D'E'F c

1 111

find[;hé

tﬁrnjpg‘é'dQOr kbbb{{i-;

Hslideparroﬁ}_-

-From this image a secoad image *
The slide notation that would describe »

1f we . make two Successxve reflections and the lines of" reflection'

are
e

,YOCaFiOQ
flip: >
‘mirror.

)  51ide S R '?:_

perpendlcular, we' could obta1n the saoe result by " us‘dg a



