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. introduction . . .
The purpose b} this sﬁbdv was to assess the impact of
Soicer worlde & robot lanaqaaé, as an introduction to pro- 0
aramming. The Soicer uorldforggram-was recentlv field tested
as ‘oart of a stuav by the 'NIE funded Assessinu the Coanitjve

Conseguences of Computer Environments for Learnina oroiject

-

(ACCCEL) at the Lawrence Hall of Science. We wantea to
oetermine if <tudents woula .find it easier to'learn'okoorqm- :
minag if thev nad an initial experidnce usina tnis carefully
desioned piece of educational software. We speculated that .

the experience with this software wouid help Students learn
s

soecific thinaina skills which are necessary in proaramming,

2

and learn to work with the computer autonomouslv.
- j

S .

" »
There are two maior difficulties with using a qener .}

A

ourﬁo:e oroarammina lanouaoe.id an introductory course. The
first is that‘the complexity and detail of a ceneral purpose
lanauaae lfke BASIC or Pascal often ovérwhelms the nhovice.
The student soends most of the time learnina ax immense .

numoer of suoerficial svntax rules. and fails to araso
essential conceots of aloorithm desian. The second oproblem

*

is that aoulications of a aeneral purpoose lanauade are sel-
[ 4 13
doft very appealina or motivatina. The kinds of oroblems

3

which can pe sclved after an initial introouction to & aen-
. <

eral purvuse lanauaae are unattractive and of jittle

.

interest- to the average per son,

-

Ta overcome thesﬁo oraoblemss & special purpose ©oro-~

R




displav Screen,

e .

N -

aramming environment called Soider world was develooed (Dal-

beve 19433). Soider world is an interactive simulation for

pecple with no oprevious comduter experience to ‘learn the

. [y

funcamentals of vroarammina. Soider' world is similar to
other “rcbot" lanauaaces such as turtlearaphics (Papert,
1960). Karel 4Partis, 1961)« and Josef (Tomek. 1982). In
Sviaer uorld' the user commands a hvpothetical’ robot called

the Spider to create colored oaiterns onh the computers

.

S;idér dorld has ﬁanv acvantages over deneral oufoose
lanauaées. which makes it aopropriate for a beaihning pro-
arammina course. .Perhaos the most sﬁanifica;t is .that the
Soider wWorld environmeat is arapflically criented. ‘Novices
fing the environment intrinsicelly appealina because i
allows them ' to lnt?ract witn and control ¢ visual displav.
General ourpose lanauaaces manipulate symbols or perform
numeric computations. neithér of Wwhich has the powerful
;ooeal of aravhicse. In this. regard Soider world is
aooréachaole by people wno are~ not comfortable’ with

’

wmathenatical¥ problems.

i

The seconc advantace of Spider World is the lanquage
has a limited vet powerful command set with 2 verv simple
svntax. The cormands provide both 1oopina and spbroﬁtine
cavabilities. Spider instructions are simple one word
ehalisn commaAnas. 1nere.are no resfrictions on opunctuati.n

cuch as line numbers or statement separatours. There are no




.

mveterious anhreviations or mnemonic codes and no' alaebraic

expressions. . -

N ﬁ‘ N\

-

The third advahiaoe of Soider worid is that there is no

4 L)

input and putput" of data. This is important because it
'™

avoids manv confusina and rather esoteric issues such as
' ”~

reservinag memorv locations or declarinag variablesy format=

h v

tina of datas.obevine data tvoe conyehtioés. variable namina .

rules. and data streams. Because Spicer proarams have no

inbut and output. the tearner can focus on control Sstruc~

»

tures tor loopina and subroutines. Thus, the more’ central

1

ideas 'of orocedure specification can be (introduced while,

avoidina the veripherel issues of data manipulation. R

s
>

what is unicue about Suider Wotle?, ‘ SN

‘
1

Soider uo;1d§emohasizes the cognitive tasks which are
central to bprcarammings andborovioes<exoerience with that
_kina of oronlem solvine., There are some imgortant .distinc=
tions between Spidér‘ and other robbi languaaes which make
her e<peciallv approoriate %or beaginning oroérammino. The
or imarvy cifference is that Soider roria is much simoler than
,prré; robots because it offers a more limited set ‘of can%-
bilities.' This narow domain is adLantaaeous because novices
can immeoiatelv hecin eaplorina }he,gnvironment with little
or nho instruction. It means that thre a(:°not a lot of
commands to learn before one encounters the central ideas of

procrannince. Inis enables one to endgage in coanitively

asmandina tasas which present sionificant croblem solvina

¢

)
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cvportunities,

(LY

une of the unicue features cf Soider wWorld is that it

\
has' a mode of cceration in whicn the user can interactivglv
BRI -

. .
auice the Soider to create desians on the screen. In ®dra«
. ’ j .
' .
mode® the displav shows’ a white sauare with black aria

lines., which js the Soicer’s room (see Fiaure 1). The Spider

4

her<elf is aisplavee in the uooer laft corner as a solid
black triansle. From this initial oosition the user can
vpilot# the Sopiaer. directina her to move around the room

and oaint;souare§~certatn colors. The bottom toyr lines ot

o

the <creen desqribe'uhiéh kev on the kevboard causes which
- N ?

action. This enatles thé user to beain interacting immedi-

ately without readina a user manual or texte. Each button-

oressed causes the Spider to resoond =ith a specific action,

*
and results in an immediate, chanae in the image on tne

screen. This beainninag interactive mode of So}der Wworld '
allows a novice to explore the orimitive capabilities of the

Spiger in & verv direct way. Oraw mode allouws the user to

LY

discover the effects of Spider commands without creating and

executinag & completé proaran.

. p

An attrqbtive characteristic of Soider.'borld is. that
the Soiager ooérates, in a discrete worlds not a éontinuous
one line'turtle oraohics. The Svider functions in a plane
which is dividec into a small number of aistinct cells which

300ear On the screen as 3@ aride The only movement availaole

to the Spider is within this orthogonal framework. Th'is is




especiallv advantaaeous for childfen who don’t wvet _unger=
I . R, b K
<tand ' geometrv, because it is not necessary to specifv a
e ’ A Y30 YR
numeric velue of an anale in order to turn the Spider.

\ . A
] \' i "

. One of the most vowerful features’of Spigder world s
that the Spider remembers each xey that the user presses in
araw mode. Then hv pressing A soeciaf kev ('(edraw') the

entire opattern can be recreateds Thus)\the simulation has

createc a stored proaram automaticallve which the user con

4

execute by imply oressine a kev. Thiﬁ.e;emp11f{es the
essential chafacteristic of oroarammabdle dpﬁ&ces. == the
ahility to aubgnomousliv carry out 2 _stored seauence of
instructionss In this wav the fundamenxal.power of the com~ .

LY

purer is« mAade available to the novice almost effortlessiv.

Bv providina this concrete experience with a robots the
iearner Has a tanaible basis for unverstandina the abstract

concept ot a proarammable device,

-

' Fiagure 2 shows the displav at a particular point durina
the “redraw" of %run®™ of a Spider proaram. The simulation
allows the user to halt the execution, or proceed one step

at a time. Included in the text at the bottom of the screen

i< the Spider instruction currentlyv being executed. A

.
The ooeratiﬁn of tne éoider in draw mode i{s based on a
..tone vputton  per function® model which is common to most
mechamical devicess such as household aopliances, as well &s

contemporarv video aames: The earlier stades of inge&rctino

with the Spider are-not unlixe ©obrevious experiences most

A

7
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.\ i
stuaents have had in daily life. - The novice does not need,

anv orerecuisite knowledoe from K mathematics or  form.l
¢ . )

1‘ lanauaces. Tnus. for even unsophisticated learners, Spiaer
world serves &$ an accessihle bridae to the “oowerful ideas*

contained in procramming.

?

I3

a The Scider world simulation bhas a- built-in editing

- e ~

- facility Simplv oressinc 38 kev cilses the commands in the

toiaér’s memorv to be printec as English text on the screen

(see Fioure 3). The user’s proaram can be modified usinag

/' N . ) " i .
certAjln xeys to ‘move the cursor on the

v

screen and insert and
aelete) lines of code. Additionalyv. the simulation has the

abilitv to load and save Spider prodrams the wuser creates on

a tlooov disk. ' Thuse the user is aquickly acauainted witk

the utilities thal are commonlv offerea’for  developcina and

manipulAat ina oroorams (see Fiaure 4). " .

v - (

s 4

Tne Soider lanauaae has several oroaramminag constructs

,whicn are found in nicher. level lanausaes. The DERINE=EN.

construct provicdes the abilitv to create subroutines. The

L]

RFPFLT=UNTIL construct oerforms a loooinw,funttion‘ The

-

. ' ) . .
Spicer also has a “ccunter® and a "memorvy register®  which

can he manioulated bpv the orcaram. . The introduction of

. . »
these pawertul proarammina structures is facilitatea by the

simplicitv ot the command 1arouaade (see Fiaure 5).. With

these structures tne user can sulve complex oproblems ‘which

gemonctrate ecsential technigues of alaorithm. cdesicn.

»
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Advantaqes for Broccamming lostruction

4s we said at the onset, Spider dorld responds to two.
ma ior pifficulties presented bv most oroaramming ianouaoes.
First. Soicger World allows for more'orecise instruction in
the specific concepts of alaorithm desian. Soider wWorla
emonasizes two flow of control features and orovides stu-

agente with - the opportunitv to fullv understand these

features and to use thém effectively.

A ]

Stuydentes gain what we refer to as “templates® for these

’

Y

fratures. Bv templates, we mean stereotvpic prescriptions

for a oarticuiar aspect of s oroarame. These templates . are

similtar to the. schemata aescribed bv Normén. Gentner, ana
Stevens (1976}, Templates cén aoplv to a whole proarafi.
For examples tnev can be reflected in an Yinput-process-

outout® template. Templates can also aoplvy to a soecifiﬁ
fungtion "of a vroaram. In spider Worlge the two templates
whicn are soecifically emohas fzed  are! tirstoy the

¢ LY
“repeatssosuntil” template:i and seconds the “define...end”

template. The “repeate...untii® template is a loopina tem=

plateé the “definet..end' temo] ate is a subcoutine template.
The Soider wWorlg environmeﬁt teaches these templates anag
brovides extensive experience in usina them such that stu-
dents are likelv to builc an effeciive coanitive strﬁcthe

for tnese templstes which thev can use in other situations,

v

The second c¢ifficulty whicn Spider world is specifi-

cellvy desidnea to Overcone nas to~do with student interest

3
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in and w~illinaness to oursue the learnina environment.
Soiaérydorld s an;anoealinoEenvironment. Sﬁd.jt is agesianed
such that students mav proceed to learn autonomouslv. Stu-
deﬁtq are encouraaged fto dﬁp;nd 60 the ‘manual and to use
feeoback trom the comoputer to }Idure out solutions to their
oronlemss rather than oevendina on thé instructor and usina

the machine solelv as a tvpewriter, ,
& hd '

Thuse. Spider World was implemented soecificallv.to,helo
stuacents acauire two templates and to foster autonomous

tearnina amona students. - N '

(

Methods

P ——

.

’ '

Instructional Treatments

To assesﬁ the effectiveness of Soider world in impart-

ina these two skills. we imolemented Spider world for three

b

weeks and compared the impact of Spider wWorld to two other

instructional «conditions. (One of .the conditions was Tvpe
N~

sttacks a software proaram bv Sirius Softwares This was

chosen on the suacestion of several classroom teachers who
complainead that lack of tveing ability is tne laraest obsta<
cle fg suc?ess in their proarammina courses. In additione.
we scheduled a control aroup whicn’péaan BASIC instruction
from the «tart of the course, tach of these three proarams
were 3nolemented/<2r three weeksS. For the Spider World and

Tvoe Atrick brocramse curriculum materials wereo suppl iec bV

-

| i0
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| ACCCEL (Dalbeve 1983ci Nelsons note 2). These materials -

included lecture notese. sampole proolems, Student exercises
and worxsheets; ang solutions. BASIC was tauacht in the

manner used bv the teacher orior tc oGr investiaation.
Sub.iects ’

\ - .
These three treatments were implemented in two suburban

and one wurban ijunior hiah school. One school had three

’

classes which were randomlﬂ assianed to the three condi-

J

tions. One -hed six classess two of which were randomly .
| : .

assijaned to each condition. The third school had two cTasses

.
which- were randomly assianed to either BASIC or Spiaer
World. Aporoximately twehtv—seven studénts were enrolled in
q#cﬁ class. | . 5
. o - )
Teacher Irainjing ' . ¢
To familiqrize teachers 'with fhé Type Attack and Spider
worla materiéls. a ‘half day in-service session was
scheduled. Teachers were presented with the materials,
.a}lowpo to use them on;line. aiven the curriculum quides énd
i;structed to follow the CU(riculum quide clo;elv. Since -
the teachers would not be exoer;oin usina %hc Spider World
software, we Suoaested that they encourage the students to
fioure out pns#ers to their auestions on their own as mucr *
as oossible. Students were aiven acces; to the Spider World

Reference Manual ang encouraaed to l1ook up <nswers to their

auestions wnen necessarve. Teachers were encouraced o




we anticipated that teachers would engage in orcblem solving

in their students.

’ . '-11-

aemonstrate ' their own problem solvina processes when ques<

’

.tions which thev could not answer were asked ry stugents.

»

and test the Spiaer World environment when stuaents asked

_them ouestions ahout aspects of the lancuaae with which thev

. '
were not tamiliar with. . '
The teachers were confident. .after the half-dav in®

services that thev could implenent the

. 3

program snd., indeead,
were'verv aporeciative of our efforts tos in their views
he[p- them imorove their total instructional proaram.
Al tnouah thy teachers were én}husiastic aboux.ihe materials
that we oresented. thevy reserved i&dament concerning whether

or not the materials would foster coanitive accomplishments

’ -

Ascessment

.

After three weeks ot instrucfaoﬁ. a written ‘assessment
of student acﬁievement.was administered. The first part of
this assessment focused on the specitic software the student
nad ueed. Thuse. we assessed tvbina speed in the Tvoe Attack
proaramns ;e assessed knowlrage of So}der worla in the Spiaer
world oroaram: and we assessed knowledae of BASIC in the
4AS1C proaram. Tne secona oart‘of the assessment wnas & test
o? templ.ate «nowledoe aiven to all ©darticioants iﬁ toe
stuove Inis "robot” oroar amming test was intended to meas<
ure the template Stuaents hac acauired durina the three

weeks of instruction. The test ha: three opartse One opdrt

LY

12 :
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focused soecifically on the “repeat...until™ temolate.’ &
4 . R # -
second oart focused on the "define...end" or subroutipe tem=

.

plates anc & third part focused on'the template which was

emonasized in the BASIC instruction: the Yife..eaoto™ tem=

e

oplate. We hvoothesized that students who haa been exposeda

-

to the Spider Worltd teﬁolafes would have acauired the abil-

ity to ‘use those temo ates in & novel situation. such as

that afforded bv the Yrobot¥Y test. Furthermore, ne

hvoothesized that students who had participatec in BASIC
would have acouired the ability to use the one template
tauaht durina tneir three-weex lesson in a novel environ-

ment. Samole items from the robot test are aiven in Fiaures

6 and 7.

This studv is part of a laraer investicatione. Anzlvsis
of tests of competency with the specific software used and
oerformance ;ftﬂr additional instruction in BASIC fqllowino
these three-week introductions will be reported in subse=~
ournt oublications. This reoort focuses excl&qivelv on the

ropot test . assessment Of performance after three weeks of

instructione.

To evaluate the effects of Soider korld on stuaent
auronomous learninas. in=class observations of students as
well as interviews with teachers were used. Ubservgtions
focused on the beqavior of individual sStuaents. Student
cenavior was coded accordinag to the activity Jnoaqed in
(desioninas cOdinae rUNNINGCe reformulatincs etc.); stra-

1

i
!
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teoies for - dgbuoa!no (hvpothesizinaes wTerunninas listina,
etc)s and help-seekina (texts peers teacher, etcle Analvsis
focused orimarilv on narrative comments from'fh: observers.
Each class was observed at least twice durina the three

weeks of instruction, o /

7
!

Results

Lanauaae Acauisitico

!

Students in the BASIC treatment 1learned very little

t

sbout the BALSIC lancuage durina the first three weeks. On

the exams stuaents were not even proficient at foentifving -

svntactically correct BASIC statements. Thev were somewhat

able to comorehend the ooeration of simple oproarams usina

PRINTs but did not unoerstand loopina or subroutines.
Stugents in the Soider world treatment learned auite &

lot about Svider oroarammina durina the three weeks ot

instruction. Kesults of the exam showed them to be adept

with the orimitives of the lanauaces. and also moderately

cavanle of understandina proarams with Jloops and subrou-

. {
tinese. —

4

s

Template Acauisition

+

To assess the etfect of instruction on template

acauicition. the rohot test was Jdivided into three sub-

L4
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scales. each focusina on one template (subroutines, 1loops,
or htanches). Table 1 shows the relative oerformance of

each treatment aroup on- each subscale of the robot test.

.

‘Students in the Spider world treatment aroup did the
best on the robot test. Students in this aroup had the
hichest means on 21 out of 24 items on the robot test.
statisticallv ‘sianificant cifference betueenpthe means for
Soiger world and BASIC was found on seven itemss and-alsé on

¥4

the total test means. B
o . o \\

Students in he Tvpe Attack treatment aroup did better

than the BASIC aroup on.the first two sectsons of & robot

tests These sections dealt with suuroutnnes and loops. \he
Tvoe Attack, means were hicher on 15 oui of 16 items, with a
statisticallvy sionificant ¢gifferences on 2 items. The BASIC
oroup had sliahtlv hiaher means than Tvpe Attack on 7 out of

& items in the third sections which dealt with branching..

) '
Thus it aooears that Spider World students benefited
the most from their instruction. They did well on their
achieveant test and also outverformed the other aroups on

*

the transfer test.

The surorising result is the mediocre vperformance Uy

ctuaents in. the bBASIC arouoas Thev did ooorly on their

.acn:evement test, and were outscored on 2 cut of 3 sections

an  the transfer test hy students who had used only typing

software. lt avoears that the small amount of BASIC that was

15
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learned bv those students aid not aooreciably affect their

per formance on the robot teste. ?he only section in which
thev did better than the Type Attack qroud was the section
that involved branchina constructs. analoaous to ¥GOTO* in

k ?
BASIC. -

«

Autonomous Learniong

Assessment of the effect of the Spider World instruc-
tion -on autonomous learninoc is based on observations and
interviews wigh the teachers. (Observers of students usinc
Soicer wWorld reported constderaﬁlv motre instances of stu-
uvents interrooétinc the .environment and testina it to find
out how robdo somethinag -more effectivelve. In additions, stu-
dents in the Soider World envirgnment were more likely to
use referencé materials than tnosé studvina BASIC. Further -

more., stuogents in Soider World clearly enijoyed the software

and freauentlv expressed interest in continuing to work with

ite

Their teachers echoed this sentiment, reauestina per=
micsion to use Soider dorld in their otherfclasses and to
use Soiger ﬂorld{in subseguent vears of ipstguction. In'qen~
erale hoth students and teachers uere yLrv enthusiastic
about Spider World. thus indicatina that Spicer World nmet
the motivational criteris wnich we set o#t to investigate.
More research would be helpful to further’ clarify whether

stugents cained autonomous lesrnina skills by workina in

) 16
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-

this ehvlronment. It seems clear that students exhibit

their autonomous learnina behavicrs when aiven the ooportun-

L

itv to use tnem in Sopider world.

A}

Teachers also reported that when the BASIC instruction
was instituted for students who had had Spider.World that
those classes were auick to oick up on BASIC. Indeeds the
teachers reoortea that the Spider wWorld classes caught up

/

with the BASIC classes bv the time that the semester was

L3

over. The teachers were unsure exactly what to attributé'

this to. Besides the Spider World instruction. tnere was
o - .

perhaos an implicit expectation on the part of the teacher

that it would be easier to teach classes where all were cov-

*

erina the same materiale Thus it is not obvious whether an

imolicit desire to have the classes catch up with the other

classes or an explicit advantage of Spider world contributed
to this situation. Nevertheless, Soider World mav help stu-
dents to acauire further oroaramming understandina and it
seems unlikelv that Sopider #orld interferes with further
learnina.

K

b
o4

.Conclusions

’

Manv cbservers of use of computers in pre-colleae set-
tincs reocrt that little wnicn coula be defined as coan.i-
tivelv demandinG is occurring in these classrooms. 1In con=

traste usSiha Spiger worlag to introduce proaramming results

17
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in student acouisition of temolates which thev can apply 33
relatea environments. Thus. _studen{s acquire some of the
DOwerfU{ ideas’ which 'have neen advertised for computer
learning environments and demonstrate that thevy can use them
in new domains. In ccntra;\\ students receivina instruction

in BASIC aopear to have made fewer. oai?s in _these skills

even thouah their instruction focused on 3 _sincle template

while the Spicer uorlo-nnstructnon focused on twoe.

The ACCCFL Proiect Staff (Lhinhand Fishers 19923 have
araued that autonomous learnin§ skil}s hicht be acauireag
from.romouter learnina enyir;ﬁments. Yeg' few environments
offer these opoortunitiess 1t aopears that the Soyder Wor ld

coftware and curriculum encouraaed stUOents to learn auto*

nomouslv. More work is needed to determine whether auto-’

nomous learnina can vpe fostered more nenerallv in’ proarem«

mine courses and to establish which specific, features cf the

.

comQyter envﬁronmeht foster these accomplishments. \

d °

The\Sotder wor'd software and curriculum were extremely
well-received *hv teachers and students. The oroaramming

environmént appears to be enhanced by use of this sort of

introduction. In oar}icular. the limited number of commands

in the environment aopear tc help students focus on the cod-
nitivelv interestinq aspects ot interaction with a computer.
The agesian of the softwares such that 'a larqe amount. ot
teedback can be cainea and the opportunity to use the reter~

ence manual when orchlems arise both contribute to .the




€

likelihood that stGHent; will encaae in autonomous learnina

in the computer environment. é

| g ¥

Tec@nical lafecuwation

\ [N

:

\Soider world runs on an Aople 1l1=plus microcomputer

with! a sinale djék drive and 48K Rfé.' t color monitor is,

. v _ .
recommended thouah not essential. Tne simulation "includes
the interoreter. editor, file manaaer » and.ézdemon;traqioa
mode. The source code is larogely written in Agngesoft BASIC
with minor 'seoméntsj in machine. lanauaqe. gﬁ_gxtedsivé B
reference manualtaqﬁ ;eacher's auide has been oreoared (Dal-
bev. _198363 Dalbev, 1983c). The simulation bhd documenta-~
tion is available for fifteen dollars from Project ACCCEL,
Lawrence Hall of Sciences University of California, Berke~

leve CA 94720, ’

#

19
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TELL THE SPJDER WHAT TO DRAW

' S=STEP+ T=TURNe R=RED, B=BLUE., GZGREEN
7 ToupureLe. uaunns. X=BLACK, 1=REDRAN, .

/FaF(‘mGhT. <ESCO=LIST, Q=0QUIT. .
f

4

Draw “ode Screen Display .
[}

Fiqure 1

o
,_';:}
e
-
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.

O Py [
I (R l I

STEP -

\PRESS *H’ TU HALT. SPACE BAR TU RESUME,

v

CESCY 10 STOP THE SP1DER.

¢

"Ruh Mode Screen Displav

Fiqure 2
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: WERE IS A SAMPLE SPIDER PROGR M
START | ‘

BLUE . | .

STEP ‘

RED

TURN

STEP

GREEN

oulT

i=UP  /sDOWN  @=INSERT  $=DELETE
OPTIUNS: L1STeRUN,DRANFORGET+SAVE,LOAD,

BUILD DEMOSFILES+! +<ESCO>

List Mode Screen Display

Fiqure 3

¥

24
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LIST: Displavs the current soider program. .You may
make chanaes to the proaram bv retvpina lines on the
screen. Yoy mav move the cursor to the desired line bv
oressinag ¥3¥ for up ang "/ for down. To insert & line
oress “a¥. To delete a line press v3w, '

RUNS Execute the.current spider proarane.

to create patterns. in draw mode the Soider is moved

DRaW: AN interactive mode where vou cuide\‘:he Spioer
bv oressino certaln kevse

FORGEIS: Erase all the lines In the current proarame
SAVE: Coov the currenﬁiorodram to a disk file. ,

LOAD S CéBv 2 file from the disk into the Spider
meMmOT Ve The old proaram is loste, and the nroaram on
the f!le pecomes the current proqarame

BUILD: Append a file from the disk to tne Soider’s

memorve The old proaram is nct destroved.
' M

DEMJ: Automatically run a demonstration of the splioer

in action. Demo executes a seauence of prewritten.

soider proaramse v f -

FILES: Displavs the names of soider proarams which
have been saved on the ojsk. :

soider Wworld Simulation Ootion§

Fiqufe 4




Action cemmandas

SIART: Draw the wall anc prepare to beain vour journey.
STEP: Take oné step in tne direction vou are facinge.-
TURN: Turn to vour riaht. .
bLUE: Paint the square vou are standina ofl blae. . . -
. (Tne Soider also knows KED, GREEN: PUKPLE, WHITZs and SLACK.) -
AND: Add one tO vOur counter. - - ) . . o
* SUBTRACT: Sudbtract one’from vour cc.ntere. N o
_ STDRE: Place the turrent v:lue.of ae counter in ngmry reoister.
RECALLS Reolace tne.value of coun z2r with.the value from memory ..
~— . ' reaister, = . c
., -QUIT: Stopv vodr iournev is over.

t
-

? * N

~ coatrof coumands ) .
(fFF INF thwsk=name Allows _.a. seauence of statements’'to ve referrea
. . to by .3 sinale names . When task-name i's vsed )
. ' in the program, all the statements défined
e o . . in the task will be carried out. S,
7. . END (A ta%x must be defined vefore it can he fnvoked. - !

REPEAT Tells the sviver to keep doina the instructions that, T

. . @&re written between the “repeat" and “ynril® statemgpti ,
e . until the inciecated condition is met.- ” 1
S 'L UNTIL - [WALL/ZERODZcolor )} ' RN
WALL means until the wall is reached. . -
1ERDU means unti) the counter eauals 2ero. -
« .. - "~ cclor means until the Spider is standinag onh &

square of the specified color.

Soider Lancuaqe .

Fiqure 5
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Table 1

Robot Test Results

! 1tem Mean F Ratio from onewav Sianificance
BASIC 1A Sw analvsis of variance level
Subroutines
| Golt 9486 6,5 3.4 o UG
@. 2 8.3 .805 8.6 . 063 ns
3 7 642 1.5 Te2 342 .04
4 5.6..5e9 ' 666" 1.8 olo
5 be " Ted To6 3.6 03
6 4e2 %3 55 3.5 e0>
Total 34,0 38.1 37472 1.9 15
/ - aD G G @D G ED ED ED O WP P ED £P B G ED ED WP W o 4H B & - & - & ‘-----’-------‘.------------------~-----
Looos
1 45 470 W67 X4 « GO
2 56 68 o174 2.7 ' e 07
3 o0l « 65 «67 34 ns
4 «38 40 Y] o171 ns
5 Y. «50 +59 1.3 ns
6 030 <39 .58 6.0 s 00
7 3.9 48 6e5 6.8 « 00
b 042 042 «59 2e6 07
] 25 ¢35 56 ] 7.9 o (O
10 Qeb 3,5 405 . Y- e Ul
. Total 9.6 1262 140 ° 5.3 i o O
hranches
1 o2 15 30 2.0 : el3
2 o288 ¢25 o3b 1.5 a‘“‘ 022
3 25 o415 L3b6 4e5 o1
“ 20 old 29 2.1 1l
5 0é2 olo 27 1.7 18
6 ell o7 22 3.3 eG4
7 2.0 243 4,0 3.3 « 06
[y} 1.5 le0 Qe 2e7 e 017
fotal 5e¢3 4 R 8.0 - 2e8 o6
L11 ltems
49,0 55.7 b6V0 2e2 e (4




Carficld Rubout (cont)

[msmum 103

known commands.

To teach Garfield Robot a new command to meke a square, you could say:

PROBLEMS

3) New ccmmands can be'psed just like nther corsands. Draw what Garfield

Robot would do to follow

COHMANDS

Corflald Mobot can lcarn now comnands. MHew commands combine already

these commant. -

Figure 6

BEST COPY AVAILABLE

Mew Command SEN@RE

Mer 3 .

Turn R ’ .
Move 3

Turn R

Move 3

Turn R

Move 3 ' - /

End Command .

PATH

Begin

Turn R

Move 5

. Square

Move 5

" End

28 ©




Y BESTCOPY AVALABLE

Figure 7

Garfield Robot (cont)

4) Write a program using SQUARE to get Garfleld Robot to follow this path.

Start where you see the GR:

COMMANDS " PATH

ABEgn,
. -
I PSS,

ot — - -




