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ABSTRACT

Differential Group Composition and Chffldren’
Problem Solving Using Légo ) :

E. Claire Chadwick -

This study examined what bearing group composition had on
*

“efficiency and programming style of ll-year-olds using Logo -

5
g

Turtle dr;;gzés for problem solving. The 36 subjects o
were divided into 18 groups comprising one, tw;'or £hree
members of the same or mixed sexes. Instructional materials
were developed and used to provide all groups with the
requisite level of skills: Each group was then free to
choose its broblem—solving strateg& to achieve the thfee
given, fixed goals involving making the Logo turtle draw a
copy of a simple line drawing. Observational methods were
used to measure efficiency, defined as finﬁl score divided
by time to completion, and to investigate programming style
which included the type of programming, the mode(s) used,
the level of planning, and the sequence in which the graphic
components were programmed. Results indicate that neither
group size nor sex composition has a significant effect on
efficiency or programming style. It aqbears that studeqﬁs'
can successfully work together in a cdst—effectiQe group
setting and at the ;ame time enjoy the cognitive and socialq
benefits if offers. Some suggestions for further réqgarcﬂ

° [
in the area of group work are included.. 5 P
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CHAPTER 1

JIntroduction

8
. Over the last decade, the field of education has
experienced the effects of considerable social and
| commercial pressures to make more use of microcomputers. We
hAve-witnessed an influx of these valuable resources and it
appears that the continued presence of this ingovatioh is
inevitable. What is now required is an attention to the
.eduoatiogpl and sociolé?ical factors that affect‘oq{\?bility
to fully exploit these resources (Rushby, 1981). A major
concern is how this new technology may be successfully
integrated ‘into the schools. Is it being used in a way that
offers optimal benefit to those concerned? Students at all
1évels\are being 1n1t1ated to computers this 1ntroductory

&
exp1r1ence must be successful 1f it is to foster a positive

>

e

attitude towards computing (Coburn, Kelman, Roberts, Snyder,

-
L3

Watt & Weiner, 1862). Of the methods of introducing:
studgnts to a computer, one that has attracted widespread
Attention and sustained its popularity is the programming
language Logo, in particular Logo Turtle Graphics.

~Thé many uses for computers in schools ‘have been
classified in several ways, one of vwhich reflects whether
" the student is controlled by the computer as with
traditional types of coﬁputer assisted iﬁgtruction (CAI)
’ such as drills or tutorials, %or ’is himself in control of the

.. [ :
comppter. The latter can be the case when working with Logo.

The student interacts with the computer which provides him

e
»
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with immediate féedback to his programming. Several clainis
have been‘méde that such progrgmﬁing with Logo f;cilitates
the developmegt of problem-solving skill§ (Watt,'1982; o
Papert, 1980). Problem solving, in a broad sense, can be
‘viewed as performiqg a series of actions to reach a goal

for which there is no immediately accessible solution. One
problem-solving styategy that;{§~3§tremely effective
involves breaking problems into small parts and solving

-~

these sub—pro?lems in a systematic way. Such a strategy

may be called propedural programming; the small parts of the -

problem are solved'in subproéedureS'that'collectively form a
superprocedure to solve the whole problem. Although Logo
Turtle Graphics easily facilitates procedural programming,
probleqs may also be solved by another strategy which
involves more linear or unstructured(programming. Whichever
approach is adopted, the student is usually involved in
programming the computer to draw a representation of a
predetermined but not necessarily fixed goal,

It has been suggested th;t téshgrinyglving problem
solving (Durling & Schick, 1876) and particularly CAI
problem solving (Lathrop & Goodson, 1983) lend themselves
well to:group work. Most research on the Logo environment
indicates that students usually!'work in small, ool}dborative
groups to Jjointly produce a project or goal (Krbénor\&
Mitterer, 1983). This has been identified as a very
positive element in the students’ 1earning.of cog?itive and

social skills (Krasnor & Mitterer, 1983; Papert, 1980;

»
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Watt,¢1982; Hawkins, 1983). Many other claims have been made
g T ;o
for Logo, not the least of which is that, as a tool, it

offers ¢réat potential’ for our educational system. In
recognition of such, Logo has been readily adoptediby
schools on a very large scale. However, as Leron (1984)

. i
points out, the eventual success of lLogo depends on how we

use it. Many of the issues concerning the everyday practice
8f Logo have yet to be addressed. Given that we know that
‘Fodt Logo sessions ipvolve group work," this study

Py

investigates the question.of how groups can be organized--to

offer optimal benefit to the group members. Does a

4
v .

particular group composition enhance: performance over that
of another? Research‘to date on Logo has given littleaifknb
" indication as fﬁ optimal group siée or composition and there
has been no investigation into group size and composition
réTEtiye po.certain‘kihds of problems. This issue shodld.ﬁe
addressed if we are to determine how teachers may best

manage their Logo sessiorns, a deciksion that has, up to now,

béen left largely to the individual teachgf’s intuition.

//F/ * This study investigates the effects of a group’s

ocomposition on certain aspegts of its performancé and

-

behaviour.

-\‘J\
The Statement of the Problem :

The study focusses on how 11-year-old children solve a

—~

given probleh using the_Logo languaée on a computer. Both

P -
¥
» - e

£ . JO—
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performance (in tdrms of the product) and behaviour (in .
. , - -

terms of the process) are considered:
1, Do children work more efficiently alone or in groups of
two or three and does the sex composition within the group

affect efficiency? | " ' .
2. Does a group’s coméosiﬁion»affect the programming style’
of its members when there is no direct. .intervention?
Thewpossible disadvnnﬁﬁges of group werk such as
reduced efficigncy (Freedman, . Carlsmith ?-Sears. 1870) and
potential personality conflicts seem\to be outweighed b§ the

advantages. Members can benefit from the group’s pool of

-

" abilities (Freedman et el., 1870) and from other membeys’

feedback. Gr?up work can also lead to the gemeration f new
ideas (Torrence, 1970).

Of course whefe work with computers is concerned, cost-
effectiveness has,dictated that studenti‘work in groups.
However,‘with the improved ratio of computers to students we
now need to consider what the ideal group situation is.

Boyd et al._ (1983) have discussed é;? imporfance of students
working together t§ develdp social skills, irrespectivo of‘
the number of computers'available;

«

Research in this area with CAI i; limited Qostly to
studies that have shown no'signifieh;t differences in
achievement, behit‘adults working in groups of onée to four
(Caréyright, 1972; Okey & Majer, 1975) or.higb schooli
students working alone or in pairs (Lebel, 1982; Love, 1969)

or in groyps of one to thre; (Karweit & Livindgston, 1969).

+
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Some differences were found in these studies; Karweit and .

_ Livingston™¥1969) concluded that boys worked more gquickly

-+ ‘ N
than girls on a simulation game. Okey and nger (1975)

found that learning ef{icien&y increased with group size so

¢

that groups of three or four required the least time.

-

Trowbiridde and Durnin (1984)4ho§ever, found -that a group of

3

four seemed to be too large .while Lathrop and Goodson (1983)

claim that three students is the ideal number for working at
+ & computer,. Would this be the case in a non-CAI situation

wheré the studéntgi}rg working with ﬁogo-%nd hence héve more-

latitude in terms of‘tackling the problem soiving task? A.
. . " » 45
dgroup of three could benefit from the opportunity to

qoilqboratg. "
o~ On the Qgher hand, working wi%h Logo gdenerates a lot of
communication among tKe stqun%s (Hawkins, 1983; Nelson,
1981). While this could causesdiétracfipn for some students
and general disruption in the classroomn, ADuz:ling and Schick
(1976)udemonst;ated that an opportunity to vocalize to

+ another person was.crucial to the success of problem solving
»

- in a college level population. How 'would the level q%

efficiency be affected if the group were to include a third

~

member? Would the additional coklaborétion be detrimental

to an efficiency measure or would the possible disadvantage

of extra discussion time be outweighed by the superior
%

"hchievement scores resulting from the sum of more Student83
i . ' '
input? X ‘

The second question to be 60nsi@ered is to what extent

H
<

—
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the group’s collaboration affects- the process by which the

¢
.

" group arrives at its goal? Observations of 12—yeariolds'

Logo programming behaviour show that mest studerits,
including those who have previously written procedural

programs, when given a choice, use a linear approach; this

is character1zed by trlal—and -error, semi-random work at the,

"

keyboard. There is no pausxng to look back or plan ahead
(Leron, 1984). Indeed, it is very commpn for students to
proceed with very little or no pre-planning (Tetenbaum &
Mulkeen, 1984' Leron, 1984; Hillel 18985). Hoyles (1985)
§uggests that planning and programmingbstyle appear to -

)
depend on the level of abstraction or definition of the.
o . h ol

goal. When the goal,is not clearly defined and _fixed, for

&
example, students who experlence the least difficulties 1n

-aoh1ev1ng the goal will often scrap what they have done and

é

resta;t or modify the goal, rather than revise the plan

(Tetehbaum & Mulkeen, 1984; Hlllel 1985; Pea, 1883).

‘When students have a olearly def1ned task they often do not

follow a strict sequence of plannlng, hands-on, ?hen
debugging (Hoyles, 1985).

Anothef common trend in Logo programming is the.
overwhelming ﬁse\of direct mode during which students
continuously revise therf'plaét\oentindent oe the immediate
feedback provided by Logo’s direct mode (Hille{; 1685).

/

. Thisiin001ves alternate ’planning—ih;action' and\_'debugding-~

(

in-action’. The latter refers to revision made on a very

local basis (Hillel, 1985). , - ’

»?
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This study investigates how students in different group
compositions go about programming. In the particular task,
‘environment chosen, ll-year-old students in a school
se;ting are provided with the ne&essapy tools tg‘solve a:
‘prbblem that.is welf.defiﬁed‘and fixed. They are then given
a free rein to programme as ?hey choose. - Thé investigation
focusses on both performance (producti and behgvioﬁr
(protess). Does group size and composition have. an effect
on the efficiency of the p;oblem—solving activity? Do
stwdénts use proced&ral of,lineér programming. Does their
wofk involve pre-planning or planning-in-action and does‘any
.Planning ogcur on a local or.élobal basis? Lastly, does
{ @roup composition affect the sequencé in whicﬁ'tbe'tagk

~

components are programmed?
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CHAPTER 2

.Review of Rolatad_ﬂiﬁernture

3

The dxsoussxon of related literature is presented under
the headings: Logo programming laﬂgqagg, computer assisted
learning, problem.solving,'grouping, groupiné and Logo,
efficiency, programming style and observational research

study design. -

Logo Programming Lan‘ugjo

Lodo is a computer language developed by S. Papert and
Wf*Feurzeig in the Artificial Intelligence Laboratory at the

Massachusetts Instatute of Technology in the late 1960s

(Papert, 1980). Logo is reknowned for its procedural nature

7

and its powerful editing facilities but for many the primary

. advantage is the subset of Logo called Turtle Graphics.

bl

This offers a visual dimension to programming .in an
interqgtive environment. The user manipulates the cursor,

known as the turtle, -on the screen by typing in commands.

The turtle can draw lines to create geometric shapes.

Feedback 'is immediate so any errors can be corrected as they

+
[ 4

‘occur. ! g

] B
{

Qgéputer Assisted Learning: Frameworks for the Application
L ] of Computers in Educatjion 4

Rushby (1979) character1zes CAL as a flow of rap1d1y

changing, very detailed 1nformation with the oomputer

.Playing a prominent role as mediator" (p. 22). He then

~discusses computer assisted. learning (CAL) using the

- N



framework propos?d by Kemmis, Atk;n, and Wright (19775:
‘Four pa;adidms are given to relate computer assisted
learning to the field of educati;h: the instrﬁcﬁ&ongl
paradigm includes ins£Fuctiona1 diﬁlogue and drill and
practice; the revelat;fy paradigm is characterized by the
student’s learning through a process of diécovéry, aé with
simulations. The c;mphter acts as a mediator between the'
student and a 'hidden model of some real-life’situation’
which allows the student to discover the rules that govern
the model. whereas instructional CAL focusses on the
éuﬁjeot matter and the student’é masﬁery of it, revelatory
CAL focusses much more on the student and hié interaction
with the subject mattsr as presented by the computer. The
‘oonJectural form of CAL is that which helﬁs the student to
manipulate and test his ideas and hypotheses. Knowledgejis
-said to be created through fhe student’s experience while he
exploréé information on a certain topic. He also cOnﬁ;ols
the learning and is involved \in instéhcting or programming
the computer; Logo is an exampile 6f this form of CAL. |
Finaif;, the emano;patory paradiigm is concerned with helpitg
. the student reduce his workload of ’inauthentic’ work in his
learning. For example, he can use the computer to browse
through information, to retrieve it or to generate accurate
calculations.

Taylor (1880) sugges;s a framework for the application

of computers to education that differentiateg between using

the computer in one of three modes. ' The computer functions °

1
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as a tutor, a tool or a tﬂteé.

&he tutor mode has its roots in programmed instruction
and is often known as CAI. The student is tutored by the
computer which executés a program. The computer presents
material to which the student responds then,_from'its
evaluﬁtion of the student’s response,‘the computer
determines what to present next. Some pr%graMS are designed
to.store, analyze and act upon student responseé, anfching
the nature of the tutorial. The use of the
computer as a tutor requires students to play a rather
passive role as compared to the student’s more active
-involvement in,lfor examg}e, programmind in Logo.

The toél mode includés the use of‘the computer to
perform functions' such as word processing, statistical
an&lysis or accounting. It is often used to save time and -
intelléctual -enerdy in that many tedious, time consuming'
Jobs can be transferred to the computer.

To function as a tutee, the computer has to be tutpred
by ;ts user. Oneg very common example 6f this is Logo.
According to Papert (1980), when children are programming
the computer they are teaching itihow to think and can
therefore explore and extend their own thinking.

In his analysis and categorgéation of CAL, Boyd (1882)
identified four modes. He placgd working at a computer with
Logo in what he calls an auto—élabqrativo CAL mode. This

mode en¢ompasses developing problem-solving skills, learning ‘

abstract thinking and organizing one’s own legyning more
o v
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than it eflbhasizes learning facts. An essential element is
the questifon of how much and what kind of guidance should be
provided to the student. ; With Lodo, because no built-in

b

guidance is available, iﬁ has to be provided by the teacher
so it varies depending on the situationf

One of Boyd'’s other categories is personally-guided
small: group CAL. The teacher, as leader and subjeét matter

expert, holds discussions or ’post-mortems’ with groups of

learners, guides them in their choice of work and helps them

_ to discuss any difficulties. The type of ﬁrograms psed are //

usually modelling, simulation, problem solving or data //

analysis. Boyd states that "the main point to note is th9£
the leader and group members all learn from each otheiéz?/
non-verbal and verbal communication and through the sp{ es
of group-identity-formation, as well as from the coqﬁuter
programs” (p. 307). It seems that an element of this CAL
mode is present in many Logo-learning situations. The
teacher may not ngcessarily be an e#pert.on Logo but
because guidance éo the student is not built in, he may hold
small group discussions, guide students in their choice of
projects and'help them discuss their difficulties.

The pre-packaged computer assisted instruoction
(CAI)/computer managed instruction (CMI) is Boyd’s term for
materials that develop factuai knowledde ‘and reproductive
skills. The fourth mode is called gated co-operatively-

elaborated CAL. Students are involved in a_cooperative

effort of producing studyware. The term ’'gated’ is used to

/

/Z
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indicate that those wishing to participate must show tho}
have the requisite skills before they a;e accepted as a
contributor.

The frameworks discussed so far appear to contain
common elements. Only the gated co—operativel&— - -
elab&rated CAL mode (Boyd, 1982) has Wo counterpart in the
other'fra@eworks presented. .It is difficult to estimate the
extent of’this mode’sduse in education but Boyd provi@es
some examples of its use. University students have produced
materials for other students; professors and teacheus have
produced CAI materials, some of which have been shared with
others so that the authors could build on each othqr’s work.

The common element of the quncipatory paradigm (Kemmis
et al., 1877) and the tooi mode (Taylor, 1980) is that sf '
helping the student to reduce the amount of time and -
intellectual enerdy expended on tédious work. The most
widely exploited educational appiication would be in the ;se
of word processing. The*also widely used drill and practice
type of application can 5e placed in what faylor (1980)
calls the tutot mode; Boyd (1982) the pre-packaged CAT/CMI
mode, and Kemmis et al. (1977) the insﬁruééional paradigm.
They are all characﬂerized'ﬁy a focus on the student'é
mastery of the subject ﬁgtter and by the c;ﬁputef'é tontrol-.
over the student’s léafning. i

Andersqn‘(in Rushﬁy, 1981) discusses the role of control
in providing tﬁélstudénp with whaﬁ‘he calls thé ’'right’ kind

of experience of compg@ers."ﬂe sugdests that we should

.
N
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discouraﬂp computer development in which the student’s
learning is constrained or paced by the computer because we

-

deny the student the experience of control. The learner'

. should be allowed to make “sqlf—seleétibg decisions and to—
manipulate the informational substance of the di;ciplihe of
knowledge being studied” (Rushby, 1981, p.8). This element
of the student’s controlling the experience can be foun&xin
the revelatory CAL (Kemﬁis et al., 1877) where the studentwss
learns through interaction with and discovery of the sub}ect
matter, but more so in conjectural‘CAL (Kemmis et al.,

1977), the tutee mode (Taylor, 1980) and the auto-
elaborative CAL mode (Boyd, 1982). In these modes .the
learner can explore his owd‘th;nking,‘test his own
hypotheses and actively participﬁée in and control his own
learriing. It is this type of applicatioh of computers that
forms the basis of this sfudy, with Logo, currently the most

widely used example, serving as the main focus.

Problem Solving

Logo has been used for various'purposes in the
,educational setting. It has served to introduce students to
a programming language and computer literacy, and has
provided a basis for learning mathem;t}cs and other
’subjeots, including music, language arts, fine arts, physics
and biology (Watt, 1982). It has also. attracted particular
attention due to its so-called facilitation of the |

development of problem-solving skills (Watt, '1982; Feurzeig
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& Papert et al., 1969). -_

A'problem has been defined as:

-3

a situation in which an individual or group is called
upon to perform a task for which there is no readily
accessible aldorithm which determines completely the

. method of solution (Lester, 1978, p.29).

The process of solving a problem can be broadly defined

5

the following ways which are similar.

Ausubel defines problem solving as:

any activity in which both the cognitive r;presqnt~

ation of prior experience and the components of a

current problem situation are reorganized in order
_to achieve a designated objective (Ausubel, 1968,

" p. 533). R

Accgrding to Hartley and Lovell:

e

probiém‘solving implies a novel situation for the
_stuqent; he has the reguisite knowledge and sub-

iyills to solve the problem‘but has to sequence

his reasoning and/or develop heu;istics which B
take him from the initia} to the goal state |

(Hartley & Lovell, 1984, p. 38).
' =~
Of the cognitive based definitions of problem soLvinz,

Polya’s seems to be of the most direct use for the purpose

..of this study. In his terms problem.solving means:

“

- / :
.. e
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to search consciously for some action appropriate
to attain a clearly conceived but not immediately
attainable; aim. To solve a problem means to find

such action (Polya, 1962, p. 117).

’

it is often the case, however, that students working
with Logo modify their aims (Cathcart, 1985; Hillel, 1985)
or indeeé set/pgt with no fixed goal (Solobon, 1982; Peavf
'1983). This situation does not arise in the present stud;
due to the nature of the task. It is therefore necessary to
modify Polya’s ﬁerm “clegrly conceived” with "fixed" aim.

Polya’s work is also of particular interest in
describing the process of problem solving with Logo. He
states that problem solving involves four phagés:
understanding the problem, devising a plan, carrying out the
'plan, and looking back (Polya, 1945). He notes that the
problem solver would likely progress in this order but it is
possible that he might skip a phase he found unnecessar&f er
he -may decide to recommence at phase one. This choice of
action is open to the Logo problem solver and is one of the
deneral elements of interest in this study. In short, the
aim is to place students wiph the requisite skills in a
' 4

novel problem-solving situation and investigate their choice

of action to achieve a given fixed goal.

1

ouyi
The question of how groups compare §%th individuals in

problem solving has attracted a great deal of attention.

/ o
.

A
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Depending on the conditions, having another .person present
may be a disadvantage or an advantage: when a group is
-working on a problem together, both distraction and
“stimulefFon may occur. ' |

Inggé;ir discussion on groups aﬁd problem solving,
Freedman, Carismith and Sears (1970) claim that uﬁéir most
circumstances groups are less effgcient than individuals who
work alone. Group members "distract, inhibit and generally
tend to interfere with one ‘another" (p. 139). On the other
hand, the fact that they are better at spotting errors may
outweigh this relative inefficiency. Another disadvantage
of group york is thﬁt dépending on the particular
characteristics of the individuals, conflict may arise among
members and have a destructive effect on the group. Boyd et
al. (1983) found this was not the case.in their observation
of 15-to 17—year—olds_workiqg in pairs at a Computer. Even
'thouéh students were randomly essigned a partner, they were
éuffioiently involved in the problem-solving_activity to put
aside any personal differences; no conflicts occured.

According to Freedman et al. (1970), group work
provides two major advantages. Individuaily, members can
check each other’s work, and oollectively; tbey can provide,a
.much wider range of abilities than ohe person could. ' The
-authors also point out that these characteristics of group
work are more advantageous to certain types of problems than
others, for'example, problems that involve a large number of

separate operations such as complex mathematics. In this
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type of situation, the greup members really work alone and
the group works tqﬁetber to check eaéh other’s- work.

There are other benefits derived from -group work.
Feedback from other members of the group can help in the
formulation and reshaping pﬁxideas: Members may also
discover new info;ﬁation they\would otherwise have missed if
working alone. There are also social benefits to working in
~a group. One is the coopefation that the situation fostgrs.
Also some students find the group setting less threatening.
____Boyd, Douglas and Lebel (1983) discuss the importance
of a type of ’sociostructure’ for educational CAL where
"social cooperativeness and responsibility goals are ;lways
as important as the spec1f10 individual skills acqu1red (p., .
1)1 The authors point out. that inattention to the
educational impact of the sociostructure leads to a ’closet

-

computer queen’ phenomena:

.the intelliéent pupil whose

-8

social exchange skills are neg ible,... is sent down the

hall to work on .the Apple or PET in the,broom'closet and

develops ever more technical competence at the expense of

»

social competende” (p. 1). . ‘-

S .

In a discussibn about elementéry school children'using

a variety of CAL progfams,.Conlin (1981) also agguég:;he

L]

importance of children not working alone on a computer. Sh:s////”
stresses the linguistic benefits. - Working todgether generat

an enormous amount of language, everi in quiet children.

F

Research findings in geperal’ on group versus individual

wvork seem to indicate no detrimental effects for those

7
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students who work together. On the contrary, in many
instances grou%'vark seemé to be advantageous. This is the
case for studefits who are workiag op problem solving.
?orrencé (1970) conducted %wo experiments on the

influence of pair interaction on creative functionihg. In
. one study, 5-year-old childfen working alone and in pairs
were asked to ’hitchhike’ on one another’s ideas. They
were scored for fluency, flexibiiity and originality.
.Torrence noted that the children in pairs “"were only
occasionally‘sparggd by one another;s ideas and continued

\
for the most part glong their own tracks of thinking” (p.

393). However, thef’spa;Ling of ideas’ did occur with
sufficient fredhency to makela differqnce in originality.
~In the second study with college educational psychology
)§zédents, the tasks invo;ved: asking questions, guess{ﬁz

causes, guessing consequences and improving the product.,

ain, the students in pairs were asked to ’hitchhike’ on
e ‘another’s jdeas. Responses were scored in the same way

As with the children. The results for the adults followed

" the same pattern as those for the children. " There were

differenées in favour of subjects working in pairs on all
o a ‘f

-three variables-but‘the‘differances wvere most apparqnt on
originality. 1In both studies, "results strongly support the

hypothesis that dyadic interactfon stimulates individuals to

v

produce more original responses than they are able to
- - N <

produce wérking alone"” (Torrence, 1870, p. 393). " Also,

rd

both the child and adult subjects working in pairs seemed to

& ° :
' - A"

/

&
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d ,ﬂi'a ‘ group work in CAI. The subjects were students in an

19

o
‘perievere longer than those working alone. Torrence further

. notes that the adult pairs seemed to be having fun whereas

-

subjects working alone seemed to be fatigued and ready to
jstop. ‘ ' !

For Johnson and Johnson (1974), their research clearly
i

showed that a cooperative goal structure is the most
des1rab%§ for increasing group product1v1ty and for
promoting achxevement in problem-solving tasks. It results
in higher achieVemens-than a osmpetitive one. They further
- point out that when working together ou_a problem-solving
tqsk,-stédents learned not only how.Eo problem solve but aIso'

~how to cooperate and work with other individuals to addééss

r

a common problem or aocomplish'a common task. ¥
From research flndlngs related to groups or 1nd1v1duals

Qork1ng on computers, there is little, 1f any, evidence .to

!

suggdest that groups perform differently to individuals.

Most of the‘research in this field has focussed ‘on adults or

v high~schook students working with tutorial CAI. Few studies
: ¥

\have considered differences in younger students working

N

alone %F in a group on CAI and there are no research

f&ndlngs qv&algble that relate directly to lLogo and

differentzal‘groupxng ‘ LA ~—

N e z . /

»

. Cartwglght (1972) conducted a study on the use of -

e intr&ductpry educational psychology course. They worked

alone, in pairs, or in groups of three®or four. Subjects in’

I :
-each condition worked on a series of CAI lessons and then

-
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- - to measure performance during the game was based on the

f ' SO 20
later respondp&%individually‘to a mulﬁiple choice test. '
Cartwright found no significant differences in means or
variances of le;rning scores among'th? fo;r treatments. He
suggested that "the group use o} CAI may be implemented as a
legitimate (and less, expensive) alternative to individuaf
CAI,.withgut affecting performance"” (Cartwright,‘lQ?é, o
p.401). | .

In Love’s study (1969) of learning achievement
differences between students working individually and in
pairs, students from grades 9 to 12 were instructed
in Boolean algebra using CAI. The pairs were. selected
by mutual choice. Res&lts showed that the paired sub}ects
performgd'as well ;s the individuals. Both members of_ the
rair learned during CAI.>\,‘ : | ‘

In Karweit and‘Livingston’s’étudy (i969) 6th-grade
students played a 81mu1at1on -type computer game that
requlred them to make dec181ons about the number of |
employees they would hire and- the price they would charge
for a.product in a surfboard manufacturlng company. The
subjects were all of high academic aﬁility and familiar with
computer games. They were divided according to’sex and

randomly assigned to one of four conditions:; a group of

. Y
t?ree, a pair, individual and a control. The eriterion used

-

-

player’s net assets. 'All subjects took a post-test that
measured 1earning 6f certain.economic .relationships, A

accounting concepts and pricé-setting strategies. Results

>
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showed no significant differences on either criterjon

- Dbetween’ the students who played in groups and those wgo
played individually. There was, however, a significant
difference between the speed with which tho studonts played

the game: the boys were.faster than the girls.

7thland 8th-drade students showed that

3

One study
, small group~usage of interactive computer- based learning
material h d oertaln advantages over 1nd1v1dua1 usage.
Trowbridde and Durnin (1984) investigated interactlwity as a
* function of group size. The students worked indi;idually or
in groups of two;‘three or four. They were asked to
‘manipulote pictures on the screen with the objective.of «
discovering the concepts regarding current flowing through.a
oom%lete circuif Video, audlo agg key push components of .
the‘group aot1v1ty were recorded The students took a pre-
and immediate po&B-test quiz, thed a delayed poét—teét that
consisted of the previous post-test plus a brief interview
tha£ rgqozred‘a practical demonstration. ﬁesolts showed no
evidence of &any detrimental effects among students‘workfﬂg
»in pairs or groups of three. The groups of four, however,
seemed;to be too large for all members to'maintain high
levels of interactivity with either the program or with
other group members. Students working in groups tended to
interpret questions presented in the orogram as the author
had“inten&ed more often than the individuals. There was

oftenioiscusssion about different interpretations which led

to the correct versionr Students working alone were more

A
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likély to‘misinterpret'the questions and gontinué on an
incorrect path, however,'tgey often went back to review
troug%esoﬁe méierial. The autﬁors’suggest this may'ekplain
vhy the ‘individual’s level of perform Ace was n&t lower.than
that of the other g:qupQ. -

\ﬁkgzhrop and Goodson (1883)° state that "programs dealing
with‘logic.and problem—sqlving skills 1en§ themselves well
to computer iiirning centers, because much of thF learning %
takes place as™d result of student interaction" (p. 6).
They then discuss thhe merits of working in three different
conditions. They claim that three students is the ideal
number for working at a-computer as they "often"watch pachl
other'and discuss the process, developing their
communication and sociai skills as well as theif thinking
5&& reasoning ékiils. These typés of interagtivelexefcises
" enrich the qual:ciassroom environment"” (Lathrop & Goodson,

1983, p. 65. Workinéﬁalone may encoutage the stggent to

concentrate too much on- the computer rather than on the

process, ‘while students working in pairs tend to take turns

hd .
v

at the computér.- . .

Group or- Individual Setting and Logo
Although Papert (1980) has not e*nlicitly advocated

.that'childpen work in groups with Logo,. he dees present

several pages of ‘'screen graphics and text accompanied by the .

fhypo&hétical conversation between two children who are
working.&nd'plqi&ng with the computer” (p. 77). He then

states that “"these and other experiments can happen every

A~ [

’ L
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day - a;d they db".

Kragnar and Mi;terer (1983) also st;te that "in most
implementation§ of~the Lodgo curriculum, children share ,
equipment and are encouraged to 000perhte‘with peers to
complete small group projects.” This social arrangement. can
be considered another major component of the Logo’
environment"” (p. 19). |

In a discussion of 5-and 6-year-olds working together
with Logo, Nelson (1981) notes that "children share their
Logo experiehce Qith each other. They‘explaiACE;actly what
they are doiné, tell what they will do next ahd show hoyltO'
do it" ¥p. 15). Nelson also discusses the interaction of a
grdup of .3rd-grade children‘who, jn Q?der to extend theif
computer time, decided to pool togéther to work in fours:
"There are’definite advantages to this arrangement. Even
though they may take turns at the keyboard, the interaction,
showing of iéeas and group problem solviq%,give the students
an experience far richer than private 45-;inuté séssions
could possibly be" (p.' 16). .

An observational study by Hawkins {1983) on the social
features of working with Logo found linguistié benefits very‘
similar to 'those presented by Conlin (iabl) mentioned
earlié}; Hawkins concluded that childreq'workiﬁg together
talked to each other more about their work particularly
when doih& computer programming tasks as compared to non-

'computer tasks.’ Also‘when the children were free to choose

to work either individually or collaboratively, they



s favoured the latter when working on the tomputer.
Of the many studies mentioned that regard the subjecf

of grouping, there are few that involve the use of Logo.

*The results froﬁ all studies, however, indicate that there

+ are numerous advantages of group work whilé no evidence of
disadvantages has yet émerged. With Logo, does a group of a
certain composition work better than others? In order to
idvest?gqu the role of group number it seemed appropriate
to obgerve students working alone, in pairs and in trieads.
It was thought that four'students in a grod} would be too
many to allow thém alllaccess to the computer and that
disrdptive behaviour might result. Childrgn usually work in
groups of different sex composition yet there is little
mention of how this factor may affect the way the children
work. A variation in sex composition and the numbér of -
students in the group constitute the two major factors of

interest for this study.

T
e Efficiency

The students in Hawkins’s study (1983) seemed to
’ appr;ciate the benefits of collaborative Logo work yet many
aléo felt that working as a group can hinder getting the
work dgne efficiently. Results from a questionnaire showed
that "preferencés for solitary work were dominated by a
concern for getting something done with speed and
efficiency, for not wanting to take time to explain to or
.negotiate with someone else” (p. 46).

Durling and Schick (1976), however, demonstrated that,

~
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AvY ' —-
for their college population, the opportunity to vocalize

was crucial to the succqss'bf problem solving: Efficiency
was mgasured by the number of card éhoices to solution and
time to solution was also considered. Results showed that
vocalization was a more important.factor than group size in
influencing successful problem solving. Efficiency in
problem solving was superior for students vocalizing with a
partner than for students working with a partner- without
;ocalizing. . |

Okey and Maje;;$y975) investiéate& the differences in
college students working alone, in pairs, or in groups of
‘three or four at' a PLATO CAI terminal. }ime~and achigxfment
scores were the dependent measures. There were no
significant differences found in achievement but ere was a
significant difference in the time required to“Egmplete the
instruction. It was the pairs that requir;d the most time
as they had more frequent discussion; the groups of three or
four required the least. The learning efficiency measure
"was calculated as the total achievement score divided by'
the total time at the computer. Efficiency was found to
increasé with group size. |

Group size may or may not make a difference to

efficiency but what about the other factor of a group’s
composition - the sex of its membegs? Results from a
Logo matpematip§ case study (Hoyles, 1985) showed no .

observed sex differences in levels of ‘achievement for 11-to

12—§earfolds working in pairs. Students of this age range
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were studied in the Karweit and?Livingston ;tudy (1969)..
Students worked on a computef in groups of differentipl
composition and rate of play was used as th% efficiency
criterion. The computer task involved a simulation and
game-montﬁ?*per houg were recorded. Here again, there were.
no signifiéant differences in learning. There were, however,
significant difference; in the speed with which the students »
played. The boys were faster than the girls.‘\; "

" The efficiency measure used by Okey and Majer .(1975)
seemed the most appropriate for the present’burgose; the
task here was dissimilar to both the simulation[discussed by
Karweit and Livingston (&969) and phe card choice activity
in the study by Durling and thick (1976). In this study
the pfoblem—solving process involved creating‘a product and
the interest was focussed on the relationship between the
quality of the product and the time required to produce it.
This is because many factors, difficult to discern (let
alone measure and control), could have intervened in the
process. Indeed, the final score was obtained from a
product and may therefore not refiect the difference in
efforts spent on planning, discussion, correcting errors in
a procedure and so forth. Thus it was felt fhat, for lack
* of ; better measurement, the ratib between score obtained
and time spent developing the solution would be most
appropriate, and certainly better than looking at score or
time alone. It is realized that such a ratio cannot truly
be called "efficiency”, as the efficiency of a sygig; refers

* 3

N
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to a relationship between input and ou%put. prever, in
order to remain consistent with the literature on thé topiec,
for the,pdrpoée gf;ﬁgis study, it is referred to as
"efficiéncy", and the measure chosen for it was the task

(product) score divided by the time to task solution.

Programmj St

Another aspect of different grouping effects on
children’s collaborative work with Logo that is perhaps of
more.interest is programming style. ’

Solomon (19882) proposes a model of what she calls
léarning style of students working with Logo. The first is
labelled the planner because the student always works with
a coherent, formulated plan. He may then build strﬁctured
programs from bottom level up or from ﬁop level down. The
segond style is manifest in the macro-explorer student who
"likes to mess about with subprocedures or building blocks
to arrive at a product, rather than starting out with a
specific goal"” (p. 202). When the student has made
something interesting from his ’wandering’ he could be
enéouraged to make a procedure fop it. Finally, the student
as micro-explorer would explore the turtle environment on a
;\picro level before planning or beginnihg‘ﬁore directed
;;Bloration. Solomon notes this type is often timid and,
needs to explore in A gradual; conservative mannner. This

difference in level of style would appear not to be a

function of age; Solomon described a 6-year-old as a macro-

. Pl
L "
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explorer and an ll-year-old as ;\higro—explorer. She

further notes that students can be encouraged to switch

modes, from perhaps micro-explorer to planner. Also any one

"student may use all three styles. It is not clear whether a

student must progress from the micro to macro-explorer style
to becomela rlanner or if he fluctuates between the three:
particularly if he were not influenced by intervention.

would appear that, to a certain extent, style is
dependent on the context in which the task is conceived and
carried out. FKor example, students who have readily
demonstrated an ability to plaffgnd execute subprocedures ~.,
often prefer not to do so. Thé\reason Hoyles (1985)
suggests for this is that when ;;udents feel thé task

involves using turtle graphics "as an extension of their

. drawing arm they do not perceive the need to divide their

picture into subprocedures” (p. 42). If students were asked
to draw a figure by hand, they would typically begin at the
interior and‘wérk out to the exterior, adding details (L.
Weisbord, art education specialist, personal communicatioﬁ,
February 6, 1986). The student’s choice of style may also

depend on the amount of freedom he is given. Leron (1984)

"notes that 11 and 12-year-old students who can*Write neat,

procedural programs and who know the theoretical advantages

of doing so will tend t® revert to linear programming if
there is no direct intervention. This type of ﬁfogramming

may be planned but it appears this is’usually not the case,

<

.when students are léft to esfablisb their own style.

&>
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Linear programming is typically characterized by'its
trial-and-error ’‘hacking’ approach which is described as

“indiscriminate, semi-random striking on the keyboard,

without pausing to plan ahead or to look back“)(Leron, 1984,

p. 6). According to Leron working in this ’hacking’ style
may be, beneficial; it may serve as a natural, intermediate
phase of exploratién of Loéo. Aﬁother common trend in Logo
programming is the overwhelming use of direct mode (H%IleL,
1985). Few children pre-plan prior to programming
(Tetenbaum Q‘Mulkeén, 1984) and any,planning is usually

what Hillel (1985) calls ’'planning-in-action’”  This is no
doubt what Pea (1983) refers éo as ’on-line’ programming.

* The Logo programming behaviour of the paired
kindergarten children‘MunrdlMavrias (1985) studied shoged
these characteristics. The majority of the chkildren did
not pre-plan before they began typing and their proéfamming
was, for the mostpart, contingedﬁ on the feedback their saw °
on the screen.

The case study by Hoyles (1985) of paired 1l-and 12-
year-olds working on Logo projects concluded that students’
work styles do not fit into the categories put forward by
Solomon (1982). Hoyles indiéated thaf planning and -\ :
programming style appear to be not only context specific But
also dependent on/the level of abstraction or definition of

the goal. Students do not follow a strict sequence of

- planning, hands-on, then debugging when there is a clearly

defined task. One strategy that éeeméd effective involved

°
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the gtudents’ Tcontinyously‘refining their plan by
in;erspersing planning with ’hands-on’ activity" (;&359):
This appears to coinciae with one of the models discussed by
Statz (1973). She states that in Karl Duncker’s view, the
"activity of revision is the key to the solution of a
problem” and that thg “entire process cd(solyiﬁg a problem
involves the continqg& restructing of a problem while
seeking the olutioﬁ" (Statz, 1873, p. 26).

In her study of 10-year-olds problem solving with Logo,
Statz (1973} used a model of problem solving derived from
Polya’s work (1945).__Polya’s model includes the following
essential steps: *
1. defining the problem | \
. devising a plan
gathering information
execufing the plan

revising the plan &

o o A W N

evaluating the fesuité
Statz also notes that the steps need not be followed in
this order and one or more may be omitted.

Working with Logo enables the student to execute or
test an intefmediate plan, éet immediate feedback then use
that_information to rgﬁ&se the plan. If the sggdents\do not
like the outcome it is at this point Ehat they often scrap
what they have done and restart or modify the goal, rather
than revise the plaﬁ (Tetenbaum & Mulgfen, 19684; Hillel,

1985; Pea, 1983). Hillel (1985) points out that changing

v .
XJ .
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goals allows students to avoid their errors so they can
always achieve something. ﬂowever, he further notes that
constant use of the ;;oidancé option can limit theg
Opportunlty to learn from one s Logo errors. Consequently, -
students should occasionally be asked to deal w1th thém//
This was the case in the present study. The students were
placed in a situation where they:

_a. éould‘not modify their goal (it was imposed upon

them)ﬂN“ ‘ | |

.b. could not use CS (the clearscreen command that

- erases the screen)\\v scrap their work and restart
as they knew there was a time cégstralnt.

It seems that qﬁly‘under these circumstar®ds would
students necessarily be involved in the “’activity of o h
revision’ or ’restructuring of a problem that Duncker )
(c1ted by Statz, 1973) proposes.

Although the gpaf is provided by the researcher, the
procéss of reaching it is initiated by tpe students. One )

" can therefore anticipate that tﬁe majority of the commnands
would be executed in direct‘ﬁbde, a process that Hillel
(1985) sugdests encompasses activities that include:a

’ - e;ploration

- Planning

- verification of progrﬁms

- adj;stment of numerical inputs to commands .

It is generally true that students work together in

groups in this process. One of the aims of this study is to
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inéestigate'how differential composition of greups affects
. programming style. Does the opportunity to collaborate edﬁ'
problem solving and‘vocelize one’s thoughts affect.work
//§Ly1e? One would expect an individual’s style to be
influenced by theninpuf from another group™member. If ﬁhis
is so, it could explain why Hoyles (1985) did not observe the
defined learning.gty%es in her studeht'paire that Solomon
’ (1982) claims wegerpresené in her students who worked
indiviaually. The students in a study B& Cathcart (1985)

eiso worked alone and the asuthor notes that being able -to

b' §

o | talk through the problem (a response. to a student’; talking °
or queétion was, seldom’ provided by the "researcher) would
perhaps have been a helpful debugging e%rategy.‘ ‘

Of the analyees of.prog?amming style discussed so far,
those of Hillel (1985), Pea, (1983), Hoyles (1985), and ta a
certain extent, St;tz (1973) appear to be ?he.most relevant |
for the purposes of this stud;: The three leagning‘etyles
discuéEed by Solomon (1982) emerged in- a situation that
involved teacher .intervention and where the goal was chosen
by ‘the student and wasanot necessarlly fixed. This'wds,net
the case in the present study. Although the cehcepts of

. Solomon are of interest, the research situations are ‘
dissimilar therefere if was considered that meking‘furtber’q
reference to her study would be 1nappropr1ate ,

The model proposed by Statz (1973) involved alx

tial steps. Wh11e it vwas not the 1ntent1on of th1&
study'to analyze programmlnq style. into dlscrete steps, the‘

- ¢ ‘ %
—_—
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£ifth step appears to be of particular interest to the type

of problem-solving process anticipated in this study. Step
five involves revising the plan where "a problém solver
miéht test a solytion by submittiné it to constant revisioﬁl
until one of a set,;f15ubcessive approximations works"
(Statz, 1973, p. 22).

It can be expected that when left to Lstablish their
own style of programming, studenés would>use direct mode and
few sﬁbproceduresd " Would the composition of a-group affect
the level of use of subprocedures? If tpe group does not

buse indirect mode at all,'of what does their programming

- behaviour consist in direct mode? Also can we assume that

groups'of varying composition would all choose not to plan

their work or would some Eroups plan more than others?  Does

¥

the students’ discussion refeg only to the task compoﬂent "W

the group is preséﬁtly work{ng on or do studenés verbally ;
gonsider more global aspects of their goal? These questions 0
are addressed from the péint of Yﬁéw of how the particular #
aspecﬁ of programming style is affected by differential

grodb composition. ’

Obserbatioqg; Research Study Design . R

In their extensive rey%ew—of.litefature on Logo,

Krasnor and Mittergr.(lgBa) discuss the nature of the ¢

¢

abun?:?ge of recent Logo studies. - The authors.conclude that

0

most work hastreéulted'in detailed anecdotal deécriptions
and "in generaI{ there has been a tendency to overlook the

need for objective and systematic examination of The Logo

» LI
-
A ro



experience and its effects. Without thi; appraisal, there
is a distinct posstbility that exciting ieafning |
opportunities ﬁay be lost” (Krasnor & Mitterer, 1983, p.
24). : “ ) |

The research study design in the present case aimed to

~

address this call for a more systematic study of the Logo.

-

experience while using observational methods.

The study may be described as one empioying contrived
observation and more precisely, situational testiné. s
Borg and Gall (1983) define 51tuat10na1 testing as a
situati®n in whlch the subJects are aware that they a;;
playing a role (as opposéd te naturalistic contrived :

situations where intervention in a natural s MT\by a_

reseacher cannot be détectedlby the subjects, so preserving -

-

_ the ’na?dralness"of the situation).

The advantage of using this form of contrived
observation lies in the greater degree of contro;kof the
situation and the ;esulting focus on ‘-the behaviour that is
.of interest.. One can criticize the artificial nature of
such g»type of testing* and cla1m that’ the results would not
.represent behaviour in a natural sett1ng. Borg and Gall
(1983) point out, however, tha§ when subjects are in a
situation that leads to emotional interaction (which isJ
often true in a L?go setting) "it appears that .most-
subjeéts become deeply.involved in the situation, and many
seem to férget, at least for the .moment, that the situation

is an artificial one" (Borg and Gall, 1983, p. 502).

3 : -
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' One of the components of tﬁi§ artificial setting is the
presence of the observer. It is possible to redyce.aﬁy'
efféﬁt of this on the behaviour of thoselﬂging observed.

+ After séQ;ral sessions of observations the subjects become
accustomed to the obsgrver’s presence and behave as if he or

g\l she were not present (Borg and Galli 1983).' It is mainly

fér this reason that the second of the three experimental
Pfqblem-solving tasks was selected fér acrpsé—group content
+ anhalysis; it'ﬁlso seems appropriate from the grouping’s
interpersonal vié@point. By the beginning of the second
exﬁerimental task the group members vere accustomed to
.ong another and the notion of working collabo;atively.
The type qf‘data generated by this study can.b
\examined using contept analysi;. "Content anéiysis is a
research fechnique fér the objective, systematic and |
(\ quantitative description of the manifest content of "
communicafion" (Bernard Berelson cited in Borg and Gall,
1883, p. 511). The raw material for Q-content analysis may
. take one of many forms, from writteh material such as books,
newspapers or speeches to other types of c?mmunication such
'aé music or pictures. In this case the copteqp of the e
communication includes transcripts of audio tapes (an

example given by Borg and Gall) and protocols of Logdo

programming, both of w&iph wére recorded during the ;;Bbpd

b

experimental task. , LU, ..
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» : Summary

' Students working with‘Pogo in a school situaﬁion
usually‘do so)in groups. What are the implication§ of
working in different types of gfodpﬁ? Might one particular
group work more efficiently than others on a given problem-

solving task andﬁif so, in what way would that group differ

‘from the others - in size or sex composition, or both?

Apart from considering efficiency outcomes, this
study’s main focus is on whether group composition had any
bearing on programming style. Of specific interest were the
types of programming, thé modes used, the level’of planning

e
and the sequencing of programming the components of the

H

task.

In order to best address its purpose, the study

.inv019ed a contrived observatigghl design within a school

setting. Subjects worked either alone or in dgroups of two
or three. They were first prayided with Logo programming
skills. They were then placed in a situational testing

environment and were asked to éolve a problem which involved

-making the Logo turtle draw an approximate copy of a given,

fixed line drawing. The subjects’ programming performance
was measured while their programming behaviour was observed.
For the purpose of comparing the groups’ efficiency, all 18
groups were compared across the instructiona}vpost—test thk

-~

and the three expe}imental tasks. For the more in-depth

analysis of programming style, the behaviour of each group

was examined across only one task. —
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| Based on the review of available aiterathfé, it was -
e#pacﬁed that there would be little difference in'efficiencﬂﬂ
and programming styleyamong groups but in this ;ArtiCUIar
setting.the following general findings were aﬁpicipabed:
a. that programming wdﬁld be mostly of thq linear type,
'b. that almost all programming would be QOne‘ih direct. mote,
c. that any planning would be contingent and mostly at the
local level .and lastly,. ' ‘ i'
d. that the sequencing of components of thé task would
inlevg starting with the major, . interior comp&nents and

then working out towardsaghe exterior details.

2. oo : .

S



38

CHAPTER 3

T~
S~

The pu?pose of this research was to investigate whether
differential gréup composition of 1l1-year-old children
working on a computer using Logo Turtle Graphics would have
a.bearing oﬁ their leyel of efficiency and programmin& styie
in problem solving.' : o \

In particular, the study obéerved the behaviouf of
groups véfying in their number aﬂd sex of group members; in
* each groupinq,the\subjectévworked alone or in a group of two

or three and sex compositioh was homogeneocus or

heterogeneous.

.\ 1

Operational Definitions

The following definitions are used only as a framewbrk'
for describing pﬁe study. The.definitiop of problem solving
entails the population’s abil%ty to solve the tasks, hence
the need for the instructional phase of the study priof to

the actual experimental one.

Groupingg one of 18 conditions to ‘which subjecté were

, B ) \ .
assigned; the groupings:,varied in size from one to

three members and in sex composition. *
Problem solving: "to search consciously for some action to
. attéin a clearly conceived but not immediately
attainable, (fixed) aim" (Polya, 1%?2; p._%l?).
Subjects were equipped with requisit3 gkills

then, when presented with the problem (which

T -



Fixed probleﬁ: to deveiop a Logo program that feprod ded a
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represents the novel situation) they could

establish their own style to find a solution.

given graphic on the computer screen.

Task: used synonymously with ’problem’, even though in

Y

Establish

some césés, ’task’ may denote a process that is
well known and established as opposed to more than
one process oOor no known bqgeess. ;
their own style: imposing no constraints on the
subject’s problem-solving style; neithef specific

instrucgions nor help was given about the prgtess

of achieving the given, fixed goal.

Instructional package: the materials specifically

Directive

designed to ensure'that at least one member of any
gbougi:g was able to perform the given tasks. The
packagde consists of two components: a diagnostic
pretest and the instructional materials, both of
which use a directive approach.

approach: the r;searcher gave the subjects
specific instruetion fhat required them to make
the turtle perform specific actions or produce a

given shape; there was no opportunity for free

exporation.

Logo program: a series of Logo commands typed on the

keyboard that may or may not achieve the given,

fixed goal. /

Programming in Loqo: the action of creating a Logo program
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_with the possibility of using all Logo primitives
and two procedures cgfated by the researéhér in
direct .and/or indirect mode(s). Subjects were free
to collaborate with other group mémbers and
consult a list of Logo commands,

E imental progr9mming session: a 45-minute period
during which a group of subjects were able fo
choose their own style of. programming in Logo in
order to achieve a givén, fixed goalf'

Efficiency: measured by dividing the grouping’s

achievement score by their time to completion.

More precisely, the final score frdh the most

complete version of each gfaphic (canuiatod by

ﬁsing the evaluation instrument in Appendix 8)

was divided by the fbtal completion time for -

that particular version of the graphic. S

Programming style: measured in four ways:

I's

1. the‘£ype of programming
a. proceduraly - commands are structured into .
subprocedufes X
b. linear - a list of step-by-step commands
N
‘2. mode(s) used
a. direct
This is the step-by-step, draw

mode in which the user executes one
command at a time (Hillel, 1985)

L
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b.'indirect

"when a sequence of commands which
- describes a sp301f1é entity is typed prior‘
to execution” (Hillel, 1985 p. 13)

The following categories have been added
to further qualify the use of diref].pode:

~ the use of direct mode attempted and
abandoned

- direct mode used successfully to create
a procedure that runs

. = direct mode used to create a procedure
that contains at least one error

- direct mode used to create a
superprocedure containing subprocedures

.- °
*

‘#levei of planning
a. pre-planning -~

The criterion considered appropriate was a
discussion of a plan which included
reference to 2 or more components before
any droup member began typing

b.'contingent Planning
This term réferg to:
_ - planning-in-action (Hillel, 1985)
- on-line programming (Pea, 1983)

- interspefsina g)anning with hands-on
activity (Hoyles, 1985)
' !
- continual restructuring of a problem
* while sesking a solution (Dunker cited
in Statz, 1973, p.26)
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- "testing & solution by-submitting it to
constant revision until one of a set of
successive approximations works™ (Statsz,
1973, p.22) . <

It was decided to further investigate
_this level of planning by determining to

.wﬁﬁt extent the contingent planning was

global or local:

g€lobal - includes reference by any
group member to any
component looking back (B) or
ahead (A) other than the

Al

component currently - R

bejng worked on

" local - includes reference by any
group member to the '
component currently being
worked on ‘

4. sequence in which components of the graphic
were programmed :

@. interior to exterior

- head and body cdmponents are
programmed before the exterior
de%gils

b. other
~ components are programmed in

what appears to be. an
indiscriminate sequencs

. _ Subjects “
" .The 36 subjeéts who participated in the study were from

an English speaking public elementary school which operates
}‘ ,
7
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within the Protestant School Board of Greater Montreal. The

18 males and 18 femaies were mostly members of grade five

PYe

mixed-ability classes; four were from a grade five/six split
class. The subjects volunteered to"particibate'and vere
assigned to groupings according to their availability
within their lunch-time and afterschool extracurricular
activities schedules. There vwere a total of‘;e groups,
which comprised nine types of groupinq§§ those wﬁere the
subjects worked:

-

1. alone (male M, or female F) ‘; ’ 1
2. in pairs (all males MM, all femaLQE‘FF. or mixed. FM) or
3. in a group of three (all males MMM, all females FFF,
two females and a male FFM; two males. and a female MMF).
 Materdals <. - B
The Computers 1 o,

o

The three computers used were all Apple-II plus
compatible. Two had colour monitors while the third had a
monochrome monitor. Each computer had one disk drive. The
equipment was set up in an ante—chamﬁer ad jacent to the

—~computer classroom. The computers were arranged in such a
way ‘that subjecté working at one work place would not sbe.
the video monitors of the other computers. The room had one

window but was otherwise artificially well lit.

The Instruotional Module

In order that all subjects would have equivalent entry

e
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skills when starting wprk with the experimental tasks, an
instrﬁctional module was developed. To further ensure equal
treatment among subjects, it was intended that the module be
ag researcher:indgpendent as possible. In designing tﬁe
instruction, the author used the model developed by Dick and
‘Carey (1978) as a guide. Tﬁis is based on a systematic
approach, to designing instruction. It present§ a 8-step
set of procedures that can be seen in Appendix 1. The
discussion of the application of the model is-in Appendix 3.
The componquf of the inétructionalvpackage and the
numbers of the appendices in which they may be found are as
follows:
1..researcher’s instruction manual (Appendix.3)

. diagnostic checklist (Appendix 4)

[3

L id

2

3. fruckwtask'(Appendix 5) . |

4.;instructiona1 mate;ials and tests (Apperidix 6) __,//
Pilot teéting and formative evaluation of the module

was.darried out following thé suggestions by Dick and Carey

. (1978), and are discussed in Appendix 2.

‘.Support‘Matorials >

1

A reference list of Logo commands anhd their
corresponding functions (see Appendix 7), blank paper and a
pencil were supplied to all subjects at tﬁe beginning o(;“

each session.

N N
The Experimgntal Tasks\

The pretest in’the\form of the difgnostic checklist,

o
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thg‘instructienal materials and the Truck task post-test oy
were degigned to _ensure that each’érouping could demonstrate
mastery of ‘rtain ogo concepts. The subjeceﬁmhad made
various shapes using Logo graphics. fhé three experimental
tasks red@gred that some of these shapes be denerated in
different compositions. w;I‘he subjects were presented with a
simple line drawing of a boat,.a ;nowman and city. and were
asked to make the Logo turtle draw a copy of them. {A copy
of the task pictures may be found in Appendix 8.)‘fhe choice
of these easily identifiable dfawings was intended to )
generate thoughtful programﬁ%gg.

Although the subjects had made various shapes with Logo

during the instructional pﬁhse, the tasks were designed to

include some challengin® concepts, in particular, the angle

of the Boat sail, thg combination of inputs to REPEAT

rhquirea for Boat’s semi-circle and the bird in City, and
the turile state when pakfﬁg'Snoﬁmgh., Thé-procedures CIR“
and POL (see Unit 6 in Appendix 6), creatéa by the
researcher, were availepfg fé} the sub%gcts’ use; CIR was
the only meﬂbs of making a.circle but fhe use of POL was
optional for making the squares and triapgles.“

s .
L}

Instruments 'J‘ < 4

LR

N r *
Means of Recording the Subjects’ Logo Commands

For the purpose of keeping a record 6f the Logo
commands tﬁg subjects. typed in, the program TEACH on the

<
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Apple Loéo.Tool Kit Disk was used. ‘This program was
loaded into the computer‘once Logo had been booted. It then
stored the commands typed until, at the end of the session,

- they were defined as a procedure and saved on q}sk.

Means of Recording the Subjects’ Conwversation -

A pgrtable cassette recorder cont;ining a 90-minute >
. blank tape was piaced on top of each computer.: e machine &k
was turned on when the subjects had beeﬁ diven their
instructions and were ready to‘begin’their problemfsélvinée
Four sessions were recorded for each grouping: the Truck

’ L

task and the three experimental tasks. L ; .

Means of Re¢ording the Timo

A supplementary tape recorder a pldced ?quiéistant o l /
from the three other recordens. This one contained a .
prerecorded tape that emitted & beep %iénal at l—miﬁutq
intervals. The tape recorders on the computers ﬂ
simultaneously recorded the beep 81gna1 and tha subjects
conv?rsatlon.

e ot

The Experimental Task Evaluation Instrument L ff

’

In order to evaluate the graph1cs generatod for each
‘!bask,~a hard copy was produced from thg protqcols of the

Logo commands that had been saved on disk. If ﬁq;e than one

-

version of a task was made by a grouping, the most complete

version was used. ) ¥ - t

. e ~—
IS

The~eva1uatibn iqftrument was developed by the author.

*
-

0
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T ,
A broad sample of the subjects’ graphics were assessed to
determine in-what way and to what degree they differed from
‘the task version. Fivé‘cgtegories of discrepancies were

Pa—

identified and each was assigned a scale of points td.be
| do&hcted based on the deggqggof discrepancy. The”ggtegories
were! 1. incomplete fpr? gfga component, 2. compﬁnént not
 joined, 3. a component 'pooriy-placed or aligned, 4. lack of
neatness, and 5. poor shape. For each categog; the amount
of points that could be deducted randed from five to 20.
The evaluation criteria can be seen in Appendix 9.

Each graphlc was evaluated by the ‘author and one other

J
researcher;. the evaluatlons were made on an 1ndependent

basis .and inter-scorer reliabiljty was found to-be high (r >

.90). \ ”\f ;o C . Co-

VA cdpy 6£’the eéaluation iﬁstrument may be' found in
Appendix ;O. The charts were completed fo; each gféuping’s
work,in-thﬁ following manner. The presence or absence of .
each component of the grqphid w;s checked on the list markeq
'comﬁonents’.’ The evaluation criteria  for,the coﬁpleted
components were then applied to the graphic; .points to be,i
deducted in the five categories were noted and the total
‘deductions were entered. The final 'score was calculatedyas
* 100 ‘minus the total points deducted then multiplied by the
fraotion—of the components qompietedn For eiamplq, the
'City task containead eiéht possible componfents but if one
- were missing the fraction would be 7/8.

L3

'Applicatibn of these criteria in this manner allowed

-
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for a.total possible sdoresof 160, A lower score was
awarded‘if the components did not correspond to those of the
task veréion‘gndyor a coméonenp was missing. "
The total completion time (TCT) for the most complete
v;rsion was entered from the researcher’s observation sheet.
The total number of oomﬁands’typed‘to produce that version

was then established from the Logo protocol. '

- ¢

Procedure ) .

The study wa? conducted 6§er a period‘of\4 1/2 weeks. All
but two groups attended a total of five sessions. The other
two required an additional sess{Bn;_one for remedial .
insﬁruqﬁion,“the“other because the:!hbject worked slowly.
Each session lasted approximately 45 minutes. l

There were time constraints placed on the testing
proce&hre. The only possible tim;s the subjects could be
"available were after they had eaten lunch during the 1-hohf :
break or after schoo]l. However, many of those who
volunteered were not available at all times; they had
responsabilites in the schobl, extracurricu}ar activities or.

family'commitments. The subjects were therefore assianed'to

their group according to their availability. On this ba&is,

the duration of a group’s testing vﬁried from 2 1/2 to 8 days.

. r
Three reseachers vere available to conduct the study so

ddring any one session there was from one to three groups
being tested. The number was dependent upon the group’s

timetable. Each researcher was asked to follow the -

N 4
-
A " ‘

%

{

-
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instructions in the Researcher’s Instruction Manual’(see
Appendix 3).

‘The experimental sessions were conducted as follows.
At the beginning of each session every group of subjects
vas piovide& with a reference list oflLoéo commands and
their corresponding functions (see gppendix 10). Theré,was
also blank pgper and pencils available.

The first sess;on for every group began with the
diagnostic checklist (see Appendix 4). If there were 2 or
3 subjects in the grouping they were ask;Q‘to stand and
take turns typing at the keyboard. . If no remedial .
instruction was re%pired from Units 1 to 5, the next
step was to give thé instruction®from Unit 6. Tﬁis wasj
mandatory for all groups as it éresented concepts that were
unfaﬁiligr to the sﬁbjeq;s. '

For the second ;ession, the subjects were aéked to do
the instructional post-test which involved making a picture
ofthe Truck. They were given a lopy of the picture and
specific instructions as to what strategies they'should use
(see Appendix 5 for the picture and instruétions). From
that p?int on, the role of the researcher was one of an
unobtrusive gbserver. The commands the subjects typed in
were saved on disk at the end of the session. h

Sessions ‘three to five were similar; the experimental
tasks diffe;ed in terms*of the pic¢ture given but they were

administered in the same way. The subjects were given very

few instructions (see Appendix 8) before they bééan and they

o 7 3

2
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were free to choose their working.sprategieé. Again, the v

commands typed in during @he session were saved on disk.
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CHAPTER 4 |
,Rosults and Discussion

The results and discussion are presented in two parts.
The efficiency data on all 18 groups across four tasks -is
presented first followed by the results on programming style

of 'all 18 groups across one task only. ,

Efficiency

Eff1clency results are presented in Table 1 and Table 2

wz1ch represent grouping by number and grouping by sexr
. respectively.

"In order to analyze effects of group size and
composition two separate ANOVAs were run. Analyses were made
usiﬁg the ‘program BMDP2V (Dixon, 1981) on éoncordia

: Qpiversity‘s Cyber 835. (A single 3X3X4 ANOVA was rejected
due to the[Eggll sample sizes.)‘ First, a 3X4 ANOVA was run
to inveqtigate‘the effects ofnkroup size on efficiency

) -\

across the foug tasks; results .are shown in Table 3.
L 4 ‘
It was found that there was no sige by task interaction
and that size had no significant effect on efficiency; the

only significant effect was the tasks.

3
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Table 3

Group Size By Task Analysis of Variance

54

Sum of

Squares
Size '4.987
Error 55.357
Task 27. 326
TS 7.761
Error 60. 453

Degrees of
'Freedom

2
15
3

6
© 45

Mean
Sguare

2.493
3.690

9.109
1.294
1.343

=

.68

6.78
.96

Tail
Prob.

. 5237

. 0007
. 4610

The s?cond 8X4 ANOVA was run to investigate the effects

of sex composition on efficiency across the four tasks;

results are shown in Table 4.

A}

Table 4

Sex Composition by Task Analysis of Variance

Sum of -

Squares
Sex 5.382
Error 54.961
Task 27.326
TS 6.468
Error .61,747

Dedrees of
Freedom

2
15

3

6
45

Mean

Square

2.691
3.664

8.109
1.078
1.372

F

.73

6.64
.79

Tail
Prob.

.4963 |

. 0038x%
.5461%

* After Greenhouse-Ge1sser correction - (as sphar1c1ty test

was found 81gn1f1cant)

‘N

\

It was found that there was no sex composition by task

interaction and that sex composition had no significant

effect on efficipncy; again,

‘tn'n

-

only the tasks vere found to

A s
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have a significant effect.

Effect Of The Task

It can be seen from Dlagram 1 the},the level of
efficiency varied according to the task which would indicate
that the tasks differed #h level of difficulty. The effect
of practig@ may glso be present and perhaps even interact
with task difficulty. While this is interesting froﬁ the
point of v?ew of task analysis (e.g. what geometric concepts
Are involved, what transfer of skills learned is present;'
ete.) it will not be discussed furthéf as this aspect of o

efficiency (ie. the 1ntr1n81c characteristics of the tasks)

was not the main focus of the study. - -

Diagram 1

Effect of The Tasks on Efficiency

/
ES ’ .

1 2 3 4
TQSMM

Efficiency (score/min.)
N W Ao

It should be noted, however, that the effect of the

tasks may be due only to the overall high scores for Task 1

which could be attributed to a slightly different treatment.

v

N—

/‘:‘9
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Task 1 was the post-test for instruction involving specific
indications on the programming style to be used. If the
results from Task 1 were élim&pated and those of only Tasks
2, 3, and 4 were examined, the effect of the tasks may
disappear.

Although the overaLi score§ for’thefpost—test for ‘
instruction (Task 1) were high, it should be noted that some .~
groups obtained low scores on this task (see Table 1 or anﬂﬁ?”
However, it shoﬁld be further noted that moét of those
groups went 6n to obtain much higher scores. Of the eight
groups that scored 80 or less on Task 1, six scored 90 or

over. on one or more of the subsequent tasks; the two other
groups obtained at least one further score of 80.
E ,
Programming Style

A profile sheet showing the results of\the progr&mming
"style analysis for each group can be found in Appendix 11.

To present an account of the overall findings across éhe
second experimental task (which corresponds to the third in
“the overall sequence of four tasks), each of the four
measures of programming style is discussed in turn.

4

The Type of Programming

{

In no case was there any evidene; of procedTral
programming; each group’s work Qomprfﬁpd one long list of

unstructured commands' that varie& in ;;ng from 90 to 226. .

{



Node(s) Used
There was an overwhelming use'of direct mode. All

except tﬁree groups used direct mode onI&‘gnd eveﬁ the
exceptions used direct mode to create an initial oompléfe
version of the graphic before entering indifect mode. Two
groups, FM2 and MM2, did not hesitate to enter the 1nd1rect
mode; the FFMZ group asked if they should do so and then
proceeded. In all three cases, the subjects entered pne
_lond list of commands without stopping to verify that the
results met with their approval When it was suggested to
,the FM2 group that they may want to check what they had
entered so far, they insisted on enterlng all the commands
together, but at the same time showed a lack of confidence
- that their record of commands was accurate or that their
proqedurg#kould run. The MM2 group shﬁwed'even greater
pessimism. Both groups’ predictions were confirmed; their
érocedures-contained atin;E; one error that resulted in a
graphic image that far from met their approval. Both groups
rationalized their lack of success by saying either the
computer was at fault (for example, “"the editor made it so
warm that it melted"), or the snowmaﬂ itself ("he killed
himself with the spike"). Only thé FFMZ2 group proceeded
without mention of the outcome; they seemed to assume their
procedure would run, as it did. ,

' When asked at the end of the sessién, why they chgse
not to put their work in the editor, the FFFI group also

expressgd»& lack of confidence that an attempt to use’

57
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indirect mode would work. Their justification included -
remarks about the inordinate amount to writing, typing and

time that would be involved and their inability to identify

'y

what would ambunt to numerous miétakes.

P
{

gvoi of Planning - o .

It should first be noted that only the groups of two °.
and three subjects can be 1ncluded in this ‘category because
the level of planning was determined from. the verbal content
;gf‘the aud%; tapes. The tapes of subjects working alone

contain mostly vocal reactions to the results of their

programming hence they offer no reliable evidence as to the

subject’s level of planning.

Results show almost no evidence of preplanning. Only
in‘the MFF2 group did a subject refer to two components
before beginnipg typing. In two other cases, FF2 and MF2, a
group member madé a sugdestion as to which component to
start with (which did not meet the criterion for pre- '
pia:nning, as (used here). *

. Contingent planning was mostly on a local level. The

. extent of the global planning varied from one to fjve

e

references to any component other than the one the group was
working on, in all but two cases; the FF2 group had missing
data but the MFF2 group made a total of 14 references. (It
Qas this group that subsequently successfully used indirect
mode to create a procedure that ran.)' The number of
instances of making references ahead (29 A) was signif-

icantly higher than that of those made looking back (16 B).
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§. equence - in whioﬁ Cogn%nents‘woro Programmed

, The components of the snﬁwman task were identified as:
body (B), head (He), hat’(ﬁg), left arm (LA), right arm
(RA), and fork (F). Data was available for 14 out of the
original 18 groups. The data for the groups M1, F2, MMM1,
and FFF1 was lost because of broblemstwith the TEACH

'program. The order in vhich the 14 different groups

~ attempted the‘componehts was compiled; results for the

entire sample anq subsample are presented in Tables 5 to 11.

Table 5

,Freduenciés»of Rank Orger of Components for Entire Saﬁple

K ' B
component .
B He Ha ‘LA ' RA F
rank © o
1 10 2 2 0 0 0
2 17| 8 1 3.1 1 0
3 3| o 5 2 4 0
4 0 3 1 7. 2 A‘1 )
‘ 5 0 1 4 2 K -4
@ 6 0 0o |- 1*® 0 4 8

( ’ n=14
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Frequencies of Rank Order of Components for'Sindlés

Table 6

. .
. component

Ay

B He Ha LA '-RA F
. , rank o )
: 1 3 |-0 1 0 0 0
2_|"0 3 0 1 0 0
3 | 1 0 1 |. 0 2 0
4 0 1 0 3 o | o
5| o 0 1 | o 1 1
\ <
6 0.| o o | o 1 | 3
v n=4 .
. Table 7’
o AN
"N . . , . . ’ .
Frequencies of Rank Order of Comppnents for Pairs
— ; éomponenf . .
. B He Ha LA RA F
‘rank '
1 4 1 1 o | © 0
\ © 2 leo0 | 3 1 |71 ] 0
o & 3 2 0 1 .,-i// 1 .] o.
4 o ‘| 1 1 2 | 1,1]-1
i‘ . N a2 .
| 5 1 o 1 1 2 1 1
N 6 | o 0 1 0.j 1 3
) ] . «
N n =6 .
~ - ~
\ ‘ . ¥
\ <

"80



Table 8

v

L

S
Frequencies of Rank Order of Comporfé‘r‘xt_s” for Triads
component
. ) B He , Ha LA RA F-
¢ . rank _ ,
. 1 3 1 0 0 0 0
‘ 2 1 2 0 .1 | 0 0
. - 3 0 0 3 0 1 0
4 o | 1 0 3 o | o
‘5 |. o 0 1 0 1 2
e M o 0 0 0 2 2
= ;
. 7 .k n=
- » Y, R : .
\\ ' i
. ”
\ ‘ . Table 9 »
- oy v
—_— Frequehcies of Jank Order of Components for IMéles
\ - : - component .
S - / ;- B .He:. "~‘Ha ' LA ‘RA F
~ { rank L= ;
. . / . ,,,/ 1 4 0 ‘0 0 0.
s A // . i .
T / 2 | .0 2 "0 1 1 0
\% ) \A—_/’// -
N 3 41 o 0 1 2’ 1 0
4 0 -2 1 1 0 0o
t 5 ) o 2 0 1 1
- . '
78 (0] 0 0 0 1 2
‘ R ¥ -
L ) —
/’" N n= )
o
- ) v c-
- o 8

AR
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® Table 10 .,
+ , , r i L"
’ Frequencies of Rank Order of Components for Females ,
: : { L
component ' °
B He Ha ' LA RA F
rank . .
1 2 N0 > 0 0O I O —
. N -
. - 2 0 4 0 0 0 0
'Y
- 3 2 0 1 0 1 0 .
) 4 0 0 0 3 1 0 ,
‘ 5 | o o "1 1 1 1
6 ) 0 0 0 1 3 .
g n=4 , N L4
. : ’ —
/ : o g Table 1 6'“\
L ‘ . ' . .
Frequencies of .Rank Order of Components‘ for Mixed Groups
. - . component
. B He Ha LA , RA F -
. rank ' S
1 4 2 0 o I 0 0 -
2 1 p 1 2 | 0| o
, , 13 1 1 '3 | o] 2 | o
1 * - . ’ R ' \
N 4 0 0 0 3 1 _1
5 0 1 1 1 1 2 :
6 o Jo. | 1] o |2 | 3 o
n= ‘
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{

In order to investigate the existence of a

(significant) ord;;, a series of analyses was performed.on
the entire-sample. First, a Friedman twq—waylrank analysis
of variance (Cohen and Holliday, 1979, pp. 166-8) points out
the e;isténqg of some preference in the sequence‘of
components (%'r=40.12 > 10.85=¥1r[n=14;k=6;p=d.05]).\ ¥
Although more-appropriaée tests exist for paired comparisons
(cf. Sachs, 1982, p. 555), they are not easily ?vﬁilable and
it was felt that, due to the'gxploratory nature of the

study, a series of Friedman tests at the p=0.01 levél as way
of post-hocs would suffice for determining the nature of the
"order. Thus, .it was founqw%hat the order between hat, right
and left arms was not 51gn1f10ant (xir-2 71 < 9.14=xtr [n=14;,
k=3;p=0.01]); that the order between the 1as? three"
—compofienls and the fork was significant (X2r=18.08 > 10.89=x%
[£=14;k=4;p=0.01]); that the érder between body, head and hat
was significant (%*r=9.5 > 9.145xﬂr[n=14;k=3;p=0.01]); and
that the order between body and head was §ignificaﬁt (x3r
=2.57). Given that there are nv tables for the case k=2, the
test was performed via Sbearman’s £4=-0.80 > —O.69=rs[two-
sided;n=14;p=0.01]; see Sachs, 1982, p. 555). Hence, we

could establish that the six components constitute ah order

of the four following eléments:

\

" Body > Head > (Hat or Right Arm or Left Arm) > Fork

. . /
- This deneral order represents the anticipated sequence

if subjects were to consider the task one in which they
[

i

[
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L
could use Logo as an extension of their drawing arm. The
subjects worked'from the'interior by beginning with major

components (Bodyfand Head) and then méved outwards to make

. . ‘ .
ad jacent compomgnts (Left Arm, Right Arm and Hat), finishing

with the most extreme detail, the Fork.
Next, in order to expkp;é different behaviour among
subgroups, a series of qumogorov—émirnov One Sample tests
(Cohen and Holliday, 1979, PP. 133-6) was conducted at the
p=0. OS level, comparing the particular group’s se&uenclng of
components with the previously found general order of the

fdﬁr elements; the results-are shown in Table\lz.

A

A}

w

»

. Table 12
D valfes of the Kolmogorov Sm1rnov tests

GROUP:| SINGLE—'PAIRS TRIADS MALES FEMALES MIXED

CHOIQE:

First’ wi’ .

element 0.25 Ov33 0.25 |, 0.0 " 0.5 - 0.33
Second . .

element 0.25 -0, 5% 0.25 0.5 0.0 0.5x%
Third . ..

element | 0.25 ‘0. 33 0.0 0.0 0.5  0.186
Last N ' | '.‘_ .
element 0.25 0.33 0.5 0.25 0.25 0. 5%

(*) These are the on1§ tests near significance
(D[{n=6;p=0.051=0.52); columns' other than PAIRS or MIXED are
compared to D{n=4;p=0.05]=0.62.

i



From this we can conclucdie that there were no
: signifidant \q.iffercnces among groups for the order in which.
the four elements were programmed.A Only in the case of - ,
IPAIRS and MIXED groups did results -approach significance,
but the small sample sizes (and particularly the loss of
data in all other cat':ogories) may be responsible for this

Ve

apparent finding. . ¢ ' /

(l
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CHAPTER & A

\ﬁs Conclusions

The study aimed to investigate .the role of group
compbsition on'li—year—olds’ pioblém solving w}th Logo. Tﬁe
childr%n’s programming of a -series’ of given, fixed draphié
goals was analyzed fo'look for differences in efficiency and
style of programming. The two aspects will be discussed

separately, as they were in Chapter'4.

Efficien

‘Findings from the various studies on thp effects of
group work on performance led to the prediction that grouﬁ
comp051t10n would have no be;}1ng on efflclency as indeed
waé the case; neither sex composition nor group size had ay
significant effect on efficiency as it 'was defined here
(score divided by time). Had the effigiency measure been
different, for example, score divided by group size or time
divided by group size, there may have been a different
outcome. This may also have been the case if the task had
been—different in nat = students could have been provided
with a given but less fixed goal that asked them, for‘C
example, to create a graphic of a means of transportation or
a city écape of their choice. A task that left room for
more creativity ér originality may have generated a
different typé of collaboration from which varying levels of
efficiency may have emerged. It would be interesting to

study the effect of these gariables.

LA
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In the present study phe absence of differences in
performance raises'tbe question of why the presence of one
or two additional members in a group did not result in a
level of performance diffeqent from that of a student
working alone. We dould conclude that the possible
rgAuction in the speed of work due to the additional
communication from more members (Freedman et al., 1970) was
counteracted by the beneficial effect of the opportunity to
vocalize (Durling & Schick, 1976) and the input of a wider
range of abi?ities as well as improved feedback provided by
an increased group size (Freedman et al., 1970). We could,
however, also challenge this conclusion with the argument
that perhaps not all members provide a consistent level of
active participation, thereby reghcing the sum of the
contributions to the group. This may be particularly true
for a group of three. Further research should be focussed

on obtaining information on the particular behaviour of each

group~member in order to clarify this point.

-

Programming Style
It should be remembered that conclusions on the
different aspects of programming style are based on the

analysis of one task only across all groups. "

Type of Pfggramming and the Mode(s) Used

That there was no evidence of procedural programming is

consistent with the findings of Hillel (1985) and Leron

(1984). Both report that their students showed resistance

4 "/
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to adopting this style. Hillel (1985) states*tﬁat the 8 -
9-year-olds in his study mostly used procedures as Q,QAy

of saving a picture and not as a means of simplifying the
construction of ‘a complex task. Leron (1984) offers an o
interesting discussion about this; perhaps we expect to see
the use of procedures in structured programming for tasks
whose level of complexity does not particularly warrant it.
As adults, we appreciate the ’beauty’ of structured
‘programming and enjoy the benefits thét a procedural
programming language offers;'children, it seems, have a
different appreg§ation qf the benefits of Logo (Leron,
"1984). They enjoy the gratification from the immediate
feedback in the very visual interactive setting and to such
an extent that, if given a choice, they will not only avoid
using procedural programming but will also avoid procedufes
altogether by not‘using indirect mode. Comments from some
of the students in this study indicated that they did not
feel confident enough that an attempt to work in indirect
mode would be successful. Perhaps they felt, as those

- children in Pea’s study (Pea, 1983) did, that it is better
to rewrite a program from scratch, if necessary, than to
systematically check through the commands to locate any
errors. . In that case, their general feeling .-could be that
the time and efoft invested in using direct mode does not
pay off for them, even though they may have been told it
should. Presumabiy; then,'when the child quoted by Pea

(1983) said that it was easier to do it ’the hard way’, ' he
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meant that what was perhaps easier for an adult was harder
forihim. In general, it appears that children’s natural
style is to use a linear approach and perhaps expecting them
to use struétural programning (particularly in a situation \
wvhere the need is not apparent) is iﬁposing an adult

perspective they are not yet ready t0'consider..'

“

Level of Planning A ‘ L

It should be remembered that data on the level of
plgnnfng was collected from the pairs and triads only. "It
was found that group composition had no bearing on“the level
of planning and next to none on the\amount of planning.

The level of planning was consistent wiﬁh that
anticipated; ;égtérms of p?e—planning the results showed
that across the groups examined, it was almost non-éxistent.
This'resg1t7was similaf to that.found bxﬁz?tenbaum and
gdfkeqn (1884). Although a high level of*pre-planning was
not anticipaggq&‘the extremely low ineidence may, - to a‘ -
certain extegf, be attributed to the expé?imental-testing
situation. Firstly, the students knew they haqya tim?
constraint; secondly, they started the testing session ,
infront of a computer that was already turned on. Given
that the studentswhaa no prompting on what style of -
programming to adopt, they perhaps‘saw the flashiné’cursor
‘a8 an invitation to begin typing‘immediat;lf. It should,
howe;er. be noted that the subjects Q;re reminded they could

use the paper provided to write anything down.

Almost all planning. was contingent, that is, ’plgpning-

v L

-
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In-action’ (Hillel, 1965)~charactefistic of ’on-line’

70

programming (Péﬂ’ 1983). This planning was mostly on a
local basis. The amount of global references made was quite
consistent across groups; although the incidence of looking
ahead in the planning was much higher than that of looking

back over the task. Looking back is one of the four

_possible phases involved in pfoblem solving discussed by

Polya (1945) although he does point out tbat the problem
solver mAy skip a phase He found unnecessary. This was
largely .true in terms of looki;g back. The threswgyher
phases were. involved in the problem solving but from what
might be called a very shallow perspective. There seems to
have been a‘'continual cycle of understanding ghe problem,
devising a plan and carrying out the plan, but all on a very
local basis. AThis strategy is very similar . to the one that
Hoyles (1985) thought was effective when students had a
clearly defined‘task.

Of the groups examined, only one showe;‘a_much higher

level of contingent global planning; it was this group N

that had the most success in reaching their goel. .

™

Sequencing of Components

Results on the sequencing of components sﬁpwed that
group composition had no sigﬂificant effect on the order in
which the éomponents of the snowman task Qere,programmed.
The general order followed the sequence or ’natural. order’
phat one would typically use to Qraw a pictﬁre of the
snowman by hand. (According to Hoyles (1985), this can

A
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contribute to the students’ resistance to divide their
picture into subprocedures. )

It is interesting to speculate on the source of this
géneral éfdér. There was almost no evidence of groups pre-
plannng which meant there was no initial open discussion of
a_probosed sequence. Even the few instances of group -
.members making reference to the next component did not
generate a discussion. There was no evidence of disagreement
or a proposal for .an alternative rlan. Perhaps this
indicates there is an unstated general concensus of opinion
.becauée all members of the group assumed they would follow
the ’‘natural order’ one would hse in drawing by hand. It
‘could, on gﬁ: other hand, indicate a williﬁgness to follow
fhe sugdestions or directions of anotheé group member who
may (perhaps temporarily) have assumed 'the role of group
‘leader. Again, it could be interestingato study the role of
group size and» also sex composition on thée rolss played.

) Group size or composition appears to make no difference
to those aspects of cgildren’s programming that were the
focus of this spudy, for the type of task used here. Thus,
it seems we can justifiably reap the benefits of
implemenéing cost-effective group work, so making scarce
resources available to more people (Boyd et al., '1983). At
the same time students can benefit from the social setting
which fosters group cooperation skills (Johnson & Johnson,

f
1974; Boyd et al., 1983) and provides cognitive (Krasnor &

Mitterer, 1883; Papert, 1980; Hawkins, 1983) and linguistic .

»
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benefits (Conlin, 1981). A further advéntage of tﬁe rojal d
setting is that tGe,student avoids ﬁecoming party to the
’closet computer queen’ phenomena that Boyd et a{. (1983)
mention. N ,
While it might be naive to assume that a group’s

ability could equal the sum of the range of ab;lities of its
members, it is interesting to consider whqther, when fhere
are three in a group, there is room for all three to make -
their optimal contribution. It is possible that one.group
member becomes uninvolved inAthe problem solving. If.this
‘happens, what are the consequences; does he become bored so

that his behaviour becomes disruétive? lGeneral imﬁressions
of the groups’ working relationships were that thié was the
case for certain groups. Working as a group of three did not
seem to allow for all members’ 1nv§£:bment over the 45
minutes of problem solving. The most p031t1ve working ,
‘ relationships were observed in thg all female %roup, and of
‘£he heterogeneous groups, those comprising two females and
one male. Of the groups of two, heterogeneous groups seemed
to work better than pairs of girls and much better than the
pairs of boys. In general, where there were two or more
boys at a computer, disruptive behaviour occured. The
students’ working relationship is surely a factor that
influences progr;mming'behaviour. Although it was not a
focus of this study, it is an important aspect of group work
that warrants further research if the computer experience is
to offer optimal benefits to all those in the group.

\ .

N
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(/“\ ' APPENDIX 2 _ |
: : ! £

Disocussion on the Design of the Instruotional Nodule

The model used to develop the instruction (Dick and
1578) involves a 9-step process. (see Appendix 1) Only
eight of the steps are‘diséussed here; the ninth concerns
summative evaluation which is not an integral part of this
thesis. Also, Developing aﬁ Inséructional Strategy and
Developiné agd §e1ecting Instruction are discuésed together

under the heading Developing the Materials.
N .

Identification of the Instructional Module

0

> This was identified as: Given a copy of the truck

picture, the subjects will write and run a programme that
will draw an approximate copy of the picture; it should be

the same in shape but not necessarily the same sigze,

’ The Instructional AnalJlig

The instructional analysis diagram (Diagram,Zf shows
the skills, concepts and information that needed to be
taught. It also shows the learning”dependént relat}onship
among the subskills in the hierarchy. This provided thg’
seqhgnce of instruction to be respecte& ;n the instruetionai

module. . ! -

Identification of Entry Behaviours and Characteristios
The population was of mixed intellectual ‘
capabilities and was drawn from several grade 5 classes

and one grade 5/6 split class.

&



In the initial sfage of the development procéss the
designer consulted a teacher working with children of the.
target population. It was then possible to identify the
population’s l;vel of Engl?sh language siilis and their
épecific entry §kills in Logo so¢ that these could be
matched in the materials. Accoéﬁing to the teacher, the
pqpulatfon had variable eﬁtry skills. TEey had been
taught by different teachers at different times and some
had attended supplementgry'Logg workshops, however, the
case of a child having no LogP skills 'was very rare. It
se%med that on an indivi&ualvgashs members of the target
population would perform at many different levels in the
hierarchy of the instructidnal design diaéram. The
children were to be given the instruction individually or
in a group of two orhthree. The possibly heterogeneous

*®
nature of any group’s entry skills did not present a(

79

problen?; the Ehildr‘en had experience in working in grou1ps ’

. . Z \
on the the computer and they were encouraged to help

o
one another in a group effort.
The maximum time period proposed for the children’s

work session was 45 @inutes, this being the length of

A8

: o T £
& | o ' |

theik s%géol class period. , ‘ —
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Diagram 2
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¢

InstructionallAnalysis Diagram: the hierarchical analysis of

writing and\running a program in Logo

e

. RUN PROGRAM
; - \
WRITE PROG
INCORPORATING £
SUBPROCEDURES o -
' A 9. u ‘
(SUB) : (SUB) |
PROCEDURE f——————— 5295 /L6AD PROCEDURE | |
. . 4y
RUN .
PROCEDURE Fo
- o
, . , ‘ I
< - REDEFINE /- N
. PROCEDURE |
o ) |
T I
s ' EXECUTE .
W . PROCEDURE Ll
3 ) d
S 1 .
| PO | bl
DEFINE CHANGE S B
PROCEDURE . MODES Lol
IN EDITOR ' .
Y , o
p i N | - | ‘ I
£ ) T siutadutettetels SR
" DISCRIMINATE MAKE TURTLE BREAKDOWN DEMONSTRATE
AMONG: |~ DRAW COPY TASK USE OF;
ERROR %F OF SIMPLE INTO EAT
MESSAGES,  [7| LINE SHAPE PARTS # D.

- .
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. Writing Performence Objectives
. The performanée objectives for each un;t were derived
from the instructional analysis which identifiéd the
behavioural component. The conditions uhder which the

behaviour had to be performed and the acceptable performance

criterion were then added.

Developing Cr iterion-—Referen;:adﬂ‘ts

The test items were designed to measure the behaviours

described in the behavioural objectives.,

Developing the Materials

-

The purpose of the package was to establish that the
populatignAhad attained a given lqvel of entry behaviour in
the language Logo. It required three parts: a pretest, “
instngctional materials and a post-test. The pretest was a
diagnostic checkiist which was used io determine whether
instruéQion was required and if so, at what stage of the
léarning sequence. The post-test ‘was tgé Truck task. The
sub jects weréggo use their kﬂ%wledge of bﬁsic Furtle 7

- 2
commands to make the computer draw a picture of a truck.

(This particular problém was designed.to encorporate the use

" of various basic' Logo turtle graphics skills, for example,

making simple shape& with theAOption of using ths REPEAT
command, us$ing the PENUP command to dfﬁw onershape inside
another, drawiné a circle adjacent to a lines, using

subprocedures. )

H

In order to coJZr the eventuality that an individual
. N ) ~ . d » - .

s
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or group had zero entry sk}ll@, the instruction was designed
to cover the whole instructional Analysis. The sequence
_for presenting the information during the instruction was as
laid out in the analysis.

v}%? need for a pretest and corresponding inst;uctional.
materials that would meet the specified objectives could not
be met by commeréially available materials. The author
developed materials specificAIIy for use in the study. For
the purpose of subject matter verification, tge workbook by
Watt (1984) was used.

The instructional mate(jals, with the exception of Unit
6, were designed to be used omly if it was necessary to
bridge thelgap between the subjkcts’ previous level of
skill and that required to achfieve the instructional goal.
Unit 6 involved new concepts d was presented to all
groupings. ‘ ' ‘

” The materials were designed to employ ‘a directiVb
teaching approach, however, |the subjects”wepe provided with
instant feedback from the rqsedrche; and the computer due to

the interactive nature of Logo Turtle grabpicé.

7/

The components of the ? tructiénal package were:-
. "///’,xns ' .

1. researcher’s inq%ruction manual .

2. diagnostic checklist o

3. truck task w , - //f““"
'4. instructional materials and tests . |

. v

Conducting a Formative Evaluation

A formative evaluation of the module was conducted .to
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.
gather information on the effectiveness of the materials.
Revisions were made on this bgB¥is. There were two stages to

the evaluation: one-to-one andhémall group.

Ope-to-one Evaluation

‘ The first draft of the materials was used with a
colleague who had some\knowledge of Logo and then later with.
two children. The first child was from the same grade level
as th;t of the target group, but he was of above-average
deneral ability and had a good knowledge of Logo. The
second éhild was two ¥ears younder, also above average in
ability, but he had little knowledge of Logo.

- ' o
The children. were seen on an individual basis in a

quiet, non—schoo}“settfng. The designer sat with each child
and worked through the materials as sugdested in the
researcher’s instruction manual. Au&io tapes were made of
each session to provide a record of difficulties, solutions,

comments and reactions.

The Revisi E. L . - A7

Only Units 4, 5, and 6 were revised. .Use of units 1 to
3 was not required in the pilot testing so there was no
basis for révision. From the testing of Units 4 to 6, the

audio tapes were alyzed to establish what revisions were

necessSary. Changes were made relgting to content and the

procedures used inﬂrresenting the materials. These included

)

omission and addition of information and examples and

corrections of minor mathematical or logistical ' errors.

-\ > N
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Revision were made in the printed instructional materials
and on the accompanying Logo disk files. The manner of
presentation was alsa changed. The spontaneoué language from
the audio recording was used tb create a.more natural
wording for the instruction and the result wAs an
instructional script from which the researchers could read
verbatim. . |
) _ ©
| Small-group Evaluation ‘ N
The model used to develop the materials suggests that
between 10 and 20 students participate in a smal}/groap
evaluation. For the purpose of this study, it was necessary \\
Qp‘conéider constraints on time and the total nudbef of \
subjects available. It was decided that 5 students would
be sufficient. They, ong others, volunteered to
participate, but they were selected so as to be a
representative.[target sample. T?e children were all from
grade five claéses. They were of mixed general ability and
had various le§els of experience with Logo. Two evaluations
were conducted; one with two boys,'another with two girls
and a boy. ‘
The révi;ed materials were used 'in the school that the
ghildren were’attendiné in a setting very similar to that of
" the experimental study. Again, audio req9rdings were made,
"“however, during these sessions there was iittle'intervenﬁr
ion from the designer. , 2 ’
The revised materials were found to be'suchSSful and

.

‘ -
only very minor changes were necessary.

LN
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APPENDIX 3

Researoﬁer’s Instruction Manual

.
Introduction’

The materials you willlbe’using were designed'for use in

L]

" an observational study of 11—yegr—olds working on a computer .
with the language Logo. The sugjecps will be given a pre-
test, at least a minimal amount of instruction, then a post-
test before they are asked to complete the three
éxperimentél taské. ‘

The éubjects will be administered the appropriate parts
, of 'the module in the groupifg to which they have ‘been
‘assigned i.e. they Y}ll be alone, in“a pdir or in a group of

] figd .

’ three. Whereever the term ’subject’ is used, it refers to
' .

any number of subjeéts in a given grouping, that is, a
subjebtlworking alone or two or three working together. e
Similarily, the term 'he’’'or ’him refers to both male and

female subjecﬁén

~

N *The materials foibe,used include:
’ P ' - diagnostic checklist . !
i\ o o —<instguéti0na1 materials units‘i -6
’ | . - truck task
i - %Fperimental tasks ' 2
g: arid are to be used in that order. See Diagram 3 for the
%{ sequence of ingtructioﬁ and testing. |

B &
»
/
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Diagram 3

!

« Sequence of InStrgction and Testing

EXPERIMENTAL TASK 3
CITY

o

EXPERIMENTAL TASK 2
SNOWMAN —

EXPERIMENTAL TASK 1 o S
BOAT

o ' POST-TEST
TRUCK

L

INSTRUCTIONAL UNIT 6

P [l T
»

INSTRUCTIONAL UNITS 1 TO 5

-

DIAGNOSTIC' CHECKLIST

‘}n Preparation for Each Session S T
1.Make sure the computer and moqit;r are working and Logo ;s
booted énd functioning. -
2.Read the ’Instructions to the Researcher’ on the cover
page of the ugit fo be used. These provide information on

| a.files to be loaded or erased

- b.materials, for tﬁ§ suﬂiect

¢.review of materials previously covered ‘

At the Beginning of Every Session .

1.Reiind the subjéct he can refer to phe Logo commands Jheet

an& that he can use .the blank paper and pencil providéd.~if

s - /
. ¢ ’ ’ P
SN -t S
N P -~

L



.he wants to write something.

- —
~ s

-

s * ' ’ - '\
® ' The Diagnostic Checklist -
Seating
If there is one subject, sit next to him at the computer; if
Qhére are two or three subjects, have'them stand in front of

the computer. The researcher should sit at ﬁhe side of the

* computer so the subjects and the monitor can be seen.

Adpinistration of the Checklist -

Ask the subject to perform the actions using the exact

wording as shown in the column WORDING OF RESEARCHER. Where -

v,

subjects are woéking in a group, ask each subject in turn to
perform one“of the actions. The subject should respond by
typing the commands shown on the same line in the column:

COMMANDS. Begin with unit 1 and contiﬁue.through to the end

. of unit 5 until either:

a. the subject workiﬁg alone shows he is having difficulty
(i.e. he is ndt able to attempt the action or fails to
complete the action after three attehpts){

b7 ‘all subjects working in the group show they are having
diffipulty’(eVen if only one group member‘ié able to
complete the actions, continue working through the

checklist) OR , ‘ \

¢. The 5th unit has been completed
If the %ngift'is not ‘able to complete Unit 2 on Using ghe

r



. .
. ' ‘ . .be
> . .

Repeat Command, he should be given instruction -immediately
from theQInétructionAI Materials Unit 2. When instruction
is coméleted,fgo'back to the Diagnostic Checklist aﬁd

~recommence with Unit 3. \ i
If:the subject is not able to qompletetan‘actioh in Aﬁy unit
other than Unit 2, stop using the.checklist. Refer to the’
ipsfrucﬁional material of the same name and number and

commence instruction at the beginning of the unit.

Instruoctional Materials
Units 1 to 5 are to be used only if the subject qAnnot_

[ 4

complete the actioﬁs on the checklist. .For example,-if%ynit

- 3 of the checklist cannot be completed, the instruction i

v

should commence at the beginning ©f unit 3 and should' e
continue till unit 5 is finished. ’ -,

Unit 6 is to bé used with all subjects.

/ -
- A

* Truck Task ngy:felt

Once the subject has completeq,one'of the fo;lowing;
‘ A - ‘

\ , 4 )
\' a.all five units of the diagggétic cBBbkligt
'bicall six units of the instructional materialg
' l ' v ,/ ‘:{\&:\ "“n
c.a combination of a. and b.' &“ . -t St
-turn to TRUCK TASK and follow thg IN TRUCTIONS TO  THE

RESEARCHER. ote that this session 1 be recorded on

audio tape.

p




7{5

.
~
~

p
, consecutlve seSSzons,ln the ?110w1ng orden boat, snowman

w

.nnd city Turn to the EXPERIMENTAL TASKS and read the'

* INSTRUCTIONS TO THE RESEARCHER.

. Experimental Tasks

-

The three tasks w111 be admlnlnstered\oﬁ three

The 1nstructlons renain the

“ ‘ .
same for all three tasks. These sessions will also be

recorded.

-_—
2
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' APPENDIX 4
* ' MR " Disgnostic Checklist
< © o
Instrictions to the Researcher ~ |/
P T [ 0 . ]
_ ) | J
(-3 : o

1.Consider seatlng arrangement
2.Ask the subJect 1f he kh\ys thls klnd of keyboard or 1f .

it’s dlfferent in any way to the ene he uses. Show h1m

) fhe [ 1 keys. . ) . ' . . ~v~mN‘
3.Give him the sheet of Logo commands and readvthrough them.
He may know\all or some - don’t'teach him now - tell him
.

he’1l]l be learning the new ones soon. -

- Say he can use the sheet of commands whenever he likes if he

forgets a command. - ( g

u” ¢

4.Ask the subjects to share the typing, if there are more

than one.

’
.

MATERIALS
Logo-eommands sheet

Blank paper and pen011

~" . ERSE o

BOHI




COMMANDS

Yy

ST/CS

FD

BK
RT
FD

LT

FD

BK
PU

RT
FD

LT
PD

FD
PU

FD

PD
FD
BT

Cs

80

40
90
35
90
40
80

90

35

90

30

Unit 1 _
' Using Basioc Turtle Commends -

%
. ’ -
L

WORDING OF RESEARCHER
First of all, can you make the turtle
show on the screen? . ‘

Can you)make'the turtle go forward !
80 steps? ‘

and can you make it come back 46 steps
Now make it tﬁrq~;ight.90‘steps |

ahd then forward 35 sfeps

0.K. now make it turn le thQO sfops
then go forwérd 40 \
and back 80

-~

Now I want you to make the turtle 1lift

up its pen so it won’t draw when it

moves . »
0.K. now make it turn right 90
then go forward 35 steps

and turn- left 80

~ Now we need to have the pen down again

so thé turtle can draw
Go forward 30 steps"~ : :

then 1ift the pen up again e

- and now take jusﬁ 7 steps forward

Noﬁ put the pen down for'the\last time

.

and go forward 5 steps - s

Now that we’ve written Hi can you hide the
turtle so we don’t see it on our picture?:

And if we want to erase. what we’ve drawn
what\do we do?

rd
*

)
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‘O.K. good,

L 4

Now I want so see if you can do some-
thing on your own. Do you think you
can make me a square? You need to
get the turtle on the screen.

]

{

I want you to type 1n each command, so don’ t

use REPEAT ) : .8

now can you clear the screen

)
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. Unit 2 . :
Using the Repesat Command

A 4

Note é )
. | L e \

, If tH® subject is not able to attempt or complete the
following, give him/her instruction immediately from the
Instructional Materials ‘Unit 2 then proceed to Unit 3 of
the Diagnostic Checklist.

. -
.

m‘ . : ‘
COMMAND * WORDING OF RESEARCHER
- B )
0 Now we’re going to use the REPEAT
command
"Gne" " When we’re using REPEAT do we pdti&ll

the commands on one line or on different
-~ v lines? '
e.g. I\Can you meke the turtle draw a dotted
REPEAT 3 ~)line like this. (draw on paper) Before
(FD / you begin, you need to decide how to make it.
PO . FD 10 / What are you going to repeat. and how many
PD] - times? L :

. , . .
l ’ ‘
.
;
7 I

- et

. \

CS - Good, now clear the screen : ;
* * _l\)

e.g. Now can you'make the turtle draw a square

REPEAT 4 using the repeat command? z

{FD 80

RT 90] . e -

Cs ' Good, now you can clear the screen again.

¢

-

—

£#
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Unit 3 ‘/ k

- /
-

Defining dPProooduré~1n the Ed1tor and Executlng it~

hl

>

COMMAND ;wonomc" OF RESEARCHER
. ED "BOX. We’re goihg to teach the computer how
) e to do somethjdg that we can save on the
ED disk in casd ‘we wWant to use it later. '
.TO BOX Let’s call this a procedure. We’re

going to write the procedure in the
editor. Let’s call the procedure

S - BOX. O.K. how do westert?
REPEAT 4 I want you to tell the computer how to
- (FD 50 make a square box using the repeat
RT 90] « - commang Make the square with its
, ' ' s " sides 50 turtle.-steps.
END © " How do you tell the computer you’ve

finished wrjting the procedure?

’ CTRL C The turtle doesn’t, work when you’re in
- .- the editor so.can you get back to the
6 turtle screen?

vBOX » . Now how can you make the turtle draw our
- box? .



COMMAND #

ED "BOX

. CTRL N

)

—_

CTRL D12
or

12

CTRL C
BOX

‘box bigger. 'We have to change the

Unit 4 . /",
Editing a Procedure /

WORDING OF RESEACHER A

’

O.K.‘;Bw let’s say we want to make thetavngﬁﬁﬁ

number of turtle steps that we put
in our procedure. How rcan we_do this?

Now let’s see t turtle draw the Eiggerj"

box. . ) i

,‘/



h-
"\
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* Saving and Loading a Procedure and using Subprocedures

COMMAND
CATALOG
LOAD "HI
HI

ED “BOHI
BOX -

)

HI

CTRL C -
- BOHI

SAVE "BOHI

L

' WORDING OF RESEARCHER

‘Now let;s see what the BOHI does.

n Unit &

-
#

That’s the size of box ] wanted

I’ve written some procedures on the
disk but I can’t remember their names.
Can you ask the computer to show me the
list of the names (of the procedures I’ve
saved) , —

The one I want is that one called HI so
can you load it from the disk into the
computer so we can use it?

i 3

Will you show be what HI es?

O0.K. but I'd like to put your BOX and '
my HI together so that when I type

just BOHI the turtle will draw BOX and then

draw Hi like this (on paper teacher draws
the square first then Hi) t
Can you tell me what I want you to do?.

e

[] r
N | : \
L
*

Can you put BOX at the beginning? T

and then Hi next !

4

Good, now will you save it for me please.

t

96



| APPENDIX 5
| T J
Truék Task = '
. . . .
_ Instructions to the Researcher
MATERIALS e '
Logo commands sheet ; ...
Blank paper. & pe?oil,' L R '#

- I‘\"G
Truck task picture :

Blank tape and beep signal tape

.

LOAD
POL s — l <.

CIR - '
TEACH . . - ' .

DIRECTIONS

1. Make sure the blank tape apnd rewound beep éignal ﬁapé are

loaded in the tape recorders.

é1 Remind the subject of the use of POL, CIR.and REPEAT to

| make semi-circles .and arcs. | |

3. Read the instructions fér the Truck Task. )

4. When ‘the .subject is ready to begin working, tUrh,dﬁ‘the

| tape recorders, oné with the beep signal, the other with’

the blank tape: - ' S

5. If the subject aské you a question concerning Logo,
encourage him to try ‘what he tﬁﬁnks midht work, or refer
h1m to the commands sheet.

6. Save the group's procedure at the end of the session.



8 TRUCK{TASK

- © \ . ‘ R 4
(Eesearcher‘s wording of instructions to the subject)
- .

I’d like you to mgke the turtle draw a p1cture of a truck
like thls one (show picture). . .
@

Your picture should be the same shape but you don t have to

L ., make 1t the same size.

| T Declde how you can break down the de91gn into pieces.

-+ You can use the turtle screen to try.out your ideas but you -.
* *= have to put the procedure in the editor after. 1I’ll give -t

you some paper so you can write the commands down if you
want. 0

Also, 1 want you to write the procedure in the editor so
that it has just one procedure to draw the truck but it
would be a good idea to put several smdll procedures in the
big truck procedure. i

- |
You can call the procedure TRUCK and then when yow ve'

finlshed and you type TRUCK, the turtle should draw the
whole truck

Don’t forget to use the list of commands I’ve glven you 1f
you riesed them \

b ‘ (if there are 2 or’S‘éubjects‘working,together -

. You should help each other to do this and share typing in
R and writing down the commands.

~ 0. K. Before you begin, can you tell me what you’re supposed
to do. . .

[ (Note: all procedures must be saved!).

4
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) . - - APPENDIX 6 . .

, 'In;truotj.onal Materiails L

Unit 1

o . - )

" . T~ : (.
.. Drawing Simple Line Shapes using Basic Turtle Commands

Instructions to_the Researcher -
L ! . ‘ -
' MATERTALS B _ Lo
Logf:r command sheet |
. Blank ..paper and pencil

’

Examples

* Exercises = -

K
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Drnﬁiggfsggplb Line.Shaggs Using Basic Turtle Comiangg_ L
-~ o ' 3 ‘ . T e

LS

Porfprmiﬁoe ObJjective o7 -

Yy

} Giyen a series of three simple design exercises, the,
*  subject will make the‘ turtle:draw an approximate copy of
each design in direct mode.:- The turtle designs should be -

j the same in shape but not hecessarily in size. The subject .

s i . N
-* may refer to the list of Logo commands provided. — -
Content of the Unit i 'M ‘ : ) *;\
a.use of fUrl and short commapds g \
FORWARD FD : L | -
BACK - BK \ - - b | ’
— . -+ INPUTS |
RIGHT - RT
' d
LEFT LT
CLEARSCREEN  CS S
: / ’ ) ..
PENUP ‘ PU : ‘
: ~
PENDOWN Pb
HIDETURTLZ/ HT S _ ‘
. T "
SHOWTURTL ST ' “
~ .

i . , (‘/ -
B.Discrimination among error metsagdes
“I don’t. know how to ---"

“Not enough inputs to ---"




7

™y

“

. » ..
.

Introduction to -the Keyboard a ) | .

- Y e
- yoJ\ can see the keybahfd for the computer is a lot
like a typewriter .
-“whgn we press a key, the letter we pressed appears
©On the screen instead of on paper
- the = bllnk1ng llght is called a cursor - it shows
you where you’re gping to type next (type “hello“)
[ 4
- you can erase "hello“ by using ¢— - »
- *
Introduction to the Turtle <

\ @
PARS
t

- "Welcomé to Logo" means the computer 'is ready

u

- ? means it’s ready for us to type :

P

- we're going to meet a little turtle that w111 do a
drawing for us

- first we have to make the turtle show,on the screen’

type CLEARSCREEN and press return to have, the
turtile show on a blank sc{een"

]

now we’'re ready to make the turtle draw

# ¥ ‘.

whatever ‘we type in w111 show down here where. the ?
is

o

9hese are the designs we’'re going to make the turtle
’ ' A
draw. (give subject a copy of the EXAMPLES) &

.'._

fed

o
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Demonstrate Basic Turtle Commands

Examples

- —

Researcher types

b

. " FORWARD 50
RIGHT 90
FORWARD 50
RIGT 90 ¢« '
RIGHT 90 .
FORWARD 50

- BACK 100
. CLEARSCREEN

The researcher asks

&

4

Points to note

. command,
space bar N
number of amount of
turtle steps,

,press return

use ¢— key to erase
mistake ’

14

!

o

;

EXAMPLES B. and C.

B.
FD 70
RT 30.
. FD 40
w -BK40
BK 40 °©
LT 60
« FD 40°
HIDETURTLE
’ cs

e :

SHOWTURTLE
4 HT )
- ST .
) . RT 90
. * FD 25
I PENUP )
< m FD 25 "
PENDOWN
‘FD25 ¢—
FD 25
- PU
I .+ RT 90
FD 30
RT 80
. FD 25
PD
FD 25
HT

o

on screen

-

the subjects to t&ke turns in typing

- short commands easier to use

- error message

-

\K§; ”f

- error message

-~

*

¥03-

1
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Exercises .
» * /;,,

Make the turtle draw the designs you see inside the dbtted

boxes. . : .
The other lines will show you how to do it, step by step.

p) ' .
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Instructions to the Researcher

4

y R
MATERIALS
Logo commands gheéf - )
Blank paper and pencil ' . . ‘ .
Exercises - ‘ .

\1 'l



N " “Using the Repeat Command :

Performance Objective ‘
Given a series of three simple design exercises, the
éu?jeot willA ugg'th$ REPEAT command to make the turtle
. draw an’ approxiﬁate'copy of each design in d;rect mode.f
The turtle design should be the same in shape but not
necessarily in size. Theisubject may refer to. the list sf

commands ﬁrovided.'

Content of the Unit
REPEAT [inputs]

Introduction ' < N
If we ﬁgﬂt to make a square we have to type in a long
list of commands to make thé tu:tle go forward and turn

and forward and turn etc. four times. 'We can make this a

e

—

lot easier if we use the REPEAT command. We can make the

turtle draw something as many times as we want.



L

Ixamples

Researcher types

REPEAT 6
[FD 10
RT 90
FD 10

. LT 90]

{

'~ to make 5 steps“

shorter to use REPEAT

need to know how many times to
repeat (note spacing) and what
you want to repeat (in brackets)
all commands on one line

108
. np—
Paoints to note on screen
long list of comﬁands |
_ to make 2 steps -

The researcher asks the subaects to take turns in typing

EXAMPLES B. and C.

B. .

Cs:

FD 20 :
BK 20 S

- _RT 90

CS
REPEAT 4
[FD 20 __ _

-BK 20

RT 90]

REPEAT 4
(FD 20 . -
BK 20

. RT 90)

CS

REPEAT 2 -
(FD 20

RT 90

FD 40

RT 80]

'w1th REPEAT

"doing this 4 times will make a L

cross (show on papsesr) -

L ]

forgot input for number of
repeats .
respond to typing error me;éages

/

f ‘l' .

/+

/

to draw a rectangle . ,
respond to typing error messages




Exeroiseé' . : U

- i ’ -
. . ’

/

‘

Use the REPEAT command to make these designs.

Your- desiéns‘ should be the same shape as these but they
don’t have to be the same size. - R

Before you begin each one, tell your teacher how ‘&ou’ra
going to do it. What are you going to REPEAT and how many
times? . .

You need to clear the .secreen each time before you do a new
design. . .

PO




Instructions to the

MATERIALS

TN
L
'g -
>
-

a0

110
»

Unit=3 - | :

fini a Prdéedure in the Editor and Executi it

1] . !SE’;\
Logo cOmmands sheet
Blank paper and pencil
Examples -
Exercises '
B ', e
' 2
e ’
. 'f‘) . .
- « h)
.»...—/’-‘. N ’
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- - 111
|

Defining a Procedure in thélxditor and Executing it

v
-

\

' \
Performance Objective |

»

Given a series ofﬂtbree simple design exqrbises, the

subject will write a procedure .in thé edit mode then execute
it.

|

Two of the exercises will incorporate the use of the

REPEAT command. (Whethef the procedure runs of not at this

stage is of little importance) N

. H
| -
-

/

‘procedure’ R "
. ED ' : "~ ’editor’
. ' -
T — —— | e -
END ' co N
s |
- CTRL C . T s
----(execute procedure) .| .
‘ "
L - .
i o
|
v 1
( <
1
» +
“ R
. - _ ¢

L



. RT 80

Intréductign

We’re going- to.teach the computer how to do. something
The commands that we type for that

that it can remember.

are called a procedure.

. : s .
When we’re writing a procedure we have to do it in a

place called the editor.. When you’re in the editor you

can’t see the turtle.

Here’s a copy of the designs we’re 301ng to teach the

computer to make. (dive a copy of examples)

The reseaécher aéké
EXAMPLES B. and C.
Bl

Exemples

Researcher types Poihts. to note

»A. “ ) ‘4 ,

EDIT “TEE . - use of shift 2 for "

RT 90 o LOGO EDITOR at bottom"of
FD 25 P TO

BK 50 7 type slowly and-carefully
HT . check command is correct
END pressing return

CTRL C ‘ - get back to dréw;ng screen
TEE

CS ’

the 'subjects to take.,turn

L

on .screen

sScreen

before

+ l
4
. “

112

s . in tyPing

[«}

ED T'\BOX ) - use of ¢«—— to erase error

FD 50
RT 80 .
FD 50

FD50
f-——
FD 50
RT ;90
FD 50
END

CTRL C

. BOX

before. pressing return

/‘




C. ‘

ED .
TO BIGBOX - using REPEAT
REPEAT 4 , :
{FD 110 : :
" RT 901 ‘
END

CTRL C
BIGBOX

LR _f/;d
A
Ty
e St
LY

(A

A

- to make a bigger square
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)

*

Write a procedure to draw e;ach design then try it.out to see
what happens. Don’t worry if it ;oesn’t,work! - we’ll learn
how to fix a procedure soon. P

o )

b -
1. .
1 ’ ‘ -
- ’
< Use the REPEAT command to make 2. and 3.
2. . . P
y .
7"“ , ~ .
e -
F ) ‘
K)
3. N 4 P
. - ¢
o :
[ \ 2
- , .
A | i -
. 4
% 4 ° ” -
{ - ~ »
. \ -
v & *
3
‘ ’ A
r - .
- &
4

-
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« Unit 4
iting and Rur
Ihstruotions td the Researcher
4 MATERIALS *
Logo commands sheet
Blank paper & pencil
Examples y
&
Exercises )
) N o
LOAD ,
-UNIN4
y R
r.,:%“

fcﬂ-

- 118
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| O - .
Editing and Running a Procedure ' \
Performance Objective o o L
Given three procedures that contain bugs, an exact

indication of the bug locatidns and a copy of the designs
the procedure are intended to draw, the subject will edit
each procedure so’ that it will run.

3 \.{ - 7

o -
Content of the Unit
CTRL N ‘
CTRL P
CTRL D | : ' : ‘ S
CTRL B g ' i
. R " . ~ ¢
CTRL O . g
: §

a

Introduction - | - T *

(For both exayples and exercises, the suﬁjeét'shoulé ‘
see the desiéh that the procedure is intended to draw. Also

the procedure‘shoulq be called before editing is attempted. )

A
D
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Examples
_ I’ve written some procedures but they didn’t do what I s
wanted them to do because they had some mistakes in them.

Here’s a list of the commands in the procedures and the
- .designs they’re supposed to draw (give the subject Examples
Unit 4) .

-

A ., . . .
Let’s look at the first one. It’s called I. , .
Type I and let’s see what it does.

That’s what it does but what I wanted it to do is thls (show
the subJect the de81gn on his Example paper)

Look at the procedure. The place,marked with an X is where
the mistake is. '

Do you know what I’ve done wromg‘> (subaect may respond that
you forgot to put the pen down )

(show the subJect on his Example paper what the commands
produce.) Look, we did forward 60 then penup thea!forward
20.. WE need to put the pen down after the FD+20.

Can you get back into the editor so we can fix it?% (subject
types EDIT "I) X

- . . »

0.K. we need to move the cursor down' so ‘let’s look at, your )
list of commands. (show on' LOGO commands sheet)CTRL N will
move the cursor down to the next 11ne, N is for next. -

Now .move 1t‘down to FD 15 and, then type CTRL 0 to open a
line, O is for open(show.on LOGO command sheet)

Now you can type PD. .
- 0.K. let’s get out of the editor (CTRL C) and try I agaln (\
Good, you ve fixed it.

B. ‘ s
Let’s look at another procedure that has a mistake.

Type RECT. That’s not what we want, is it%? :
What’s the problem? (REPEAT 1 should be REPEAT 2)
So let’s edit RECT (sdbject types EDIT "RECT)
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e

‘D, D is for delete.

- R \ e . o .
'O.K. now you can type 2 . . .

. Alright, let’s see it~ (subaect types CTRL C- and RECT to get
a rectangle on the screen) -

‘ § » \” , | * . ’.‘
.C~ " ¢ ). - ‘ .
The last one is called EL ‘
11

.&an you show me it flrsto(screen will say LOGO doesn t know e

h oF in EL) . _ . ) ﬁ&m 3

Can you flx it for me? Type EDIT, "EL - s .
5.

O0.K. now e the cursor down to F and put the D’ that’s

m1s51ng X d -

0.K. let s try t (subaect types CTRL C and EL)

Now I’ve got some procedures'I want. you to fix on ybur
own. (€ive the subject the EXERCISES sheet and read through
the 1nstructnons with h1m )



~
N

Exanples
The X shows you where the mistake is:

The procedure the design
i . . ' ~

A.
TO I .
FD 60
PU

D, 20
ne missing) .
D 15 . i R

HT
END

R

-~

N . i N .
B ‘ .
3 z
. *
4

.TO RECT- . : : -
R%PE T)x((FD,ao RT 90 FD 60 RT 90]
gr- 7 ™ | . '

L

120
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Exercises

Here are 3 préoedureéﬁwith the designs they are supposed to
draw, but they don’t work properly. I’d like you to fix
them. . '

-

1. Type the name of the proqedure to seé what if does.

2. Find the X in the procedure. That means there’s a
mistake. . ’ ) .

3. Fix the mistﬁke-ip the ‘editor.

4. Make sure the procedure dravs a picture like the
one here. - - ‘

oy

REPEAT 4 [EXD 40 RT 90] s | &

2. TENT . H

TO TENT
RT 30
FD 80

RT 120 . ,
FD8O ' , ' .
RT 120 ‘ | - '

BK 20
FD 110
HT
END

3.EM

T0 EM '
FD 80 . l : oo
RT 135 ,

FD 30

LT 90

FD 30 -

RT 135 ‘ . s

FD 2{
(lihe missing)
END

i e ——

121
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5 ’ Unit 5
. K ”(Savigg and Loading & Procedure and Using Subprocedures
T, o ) |
to th 8 L j o
‘ MATERIALS
Logo commands sheet .
S Blank paper & pencil
Exercises o
N

- -
.
" > —n < o
.

:
¥ ~
"> <
4
2L
I
30

122
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lSavingﬁand Loading a Procaqﬁfe and Using Subprocedures

»

Performance objective ’

Given a) the names of 4 procedures Ang the dpsigﬁs ' ‘7
they draw (saved oq‘disk)
‘b) a series of 3 design exercises L -
the subject will
1) determine the names of the procedureg.
N 2) use the catalog then load the procedures
o needed ' .

3) encorporate the précedures (as '

> / v
‘subprocedures) into a new procedure ‘ -,

posers

Content of the unit

SAVE “----
LOAD "----
CATALOG

Introduction

(The notion of prdcedures And subprocedures should be
explained) '

~-we’re going to”teach the computer to do something n;w

. from what it already knows. What it already knows is called
a procedure, right? We write procedyres in the editor and

save them on a disk sb we can Use them again. Well, we caﬁ

load some small procedures from the disk into the cpmputer

and put them together to make a bigger procedure that can do

P
PO

, more than ‘one thing.

’



-..p—: 'AE ﬁ ] N
Résegrcher types
EDIT

TO SQUARE
REPEAT 4 [FD 40

RT 90]
END -

CTRL C
SQUARE

Subject types
CATALOG

LOAD "U-

EDIT
TO SQUAREU

 SQUARE
u
END
CTRL C
SQUAREU

B..
CATALOG

LOAD "N

Wording of researcher on screen

First of all, I’'m going
to.write a procedure
called SQUARE in the
editor

-

Now let’s look at it

I’ve written some other procedures’
that are on the disk but not
loaded. We’re going to use those
and our square to make a big
procedure that contains 2 small
procedures.  Will you show me the
list of my procedures.

I want you to load that one called U
so you have to type LOAD "U

Let’s see what it doés. | l

0.K. we know what SQUARE does so now
let’s put them together.

R
We’re going to call the new bigger
procedure SQUAREU so can you get us

into the editor. Now type TO SQUAREU.

ow I want the turtle to draw

e square first so move down a line
and type SQUARE then down another
line and type U ) '

Now we need to put END
Now .let’s see what SQUAREU does

Let’s look at the catalog again. I
need you to load N for me. Do you

. remember how to load a procedure?

LOAD “N
'Let’s see what it does. 'I |

124



EDIT
TO NSQUARE

N
SQUARE
END
CTRL .C
+  NSQUARE

C.
CATALOG

L

o Qp"o

N

LOAD "T

AN

~__
e

AN

€S
T.

‘EDIT
TO TO.

END

" CTRL C .
. TO0. . :

We’re going to put N and SQUARE

together to make a new procedure .

called NSQUARE

So let’s, get into the editor and

start a procedure called NSQUARE

We want N first
then SQUARE
and now END

0.K. let’s see it : l |

~

13

]

N

. For the - last one we’ll use 2

procedures you haven’t seen. Look
in the catalog and ¥’11 show you

what we need. )

We want to load O
and' T

Now let’s look at them. Type O
first

O.K. c r the screen
and then type T. -

Let’s-call the new procéad;e TO.

We have to put a . after TO -

We need the T first
then O
and END

So now let’s get out of the editor
and see TO. "

(The procedures the subject will need for these

'exercises are saved on the disk but should not be loaded by

the teacher.

G1ve the subject the EXERCISES sheet and rgfd over the

instructions with h1m )

oy

¢



i « )
the names of the procedures ' Ahe design dr%n by
saved but not loaded ~ °  procedure .

PENNY

LONG

FRAME . .| , I

" Make ‘3 new pfbcedures that will draw the designs below."
Use the  CATALOG then load the procedures you need.
- Look at _gach procedure when yow load it.

Give the 3 procedures any namés you want.

-1, don’t call this one GO
- it ‘'won’t work! -
1 b
2,
\
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Uridt 6 .

Drawing Polxgons,\ Circles -and Arcs
" Instructions to )
MATERIALS : ' ‘ . - ) .
Logo commands sheet' \
Exercises -
3 List 1
Blank paper & pencil
¥

POL

CIR - '
—_— i N

. ' ’ s i
\« &«
Y
t | ,
, &
1 . <
. )/ ) A ]
*
- - ‘ Q N LS




L 4 ‘ :
awing Polygons, Circle

L e ' - &
7 ~ Performance objeotive ’@2%5 )
| Given a) 2 procedures called POL and CIR on the disk b

b) a series of 3 design exercises

" the. subject will L
k . .
» . 1) determine the procedure (POL or CIR) and inputs

needed to create 2 of the de31ga§ ..

’) ‘ . T 2) determine the 1nput to REPEAT and the anglb/ '
! A \\
s needed to create the third de81gn ’

L

. " it

g .

CIR + input

1

Q-POL + input

o~
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Introduction
Do you know how to make circle and ‘arcs? (subject will
likely respond Yes, with CIRCLER and ARCR) ' -

Well, I’'m going to show Jmmxa different way of making them. .

Can you check that the pen is down and the turtle is showing. |

?

L]

Can you type: \ ’ ,

¢ REPEAT 3 [FD 20 RT.120] How many s1des doés this shape
. have? —

-
.:

- -

' Now I want you  to type in ‘some, more 'REPEAT commands and
we’1ll make different shapes .™

I don’t want you to erase them each time so we can see all
the shapes onfthe screen -at the same time.

REPEAT 4 [FD. 20 RT 90]

!
i’

REPEAT 6 [FD 20 RT 60] o ‘ T

. REPEAT 10 [FD 20 RT 36] ’

REPEAT 15 (FD 20 RT 24]
o v * \

(Give the subject List 1)

~-If we have a look at all the commands we’ve given the .
computer they all 'look like REPEAT, then a number of sides
and forward 20 was always the same, then right a certain

. angle. o

‘HWell the angle is the same”as 360 inidéd by the number of
si@ps in -the shape.(Show on paper) )

e.g.look at the square with 4 szdeé'vlf we divide 360 by 4
we get 90. Also for the shape with 6 sides the angle is 360
d1v1ded by 6 which equals 80,

1 think the e351est one.is the shape with 10 sxdes ‘360
divided by 10 is 36, right? )

I’'ve written a procedure that will let us make ‘a shape with
any number of sides we want:  It’s called POL.

You, can type in POL 3 and you get a shape with 3 sides. Sea?
S T3 -

- -

y
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-

Try some other POL nymbers but don’t use more than 22,

Also don’t claar th%,screen then we can look at all the
‘shapes together and/pompare then.

So tell me again, what is this number that you’re typing
after POL? (subject should say it’s the number of s1des)

You can see that when the number of sides is bigger, the
shape looks more like a circle.

" S0 with the procedure POL we can make a triangle, a square

and other shapes that look more and more like a circle.
’

[ ——
Now we’re going to look pt how to make circles of different

sizes.

e ave a all number of forward sﬁeps before the
turt turns, wk det a small, circle, right?

1f we have a g:ggﬁaahgsio for\hr& steps before it
ns, what happens® e cireié will be bigger)

I’'ve Written another procedure that lets us change the
forward steps to get the size of circle we want.

‘Now leé’s try it. Type CIR 5, but don’t clear the screen

then we can look at them all todether.

The number 5 -is the steps it goes forward before it turns

each time.
~Now do CIR 8 N
CIR 10 B .o
5 ] 3
You see when the CIR number we use is bigger, so is the '
circle, right? ”

CIR 14 is the biggest fhat will fit on the screen.
Let’s Just ‘try CIR 16 to see what it does (it wraps)
0.K. leave them on the screen.

all those circles are on the right side of the screen. What
about drawing some on-the other side. We’ll turn the turtle
around first so type

: RT 180
now type CIR 39, ’

-

What I want to do now 'is draw a circle that touches a 11ne
so can you clear the screen and type

Q

> a



P

FD 100 X . (on screen)
BK 50 T .
CIR 5

Let’s* put all the things we’ve Jjust learned toge&her to make
a picture. It’s a round face with a little square hat on
it.  O0.K. so type . v
. \
Cs (on screen)
- RT 90 ) .
) FD 100
‘BK 50
CIR 8
BK 10
. LT 90

J

and if you type POL 4 what will it give us? ( a square)
That’s right, POL gives us: the number.of sides we want but °* *

. CIR makes a circle the size you want. . -

- . POL - ' {
RHT
0.K. we’ve looked at different shapes and circles of
different sizes. Now } want to show you how to make Just
part of a circle.

Remember that the number of :sides times the angle equals
360. Let’s look at what happeris when it equals Qnly 180.

=2

type CS Bt S ’ :
ST ' :
REPEAT 15 [FD 10 RT 12}

so we get half .a circle or_ what we call a semi-circle .
(on sareen) . .

L

(show on paper) if you mu1t1p1y 15 ‘repeats by 12 turn1ng
steps it only makes 180 which is half 360 .

Now let’s see what happernrs when we change the FD 10 to FD 5
Type ‘cs
REPEAT 15 (FD 5 RT 12]

Wé'get a smaller semi-circle because the number of forward

steps was smaller. - . 4
{on screen) ’ : _ . : N



This time we’ll just rebeat‘io so type

. ' CS v
then " REPEAT 10 [FD 10 RT 12] -
- (on screen) .

you see we get an arc because the line doesn’t go even half
way round a circle. Ten tlmes -12 is 120.

o

_We can make a design that laoks a bit-Aike a:fieh so type

®
I~
i

RT 90—
and ' REPEAT 10 [FD 10 RT 12]

(on screen)

These are both arcs because they’re not complete half-~
circles. . .

Remember for the half-circle we had 15 repeats But here we
only have 10 so it doesn’t go round as far.

132

0.K. that’s the end of the thidgs-l_wanted to show you but

now I want to see if you can do something on you own.

Can you use what we’ve just learned to make t se designs®?
(show the subaect the Exercise page) ‘

-

-~

‘ o
. . .
. 1 -
- . v
-~y B % s . \
N
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REPEAT 3 [FD 20 RT"120].
© REPEAT 4 [FD 20 BT 901
REPEAT 6 (FD 20 RT %0] . N o
REPEAT 10 (FD 20 RY 36 |
REPEAT 15 (FD 20 RT 24]

R

. -
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CONTROL

- -
' . 1135
R . . ‘
AFPENDIX 7
Y .
g Logo Commands
FULL, SHORT -
~_ %
Turtle commandsg
FORWARD FD number - move the turtle forward- ‘
»BACK BK number,‘t move the turtle back
RIGHT RT number - make the turtle turn right
LEFT LT nﬁhber - make the turtle turn left
PENUP " PU "~ 1ift the turtle pen up ° -
¥ ) ’, * . at
PENDXWN PD - put e turtle pen dowp
HIDRTURTLE BT . - hide the turtle
SHOWTURTLE - ST - show the turtle .
| CLEARSCREEN CS ‘ - erase your pictures and give B
N a blank screen
REPEAT number [---] - — repeat the commands in.the .

C ] a number of times

Making a Procedure

EDIT “---
or

EDIT

T0 --=

"END

]

+

ED * ' - start writing a procedure
called -—-- ‘
A LN
<+ the procedure is finished
A L
CTRL C —fBring back the drawing screen
CTRL G~ - stop what you are dofng

T
2
.



(

*

Editing oommands

CTRL N

CTRL P -

CTRL D ~

CTRL B

CTRL O
SAVE " —--

LOAD "---

@,

CATALOG
»

’ . . 136

o ‘ %

move the cursor down one 11ne (to the
next line) ., ,

move the cursor up one line )to the
previous line)

"~ delete (erase) a letter or number
where the cursor is - -

move the cursor to the lefE/ﬁfggzﬁm v
erasing

move the cursor to the right‘ ,

/
delete {erase)  the letter or number
on the left

make a new empty line (gpen a- line)

save the §§oeedure called -~- onto a .
disk so you can use it again

bring the procedure called ~-- from -
the disk to the computer SO yoy can
use it, ///)y

give a 'list of the names of 'the
procedures you have saved on your
disk

”»
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| APPENDIX 8 \
Experimental Tasks
Instructions to the Researoé;;
MATERIALS‘
Logo commands sheet
Blank paper gnd pencil '
Copy of Fﬂ;vappropriate task picture
'« Blank tape and beep signal tape ,
_POL s . E
. 4‘. ‘°'~ . )
CIR 3 ‘ , :
DIRECTIONS

1. Make suresthe blank tape and rewound beep siénal tape are

[ o4

loaded in the tape recorders. J
2. Remind the subjéct of—the use of POL, CIR and REPEAT to

make semi-circles and arcs.

Read the instructions fof the Experimental Tasks.

B W

When the subject is ready to begin working, turn on the

™~

» ~

tape recorders, one with the beep signal, the other with
the blank ﬁgpe. @ -

5. Ithhe subject asks you a questio;<boncerﬁing Logo,
encoufage him to try what he think§ mighﬁ work, or refer
him to the command sheet.

6. Save the grouping’s proce&ure at the end of the session.



Experimental Tasks

1
4

(Researcher’s wording of instructions to the subject)

This time 1'd like you to make the turtle draw a picture
like this. (Give the subject a copy of the appropriate task
picture. ). ) |

Your picture should be the same shape but you don’t have

.to make it the same size.

Don’t forget to use the list of commands I’ve‘iven you

¥

if you need then.

-

. 0.K. before you begin, ‘can you tell me what you’'re

suppbsed to do?

Note .

DO. NOT ask the subject to write procedures or write in

the editor; let him use his own strategies fof these tasks.
! ) dnegs
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APPENDIX o

. Experimental. Task Evaluation Criteria ’ A v
. for Completed Conponents e

r

.

EGORY DESCRIPTION ' RANGE OF POINTS

=3 . TO BE DEDUCTE® ,
P ' ’ - /
) - | A / " incomplete form of 5 - 20
: . -component - lines need | e .
' to be extended _
\1 . '
B . components not joined - v 5 - 20

they should be touching

C components poorly aligned . ' . 5 - 20 -f
. or placed
1 "
‘ _ D lack of overall neatness - 5. - 20
§ ' , extraneous lines . '
E poor shape Co 'j - 5 - 10

> N =y

Yot



»

"'. Comments: .

°

GROUP _
‘ ~N

TRUCK
components
cab
window
Tbox

wheel 1Y
wheel rt

Comments: -

BOAT

components

mast’

bottom

sail

-

APPENDIX 10

Experimental Tasit Evaluation Instrunent

f“r

¢ .
points deducted category
P
, . B
C N
D
A
total
deductions
- . FINAL ‘SCORE X__ =
5
pointé’ deduoted cateng'-y |
. ~ — A
B
c
' D
E
. Jtotal )
jdeductions |
FINAL ‘SCORE 100 = K=

L]

TCT:Task Completion Time
CMMDS :Number of commands
for n;ost complete version

4

TCT:




o

GROUP*

SNOWMAN
v}

components

haﬁ L

head

body

armlt

rmrt

- " lfork

) N
' N
Comments:’
T4
CIT{ .

copponents

+ . pid

treetrnk f{

treetop |,

towerbtm

towermd 1

tbwertop

RS towerclk

Fpif;

TCT

144

CMMDS

‘points deducted. category
. A
B
c
D
I E .
%otal ,
deductions
FINAL SCORE 100 - X -Ehz’
points dedécted J | category
" w A
: B
; c
; D
B .
/
’ total n -
deductions
FINAL SCORE 10'0‘- X =



MING, COMPONENTS +  4b.

other .....
-

C 145
B 4 . .
S _ APPENDIX 11 f
Group Profiles of the Analysis of Programming Style °
GROUP > M1 "
1. TYPE ‘OF PROGRAM- la. linear ..v.. . ' (
MING - - 1b. protedural .....
T . - 0
2.MODE(S) USED © 2a. direct . daln mising -
. «  2b. indirect ..... '
3. LEVEL OF PLANNING 3a. pre-planning .../..
T * 3b. contingent ..../
, ' local ..,./ " .
Ve globgY” .../ ........ .
4.SEQUENCE OF PROGRAM- 4a. interior to exterior | .....
MING COMPONENTS 4b. other . .dot mining
b o . . {
GROUP‘ M2
1.TYPE OF PROGRAM- la. linear .v7.. -
MING . 1b. procedural .....
2.MODE(S) USED 2a. direct .v7.: /
2b. indirect ..... \ Sl
3.LEVEL OF PLANNING 3a. pre-planning :....
: . 3b./ contingent ..... alo -
L local ... .. /
global ~...... .........
4.SEQUENCE OF PROGRAM- 4a. interior to exterior. .v/...



’ - » > . .
‘ ~GROUP M3 .
‘ 1.TYPE OF PROGRAM- la. linear .v... . o
\ MING *\.1b. procedural .....
, 5 . *
2.MODE(S) USED . /'2a. direct . V..
- ( 2b. indirect ..... . %
3.LEVEL OF PLANNING 3a. pre-planning .....
. ) 3b." contingent .....
‘ ‘local ..... M
g€lobal ................
" 4, SEQUENCE OF PROGRAM- 4a. interior_to exterior ......
MING COMPONENTS 4b. other .« .. ,
k| .
. » * - t
t \ - X
GROUP F1 ;
: 2
.o »
//“/\‘R ’ T~ / e e —_ //,/‘*//
1. T;FE‘QLBRGGM-/ la. linear 7.V.. ' 4
MING* 1b. procedural .....
o o ’
2.MODE(S) USED <. 2a. direct’ . V..
. . 2b. indiregt ..... .
L 2 T T N I LR I L 2 N N R I T .
¢ B . S
. '3,LEVEL OF PLANNING 3a. pre-planning . ..., B
/ 3b. contingent ..... ~— TN
, local ..... 'X‘ ,
- g€lobal ........ e eee s
4.SEQUENCE OF PROGRAM- 4a interior to exterior /...
, ~ MING COMPONENTS 4b. other ..... :
. v * —
N ~
, a

146
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GROUP F2 .

1. TYPE .OF PROGRAM- 1a. 11near dato mssm,
MING ] 1b. procedural .....
‘2. MODE(S) USED) - 2a.” direct .. dato missing
i ' 2b. indirect ..... .
L A A R R R R AR L IR B A} ]
3.LEVEL OF. PLANNING 3a. pre-planning .....
3b. contingent .....
local ..... qh
g€lobal «............. :
4. SEQUENCE OF PROGRAM- d4a. intericr to exterior ......
MING COMPONENTS 4b. other ...dow missing
\ \ .
~ : GROUP F3 J
1.TYPE OF PROGRAM- 1a. linear .v/.. ,,
MING b 1b. procedural .....
2.MODE(S) USED . | ‘2a. direct V...
—_— v 2b. indirect .....
. -;i\; T 4 ¢ & 0 2 & 0 8 0 o ¢ 0 s s
'3,LEVEL OF PLANNING 3a’ pre-planning ..... .
o : ' 3b. contingent .....
local ...;.Wﬁ
'BIObal no.c‘.-u_ ------ ']
4. SEQUENCE OF PROGRAM- 4a. interior to exterior ......
' MING COMPONENTS 4. other.. ... '
— /'\ " , v
‘ \

PR
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- GROUP 'MM1
1‘? "}
1.TYPE OF PROGRAM- la. linear ../..
MING . 1b. procedural ..... '
'2,MODE(S) USED . 2a. direct ..v. . )
‘ \ ' 2b. indirect .....
3.LEVEL OF PLANNING '3a. pre-planning .....
. 3b. contingent ..v".
” local ...Vl .
global ...26-3A........ .
‘ 4.SEQUENCE OF PROGRAM- 4a. interior to exterior ..v/..
o MING COMPONENTS 4b. other .....
MM2 '
1. TYPE OF PROGRAM- la. linear ..v/.
‘ MING 1b. procedural .....
. ‘ _2.MODE(S) USED. 2a. direct ..V.
’ (:7 : « 2b. indirect v.... .
- vsdoatal sobpacedae that . ... -
) containgd ot least” oue esrof ,
3.LEVEL OF PLANNING 3a. pre-planning ,.. -
v 3b. contingent .v}.
. local ..v(.
. 313931//T75A....u......
b4 ‘ -
4. SEQUENCE OF PROGRAM- da. interio¥ to exterior ......
. MING COMPONENTS - ', 4b. other ..v.. —— :
! \ v - ‘(' -
g .\, - o ‘ N
g;;. N ' ‘\%\ 4 ) o ,
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GROUP g‘m
1.TYPE OF PROGRAM- , "1a. linear ..v..
MING . 1b. procedural .....
2.MODE(S) USED 2a. direct ..v..
e 2b. indirect .. .
';’v ! e s e e s 8 s e s e s s s s e s s e e e e
3.LEVEL OF PLANNING 3a. pre-planning ..... :
. ~ 3b, contingent .v_..
local ..y,
global «..28...,.....)
f's,\
4. SEQUENCE OF PROGRAM- 4a—~Jnterior. to exterior ......
' MING COMPONENTS 2 4b. other ../ .. .
’ t
GROUP FF2
1. TYPE OF PROGRAM- " 1a. linear .v...
. MING . 1b, procedural .....
2.MODE(S) USED ' 2a. direct .v7.. .
‘ o C . 2b. indirect .....
3.LEVEL OF PLANNING, . - .3a. pre-planning ddam‘tﬁnﬂ ’
‘ : - 3b. contingent ..... . )
N C local ..... :
’ ‘ElObal e 8 6 4 o b 0 oo & ® e e 0 4 o2
47SEQUENCE OF PROGRAM- 4a. interior to exterior ..941.
MING COMPONENTS - 4b. other ..... B
' w‘ ' @ | . R
- - ‘., . . o ) . ‘ ’ . .‘ —



A

R ; ’ - . 150
GROUP MF1
p . 1.TYPE OF PROGRAM- la. linear .¢... q
' MING . . 1b. procedural ..... .
2.MODE(S) USED . %‘,’ direct .v/.. -
‘ C . indirect ..... ' : ;ﬁf/\\\\
7 3.LEVEL°OF PLANNING -~ ~  3a. pre-planning ..... A
3b. contingent-.v’ ..
C . \ , local ..v..
- ' . glqbal LBl
o 4. SEQUENCE OF PROGRAM-- 4a. interior to exterior ...;..
o ' MING COMPONENTS - 4b. other .V :
\ ' " . . GROUP MF2 -
1. TYPE OF PROGRAM- . 1a. linear ..V..
MING \ 1b. procedural .....
2.MODE(S) USED 2a. direct ...V,
o 2b. Ex’inrect VAR ‘
. ' Ap&uah~sdy«xabm;+kdk .....
', ‘ . % - cowlnined ot leoot’ oue ercor
3.LEVEL OF PLANNING 3a. pre-planning .....
. 3b. contingent ..
. ' - ) local . .. V. :
s global .. ®7ZA .28......
Lo Y B - ‘
. 4. SEQUENCE OF PROGRAM- 4a. interior to exterior ......
MING COMPONENTS 4b. other ../
SRR tw
L
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GROUP MMM1
. TYPE OF PROGRAM- la. linear ..V..
MING . 1b. procedural .....
> .MODE(S) USED . 2a. direct ..v7.
) 2b. ind@rect .....
.LEVEL OF PLANNING 3a. pre-planning ..... '
g ' 3b. contingent ..v/.
) local ...V.
global ..4Ah..\B........
‘. | .
. SEQUENCE OF PROGRAM- 4a. interior to exterior ..v...
MING COMPONENTS 4b. other .....
&
GROUP FFF1 o
.TYPE OF PROGRAM- ia. linear ..v~.
MING \ 1b. procedural .....
.MODE{S) USED 2a. direct daia.missing
' ' c 2b. indirect .....
.LEVEL OF PLANNING 3a. pre-planhinq cee
. 3b. contingent .. .
local ...v7 %
global ....3A......... 5~
.SEQUENCE OF PROGRAM- - 4a. interior to exterior ..v7..

- MING COMPONENTS 4b. other .....
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'—"". 1
] . - GROUP MFF1
¥.TYPE OF PROGRAM- la. linear ..v..
MING . .. 1b. procedural .....
' 2.MODE(S) USED 2a. direct ..v/,.
2b. indireect .....
3.LEVEL OF PLANNING , 3a. pre-planning ..... ~
- 3b. conj:/i'ngent . / . :
local ..v7. . -
, global ....2A..........
._ . " - < . L\. > .
4.ssquqﬁcz OF PROGRAM- 4a. interior to exterior-......
MING “COMPONENTS , .4b. other ..... : \
_ i . |
. ‘ . GROUP" yFFé\
1.TYPE OF PROGRAM- la. linear ..v.. )
-~ MING 1b. procedural .....
2.MOBE(S) USED ' 2a. direct -..v7. o
- 2b. i\;x&irect vo. - =
wsed avecesspilly fo.create. . L ...
/ fncaam-c. -Hu\?’.rum
' . * 3, LEVEL OF PLANNINGE 3a. pre-planning .....
- S . 3b. contingent ...
local .../ N
global ... 7A .1B......
. 4.SEQUENCE OF PROGRAM- da. interior to exterior .v7...
MING COMPONENTS 4b. other ..... LIV




GROUP MMF1
1.TYPE OF PROGRAM- la. linear .. 7.
' MING - - 1b.. procedural ..... ,
2.MODE(S) USED 2a. direct ..v..
' 2b. indirect .....
, ® 2
3.LEVEL OF PLANNING . .8a. pre-planning .....
3b. contingent ..v..- - '’
local ...V, ‘
global ... 4A . |B—. ....
4.SEQUENCE OF PROGRAM- - 4a. interior to exterior ..v/..

~ MING COMPONENTS 4b. other .....

-7 X . .‘\ N

4 N

- GROUP 'MMF2
1.TYPE OF PROGRAM- 1a. linear .v7..
MING . . < 1b. procedural .....

2.MODE(S) ‘USED > N 2a. direct .v7..
- . 2b. indirect .....

3.LEVEL OF PLANNING 3a. pre-planning .....
: 3b. contingent .v7.. ¢
- local ...
global ...J1A..I1B......
4.SEQUENCE OF PROGRAM- 4a. interior to exterior .v7...
_ MING COMPONENTS 4b. other .....
f



