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ABSTRACT

T his d i s s e r ta t io n  p re s e n ts  a  p a ra d ise  by which s p e c i f ic  coapu te r p rogram 

ming concepts can be conveyed to  beg inn ing  s tu d e n ts  i n  a  gam *-like envirorm  

ment. T h is model emphasizes s tu d e n t-c o a p u te r  in te r a c t io n ,  r a th e r  th an  

s tu d e n t- te a c h e r  in te r a c t io n .  The a o d e i in te g r a te s  fo u r  in s t r u c t io n a l  modes 

which have been e f f e c t iv e  se p a ra te ly  i n  o th e r  systems: a  t u t o r i a l  node, 

which i s  used i n  conven tional CAIt an  i n te r a c t iv e  g rap h ic  n o d a l, which has 

been th e  key to  popular v ideo  gases  and newer CAI p r o g r n s ;  and pro g ra s  ex

e c u tio n  node, which has been th e  co rn e rs to n e  f o r  p ro g re ss in g  la b o ra to ry  

work; and a r e d u c t io n is t ic  ( in c re s e n ta l )  s t r u c tu r e ,  which i s  th e  accep ted  

s t r u c tu r e  fo r  te x ts  i n  computer sc ie n c e . To cover a l l  p ro g ra m in g  con cep ts  

i n  a beginning course , nuaerous to p ic  le a rn in g  nodules would have to  be 

developed. (They a re  n o t a l l  covered i n  t h i s  w ork.) To i l l u s t r a t e  th e  

paradigm, th re e  s p e c i f ic  nodu les a re  developed: a  Puzzle Module co v erin g  

sequence and i t e r a t i o n ,  a  B usiness Module covering  p rocedures and p rocedure  

concepts, and a  Grade Po in t Average C a lc u la to r  Module cov erin g  a r ra y  nota

t io n . Two of the nodules (The Puzzle Module, and The B usiness Module) have 

been implemented to  run on m icro-com puters and one o f  then  (The Puzzle 

Module) has been ev a lu a te d  i n  a  classroom  environm ent. F in a lly , g u id e l in e s  

a re  in c luded  fo r  im plem enting f u r th e r  nodu les.
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Chapter t -  Introduction

1.1 The Problem: th e  need f a r  C&X i n  te a c h in g  p ro g ra m in g

D ecreasing c a s t s  and ia o s d la te  feedback  h a re  ooabioed to  oaks e le c 

t ro n ic  &mes in c re a s in g ly  p o p u lar i n  re c e n t y e a rs . More and o o re  ed u ca to rs  

have come to  th e  conc lu sion  t h a t  te a c h e rs  i n  a  v a r ie ty  o f  d i s c ip l in e s  can 

c a p i ta l iz e  on th e  p o p u la r ity  o f  e le c tr o n ic  gases when conveying new con?* 

c e p ts  to  l e s s  th an  in te r e s te d  s tu d e n ts  [B arr 81 ] .

I t  i s  recogn ized  t h a t  le a r n in g  computer p ro g ra m in g  g e n e ra lly  re q u ire s  

s tro n g  su p e rv is io n . T h is  su p e rv is io n  i s  r e f e r r e d  to  a s  th e  'h id d e n  l a b 1 

[T u ts  81 ]. U n fo rtu n a te ly , th e  academic community i s  unable  to  g iv e  ade

qua te  in d iv id u a l su p e rv is io n  because o f th e  huge en ro llm e n ts  i n  many com

p u te r  sc ience  c la s s e s .

The la rg e  c la s s  s iz e s  i n  computer sc ience  can be a t t r ib u t e d  to  th e

fo llow ing  causes:

a) The in c re a se  i n  th e  number o f computer sc ien ce  m ajors over the

p as t sev era l y e a rs . Dennings a r t i c l e  i s  d a ted  but th e  fo llo w in g  tre n d  

s t i l l  remains. The number o f undergraduate  m ajors i n  computer sc ience  dou

b led  during  th e  p e rio d  1975 to  1981 [Denn 81] and a  s im ila r  r a t e  o f in

c re a se  i s  expected  i n  th e  f u tu re .

b) The in c re a se  i n  o th e r  d i s c ip l in e s  r e q u ir in g  in tro d u c to ry  computer

sc ien ce  as a co re  course . More and more e d u c a to rs  (from  sch o o ls  and

departm ents o th e r  th an  computer sc ien ce) a re  rec o g n iz in g  th e  need f o r  t h e i r  

m ajors to  have an in c re a s in g  amount o f  computer l i t e r a c y  as i t  r e l a t e s  to
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t h e i r  d is c ip l in e  [P res  833 -

e) Hot «any g rad u a te  PhD’ s  l a  Computer Science s e le c t  te a c h in g  a s  a  

c a re e r . The h a l f  l i f e  o f  th e  m a te r ia l  t h a t  I s  to  be tau g h t (w ith  r e s p e c t  to  

o th e r  d is c ip l in e s  l ik e  math o r  p h y sic s) combined w ith  th e  ’ h idden  l a b 1 a s 

so c ia te d  w ith  lower le v e l  programming c o u rses  h as  made t ea ch ing  computer 

sc ience  u n a t t r a c t iv e .  D uring th e  p e rio d  1975-1979, th e re  was v i r t u a l l y  no 

in c re a se  In  the  number o f  new PhD’ s  ta k in g  academ ic p o s i t io n s  a t  PhD g ra n t

ing  in s t i t u t i o n s ,  whereas th e  underg raduate  en ro llm ent in c re a s e d  from  15 to  

20 p e rc e n t, annually . T h is  has r e s u l te d  i n  some u n iv e r s i t i e s  c u t t in g  bo-  

ro l lo e n ts  and l im it in g  c la s s  s iz e s  [Denn 8 1 ] , w hile  o th e r  u n iv e r s i t i e s  a l 

low the  number o f s tu d e n ts  pe r c la s s  to  grow w ithou t bound. The r e s u l ta n t  

in c re a se  In  the  tea c h in g  w orkload h a s  caused many to  r e t i r e  from academ ic 

l i f e  [T u ts  8 1 ] . Denning h as  d e sc r ib e d  th e  manpower sh o rtag e  i n  th e  comput

ing  f i e l d  a s  severe  [Denn 8 1 b ].

The above f a c to r s  have r e s u l te d  i n  la rg e ,  n ea rly  un-manage a b le  comput

e r  sc ien ce  c la s s e s  w ith  a  concom itant in c re a se  i n  th e  tea c h e r  w orkload. 

These f a c to r s ,  along w ith  th e  re lu c ta n c e  o f some u n iv e r s i ty  a d m in is tra to rs  

to  a l lo c a te  scarce  re so u rc e s  i n  an  a re a  as  new and v o l a t i l e  as  computer 

sc ien ce , c re a te  a se rio u s  problem in  Computer Science ed u c a tio n . The so lu 

t io n  to  t h i s  problem re q u ire s  a  s h i f t  to  computer a ided  in s t r u c t io n  o f  in 

tro d u c to ry  computer sc ience  concep ts.

1 .2  The Requirem ents: CTecessary C h a r a c te r i s t ic s  fo r  CAX f o r  programming

The q u e s tio n  of t h i s  re s e a rc h  th en  i s :  tfha t i s  needed fo r  CAI f o r  

teach in g  computer sc ience  concepts?  My answer to  t h i s  q u e s tio n  was found
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by an exam ination o f  th e  hardw are (and  so ftw are ) i n  c u rre n t u se , a long  w ith  

an exam ination  o f  th e  l i t e r a t u r e  i n  th e  a re a s  o f  computer sc ie n c e  and edu

c a tio n , s p e c i f ic a l ly  computer a id ed  in s t r u c t io n .  Four id e a s  s ta n d  o u t a s  

e s s e n t ia l  f e a tu re s  f o r  CAX packages: a  r e d u c t io n !S tic  o rg a n iz a tio n , an -in*  

te r a c t iv e  g rap h ics  model, an i n s t r u c t io n a l  mode, and an  e x e c u tio n  mode. I t  

i s  ay conc lu sion  t h a t  n o t a l l  system s h a re  th e se  fo u r  modes. They became 

ev id en t a f t e r  s tu d y in g  th e  l i t e r a t u r e  and se a rc h in g  f o r  in s t r u c t io n a l  p a t

te rn s .

A b r ie f  d e s c r ip t io n  o f  th e  fo u r  modes fo llo w s :

-  Reductlonism  i s  used a s  th e  b a s is  o f  most tex tbooks t h a t  teach  comput

e r sc ience  and i s  th e  g e n e ra lly  accep ted  approach. A r e d u c t io n ls t ic  

approach i s  one t h a t  in tro d u c e s  key concep ts  one concept a t  a  tim e, in  

i s o l a t i o n  and th e n  u ses  th e se  concep ts  to  b u i ld  on, a s  th e  s tu d e n t i s  

exposed to  more advanced and d i f f i c u l t  m a te r ia l .

-  Computer G raphics o f f e r  a  h igh  bandwidth f o r  t r a n s fe r  o f  in fo rm ation . 

This i s  ev id en t from th e  l i t e r a t u r e  and from  the  em erging technology 

of in s t r u c t io n a l  packages on m icro-com puters.

-  An I n s t r u c t io n a l  mode i s  n ecessary  w ith any package used  a s  a  supple

ment to  classroom  in s t r u c t io n .

-  An E xecutable  mode i s  a  requirem ent due to  the  n a tu re  o f the  d is c ip 

l in e .  a s tu d en t cannot do any u s e fu l  work w ithou t a  programmable sy s

tem, and ex ecu tio n  o f  programs form s th e  co rn ers to n e  o f  computer s c i 

ence.

The foundation  o f  these  fo u r  requ irem en ts and th e  background l i t e r a 

tu re  su p p o rtin g  them i s  g iven  i n  Chapter 2 o f t h i s  d i s s e r ta t io n .
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1.3 C o n trib u tio n : A model which in te g r a te s  th ese  CAI f e a tu r e s

This d i s s e r ta t io n  p re se n ts  a  model which in te g r a te s  r e d u c t io n i s t  in 

s tr u c t io n ,  g rap h ic s  and e x e c u tio n  in to  one coheren t package, an approach 

not c u rre n tly  being  u t i l i z e d  i n  th e  in s t r u c t io n a l  programs i n  th e  computer 

sc ien ce  curricu lum .

Im portant c h a r a c te r i s t ic s  o f  th e  model a re  th e  fo llo w in g :

C1) The modal i s  designed  to  provide m otor- le a rn in g  ex p e rien ces  u t i l 

iz in g  immediate feedback  t h a t  encourages a d a p ta tio n  and im ita 

t io n .

(2) C a p ita l iz in g  upon th e  appeal o f  th e  in te r a c t iv e  n a tu re  o f comput

e rs ,  the  model u ses a  r f r ien d ly *  environment i n  which concep ts 

f a m i l ia r  to  the  s tu d e n t a re  t r a n s la te d ,  a u to m a tic a lly , in to  more 

form al programming s ta te m e n ts  and th e n  th e se  form al s ta tem en ts  

a re , subsequen tly , d isp la y e d  on  a  s tu d en t te rm in a l.

(3) The model i s  designed around th e  id e a  th a t  beg inn ing  programmers 

should le a rn  t h e i r  c r a f t  by example r a th e r  than  by t r i a l  and e r 

ro r . A problem i s  p resen ted  and th e  s tu d en t so lv e s  th e  problem 

using  sim ple o r a lread y  fa m ilia r  concep ts . While the  s tu d en t i s  

so lv in g  th e  pro b ia s , in  f a m i l ia r  term s, a  'p rogram ' i s  in t r o 

duced, au to m a tic a lly , which shows an  e q u iv a len t s o lu t io n  u s in g  a  

more form al n o ta tio n . I n  t h i s  way, program syn tax , and some se

m antic r u le s ,  can be conveyed on a  re a l- t im e  b a s is  w ithou t an 

in o rd in a te  amount o f s tu d e n t- te a c h e r  in te r a c t io n .
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(4) T h is  model c o n s is ts  o f  s e v e ra l  l e v e l s .  Each l e v e l  ( c o n s is t in g  o f  

a  sequence o f  n ine phases) i s  designed  to  convey more advanced 

concep ts th a n  th e  p rev ious l e v e l .  The s tu d e n t w i l l  work th rough  

th e  phases o f  a  g iv en  l e v e l  u n t i l  th e  o o a p le tlo n  o f  t h a t  l e v e l .  

The phases a r e  designed  so t h a t  th e  s tu d e n t p r o c e s s e s  ( I n  a  

r e d u c t io n ! s t io  manner) by b u ild in g  on p rev io u s ly  le a rn e d  m ate ri

a l .  gach phase has  been designed  t o  'w a lk ' th e  s tu d en t th rough  a  

s o lu t io n  o f  a  problem u s in g  a  computer, beg inn ing  w ith  th e  s tu 

d e n ts  own p r im it iv e  s o lu t io n  and f in i s h in g  up w ith  a  fo rm al algo

r ith m ic  t e x t .  W ithin th e  d e s ig n  i s  a  'b a c k in g  up ' f e a tu re  th a t  

a llow s th e  s tu d e n t to  see p rev io u s ly  covered  m a te r ia l  a t  a  

low ered numbered l e v e l  fo r  review  o r  fo r  re in fo rcem en t.

T h is  model i s  no t w hat i s  commonly r e f e r r e d  to  a s  CAI (Computer Aided 

I n s t r u c t io n ) .  CAI g e n e ra lly  has two a l t e r n a t in g  p h ases : a  t u to r i a l  phase 

fo llow ed by a  q u estio n /an sw er phase. The package d e sc r ib e d  i n  t h i s  paper 

p re se n ts  a computer d ire c te d  motor le a rn in g  experience  th a t  'g u id e s ' th e  

user through s e v e ra l phases ( a t  v a rio u s  le v e ls )  cu lm in a tin g  i n  th e  develop

ment (by the u se r ) o f  s y n ta c t ic a l ly  and se m a n tic a lly  c o r re c t  computer a l 

gorithm s.

I t  i s  recognized  t h a t  se v e ra l modules a re  re q u ire d  to  b u ild  th e  pack

age d esc rib ed  i n  th e  p rev ious paragraph . This d i s s e r ta t io n  d e sc r ib e s  th e  

im plem entation o f a  su b se t o f th e  modules n ecessary  to  cover th e  e n t i r e  

spectrum of computer sc ien ce  concepts ta u g h t a t  th e  in tro d u c to ry  le v e l .

There a re  two modules implemented acco rd in g  to  th e  model, a  Puzzle
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module and a  B usiness nodu le  ( in v o lv in g  a  d a ta  b a s e ) .  These n o d u les  w i l l  be 

used to  convey d i f f e r e n t  computer sc ience  c o n cep ts . The model can  be suc

c e s s fu l ly  used i n  th e  d e s ig n  o f  a  v a r ie ty  o f  in te r a c t iv e  no d u les .

The fo llo w in g  in te r a c t iv e  nodu les h a re  been d esigned :

The Puzzle-M odule -  a  j ig -sa w  puzzle  (w ith  square  c o rn e rs  and 4 

p iec e s)  ap p ears  on  th e  sc reen . The s tu d e n t i s  shown th e  use o f  

s e v e ra l keys on th e  keyboard (an d /o r  o th e r  i t a n s  o f  hardware th a t  

i s  a v a i la b le  -  a  jo y s t ic k ,  fo r  example) and d i re c te d  to  move th e  

p iec e s  about th e  sc re e n  u s in g  th e  keys (o r  jo y s t ic k )  u n t i l  th e  

puzzle  has been assem bled. This e x e rc is e  i s  used to  r e l a t e  puz

z le  m an ip u la tio n s  to  a lg o rith m ic  p ro c e sse s , and to  In tro d u ce  

lo o p in g , d e c is io n  and In p u t/o u tp u t programming c o n s tru c ts .  The 

Puzzle module i s  im plenented on an  ATARI m icro-com puter and was 

used by an in s t r u c to r  o f CS-200 in  a  classroom  environm ent, in  

a n a ly s is  o f  th e  resp o n ses  o f  th e  s tu d e n ts , reg a rd in g  th e  s u i ta 

b i l i t y  o f th e  package appears i n  a  f in a l  ch a p te r  o f t h i s  paper.

The B usiness Module -  th e  computer d is p la y s  a  h y p o th e tic a l  and q u i te  

p r im itiv e  o f f ic e ,  w ith  an in p u t, a  d a tab ase  manager, an in v en to ry  

and a m all box. The s tu d en t i s  d ir e c te d  to  move s h e e ts  o f  paper 

( re c o rd s )  from the  in p u t to  th e  da tabase  manager and th en  on to  

the  in v en to ry  manager o r to  th e  m alt box. These 'o f f i c e  operas 

t lo n s ' have c o u n te rp a r ts  i n  many programming languages and a re  

considered  to  be u se fu l programming co n cep ts . T h is module in tr o 

duces p rocedures and param eter passin g , and was f u l ly  implemented 

but was no t te s te d  i n  a  classroom  environm ent.
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The Grade Poin t Average Module -  th e  s tu d e n t i s  d i r e c te d  to  key i n  Con 

a  keyboard) ' t h e  cumber o f h o u rs ' and ' l e t t e r  g rade re c e iv e d ' 

(u s in g  a  fo u r  p o in t system ).  The program t r i l l  d is p la y  (upon com* 

mand) t o t a l  g rade  p o in ts  re c e iv e d  and a  t o t a l  8FL f o r  th e  s tu 

d en t. T h is  approach i s  w idely  used  i n  co n v en tio n a l programming 

c la s s e s  and i s  used to  convey to  th e  s tu d e n t th e  fo llo w in g  con

c e p ts :  'assignm en t s ta te m e n ts ',  a r ra y s , in p u t/o u tp u t ,  fo rm a ttin g  

and e d i t in g .  The d es ig n  f o r  t h i s  nodu le  ap p ears  i n  C hapter 3 o f  

t h i s  d i s s e r ta t io n ,  bu t th e  nodule was n e i th e r  implem ented nor 

te s te d  i n  a  classroom  e n v iro m e n t.

Walker [Walk 76] s t a t e s  t h a t  classroom  in s t r u c t io n  i s  h ig h ly  ego 

s a t i s fy in g .  The classroom  in s t r u c to r  w i l l  n o t be w i l l in g  t o  s te p  down a s  

th e  c e n tr a l  a u th o r i ty  f ig u re  (and  th e  und ispu ted  source  o f  knowledge i n  a  

classroom ) to  th e  r o le  o f c la s s  m onito r. T herefo re , th e  package d e sc rib ed  

in  t h i s  paper in  in ten d ed  to  be used a s  a  supplem ent to  classroom  in s t ru c 

tio n .
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1.4 Organization of th is  paper

Th-t* paper i s  o rg an ized  i n  th e  fo llo w in g  manner. The in tro d u c tio n  ea- 

tab lis fa es  th a t  th e re  e x i s t s  a  problem o f  edncating  in c re a s in g  numbers o f  

s tu d e n ts  i n  computer sc ie n c e  w ith  an (a lm ost) non-changing number o f  fa c u l

ty . Also, appearing  i n  th e  in tro d u c tio n  a r e  th e  requ irem en ts  o f  d e s ig n in g  

a CAI package to  be used bar a  computer sc ien ce  in s t r u c to r .  Chapter 2 i s  a  

review o f r e la te d  work in v o lv in g  Computer Aided I n s t r u c t io n ,  e s p e c ia l ly  a s  

i t  r e l a t e s  to  gam e-playing. C hapter 3 g iv e s  a  d e ta i le d  d e s c r ip t io n  o f  th e  

model, follow ed by a d e s c r ip t io n  o f  th e  modules b u i l t  a cco rd in g  to  th e  

model. In  Chapter 4 , th e re  i s  a  d e ta i le d  e v a lu a tio n  o f  th e  Puzzle module 

to  determ ine the  e f f e c tiv e n e s s  o f  th e  so ftw are  package. G u id e lin es  f o r  an 

im plem entation a re  th en  g iv en  fo llow ed  fay a  conc lu sio n s c h a p te r  and a  b i

b liog raphy .
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Chapter 2 -  L iteratu re Review and Foundation Concepts

2.1 In tro d u c tio n

I n i t i a l l y ,  the  l i t e r a t u r e  was e sso in e d  to  f in d  e x is t in g  work i n  CAI 

fo r  tea c h in g  about computer s c ie n c e , p a r t ic u la r ly  pro g r a v in g ,  and to  f in d  

guidance and p r in c ip le s  f o r  th e  noda l p resen ted  i n  Chapter 3 . Four p r in c i

p le s  were id e n t i f i e d  f o r  th e  a o d e l. I n  o rd e r to  show bow th e  c u rre n t 

l i t e r a t u r e  r e l a t e s  to  th e  a o d e l d e sc r ib e d  i n  t h i s  d i s s e r ta t io n ,  t h i s  

c h a p te r  i s  o rgan ized  fo llo w in g  th e  fo u r  p r in c ip le  g o a ls  o f  th e  a o d e l:

g e n e ra l concepts o f  CAI 

CAI fo r  teach in g  p ro g re ss in g  

CAI g raph ics

CAI r e d u c t io n ! s t ic  s tr u c tu r e

Each s e c tio n  concludes w ith  the  p r in c ip le s  t h a t  a re  used fo r  th e  aode l in  

c h ap te r 3.

2 .2  General Concepts o f  CAX

2 .2 .1  In tro d u c tio n

CAI (Cooputer A ss is ted  I n s t r u c t io n )  i s  a  n a tu ra l  e le c tro n ic  e x te n s io n  

o f PS I ,  a  P e rso n a lized  System o f  In s t r u c t io n  developed by F red  S e l le r  

[ S e l l  6 8 ]. PSI invo lves  th e  fo llo w in g  concep ts: 1) th e  s tu d en t u ses, p r i

m arily , w r i t te n  m a te r ia ls , 2) th e  s tu d e n t m aste rs  one le v e l  o f m a te ria l be

fo re  co n tin u in g  on to  the  next l e v e l ,  3) th e  te x t  i s  s e lf -p a c e d , in  th e  

sense th a t  the  s tu d en t i s  a llow ed to  proceed a t  h is  o r her own r a t e ,  and
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4) th e re  a re  p ro c to rs  a v a i la b le  to  p rov ide  someone h e lp , ffith  th e  in t r o 

d u c tio n  o f  com puters, K e l l e r 's  id e a s  became even more w idespread and a r e  

used e x te n s iv e ly  i n  many CiX packages.

CAI i s  d e f i n d  to  be *a tea c h in g  p ro c e ss  d i r e c t l y  in v o lv in g  th e  com

p u te r  i n  th e  p re s e n ta tio n  o f  in s t r u c t io n a l  m a te r ia ls  i n  a n  in te r a c t iv e  mode 

to  provide and c o n tro l th e  in d iv id u a l iz e d  le a rn in g  environm ent fo r  each inr> 

d iv id u a l s tu d en t*  [S p li  791. B e lt, e t . a l . , adds t h a t  th e  s tu d e n t i s  o n lin e  

to  a computer, and t h a t  a  's t im u lu s  i s  p re se n ted , responses  a re  accep ted  

and p rocessed , feedback i s  p rov ided  to  th e  s tu d e n t, and th e  computer main

ta in s  v a rio u s  degrees o f  c o n tro l  over th e  sequencing  o f  m a te ria l*  

[B e lt  7 6 ] .

In  c o n tra s t ,  CHI (Computer Managed I n s t r u c t io n )  i s  d e fin e d  to  be: *an

in s t r u c t io n a l  management system u t i l i z i n g  th e  computer to  d i r e c t  th e  e n t i r e  

in s t r u c t io n a l  p rocess , in c lu d in g  perhaps CAI a s  v e i l  as t r a d i t i o n a l  forms 

o f  i n s t r u c t i o n . . . .  CMI has some or a l l  o f  th e  fo llo w in g  c h a r a c te r i s t i c s :  

o rg an iz in g  c u r r ic u la  and s tu d e n t d a ta , m on ito ring  s tu d e n t p rog ress , d iag 

nosing and p re sc r ib in g , e v a lu a tin g  le a rn in g  outcom es, and p ro v id in g  p la n 

ning In fo rm atio n  f o r  teach ers*  [S p li  791.

I n i t i a l l y ,  the  advocates o f  CAI borrowed an  id e a  from in d iv id u a liz e d  

in s t r u c t io n .  This id e a  was t h a t  th e  p rocess  be se lf-p a c e d , i . e .  th e  

le a rn e r  proceeds a t  h is  o r her awn r a t e  and acco rd in g  to  h i s  o r her own 

a b i l i t y ,  and u su a lly  under th e  guidance o f  a  te a c h e r  [B lak  6 9 ]. T h is  id e a  

i s  s t i l l  predominant i n  th e  packages a v a i la b le  a t  t h i s  tim e, and th e  pack

age proposed i n  t h i s  d i s s e r ta t io n  r e f l e c t s  t h i s  same approach.
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Van Hees [VanH 76] i d e n t i f i e s  s ix  ty p e s  o f  CAX t h a t  a r e  i n  c u rre n t 

use . These s ix  ty p e s  a r e  sheen  below. The ty p e s  o f  CAX t h a t  a r e  o f  in 

t e r e s t  and a re  in c o rp o ra te d  in to  th e  d esign  o f  th e  model in  c h a p te r  3 bare  

been marked w ith  an a s t e r i s k .

: !
! 1 d r i l l  and p r a c t ic e  !
! * 2 t u t o r i a l  I n s t r u c t io n  [
! 3 in q u iry  !
i * 4 p ro b ia s -s o lv in g  [
! 5 s im u la tio n  !
j * 6 gaming !
!_________________________________ I

S ix  Types o f  CAX

D r i l l  and p ra c t ic e  s e ss io n s  h a re  q u e s tio n s  and answ ers s im ila r  to :  

P re ss  th e  c o rre c t  l e t t e r  to  s ig n ify  which answer i s  th e  c a p i t a l  o f Texas? 

a . D a lla s  b. A ustin  c. San Antonio d. Houston

D r i l l  and p ra c t ic e  i s  one o f  the  e a r l i e s t  a p p lic a t io n s  fo r  teach in g  

w ith  computers. T his approach does no t ap p ear i n  th e  model d e sc rib ed  i n  

ch ap te r 3 o f t h i s  d i s s e r ta t io n .

With t u to r i a l  in s t r u c t io n , a  b lock  o f  m a te r ia l  i s  d isp la y e d  on th e  

sc reen , w ith the  e x p la n a tio n  o f  some f e a tu re  o f , say , a  so ftw are  package.

A g iven  command i s  d isp lay ed , th en  th e  r e s u l t s  o f  th e  command appears on 

th e  sc reen  as  i f  th e  u se r had p ressed  th e  command. The t u t o r i a l  approach 

i s  not in te r a c t iv e  and th e re fo re  was no t used i n  th e  model appearing  i n  

ch ap te r 3 .

In q u iry  system s a re  sim ple q u e s tio n  and answer system s. The u se r  can 

key in  some keyword (Kansas, fo r  example) and th e  c a p i ta l  (o r  some o th e r
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in fo rm ation ) w i l l  be d isp la y e d .

E arly  problem s o l T ing system s were used  to  te a c h  math s tu d e n ts  funda

m entals o f  a lg eb ra . A ty p ic a l  q u e s tio n  i s :  :  ♦  7 = 9 . Vhat i s  z? I f

the  s tu d en t keys i n  th e  c o r re c t  answer, h e /sh e  w i l l  p ro g ress  to  more ad

vanced m a te r ia l,  i f  n o t th e n  p rev io u s m a te r ia l  w i l l  be review ed.

S im ula tion  system s f o r  a  v a r ie ty  o f  d i s c ip l in e s  a re  w ide-spread . An

example system a llow s th e  u se r  to  e n te r  th e  topology o f  a  g iv en  e le c tr o n ic  

c i r c u i t ,  and th e  p ro p e r t ie s  o f  th e  c i r c u i t  a re  d isp la y e d . Changes can th e n  

be en te red  a llo w in g  th e  u se r  to  experim ent w ith  d i f f e r e n t  d e s ig n s .

Gaming In c lu d e s  any type o f  program t h a t  p i t s  th e  s tu d e n t a g a in s t  an  

adversa ry , whether i t  be th e  Mcfaine o r ano ther human. In  o rd e r  to  win th e  

game, the u se r i s  re q u ire d  to  app ly  a  p re sc r ib e d  s t r a te g y ,  p re fe ra b ly  one

th a t  r e l a te s  to  th e  course o f  m a te ria l.

A ll of the  above types may include  an a u th o r in g  mode, a  program or a  

s e t  o f programs which allow  an in d iv id u a l te a c h e r  to  e n te r  new lesso n s  in to  

the  system a t  t h e i r  own d is c r e t io n  w ithou t programming [S to l  681. The 

package d esc rib ed  i n  t h i s  d i s s e r ta t io n  does no t in c lu d e  an au th o rin g  mode.

2 .2 .2  Advantages o f  CAI

Chambers l i s t s  s e v e ra l advantages o f  CAX over o th e r  conven tional 

le a rn in g  methods [Cham 8 0 ]:

-  I t  in v o lv es  th e  in d iv id u a l  a c tiv e ly  in  th e  le a rn in g  p ro cess .

-  I t  i s  se lf -p a c e d .
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-  Reinforcem ent i s  im m ediate and au tom atic .

-  i t  a llow s in v e s t ig a t io n  in to  problems which would be c o s t ly  o r  not 

p o ss ib le  w ithou t th e  use o f  computers.

-  CAI f r e e s  th e  f a c u l ty  from redundancies (such  a s  bookkeeping) and

allow s them more tim e to  devo te  to  p e rso n a l human c o n s id e ra tio n s  o f

the  s tu d e n ts .

-  CAI h e lp s  i n  rem edia l t r a in in g  o f  b i l  in g u a l and o th e r  d isadvan taged  

s tu d e n ts .

-  CAI can be oost sav ing , i n  some caaesCsee a ls o  B a rt 71 A Solo 74 ].

-  CAI reduces le a rn in g  tim e when aompared to  th e  r e g u la r  classroom .

R iedesel l i s t s  e ig h t  a d d it io n a l  advantages o f  CAI, p a r t ic u la r ly  in  

comparison w ith o th e r  p ro g ram ed  dev ices [H ied 6 7 ] . I n  summary, th e  e ig h t 

advantages a re :

-  The computer c a re fu l ly  c o n tro ls  th e  le a r n in g  sequence o f  each s tu 

den t and r e q u ir e s  th e  s tu d e n t to  comprehend each  frame.

-  The computer can judge c o n s tru c te d  resp o n se s  f o r  accuracy.

-  The computer may o f f e r  a  more s tim u la tin g  le a rn in g  s i t u a t io n  than  

i s  sometimes p rovided  by programmed t e x t s .

-  The computer can u t i l i z e  background in fo rm a tio n  on each s tu d e n t fo r

c o n s tru c tin g  le a rn in g  sequences and ju d g in g  responses .

-  The computer i s  mare v e r s a t i l e  than  th e  programmed t e x t .  I t  can 

teach  a w ider v a r ie ty  o f  ta sk s  and employ a  w ider range o f  a u x il i 

ary s tim u lu s -p re s e n ta tio n  equipment.

-  There i s  a  g re a t  d e a l o f in te r e s t  i n  th e  use o f  a  guided d iscovery  

approach to  tea c h in g  i n  to d a y 's  sch o o ls . The au thor o f a  CAI se-
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quence i s  a b le  to  use th e  same type o f gu ided  q u e s tio n in g  t b a t  i s  

ty p ic a l  o f  gu ided  d iscovery  p a t te rn s .  I n  f a c t ,  i t  h as  an  advantage 

over a  guided d isco v ery  d isc u s s io n , s in c e  eacb le a r n e r  o u s t respond 

to  eacb q u e s tio n , ex p e rien c in g  d isco v e ry  b i s s e l f .

-  The computer o f f e r s  d a ta  on tb e  e n t i r e  le a rn in g  s e s s io n  a s  v e i l  a s

summary in fo rm a tio n . These d a ta  can be u se fu l i n  r e v is io n  o f  a  

programmed sequence a s  w e ll a s  f o r  school reco rds  and re se a rc h  pur

poses. S tuden ts can use t h e i r  'ty p e - o u ts ' fo r  s tu d y . Also, s tu d e n t 

reco rd s  can be v e ry  u s e fu l  i n  an a ly z in g  th e  th in k in g  p a t te rn s  o f

s tu d e n ts .

-  The computer i s  a  lo n g -te rm  investm ent th a t  may be used f o r  a

v a r ie ty  o f purposes, such as  d a ta  p ro cessin g . I t  may be l e s s  ex

pensive and l e s s  space-consusing  th a n  programmed t e x t s .

2 .2 .3  D isadvantages o f  CAX

The CAI approach i s  no t th e  panacea th e  ed u c a tio n a l community a n t i c i 

pated . The spectrum o f CAX m a te r ia ls  i s  incom plete . There i s  no s tan d a rd , 

h ig h - le v e l, complex CAX language which i s  machine independent, and which 

combines au th o rin g  a id s  w ith  g rap h ics  c a p a b i l i t i e s  [Chen 8 0 ] . S haring  o f  

q u a l i ty  CAI m a te r ia ls  i s  v i r t u a l l y  n o n -e x is te n t, and th e  re so u rc e s  needed 

to  develop an a p p ro p r ia te  CAX package exceeds th e  budget o f  many p o te n t ia l  

u se rs . Much more a p p lie d  re se a rc h  a t  th e  in te r f a c e  between c o g n itiv e  s c i 

ence and computer sc ien ce  i s  needed fo r  th e  c re a tio n  o f CAX to o ls  

[Dune 81 ].

F in a lly , i t  i s  no t d e a r  th a t  w idespread accep tance o f ra d ic a l  teach -
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ing  p ra c t ic e s  w i l l  be forthcom ing. I t  appears t h a t  in s t r u c t io n a l  p arad igns 

w i l l  evolve, m eeting th e  e d n c a tio n a l needs o f  th e  p o p u la tio n  and a d ju s t in g  

to  changes i n  th e  demographics a s  th ey  occur. Experience w ith  PLATO and 

TICCIT o o n fIra s  t h i s  b e l i e f  [A ide 781.

The fo llo w in g  parag raphs d e sc r ib e  two* example CAI system s c u rre n tly ’ i n  use 

by the  academic community.

PLATO (Programmed Logic f o r  Autom atic Teaching O pera tions) has been 

d esc rib ed  a s  "a la rg e  e d u c a tio n a l computing netw ork” [Aide 7 8 ] , a lthough  i t  

i s  not a  network i n  th e  c o n v en tio n a l sense . A c e n tr a l iz e d  com puter, lo c a t

ed a t  the U n iv e rs ity  o f  I l l i n o i s  i n  Urbana, s e rv ic e s  n e a rly  a  thousand t e r 

m inals th a t  a re  a tta c h e d  d i r e c t ly  (o r  w ith  a  common c a r r ie r )  to  a  d C  Cyber 

73-7U.

The d es ig n e rs  o f  P la to  dec ided  to  p resen t th e  m a te ria l in  sm all u n i ts  

c a lle d  le sso n s  (o r  m odules). S ev era l le s so n s  c o n s t i tu te  a  course -an d  s e t s  

o f courses make up a  c u r r ic u la .  The c e n tr a l  id ea s  behind PLATO i s  one of 

p rov id ing  1) coursew are f o r  h e lp in g  s tu d e n ts  l e a r n  a  v a r ie ty  o f to p ic s  (ac 

coun ting , b io logy , chem istry , E n g lish , math, e tc )  and 2) a means whereby 

in d iv id u a l te a c h e rs  can e n te r  new le s so n s  i n to  th e  system a t  t h e i r  own d i ^  

c re t io n , u sing  an a u th o rin g  system  c a l le d  TUTOR. The m ajo rity  o f th e  in 

s t r u c to r s  judged th e  le s s o n s  to  be adequate f o r  t h e i r  s tu d e n ts . As m ight 

be expected, the  PLATO system  d id  n o t com pletely  rep la ce  th e  te a c h e rs  in  

th e  classroom . The le s s o n s  were e i th e r  in te g ra te d  in to  th e  study  p lan  o r 

were used a s  supplem entary te a c h in g  a id s .  In  A lderm an's study , l e s s  th an  

o n e - th ird  o f the m a te r ia l  was I n i t i a l l y  covered u s in g  CAI mode. [Aide 7 8 ] .
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As a r e s a l t ,  P la to  i s  m oderately  b a t no t overwhelmingly su c c e s s fu l . 

One o f th e  problem s, a s  p e rc e iv e d  by t h i s  a u th o r , i s  one o f  d i s t r ib u t io n  o f 

in fo rm a tio n . As tJllmer a rg u es , whenever a  le a r n in g  a c t i v i t y  r e q u ir e s  cen

t r a l i z a t i o n  ( a s  ty p i f ie d  by a  l i b r a r y  system  or a  c e n tr a l i s e d  oomputing 

system) th e n  th e  s tu d e n t i s  h in d ered  from  exposure to  th e  m a te r ia l .  "These 

d iv e rse  and d isconnected  ty p e s  o f  a c t i v i t i e s ,  having l i t t l e  room fo r  p a r t i 

c ip a t io n  and c o n tro l by s tu d e n ts , sim ply do n o t c o n s t i tu te  a  d e s ir a b le  and 

e f f i c i e n t  form fo r  an i n s t r u c t io n a l  sy stem ." [Ullm 69]

Communication w ith  th e  c e n tr a l iz e d  computer re q u ire s , in  many cases , a  

lo n g -d is ta n c e  phone c a l l  ( to  I l l i n o i s ) , an  expense many schoo ls  f in d  un

d e s ir a b le .

With the p r o l i f e r a t io n  o f  low -cost m icro-com puters, o b v ia tin g  th e  need 

f o r  a c e n tra l iz e d  computer, th e  accep tance  o f K.ATO and l ik e  s e rv ic e s  a re  

becoming more w idespread.

Davidson [Davl 81] d e s c r ib e s  P i lo t  a s  " th e  most w idespread sm all com

p u ter CAI language" th a t  has a  c a lc u la t io n  mode, g rap h ics  c a p a b i l i t ie s  and 

th a t  I s  com pletely machine independen t. In  th e  l a t t e r  reg ard , P i lo t  has 

been implemented on many m icro-com puters. A ccording to  th e  au th o r, Common 

P i lo t  i s  easy to  le a r n  and th e r e  a re  cou rses  i n  P i lo t  th a t  teach  P i lo t ,  a 

d e s ira b le  a t t r ib u te .

2 .2 .4  Conclusion

The fo llow ing  l i s t  c o n ta in s  th o se  id e a s  from th e  v a rio u s  so u rces  th a t  

r e l a t e  to  CAI th a t  have in flu e n c e d  o r have been in c o rp o ra te d  in to  the
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d e a lg a  o f the  so ftw are  package d e sc rib ed  l a  c h a p te r  3 o f t h i s  d i s s e r ta t io n .

-  m icro-com puters a r e  used,

-  th e re  i s  some t u t o r i a l  In s t ru c t io n ,

-  th e re  i s  some p ro h lo ^ s o lv ln g  invo lved ,

-  th e re  i s  some invo lved ,

-  the  m a te r ia l  i s  se lf -p a c e d ,

the  tea c h in g  p ro ce ss  d i r e c t ly  in v o lv es  th e  computer i n  th e  p re s e n ta tio n  

o f  in s t r u c t io n a l  m a te r ia ls  i n  an  o n lin e , i n te r a c t iv e  mode,

-  s t im u li  a re  p resen ted , responses a r e  accep ted  and p rocessed ,

-  feedback i s  p rov ided  to  th e  s tu d e n t, re in fo rcem en t i s  i s n e d ia te  and au

tom atic ,

-  th e  computer c a re f u l ly  c o n tro ls  th e  le a rn in g  sequence o f  each s tu d en t

and r e q u ire s  th e  s tu d e n t to  comprehend each  fram e,

-  the  in d iv id u a l i s  a c tiv e ly  invo lved  i n  th e  le a rn in g  p rocess ,

-  the  s tu d en t m aste rs  one le v e l  o f m a te ria l b e fo re  co n tin u in g  on to  the

next le v e l ,

-  The computer ju d g es c o n s tru c te d  responses f o r  accuracy ,

-  the  program i s  w r i t te n  i n  P ascal and B asic  making th e  so ftw are  somewhat 

machine independent.

2 .3  CAI as  an I n s t r u c t io n a l  o r T u to r ia l  Mode fo r  Teaching Programming.

2 .3 .1  Tools fo r  Softw are Education

Donovan [Dono 76] d e sc r ib e s  some o f th e  to o ls  t h a t  have been developed 

th a t  r e l a t e  s p e c i f ic a l ly  to  so ftw are  edu catio n . The to o ls  in c lu d e  such 

packages as  s im u la to rs , g rad e rs , com pilers and m on ito rs . The a r t i c l e  i s
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dated , and th e r e  has bees  s ig n i f ic a n t  p ro g re ss  s in c e  1976, but th e  in s t r u c 

t io n a l  g o a ls  and problem s m entioned a r e  b a s ic a l ly  th e  s u e .

(a )  S im u la to rs  -  D onovan's group developed a  s im u la to r  f a r  IBM/360 As

sembler th a t  would n o t only u s e r - le v e l  360 in s t r u c t io n s  b u t a lso

p r iv ile g e d  in s t r u c t io n s  and d e ta i le d  in p u t/o u tp u t and tim in g . The goa l was 

to  teach  problem so lv in g  i n  assembly language, u s in g  pri ma r i l y ,  a  d i g i t a l  

computer and s ta y in g  w ith in  th e  bounds o f  reaso n ab le  c o s ts .  According to  

t h e i r  re p o r t , t h e i r  e f f o r t s  were su c c e s s fu l. T h is approach has no t been 

used i n  t h i s  d i s s e r ta t io n .

(b) G raders -  C orresponding to  each problem g iv en  to  th e  s tu d e n ts , 

th e re  e x is ts  a g rad ing  program. This program hand les a l l  I/O  fo r  the  s tu 

den t, fu rn ish e s  a l l  th e  sample in p u t ( t e s t  d a ta ) ,  and compares th e  ou tput 

w ith  known answ ers, to  be used f o r  g rad ing . A c tu a lly , Donovan's group 

developed a  'meta* g rad in g  program "w ith which an in s t r u c to r  can gen e ra te  

h is  own g rad ing  program .. .  fo r  a  la rg e  spectrum  of s tu d e n t problems" [Dono 

76, p. 431]. This approach has not been used i n  t h i s  d i s s e r ta t io n .

(c )  A language com piler, not n e c e s s a r i ly  f r ie n d ly ,  i s  th e  programmers 

b as ic  to o l, w ithout which very  l i t t l e  computing would be accom plished. 

Some of the  e a r ly  com pilers produced very  l i t t l e  u se fu l d ia g n o s tic  he lp . 

On the  IBM 1130, fo r  example, some I/O  e r r o r s  were In d ic a te d  by: 1) th e  

program in  a stopped s t a t e ,  and 2) th e  e r ro r  d isp lay ed  i n  th e  console 

l ig h t s  on th e  CPU. Some o f the  com pilers developed d u rin g  th e  l a s t  few 

7e a rs  a re  somewhat more h e lp fu l  to  the  s tu d e n t.

(d) Donovan's group developed program m onito rs which allow  the  ba tch -
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log  o f s tu d e n t co m p ila tions  and ex ecu tio n s  a s  a  s in g le  jo b  s te p ,  thereby  

avo id ing  some s te p  overhead a s s o c ia te d  w ith  each s tu d e n t ru n , reducing  

c o s ts .  The m on ito rs  a ls o  w ere a b le  to  reco v er from most programming e r r o r s  

so as to  con tinue on w ith  th e  b a tch  run.

2 .3 .2  I n te r a c t iv e  Environm ents

In  th e  l a s t  few y e a rs , development o f packages f a r  so ftw are  in s t ru c 

t io n  has tak e n  q u i te  a  d i f f e r e n t  tu rn . The packages a r e  more in te r a c t iv e ,  

r a th e r  than  ba tch  o r ie n te d , and they  tend  to  o f f e r  g rap h ic  d is p la y s . and 

th e  environm ents a r e  becoming more s tru c tu re d  i n  a  r e d u c t io n is t lc  fash io n . 

P a re n th e tic a l ly , these  newer packages a re  n o t CAI system s a s  d e sc rib ed  ea r

l i e r ,  bu t, r a th e r ,  a re  s p e c ia l  language system s.

This s e c t io n  surveys s p e c ia l  computer a id ed  system s f o r  tea c h in g  pro

gramming.

Simple in te r a c t iv e  environm ents w ith  g rap h ic s  d isp la y s  a re  w idespread. 

Two of the more popular packages (Logo, and K arel th e  Robot) a r e  describ ed  

below.

2.3*2.1  Logo

Seymour P apert headed a  group a t  HU t h a t  developed a  u s e r - f r ie n d ly  

problem so lv in g  language they  c a lle d  LCGO. [Abel 82b ]. Logo was designed 

to  be sim ple, to  g iv e  people  c o n tro l  over pow erful computing reso u rc es , 

and, c o n cu rren tly , to  teach  'advanced* programming concep ts to  novice pro

grammers. These concepts in c lu d e  th e  fo llo w in g  -  p rocedures, rec u rs io n ,
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l i s t  p rocessing  ( s p e c i f i c a l ly ,  h ie ra rc h y  o f  o b je c t s ) ,  and language e x te n s i

b i l i t y .  Logo bas been in p lf la u n ted  on  a  v a r ie ty  o f  m icro-com puters in c lu d 

in g  tb e  TI99/4A, th e  TBS-80 and th e  Apple n ,  and f e a tu r e s  T u r t le  G raph ics, 

a  term coined by th e  a u th o rs  t h a t  r e f e r s  to  th e  computer s im u la tio n  o f  a  

ro b o t [H els 8 1 ] .

The t u r t l e  i s  a  t r i a n g u la r  shaped ic o n  ap p earin g  on  th e  sc re e n  th a t  

can be m anipulated  by th e  u s e r .  The t u r t l e  i s  an  a b s t r a c t io n  o f  a  ' r e a l '  

t u r t l e ,  a  h em isp h erica l shaped m echanical dev ice  (w ith  th re e  w heels) th a t  

can be made to  move around on  th e  f lo o r .

A b a s ic  s e t  o f  p r im it iv e  coamands t h a t  a r e  used  to  c o n tro l  th e  t u r t l e  

a re  l i s t e d  below. For a  more com plete l i s t  o f  Logo commands, r e f e r  to  the  

August 1982 issu e  o f Byte Magazine (p .2 82 ).

-  forward a

-  l e f t  d

-  r ig h t  d

-  back n

-  penup

-  pendown

-  hide t u r t l e

-  rep e a t n [ commands ]

-  i f  co n d itio n  th en  command

-  output

-  p r in t

-  request

-  make
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-  readKord

Given the  b a s ic  ooonands p rov ided , th e  a b i l i t y  to  ex tend  th e  s e t  o f  reeo g - 

n iz e a b le  ooonands v l th  u se r  d e fin e d  p rocedures h a s  a lso  b e e s  p rovided , 

to  square 

re p e a t 4 [ forward 45 r i g h t  90 ] 

end

Procedure In v o ca tio n  would be accom plished by e n te r in g  th e  coma and

' square* .

Inpu t param eters can be s p e c if ie d  

to  square : s iz e  

re p e a t  4 [ fo rw ard :s lz e  r ig h t  90 ]

end

For th is  example, procedure in v o c a tio n  would be a k in  to :

'sq u a re  100' .

Output param eters can be s p e c if ie d :  

to  sum :a  :b 

o u tp u t :a  + :b 

end

A s y n ta c t ic a l ly  c o rre c t  s ta tem en t th a t  invokes th e  sum i s :

sum 4 5

Logo i s  a d ia le c t  o f L£S?f and th e re fo re  sh a re s  some o f th e  l i s t  p ro - 

c e ss in g  fe a tu re s  o f  LISP. Given th e  fo llo w in g  l i s t :  [aCbCe d ] ] ]  th e  com-
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wmnriw on th e  l e f t  would g iv e  th e  r e s u l t s  shown on th e  r ig h t .

co m  and r e s u l t

f i r s t a

but f i r s t [b[c dI3

fp u t [y  z] [b [c  d ] l [ [ 7  z l  bCc d l l

sen tence  [y  z l [b [e  d l l  C7 z  b [c  d l l

Bake 'x  [a[b  c ]] x :* [a[b o il

f i r s t  but f i r s t  x b

make *x : x + 1

The s tro n g  p o in t i s  fav o r o f Logo i s  th e  m o d u la riza tio n  th a t  can be 

achieved  w ith  th e  p rocedu ra l approach to  problem so lv in g . T h is  f e a tu re , 

combined w ith  rec u rs io n , makes Logo a  reasonab ly  powerful programming 

language.

Abel son [Abel 82b, p. 1121 w r i te s :  " I f  we can d is p e l  th e  d e lu s io n  th a t  

le a rn in g  about computers shou ld  be an a c t i v i t y  o f  f id d l in g  w ith  a rray  

indexes and w orrying about w hether x  i s  an in te g e r  or a r e a l  number, we can 

begin  to  focus on programming a s  a  source o f id e a s . For programming i s  an 

a c t i v i t y  o f d e sc r ib in g  th in g s ."

C r itic is m s  o f  Logo: I t  appears  t h a t  P a p e rtr s  group has gone f u l l  c i r 

c le . Logo was designed  f o r  tea c h in g  a  su b se t o f  programming concep ts, 

which i s  a f in e  m o tiv a tio n , bu t th e  d e s ig n e rs  were s id e tra c k e d ; and, a s  a 

r e s u l t ,  Logo does not o f f e r  s tro n g  type checking . I  b e lie v e  th a t  they a re  

wrong. Follow ing s e v e ra l y e a rs  o f  re se a rc h  to  determ ine those p r in c ip le s  

th a t  make a programming language w orthw hile th e  computing community in t r o -
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duced s e v e ra l,  r a th e r  s tro n g ly  typed, languages (P L /I, P asca l, Ada, e t c ) .  

Although, a t  f i r s t  b lu sh , Logo appears  to  be i n  th e  sane ca tego ry  as Pas

c a l ,  i t  i s  e v id e n t t h a t  th e  d es ig n  philosophy i s  n o t c o n s is te n t  w ith  modern 

p r in c ip le s  o f  so ftw are  c o n s tru c tio n .

M ismatching ty p e s  i s  an  a l l  too  common sou rce  o f e r r o r s  (bo th  a t  com

p i le  tim e and a t  run  tim e) and, th e re fo re , shou ld  be d e te c te d  by th e  cook 

p i l e r  as e a r ly  as  p o s s ib le . Also th e  s tu d e n t shou ld  r e a l iz e ,  a s  soon a s  

p o ss ib le , th e  d if fe re n c e  between d i f f e r e n t  d a ta  ty p es  (such as  in te g e r  and 

boolean) in  a  g iven  programming language. T herefo re , th e  above concepts 

have been in c lu d e d  i n  th e  so ftw are  package d e sc r ib e d  i n  t h i s  d i s s e r ta t io n .

Logo a llow s th e  c r e a t io n  o f  a  s p e c ia l  purpose sub-language no t provid

ed i n  th e  o r ig in a l  d e f in i t io n .  The e x is te n c e  o f  a  m u ltitu d e  o f w idely d i s 

t r ib u te d  u se r  sublanguages i s  d e tr im e n ta l to  th e  advancement o f  a  s ta n d a rd  

language (and a  s ta n d a rd  s e t  o f  tea c h in g  to o ls )  in  th e  academic env iron 

ment. Sometimes, one d e s p a ir s .

2 .3 .2 .2  K arel the  Robot

Karel i s  an a b s tr a c t  ro b o t th a t  In h a b its  a  f l a t  lan d  ( th e  17 screen ) 

c o n s is t in g  o f  h o r iz o n ta l s t r e e t s  (runn ing  N orth, E ast, South and West) and 

two im penetrab le  w a lls  runn ing  a long  th e  I  and X axes  o f  th e  f i r s t  quadran t 

of K a re l 's  w orld. These two w a lls  r e t a in  K arel w ith in  th e  bounds o f  the  

f i r s t  q u ad ran t.

There a re  f iv e  p r im itiv e  commands which can be used to  cause Karel to  

r e a c t :  move, t u r n l e f t ,  p ick  beeper, put beeper, and tu rn o f f .
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The f iv e  oonaanda a r e  combined i n  v a rio u s  ways (by- th e  studen t}  to  

perform many complex o p e ra t io n s  (n o t  n e c e ssa rily ' r e l a te d  t o ,  nor l im ite d  

to , K a re l 's  sim ple w o rld ) . The programming c o n s tru c ts  (and  concep ts) t h a t  

a re  in tro d u ced  to  th e  u s e rs  ( v ia  E a re l th e  Robot) a r e :

b e g in .. . end blocks

i f . . . then

i f . . .  th e n . . . e ls e

nested  i f ' s

i t e r a t e  n tim es

w hile  C do . . .

define  new in s t r u c t io n  . . .  a s  

l i b r a r i e s

in v a r ia n ts  and p rec o n d itio n s  

procedures

Not covered a re  th e  fo llo w in g  concep ts which a re  u su a lly  covered i n  a  CS- 

200 course :

v a r ia b le s

a rra y s

f i l e s

input/output
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case sta tem en t 

assignm ent 

type s ta tem en t a  

param eter p assin g

C r itic is m s  o f  E a re l:  T here i s  no 'Im m ediate mode' f e a tu re  t h a t  a llo w s 

experim en tation . An e n t i r e  s y n ta c t ic a l ly  c o rre c t  progrmn most be keyed I n  

befo re  i t  can be run. The u s e r  i s  re q u ire d  to  h a re  m aste red  th e  r u le s  o f  

syntax (e s p e c ia l ly  th e  r u le  concern ing  th e  sem i-co lo n ), th e  r u le s  concern

ing  keywords and program s t r u c tu r e  b e fo re  th e  f i r s t  program can be run  

[P a t t  81] [Erau 8 2 ].

The concep ts no t covered by E are l can  be covered w ith  a  package f o l 

lowing th e  design  co n ta in ed  h e re in . P ro v is io n  has been made to  cover a l l  

o f the concepts l i s t e d  above w ith in  th e  design .

The above packages (Logo and E are l)  ha re  been w e ll rece iv ed  and th e  

studen t responses h a re  been p o s it iv e . P a t t i s  r e p o r ts  t h a t  E are l th e  Robot 

has been used e x te n s iv e ly  i n  c la s s e s  a t  S tan fo rd  U n iv e rs ity  and a t  th e  

U n ivers ity  o f C a lifo rn ia  a t  B erkley [ P a t t  8 1 ] . A ccordingly , when th e  s tu 

den ts  a t  the  U nited  S ta te s  A ir  Force Academy were re q u ire d  to  sw itch  from 

the in te r a c t iv e  package to  t r a d i t i o n a l  programming i n  a  Batch mode, they 

requested  t h a t  the  in te r a c t iv e  system be r e in s ta te d .  [E rau  82]

2 .3 .3  S tru c tu re d  Environm ents

The s tru c tu re d  environm ents d e sc rib ed  i n  th ese  paragraphs, a re  

softw are packages th a t  a r e  used fo r  teach in g , but a lso  they c o n s tra in  th e
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user i n  some wars t h a t  Logo and B are! do n o t. The environm ents a r e  becom- 

in g  mare s tru c tu re d  i n  a  r e d u a t io n i s t i c  fa sh io n , imong o th e r  th ing s , they  

a l l  bare  a  syn tax  checker. P a re n th e t ic a l ly ,  th ese  sev er packages a r e  n o t 

CAI system s a s  d e sc r ib e d  e a r l i e r ,  b a t ,  r a th e r ,  a re  s p e c ia l  language sy s- 

tems.

2 .3 .3  • 1 P ro g ram in g  Made Sim ple

This package c o n s is ts  o f  a  s e r ie s  o f  programs ( i . e .  P ascal 

com pU er/sim ola to rs) t h a t  su p p o rt l a r g e r  and la r g e r  su b se ts  o f  P asca l. As 

th e  s tuden t p rog resses  th rough  th e  course , adranced com pilers a re  used and 

more of the  f e a tu re s  o f  th e  language a re  made a v a ila b le . The advantage o f 

t h is  scheme i s  th a t  th e  u se r  w i l l  n o t be exposed to  e r r o r  m essages r e f e r 

r in g  to  f e a tu re s  o f  th e  language w ith  which h e /sh e  i s  u n fa m ilia r , a  common 

problem w ith PL/C and l i k e  packages.

2 .3 .3 .2  C ornell Program S y n th esize r

One form of CAI developed  a t  C o rn e ll U n iv e rs ity  i s  th e  C o rn e ll Program 

S ynthesizer (CPS) [ T e l t  8 1 ] . T his package i s  an  in te g ra te d  system  th a t  a l 

lows the  c re a tio n , e d i t in g ,  ex e cu tio n  and debugging o f  programs by th e  s tu 

den t. The sy n th e s iz e r  i s  syn tax  d ire c te d :  both the  e d ito r  and th e  execu

tio n  module a re  guided by th e  s y n ta c t ic  s t r u c tu r e  o f th e  programming 

language.

The grammar i s  embodied i n  a  c o l le c t io n  o f  tem pla tes o f  th e  s ta tem en ts  

so th a t  e n te r in g  ty p o g ra p h ica l e r r o r s  i s  im possib le . When th e  u se r w ishes 

to  key in  a s p e c i f ic  s ta te m e n t, a  s h o r t  code i s  keyed ( l ik e  u s in g  th e  .1
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fo r  the  IF s ta te m e n t) and th e  s ta tem en t i s  th e n  displayed* w ith  p ro p er i n 

d e n ta tio n . The u se r  has to  key i n  only  th e  c o n d itio n  and th s  s in g le  s t a t ^  

se n t,

2 .3 .3 .3  MacPaseal

Macintosh P ascal was developed by Think T echnologies f o r  th e  Apple 

C orporation . T his package h as  a  d a ta  e n try  mode, w ith  a  b u i l t  i n  syn tax  

checker, and a  run mode th a t  h a s  a  s in g le  s te p  f e a tu re  t h a t  d is p la y s  th e  

changing v a r ia b le s  i n  a  program.

2 .3 .3 .4  A Programming Environment v s  A S tru c tu re d  E nv iro m en t

Logo and K arel o f fe r  a  programming environm ent to  th e  s tu d e n t. With 

t h i s  environm ent, the  language i s  a v a i la b le  to  th e  s tu d e n t, u s u a lly  in  a 

batch  mode, and e r r o r s  a re  re v e a le d  a t  th e  end o f  th e  run . M acPaseal, CPS, 

and and PMS o f fe r  a  mare i n te r a c t iv e  e r ro r  checking  mode, whereby e r r o r s  

a re  d e te c te d  im m ediately ( i n  MacPaseal) o r  no t allow ed to  be e n te re d  a t  a l l  

(CPS).

2 .3 .3 .5  Conclusion

The above s e c tio n s  d e sc rib e  s e v e ra l packages t h a t  e x h ib i t  many excel

le n c ie s  in  d esign : s tr u c tu r e d  programming environm ents, an in te r a c t iv e

mode, and an ex ecu tio n  mode. Those same id e a s  have been in c o rp o ra te d  in to  

th e  design o f the  so ftw are  package d e sc rib ed  i n  Chapter 3 o f t h i s  d i s s e r ta 

t io n . In  a d d it io n , the  model a lso  p rov ides  a  syn tax  checker th a t  w i l l  ac

cep t c e r ta in  programming s ta te m e n ts , and none o th e rs . Keying e r r o r s  a re
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d e te c te d , and th e  u se r in form ed, a s  soon a s  th e  r e tu r n  b u tto n  i s  p re sse d .

2 .4  CAI G raphics

The key to  unders tand ing  and o a s te r in g  cod ing  ( i n  any language) i s  one 

o f knowing how to  convert th e  s o lu t io n  t o  a  r e a l  world problem in to  a  fo ra  

th a t  c o n s is ts  o f  a b s tr a c t  * p r im it iv e s  * whose meanings can be r e p l ic a te d  by 

a computing machine.

This conversion  can be re p re se n te d  by an isom orphic mapping from th e  

r e a l  world to  an  im aginary world o f  a  computer model. A g iv en  ta s k  i s  ac

com plished w ith in  th e  bounds and l im i t s  o f  th e  computer and th e n  th e  r e s u l t  

i s  mapped back in to  th e  r e a l  w orld. The model u su a lly  g iven  i n  ty p ic a l  

computer sc ience  courses i s  th e  box model. The memory c e l l s  o f  th e  com

p u te r a re  rep re sen te d  a s  l i t t l e  boxes, p igeonho les, and a s  th e  program i s  

sim ulated  (by the in s t r u c to r )  th e  c o n te n ts  o f  th e  boxes a re  changed. This 

model has been used i n  v a r io u s  form s s in c e  th e  e a r ly  days o f  teach in g  com

p u ting  and c e r ta in ly  s tan d s  th e  t e s t  o f  tim e. I t  h e lp s  to  see a  model, and 

a p ic tu re  as an a b s tr a c t  model h e lp s  people  to  understand  programming, 

When g raph ics f a c i l i t i e s  were made a v a ila b le  i n  th e  oomputing la b o ra to ry , 

some of the  same models (w ith  boxes) made t h e i r  way in to  th e  programs t h a t  

were used to  teach  computer sc ie n c e . MacPaseal, d esc rib ed  e a r l i e r ,  shows a  

run tim e computer th a t  shows boxes f o r  v a r ia b le s .

2 .4 .1  G raphics a s  a  tea c h in g  to o l

This s e c tio n  review s th e  is s u e  o f th e  use o f  g rap h ic s , and, i n  p a r t ic 

u la r ,  using  g raph ics when te a c h in g  computer programming concep ts.
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G lin e r t  l i s t s  s e v e ra l advan tages t h a t  g raph i c a l  d is p la y s  h a re  over 

w r i t t e n  t e x t  [G lin  841.

1) There i s  u su a lly  a  s t a l l  r t r a n s la t io n  d is ta n c e ' f n t  image to  

comprehension.

2) m ag e s  a r e  u su a lly  r e c a l le d  a s  s in g le  u n i t s  o f  in fo rm atio n , which 

i s  due to  th e  powerful p a r a l l e l  p ro c e ss in g  c a p a b i l i ty  o f th e  human 

mind. T his r e s u l t s  i n  a  h igh  bandwidth f o r  man-machine communica

tio n .

3) m ag es  (suoh as in te r n a t io n a l  road s ig n s )  a r e  more u n iv e rsa l than  

w r i t te n  t e x t ,  and can span  n a tio n a l,  a s  w e ll  a s  c u l tu r a l ,  b o rd ers .

4) The oost o f  g raph ics hardw are i s  d ropp ing , d ram a tic a lly , a long  w ith 

an in c re a s e  i n  perform ance. These f a c to r s  sake v is u a l  communica

t io n  econom ically  f e a s ib le .

2 .4 .2  C a teg o ries  o f  G raphics Packages

S evera l models u sin g  g rap h ic  a id s  designed  s p e c i f ic a l ly  fo r th e  pur

pose o f teach in g  computer sc ien ce  ooneepts have been developed. There a re  

e s s e n t ia l ly  3 k inds o f  g rap h ics  m odels used: th e  two dim ensional boards, 

the  box mode d isp la y in g  th e  c o n te n ts  o f  in d iv id u a l  memory  lo c a tio n s , and 

th e  new g raph ics models. In  C hapter 5 , th e  v a rio u s  packages a re  compared 

w ith  the design  proposed i n  t h i s  d i s s e r ta t io n .

An example o f  an e a r ly  g rap h ic s  system  u s in g  a  tw o-dim ensional d isp la y  

o f memory i s  CABDIAC. A package developed a t  B e ll  Labs and d is t r ib u te d  by 

the  lo c a l  phone company p r im a rily  to  h ig h -sc h o o ls  unable  to  purchase a  com

p u te r , CARDIAC (a Cardboard I l l u s t r a t i v e  Aid to  Computation) i s  a machine
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language baaed cardboard  co ap u te r designed  to  i l l u s t r a t e  th e  o p e ra tio n s  o f  

a coapu ter and to  s e rv e  as  an  in tro d u c tio n  to  machine language/assem bler 

language p ro g ra m in g  [Educ 69] .  CARDIAC h a s  an  a c c u a u la to r , in s t r u c t io n  

r e g i s t e r ,  100 memory c e l l s ,  an in p u t/o u tp u t system  and a  r e p e r to i r e  o f  te n  

in s t r u c t io n s ( r e a d , v z l te ,  lo ad , s to re ,  add, s u b tr a c t ,  g o to , branch to  sub

ro u tin e , e t c ) .  C ard iac i s  a  cardboard  computer, bu t i t  i s  very  g rap h ic , 

the  s tu d en t can see th e  machine (and i t s  memory) and g e t  bands on e x p e ri

ence. However, CARDIAC s u f f e r s  from th e  f a c t  t h a t  a l l  o p e ra tio n s  a re  done 

by hand, th e re fo re , program execu tion  becomes q u i te  te d io u s . Aside from 

manual execu tio n , CARDIAC se rv e s  th e  s tu d e n t w e ll .

The second ca tegory  o f  g raph ics packages a v a i la b le  a re  system s t h a t  

d isp la y  the  c o n te n ts  o f  some o f th e  key v a r ia b le s  i n  a  program w hile  the  

program i s  i n  ex ecu tio n . MacPaseal i s  an  example o f th a t  type o f system . 

The u se r can d isp la y  n o t on ly  th e  v a r ia b le s ,  but a lso  th e  l in e  o f code th a t  

i s  c u rre n tly  being  execu ted  i s  h ig h lig h te d , g iv in g  th e  u se r a v is u a l  

d isp lay  o f program o p e ra tio n .

The th i r d  ca tego ry  o f g raph ics packages a v a i la b le  a re  system s try in g  

to  move in to  th e  a re a  o f g rap h ic  languages. An example of these  newer 

g raph ics models i s  PICT.

G lin e r t  and T aniaoto  d e sc rib e  an i n te r a c t iv e  g ra p h ic a l programming en

vironment they c a l l  PICT th a t  perm its u se rs  to  l e a r n  programming concepts 

w ithout the  burden o f le a rn in g  th e  syn tax  o f  a  conven tional programming 

language [G lin  8 4 ] . They d esc rib e  a  system t h a t  tak e s  advantage o f 1) th e  

in c re ase d  a v a i l a b i l i t y  o f  g rap h ics  d isp la y s  on pe rso n a l com puters, and 2) 

th e  h igh bandwidth o f in fo rm ation  t r a n s f e r  when i n  a  g rap h ic  form (a s  op-
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posed to  t e x t ) .  Programming i n  PICT in v o lv es  s e le c t in g  a n d /o r  composing 

ico n s , moving them on a  sc reen , and connecting  th e  loons to  dem onstrate th e  

flaw  o f  c o n tro l . A d d itio n a l f e a tu re s  Include  1) a  menu d r iv e n  e d i to r ,  a  

s im u la to r w ith  an im ation , h e lp  m essages, a  sy n tax  checker and re c u rs io n . 

The programs a re  i n  a  form s im i la r  to  a  conven tional flow chart where d i f 

fe re n t  Icons i n  th e  f lo w c h a rt re p re se n t d i f f e r e n t  concep tual e n t i t i e s  

(ty p e , var, i f ,  w h ile , e t c ) .  In  th e  conc lu sion , th e  a u th o rs  o u t l in e  a  

method f o r  ex tend ing  th e  PICT system to  g e n e ra te  P ascal code f o r  novices, 

an id e a  expanded upon i n  t h i s  work.

Q ilb e r t  d e sc rib ed  PICT a s  fo llo w s: "Icons deno ting  th e  v a rio u s  operac 

t io n s  needed to  perform  the  c a lc u la t io n s  must be s e le c te d  and p lac e d  i n  th e  

module; th ese  ico n s  must th e n  be connected by p a th s  to  in d ic a te  th e  d e s ire d  

flow of c o n tro l" .

In  some re s p e c ts ,  PICT i s  s im ila r  i n  n a tu re  to  th e  package described  

i n  t h i s  paper. Both schemes d isp la y  a  g rap h ic  problem and re q u ir e  the  s tu 

dent to  so lv e  i t .  But i n  term s o f  depth o f u nderstand ing  and le a rn in g  

curve, PICT re q u ire s  th e  s tu d e n t to  be more advanced i n  term s o f  problem 

so lv ing . The B usiness module (d esc rib e d  i s  t h i s  d is s e r ta t io n )  i s  s im ila r  

to  a ' r e a l  world* s i tu a t io n .  The so ftw are  g u id es  th e  u se r from th a t  s itu a 

t io n  to  P a s c a l- lik e  code. On th e  o th e r  hand, PICT a b s tr a c ts  a  s o lu t io n  to  

an e x te rn a l  problem, and th e  u se r im m ediately begins m an ip u la tin g  th e  

flo w ch a rtin g  symbols. With th e  in tro d u c tio n  o f  connecting  p a th s , th e  s i 

tu a t io n  i s  r ip e  f o r  th e  in c lu s io n  o f  g o to 's ,  a  coding f e a tu re  th a t  runs 

counter to  c u rre n t tre n d s  i n  programming methodology.
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2.4.3 Conclusion

With tbe  advantages o f  g ra p h ic  d isp la y s  known, th e  d e c is io n  was made 

to  use what g rap h ics  f a c i l i t i e s  w ere a v a i la b le  i s  th e  p re s e n ta t io n  o f  th e  

m a te r ia l  fo r the  model d e sc r ib e d  i n  C hapter 3 o f  t h i s  d i s s e r ta t io n .

2 .5  R e d u c tio n is t v s S tru c tu ra lis m

T his s e c tio n  rev iew s th e  concep ts  o f  r e d u c t io n is t  and s t r u c tu ra l is m  

and dem onstrates how reduction !sm  can  be used by in s t r u c to r s  when te a c h in g  

computer sc ience  concep ts i n  a  classroom  environm ent.

2 .5 .1  A re d u c t io n ! s t io  approach

This s e c tio n  rev iew s th e  concept o f r e d u c t io n is t  a s  m an ifest i n  a  la ^  

b o ra to ry  env ironnen t f o r  tea c h in g  computing.

tfhat i s  reductlon ism ? The r e d u c t io n ! s t ic  method i s ,  s p e c i f ic a l ly ,  the  

method o f  d iv id in g  and conquering . V ith in  th e  co n tex t o f  a  classroom , i t  

in v o lv e s  b reak ing  a  la rg e  su b je c t down in to  sm all w ell d e fin e d  modules, and 

then  s tu d y in g  each module. For example, a l l  (o r  most) t e x t  books i n  com

pu te r sc ience  fo llow  a  r e d u c t io n ! s t ic  fo rm at. T r a d i t i o n a l ly ,  . . .  s tru c 

tu re  has been used a s  an  a n a ly t ic a l  concep ts to  b reak  down s e ts  in to  t h e i r  

c o n s ti tu e n t elem ents, an e s s e n t ia l ly  a to m is t ic  e x e r c i s e .1'  [Lane 70] Text

books, th e re fo re , a re  r e d u c t io n ! s t ic .  A s in g le  concept i s  p resen ted , th en  

q u e s tio n s  a re  in c lu d ed  to  e n su re  m astery  o f  th e  su b je c t.

S tru c tu re d  programming i s  r e d u c t io n ! s t ic  [Crow 8 0 ] . Most modern pro

gramming languages ( t h a t  in c lu d e  Begin-End b locks, I f . . T hen.. E lse  and Case

page 39

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

s ta te m e n ts)  a re  modular i n  n a tu re  i n  t h a t  they  encourage th e  d iv is io n  o f 

th e  p r o g r amming ta s k  in to  s e v e ra l  sim ple p rocedu res, such Utah each pr<^ 

cedure  can be com pleted, i n  tu r n ,  u n t i l  th e  e n t i r e  problem bas been so lv ed . 

The in te r lo c k in g  r e la t io n s h ip s  betw een th ese  p rocedu res can th e n  be o o n ^  

e io u s ly  minimized.

Implementors o f  so ftw are  packages t h a t  tea c h  computer languages a re  

beginning  to  use t h i s  approach i n  th e  tra n sm iss io n  o f  computer sc ie n c e  con

c e p ts .  Pascal Made Sim ple (se e  above) i s  m odular. The w r i te r s  broke th e  

su b je c t m atte r down in to  sm a ll, easy  to  d ig e s t ,  p ie c e s  each of which i s  iiK  

troduced  i n  a  la b o ra to ry  environm ent w ith  a  d i f f e r e n t  i n te r p r e te r .

2 .5 .2  Wbolisn (o r  S tru c tu ra lis m  }

In  c o n tra s t, th e re  i s  th e  concept o f  wholism. tf ho lism  i n i t i a l l y  was 

concerned w ith  the s t r u c tu r e  o f languages, but i s  used by many a s  a  method

o f a n a ly s is ,  " i s  such, i t s  many f a c e ts  and d i f f e r e n t  uses make i t  a  sub

je c t  o f various in te r p r e ta t io n s .  So sim ple o r s in g le  d e f in i t io n  a p p lie s  to

i t  except in  very  g e n e ra l term s. One could  say a  s t r u c tu r e  i s  a  combina

t io n  and r e la t io n  o f form al e lem ents which re v e a l  t h e i r  lo g ic a l  coherence 

w ith in  g iven  o b je c ts  o f  a n a ly s is .  . . .  "Thus, s tru c tu ra l is m  a ttem p ts  to  un

cover the  in te r n a l  r e la t io n s h ip s  which g ive  d i f f e r e n t  languages t h e i r  form 

and f u n c t io n .* [Ehrm 70]

"The most d i s t i n c t iv e  f e a tu re  o f  th e  s t r u c t u r a l i s t  method i s  th e  em

p h a s is  i t  g ives  to  w holes, to  t o t a l i t i e s ,  a  new im portance has been g iven  

to  the  lo g ic a l  p r io r i ty  o f  th e  whole over i t s  p a r ts .  They i n s i s t  t h a t  the  

whole and the  p a r ts  can be p ro p erly  ex p la ined  only  in  term s o f  th e  relap*
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t io n s  t h a t  e x is t  between th e  p a r t s .  The e s s e n t ia l  q u a l i ty  o f  th e  s tru c tu r 

a l i s t  m ethod.. .  l i e s  I n  i t s  a ttem p t to  study  n o t th e  e le a e n ts  o f  a  whole, 

but th e  complex netw ork o f  r e la t io n s h ip s  t h a t  l i n k  and u n i te  th o se  e l e 

ments. Hence . . .  we a re  g iv e n  . . .  an  account o f  th e  r e l a t i o n s  o f  myths to  

one ano ther, and th e  r e l a t i o n s  o f  ep isodes to  w holes.*  [Lane 70]

The w h o lis t ic  approach i s  lo c a te d  a t  th e  o p p o site  end o f  th e  spectrum  

from the  re d u c t io n ! s t ic  approach . Wholism a id s  i n  th e  u n ders tand ing  o f  a  

system but not n e c e s s a r i ly  in  i s o l a t i o n .  The w h o l is t ic  view i s  a p p ro p r ia te  

as an overview and can be used to  in tro d u c e  new m a te ria l on ly  i f  one can 

r e l a t e  the new m a te ria l to  som ething w ith  which th e  s tu d e n t i s  f a m ilia r .  

To use th e  w h o lis t ic  method e f f e c t iv e ly  1) a  r e a d i ly  understood  concept i s  

in tro d u ced  and th en  g e n e ra liz e d  to  cover th e  e n t i r e  model, o r  2 ) th e  over

view i s  exp la in ed  u s in g  te rm s w ith  which the  s tu d en t i s  a lre a d y  fa m ilia r .  

In  the  f i r s t  method, an example can be g iven  (say  in  th e  co n tex t o f  a  pro

g ra m in g  assignm ent) and th e n  th e  example can th en  be used a s  a  b a s is  when 

covering  new concepts.

For the most p a r t , la b o ra to ry  work i n  computer sc ien ce  has been

w h o lis t lc ,  a problem noted by Donovan [Dono 7 6 ]. When t h i s  term  i s  used i n  

a programming c o n tex t, th e  use im p lie s  t h a t  a  novice programmer has to  know 

many th ings before  he /she  can  do any one th in g .

A ty p ic a l  s tu d e n t 's  program c o n s is ts  o f  s e v e ra l programming s ta te m e n ts

in  a subset o f some programming language. The s tu d en t w i l l  be u s in g  a

language where d i f f e r e n t  f e a tu r e s  r e l a t e  to  one ano ther. I f  th e  s tu d en t

uses a p roduction  com piler, i t  i s  ha rd  f a r  th e  in s t r u c to r  to  r e s t r i c t  th e  

s tu d e n t 's  environm ent to  j u s t  a  sm all su b se t o f th e  language. As an exam-
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p i e, i n  most la b o ra to ry  environm ents, th e  s tu d e n ts  w i l l  g e t e r ro r  m essages 

about advanced f e a tu re s  o f  th e  language, f e a tu re s  th ey  do n o t know an y th in g  

abou t. PL/C i s  p a r t ic u la r ly  bad abou t t h i s .  T herefo re , th e  e n riro n a e n t 

provided  i n  la b  work i s  w h o l is t ic  I n  n a tu re ; and, a s  a  r e s u l t ,  th e  s tu d e n ts  

have problems debugging t h e i r  program s. They e i t h e r  fo llow  th e  (som etim es) 

m islead ing  c o r re c tiv e  s ta tem en t b l in d ly , or make random changes and resub

m it the  program.

Mazy s tu d e n ts  a re  unab le  to  re c o n c ile  th e  f a o t  t h a t  most computer s c i 

ence t e s t s  a re  r e d u c t lo n ls t ic  w h ile  th e  programming la b s  a re  s t r u c t u r a l i s 

t i c .

Mazy o f the  manuals p rovided  by any g iven  vendor are . w h o lis t ic .  I t  i s  

a  common occurrence th a t  i n  se a rc h in g  a  manual fo r  c lu e s  to  th e  o p e ra tio n  

o f a g iven  s ta tem en t, c ro s s - re fe re n c e s  a re  encountered  to  f e a tu re s  o f  a 

language th a t  have not been covered i n  c la s s  o r  a re  not r e le v a n t  to  th e  

problem a t  hand. Mazy concepts a re  ex p la ined  i n  term s o f  o th e r  more ad

vanced id e a s , and th e  s tu d e n t i s  fo rc e d  to  t r y  to  l e a r n  every ing  i n  o rd er 

to do one th ing .

This d i s s e r ta t io n  d e sc r ib e s  a  package t h a t  p rov ides an iz is tru c tio n a l  

la b o ra to ry  environment t h a t  i s  r e d u c t io n ! s t ic  i n  n a tu re .

2 .6  C onclusions

A fte r  a review o f  l i t e r a t u r e ,  th e  d e c is io n  was made to  in c o rp o ra te  the  

fo llo w in g  fe a tu re s  i n  th e  design  o f th e  model:

-  i t  w i l l  o f fe r  g rap h ic  d isp la y s  w ith  icozzs r e p re s e n tin g  th e  e n t i t i e s ,
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-  i t  la  to be instructional, i .e .  there w ill be a tu to ria l mode,

.  th e  in te r p r e te r  w i l l  en fo rce  a  s tr u c tu r e d  p ro g ra m in g  d is c ip l in e ,  

.  and i t  w i l l  p resen t th e  m a te r ia l  i n  a  r e d u c t io n !a t ic  manner.
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Chapter 3 -  The Model

3.1 Introduction

T his paper d e s c r ib e s  th e  d esig n  o f  a  model by which o n e ro u s  p r o g r n s  

can be w r i t t e n  f o r  th e  exp ressed  purpose o f  te a c h in g  coapu ter sc ien ce  con

c e p ts  to  s tu d e n ts  a t  th e  in tro d u c to ry  le v e l .  F lake  i d e n t i f i e s  fo u r  com

ponents o f  a  s im u la ted  game [F la k  751 • These fo u r  components a r e :

1 an a b s tr a c t io n  o f  an  en v iro o aen t -  t h i s  i s  th e  model, perhaps con

s i s t in g  o f  a  system o f  m odels;

2 a s e r ie s  o f  ru le s  f o r  how th e  model behanres, o r , models i n te r a c t  -  

t h i s  i s  s im u la tio n ;

3 the freedom  fo r  th e  i n te r n  to  i n t e r a c t  w ith  th e  s im u la tio n  to  

develop s t r a t e g i e s  -  t h i s  i s  th e  game; and

4 'r e a l i ty *  feedback -  t h i s  i s  what makes i t  come * alive*

These fo u r components have been expanded to  produce a  nine phase model 

fo r teach ing  Coaputer Science concep ts.

The model i s  d iv id ed  in to  s e v e ra l l e v e ls  and each le v e l  c o n s is ts  o f  

nine phases (ze ro  through e ig h t ,  see F ig u re  3•*•)>  each phase, o f  which, 

se rves a u se fu l and p ro g re ss iv e  purpose [Fox 75]*

The h ig h er th e  number o f  a  l e v e l  th e  more advanced concep ts t h a t  i s  

covered. The s tu d e n t i s  re q u ire d  to  s u c c e s s fu lly  com plete a l l  n ine  phases 

o f a g iven le v e l  befo re  p ro g re ss in g  onto  th e  nex t l e v e l  [B led  671 [G ibb67l,

page 44

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

Phase
f1ua*,er Leuels •

0 Proficiency Test

1 Tutorial

2 Trial Operation

3 Direct Task Solution

4 Task Solution with Progrsa Display

5 Replication

S Trial Prograa Steps

Progressing 

Post Test

/

{

Lave1 1, Phase 3

Sn overviee (of the levels aid the phases within each level) 

of the aodai

F ig u re  3 .a.
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where the  sane nine phases a r e  re p e a te d  w ith  more advanced concep ts . Bach 

le v e l ,  then , c o n s is ts  of th e  m e  a im  phases, w ith  only th e  a o n te n t chang

ing  from one le v e l  to  th e  n e x t.

V ith in  th e  design , th e r e  i s  a  p ro v is io n  ( t h a t  may o r  may n o t be i n 

cluded) which a llow s th e  s tu d e n t to  sk ip  phases i f  h e /sh e  f e e l s  t h a t  th e  

m a te r ia l  i s  too  easy , o r to  b ach  up and r e p e a t  phases t h a t  a r e  d i f f i c u l t  to  

understand . These f e a tu re s  a llow  th e  s tu d e n t to  p ro g ress  a t  h i s  o r  her own 

r a te .

Mozeico l i s t s  f iv e  s ta g e s  o f  development among u s e rs  o f  an in te r a c t iv e  

package [Moze 8 2 ] . They a re :

1) u s in g  th e  system to  o b ta in  d e s ire d  r e s u l t s  w ith  minimal pre

r e q u is i te  knowledge

2 ) le a rn in g  th e  b a s ic s  o f  th e  g rap h ic  system

3) p ro g re ss in g  to  mare independent use o f  th e  system

4) probing  in to  the  more s u b tle  or d i f f i c u l t  f e a tu re s

5 ) producing q u a l i ty  r e s u l t s  w ith in  known system c o n s tr a in ts

Follow ing Mozeico r s gu ide, th e  design  o f th e  package in tro d u ced  i n

t h i s  paper i s  one o f g u id in g  th e  s tu d en t th rough p ro g re ss iv e ly  more ad

vanced id e a s  i n  such a  way th a t  each phase i s  a  lo g ic a l  ex te n s io n  o f th e

im m ediately p reced ing  phases.

A ll of the  packages proposed ( th e  Puzzle module, the  B usiness module,
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e tc )  u t i l i z e  th e  id e a  o f m u lt ip le  l e v e l s  c o n s is t in g  o f  n ine phases p e r le v 

e l .

4

th e  nine phases a r e  a s  fo llo w s :

Phase 0) -  Review Test

4 p ro fic ie n c y  re v ie w /te s t  i s  tak e n  w ith in  24 hours a f t e r  th e  f i r s t  ex

posure to  (o r  i f  need be, th e  review  o f)  th e  concepts p resen ted  a t  th e  pre

vious le v e l .  The s tu d e n t shou ld  pass  t h i s  p ro fic ie n c y  exam b e fo re  h e /s e e  

can proceed w ith  th e  c u rre n t l e v e l .  T h is  approach ensu res a  c e r t a in  l e v e l  

o f p ro fic ien cy  w ith the  m a te r ia l  and g u a ra n tee s  t h a t  p ro g re ss  i s  be ing  

made. I f  the  s tu d en t f a i l s  th e  re v ie w /te x t ,  then  an  e a r l i e r  phase shou ld  

be rep ea ted  u n t i l  m astery h as  been ach iev ed .

Phase 1) T u to r ia l

The s tu d en t i s  tu to re d  i n  th e  use o f  th e  v a rio u s  keys a v a i la b le  (on 

th e  keyboard) fo r use a t  t h i s  l e v e l  and w hat each key accom plishes. For an 

im plem entation u sing  o th e r  equipment ( a k in  to  a  jo y s t ic k )  th en  a p p ro p r ia te  

in s t r u c t io n s  on the  use o f th e  equipment i s  g iven.

The purpose of the  keys may be u n fa m ilia r  to  many of th e  beg inn ing

s tu d e n ts . For example many in tro d u c to ry  le v e l  s tu d e n ts  f a i l  to  r e a l i z e

th a t  every l in e  e n te red  must be fa llow ed  by a  l in e  te rm in a tio n  c h a ra c te r

(u su a lly  a  c a rr ia g e  r e tu r n ) .  A s h o r t  t u t o r i a l  on th e  use o f the  keys to  be

used fo r  su c ce ss fu l com pletion o f  the  assignm ent i s  th e n  considered  ap 

p ro p ria te .

Phase 2) T r ia l  O perations
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The s tu d e n t t r i e s  o a t  th e  key's, one a t  a  tim e, and th e  keys p re sse d  

a r e  im m ediately execu ted . T his phase h a s  been In c lu d e d  f o r  re in fo rc e a e o t .  

Phase 1 e x p la in s  th e  use o f  th e  v a r io u s  keys, and Phase Z a llow s th e  s t ^  

den t to  p ra o tic e  w ith  th e  keys to  g a in  aonfidence  (w ith  a  m o to r-le a rn in g  

ex p erien ce) b e fo re  p roceed ing  w ith  th e  e x e rc is e .

There need be no a e an in g  to  th e  sequence o f experim ents w ith  th e  keys. 

Given th e  a v a i l a b i l i t y  o f a  jo y s t ic k ,  th e  f i r s t  two phases in tro d u c e  th e  

jo y s t ic k  and allow  th e  u se r  enough tim e to  be cone f a m i l i a r  w ith  th e  physi

c a l  p ro p e r t ie s .

Phase 3 ) D ire c t Task S o lu tio n

During t h i s  phase, th e  s tu d e n t accom plishes a  sim ple ta s k  u s in g  th e  

keys (o r J o y s t ic k ) .  At t h i s  p o in t, a  c o n cep tu a lly  sim ple game i s  i n t r o 

duced a long  w ith  th e  keys on th e  keyboard t h a t  can be used to  '  play* th e  

game. The games proposed a r e  q u i te  sim ple  i n  n a tu re , and can be d e sc r ib e d  

i n  a sh o rt paragraph o f te x t ,  i . e .  Jig-Saw  Puzzle, Grade P o in t Average, 

e tc . The s tu d e n t i s  a lre a d y  f a m i l ia r  w ith  a  s o lu t io n  to  the  game and p lay

ing  th e  game in v o lv es  le a rn in g  th e  fu n c t io n s  o f  th e  keys on th e  keyboard 

and u s in g  th ese  keys to  p lay  th e  game, i .  e . accom plish an a lread y  f a m i l ia r  

ta sk . In  t h i s  phase, th e  s tu d e n t accom plishes some p red efin ed  and easy  to  

understand  ta s k  u s in g  th e  concep ts covered i n  Phases 1 and Z to  m anipu la te  

the  cu rso r.

Phase 4) Task s o lu t io n  w ith  program d isp la y

This phase i s  th e  p rev ious phase combined w ith  a  program d isp la y . As
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th e  s tu d e n t m an ipu la tes th e  c u rso r , a  'p rog ram 1, r e f l e c t in g  th e  a c tio n s , 

appears  a t  th e  bottom  o f  th e  sc reen . The program i s  w r i t t e n  and d isp la y e d  

by the  computer.

At t h i s  s ta g e , two e v e n ts  shou ld  o ccu r. 1) The s tu d e n t should  b e g in  to  

see th e  r e la t io n s h ip  betw een th e  a c t io n s  and th e  code th a t  I s  a p p earin g  on 

th e  sc reen . Ausebel r e f e r s  to  t h i s  tech n iq u e  a s  ' t h e  In c o rp o ra tio n  o f  a  

new le a rn in g  ta s k  in to  e x is t in g  c o g n it iv e  s t r u c tu r e  so th a t  a  meani ngf u l  

r e la t io n s h ip  i s  e s ta b lish e d *  [Ause 63] .  Mayer d e s c r ib e s  t h i s  s te p  i s  th e  

le a rn in g  p ro cess  a s  c ru c ia l  fo r  nov ices [Msye 79] , e s p e c ia l ly  fo r  c r e a t iv e  

ta s k s , a  ca tego ry  in  which Computer S cience  f a l l s .  V lnston  [Wins 80] a r 

gues t h a t  t h i s  method i s  r e f e r r e d  to  a s  l e a r n in g  by analogy, i .  e . when th e  

s tu d e n t g e n e ra te s  a c o n s tr a in t  d e s c r ip t io n  i n  one domain, g iven  a  con

s t r a i n t  d e s c r ip tio n  i n  an o th e r.

The second even t t h a t  should  occur i s  2) th e  form al s y n ta c t ic  s t r u c 

tu re  of th e  o b je c t language s ta te m e n ts  a r e  shown to  th e  s tu d e n t. When an  

in d iv id u a l i s  inv o lv ed  w ith  le a rn in g  a  new language, b e /sh e  form s r u le s  

concern ing  th e  sem antics o f  th e  v a rio u s  s y n ta c t ic  c o n s tru c ts  (C ra i 8 0 ] . I f  

the  r u le s  th e  person  farm s a r e  wrong, th e n  when e x c e p tio n s  to  th e  r u le s  a r e  

encountered , e i th e r  m o d if ic a tio n s  to  th e  r u le s  must be made i n  o rd er to  a l 

low fo r the excep tion , o r the  r u le  must be d isc a rd e d . Research evidence 

su p p o rts  th e  h y p o th es is  t h a t  i t  i s  much h a rd e r  fo r  a  person to  r e l e a r n  

som ething h e /sh e  has le a rn e d  I n c o r r e c t ly  th e  f i r s t  tim e [A lle  69] .  There

fo re , in  o rd er to  m inim ize th e  tim e i t  ta k e s  to  l e a r n  programming r u le s ,  

the  proper syn tax  and p roper s y n ta c t ic  and sem an tic  r u le s  should be p a r t  o f 

the  le a rn in g  ex p erien ce , e a r ly  on.
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I t  i s  n o t a s  i f  th e  package was designed  to  fo rc e  th e  s tu d e n t in to  a  

p a r t ic u la r  way o f  t-xmrtwg, i t ' s  j u s t  t h a t  th e  r u le s  o f  p ro g ra m in g  i n  any 

g iv en  language a re  p re c is e  and th e  sooner th e  s tu d e n t baa expo s u re  to  

'c o r r e c t '  syn tax , th e  b e t t e r .

I t  i s  f o r  t h i s  rea so n  t h a t  proper s y n ta c t ic  s t r u c tu r e  i s  in tro d u c ed  i n  

Phase 4 .

One o f the  e a r ly  d e c is io n s  was one o f  de te rm in ing  th e  in tro d u c to ry  

programming language to  be used, th e  Kansas S ta te  U n iv e rs ity  Computer Sci

ence Department has  th e  r e s p o n s ib i l i ty  o f  te a c h in g  P asca l, F o r tra n  and PL/I 

to  approxim ately  700 s tu d e n ts  per sem ester, and any one o f  th e  above 

languages could have been chosen fo r  in c lu s io n  in to  th e  so ftw are  package. 

H olt, e t . a l . , a d v ise s  one to  r e s i s t  ad o p tin g  IATL ( l e t  Another tea c h in g  

Language) fo r  tea c h in g  programming concep ts  [H o lt 77] .  they  argue th a t  the  

fo llow ing  c r i t e r i a  should be met when s e le c t in g  a  language to  be used fo r  

pedagogical purposes:

(1) I t  should be ( p a r t  o f) a  ' r e a l '  programming language used i n  busin ess , 

sc ience , and government and shou ld  be a p p ro p r ia te  f a r  in tro d u c in g  p ro 

gramming concepts used i n  those  a re a s ,

(2) i t  should encourage sy s tem atic  problem so lv in g  and s tru c tu re d  program

ming,

( 3) i t  should be a an a l l ,  conven ien t, easy to  m aster language, and

(4) i t  should be easy to  suppo rt by econom ical, d ia g n o s tic  language proces

so rs  on a  v a r ie ty  o f  machines in c lu d in g  m inicom puters.

With the  above c r i t e r i a  i n  mind, th e re  i s  a  dilemma. I f  p asca l had
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been chosen, th e n  th e  package would be w o rth le s s  to  F o r tra n  and PL /I s tu 

d e n ts . i f  s e v e ra l packages t h a t  would be ' a l l  f o r  a l l  programmers'

were designed, th en  much d u p lic a tio n  o f  e f f o r t  would h a re  r e s u l te d .  The 

d e c is io n  was made to  teach  ttT L , and i s  do ing  so , th re e  o f  th e  fo u r  c r i 

t e r i a  were met.

The d if fe re n c e  betw een Phases 3 and 4 a re  s u b tle , b u t im portan t. 

Phase 3 d isp la y s  'p r im i t iv e ' commands, one a t  a  tim e, r e f l e c t in g  th e  ac

t io n s  o f  the  u se r . Phase 4 combines muLtipLe in s ta n c e s  o f  each p r im itiv e  

command in to  a  s in g le  s ta tem en t.

For example, i n  th e  J ig -a a v  Puzzle  module, i f  th e  u s e r  p re sse s  th e  

up-arrow key s ix  tim es (o r  p re s se s  up on th e  ' j o y s t i c k ') ,  a t  phase 3 the  

s tu d e n t 's  a c tio n s  would be re p re se n te d  by:up up up up up up. i t  phase 4 , 

when more form al programming concep ts a re  in tro d u c ed , th e  s tu d e n ts  a c tio n s  

would be re p re se n te d  by th e  fo llo w in g  code:

REPEAT 6 TUBS M07E PP.

The d if fe re n c e  i s  t h a t  s ix  commands have been combined farm ing one 

command, but more im p o rta n tly , th e  s tu d e n t has been in tro d u c ed  ( a lb e i t  

slow ly and c a re fu lly )  to  a  more form al and u s e fu l  s y n ta c t ic  s tr u c tu r e .

Phase 5) R e p lic a tio n

During t h i s  phase, n o t only i s  code genera ted , but th e  s tu d en t i s  r e 

q u ired  to  key in  th e  program sta tem en ts  b e fo re  h e /sh e  can change commands 

and continue to  make p ro g ress . The responses a r e  a lso  judged f a r  accuracy,
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and an in d ic a t io n  o f  a  syntactic  e r r o r  i s  d isp la y e d  i f  an in c o r r e c t  

response i s  s i r e n  [HIED 6 7 ] .

Phase 6) Immediate ex ecu tio n

The s tu d en t keys i n  program s ta te m e n ts  which a re  execu ted  im m ediately . 

T h is s te p  i s  s im i la r  to  s te p  2 ) ,  hut th e  id e a , i n  t h i s  phase, i s  to  show 

th e  s tu d en t, by example, e x a c tly  how to  w r i te  th e  code to  a  problem fo r  

which he /she  i s  i n tu i t i v e ly  f a m i l ia r .  At t h i s  p o in t i n  tim e , a c tu a l  pro

gramming commands a re  be ing  r e p l i c a te d  by th e  u se r , a  m o to r- le a rn in g  ex

perience  not be be u n d e r-ra te d .

At t h i s  p o in t i n  tim e, more form al programming s ta te m e n ts  a re  now be

ing  used by th e  s tu d e n t. The p r im itiv e  commands (o f  phase 2) h a re  been 

abandoned i n  f a r o r  o f  more s o p h is t ic a te d  and form al language c o n s tru c ts .

The b a s ic  id e a  behind l e v e l s  4 ,5  and 6 i s  one o f  a u to m a tic a lly

t r a n s la t in g  s tu d e n t a c tio n s  i n to  s e v e ra l  l in e s  o f  code and showing t h a t  the  

code ao genera ted  t r a n s la t e s  back in to  th e  o r ig in a l  a c tio n s . Once th e  id e a  

th a t  programs c o n tro l com puters has  bees absorbed , a  m iles to n e  i n  le a rn in g  

about computer o p e ra tio n  has  been reached .

The op tion  i s  l e f t  open , a t  t h i s  p o in t, to  allow  phases 3 ,4 ,5 A 6 to

be combined to g e th e r  i n  2 o r 3 phases ( a t  the  d is c r e t io n  o f  th e  im planen-

to r)  a s  the  s i tu a t io n  w a rra n ts . I f  an implem entor f e e l s  t h a t  the

m a te ria l/c o n c e p ts  to  be covered le n d  them selves toward a  more advanced and 

a c c e le ra te d  pace, then  phase 3 , f o r  example, can be om itted . T his a llow s 

fo r  a more f le x ib le  form at.
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Riase 7) Programming

S evera l s ta tem en ts  a re  keyed i n  and th e n  th e  word 'ran *  i s  keyed to  

g e t program execu tion . Also, each sta tem en t i s  d isp la y e d  Cat th e  bottom of 

the  screen) b e fo re  i t  i s  a o tu a l ly  'e x e c u te d ',  r e in fo rc in g  th e  s tu d e n t 's  

u nderstand ing  o f  th e  concep ts  in v o lv ed . T h is type  o f  re in fo rcem en t i s  more 

s tim u la tin g  to  the  s tu d e n t th a n  ru n n in g  a  program in  'b a tc h  mode' [R eid  

6 7 ].

Phase seven corresponds to  th e  u su a l programming mode a s  e x i s t s  on 

many c u rren t m icro-com puters. The advantage in h e re n t w i th in  t h i s  scheme i s  

t h a t  two or more s ta tem en ts  can be e n te re d  and th e n  'r u n ' e n te re d , r e s u l t 

ing  i n  program execu tion . The r e la t io n s h ip s  between th e  s ta te m e n ts  a re  

d isp lay ed  and th e  'p rogram ' ooncept i s  re in fo rc e d , i . e .  s e v e ra l  commands 

can be used, c o l le c t iv e ly  and i n  sequence, to  accom plish a  g iv en  ta s k .

Phase 8 ) Post T est

A. few q u e s tio n s  a re  d i r e c te d  to  th e  s tu d e n t to  en su re  t h a t  key pro

gramming concepts have been absorbed . A lso, a  hard  copy o f  th e  p e r t in e n t  

m a te ria l i s  d is t r ib u te d  f o r  review  a t  a  l a t e r  d a te . The n ine phases a re  

used to  in tro d u ce  a  few (u s u a l ly  le s s  th a n  5 ) programming concep ts  and must 

be repea ted  i f  o th e r  concep ts a r e  to  be m astered  by th e  s tu d e n t. I t  i s  to

t h i s  end th a t  the  concepts o f  s e v e ra l  l e v e ls  o f  le a rn in g  i s  in tro d u ced .

The package i s  designed so t h a t  a  ty p ic a l  s tu d e n t 'p a s s e s  th ro u g h ' a l l

nine phases o f  Level 1 (which w i l l  r e s u l t  i n  th e  m astery o f a  few i d e n t i f i 

a b le  s k i l l s ) ,  then  proceed to  l e v e l  2, say, a  week l a t e r .  The s tu d e n t th e n  

'p a s s e s  th rough ' a l l  n ine phases o f  le v e l  2, and proceeds to  l e v e l  3 . T his
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p ro c e ss  i s  rep e a te d  f o r  n  le v e ls ,, where a  i s  s u f f i c i e n t ly  la rg e  f o r  Dost 

im p o rtan t computer sc ie n c e  concep ts  to  be m astered .

Once a  s tu d en t has su c c e ss fu lly ' com pleted a l l  n ine phases o f  t h i s  lev 

e l  and (presum ably) m astered  two to  fo u r  programming concep ts , h e /sh e  i s  

th e n  ready to  proceed to  a  more advanced l e v e l .  The oodel a llo w s f o r  

s e v e ra l  le v e ls  o f  sem antic  in fo rm a tio n  to  be covered u t i l i z i n g  th e  same 

game, i t  the  second le v e l ,  th e  s tu d e n t e n su res  h is /h e r  p reparedness, 

f i r s t ,  by s u c c e s s fu lly  com pleting  th e  p ro fic ie n c y  t e s t .  Once t h i s  h as  been 

done, the  s tu d en t re c e iv e s  a  t u t o r i a l  on th e  v a rio u s  keys used a t  th e  

second le v e l .  A fte r th a t ,  t h i s  l e v e l  i s  e s s e n t ia l ly  th e  same a s  L evel 1 

except fo r  the d i f f e r e n t  p ro g ra m in g  concep ts covered. E x tra p o la tin g , 

th e re  can be as many le v e ls  (sem an tic  u n i ts )  a s  i s  deemed necessa ry  by an 

implem entor to  cover a l l  im portan t programming concep ts.

Suggested Schedule o f Levels

W ith in  th e  normal sequence o f  ev en ts , th e  s tu d e n t p rog resses  from one

phase to  the  next and from one l e v e l  to  th e  next a s  shown i n  F ig u re  3 .b .

However, p ro v is io n  has been made fo r  th e  s tu d e n t to  backup a  phase (o r  a  

l e v e l ,  i f  necessary) i f  review o f  p rev io u s ly  covered m a te r ia l  i s  found to  

be necessary . T his backing  up i s  a t  the  d i s c r e t io n  o f the  s tu d e n t.

The au thor recommends t h a t  th e  s tu d en t com plete approxim ately one (se

m antic) le v e l o f m a te ria l per week (u su a lly  a t  one s i t t i n g ) .

3 .2  Modules B u i l t  According to  th e  Model
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Sequence o f events fo r  proceeding (or digressing) 

from one leve l to  another leve l

enter from level i -  I

0
Phase 1

Phase 2
Phase 3
Phase 4
Phase S
Phase 6
Phase 7

pro ic ie n c y  exam f o r  le u e l i (Phase 8)
r e s u l t
f  a i 1 pass

V J
e x i t  to  le u e l i + 1

Figu re  3 .b .
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The fo llo w in g  i s  a  d e s c r ip tio n  o f  th re e  m odules implemented u s in g  th e  

design  d esc rib ed  i n  th e  p rev ious pages. The th re e  m odales a r e :  A. Jig-Saw  

Puzzle Module, a  Grade Poin t Average module and a  B usiness  Problem ( F i l e s  

and H ecords).

The Puzzle module was implemented on an  ATARI m icro-com puter. I t  was 

used by an in s t r u c to r  fo r  CS-200 i n  a  c lassroom  environm ent and e v a lu a te d . 

The B usiness module was f u l l y  implemented but was n o t t e s te d  i n  a  classroom  

environm ent exit e v a lu a ted  w ith  re s p e c t  to  e f f e c t iv e n e s s .  The d esig n  fo r  

the  Grade P o in t Average module appears i n  Chapter 3 , however th e  module was 

□ e ith e r  implemented nor te s te d  i n  a  classroom  environm ent.

3 .2 .1  The Puzzle Module

The Jig-Saw puzzle  module i s  th e  f i r s t  example o f a  game designed  to  

teach  computer sc ience  concepts fo llo w in g  th e  model. T h is s e c t io n  g iv es  a  

d e ta i le d  d e s c r ip tio n  o f the  s e v e ra l l e v e l s  (and  th e  nine phases w ith in  each 

lev e l}  used to  convey the  id e a s  s e le c te d .

The im plem entation o f t h i s  (one) module c o n s is ts  o f  s e v e ra l BASIC pro

grams, with g rap h ic  f a c i l i t i e s ,  t h a t  allow  th e  u se r to  m an ipu la te  ( i .  e. 

move up, down, l e f t  and r ig h t )  th e  p iec e s  o f  a  J ig -saw  l ik e  puzzle . The 

m an ipu la tions  a re  t r a n s la te d  (by th e  program) in to  an  a lg o rith m  which i s  

th en  d isp lay ed . A d isp la y  o f a  more form al r e p re s e n ta tio n  o f th e  s tu d e n t 's  

a c tio n s  convey a lg o rith m ic  concepts and a ls o  prov ide an example f o r  amula-
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t io n  by th e  s tu d e n t. The P uzzle  Module h as  th e  fo llo w in g  c h a r a c te r i s t i c s

-  I t  i s  co n cep tu a lly  sim ple

-  I t  has im m ediate re in fo rcem en t w ith  feedback

-  i t  i s  s e l f - le a r n in g

-  i t  en ab le s  th e  s tu d e n t to  p ro g ress  from th e  known to  th e  unknown

-  i t  i s  implemented on a  m icrocom pu ter (when com plete)

-  i t  uses (and conveys) r e d u c t io n is t ! c  tech n iq u es

-  i t  d i f f e r e n t i a t e s  between a p p lic a t io n  sem antics and form al 

computer sc ience  vocabu lary  and concep ts

-  i t  has a v is u a l  a sp ec t

The Puzzle Module -  Level 1 I n i t i a l l y ,  Phase 0 checks to  make su re  th e  s tu 

dent understands bow to  tu rn  th e  machine on.

Phase 1 in tro d u c es  th e  fo llo w in g  keys (and equipm ent) w ith  a  s h o r t  ex

p lan a tio n  o f t h e i r  re s p e c tiv e  meanings (and p u rp o ses):

up arrow moves th e  c u rso r  up t row.

down arrow moves th e  c u rso r down 1 row.

l e f t  arrow moves th e  c u rso r to  th e  l e f t  one column.

r ig h t  arrow moves th e  c u rso r to  the  r ig h t  one column.
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book

unhook

a t ta c h e s  th e  c u rso r  onto  th e  p iece  over which i t  r e s id e s .  

Proox t h i s  p o in t on (and u n t i l  an  Unhook key i s  p ressed ) 

whenever th e  c u rso r  i s  moved, th e  pu zz le  p iece  moves w ith  

i t .  I f  an im plem entor d ec id es  n o t to  h a re  th e  hook command 

a v a i la b le ,  th e n  th e  cu rso r can  be perm anently a tta c h e d  to  

one o f  th e  p ie c e s .

d e -a tta c h e s  th e  c u rso r  from a  puzz le  p iec e . Moving th e  cur

so r does n o t cause a  puzzle  p iece  to  be moved.

r ig h t  tu rn  cau ses  th e  p iece  hooked to  th e  c u rso r  to  be r o ta te d  90 de

g re e s  to  th e  r i g h t .  T his f e a tu r e  i s  o p tio n a l.

combine I f  th e  p iece  a tta c h e d  to  th e  c u rso r  i s  (everyw here a long  one

edge) a d ja c e n t to  an o th er p iece  ( i . e .  i f  they f i t )  th e n  

combine th e  two puzzle  p ieces  in to  one p iece by e ra s in g  th e  

l in e  th a t  s ig n i f ie s  t h e i r  edge o f ad jacency . From t h i s  

p o in t on, th e  two p ieces  a re  co n sid e red  (and a r e  t re a te d )  

a s  one p iece .

< return>  TURN How of th e  o th e r  keys a re  'execu ted*  u n t i l  < re tu rn>  i s  

p ressed .

A ' jo y s t ic k  w ith  button* can be a tta c h e d  to  th e  A ta ri. T h is jo y s t ic k  

i s  used by the s tu d e n t to  m an ipu la te  th e  c u rso r  (u p ,d o w n ,le f t , r i g h t ) .  The 

b u tto n  on the jo y s t i c k  i s  used to  combine th e  p ie c e s  to g e th e r .

When assem bling th e  puzzle , th e re  i s  a  d isp la y  c o n s is t in g  o f :

1) th e  p iec e s  o f  the  puzzle ,

2 ) th e  cu rso r ,
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3} th e  sods g en era ted  a t  phases 3 through 8 , and 

4) th e  s ta tu s  o f  th e  Hook sw itch .

These i t e a s  a re  p laced  on  th e  sc re e n  i n  such a  manner a s  to  be 

a e s th e t ic a l ly  p i easin g , and l o g i s t i c a l l y  workable.

The Hook command.

I f  the  cu rso r i s  'o v e r 1 a  p u zz le  p iece  th en  th e  Hook command re v e rs e s  

th e  'hook sw itc h ' lo c a te d  i n  th e  upper l e f t  co rner at th e  sc re e n . ( I . a .  i f  

the  sw itch i s  o f f  then  i t  i s  tu rn e d  on, i f  i t  i s  on th e n  i t  i s  tu rn e d  o f f . ) 

I f  the  sw itch  i s  'o n ' th en  subsequent m an ip u la tio n  of th e  c u rso r  r e s u l t s  i n  

a  p iece o f the  puzzle  ( th e  p iece  under th e  c u rso r)  moving a ls o .  I f  the  

sw itch  i s  o f f  then  moving th e  c u rso r  causes no o th e r  a c tio n  to  occur. I n i 

t i a l l y  the 'hook sw itc h ' i s  tu rn e d  o f f .

Phase 2

i t  the  beginning  o f  t h i s  phase, th e  s tu d e n t i s  shown (on  th e  screen) 

four puzzle p ieces  to  m an ip u la te . T his phase has been in c lu d e d  to  allow  

the  s tuden t to  'p l a y ' w ith th e  keys (d esc rib e d  i n  Phase 1) and to  ensure  

th a t ,  indeed, they work a s  d e sc rib ed .

Phase 3

At the beginning o f  t h i s  phase, th e  s tu d en t i s  shown se v e ra l  (4) d i s 

jo in te d  puzzle  p ieces  and i s  d i re c te d  to  put th e  puzzle to g e th e r  u s in g  th e  

keys and equipment d e sc rib ed  i s  Phase 1 . i s  th e  s tu d en t m an ipu la tes  th e  

cu rso r, commands r e f l e c t in g  h i s /h e r  a c tio n s  appear (a c ro s s  th e  bottom of
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th e  s c re e n ) . T his i s  th e  f i r s t  appearance o f  an a lg o rith m  t h a t  r e f l e c t s  

th e  s tu d e n ts  a c tio n s .

Phase 4

At th e  beginning  o f  t h i s  phase, th e  s tu d e n t i s ,  aga in , shown s e v e ra l  

puzzle  p ieces  and in s t r u c te d  to  put th e  puzzle to g e th e r  ( i n  a  s im ila r  

fa sh io n  a s  befo re) in  a s  few s te p s  a s  p o ss ib le . However, in  term s o f  

le a rn in g  programming syn tax , t h i s  phase i s  c ru c ia l .  S evera l l ik e  commands 

a re  combined in to  one lo o p in g  s ta te m e n t, such a s : H OP commands a r e  

d isp lay ed  a t  th e  bottom o f th e  s c re e n  a s  -

LOOP N TIMES MOTE IIP

fu rn is h in g  a p re c ise , y e t l o g ic a l ly  eq u iv a len t command. T h is command i s  to  

be one o f TEE comtands t h a t  correspond to  one o f  THE programming c o n s tru c ts  

d esigna ted  to  be conveyed a t  t h i s  sem antic  l e v e l .  The new r e s u l t  i s  th a t  

an Im portant programming concept ( in  t h i s  case looping) has been in tro d u c ed  

u sing  id e a s  and term inology w ith which th e  u se r  i s  a lread y  fa m ilia r .  This 

p ra c tic e  of going from what i s  known to  w hat i s  unknown i s  be used e x te n 

s iv e ly  throughout t h i s  design  e f f o r t .

Phase 5

Phase 5 used code g e n e ra tio n  from Phase 4 p lus r e p l ic a t io n  (copy ing ). 

I f  the u ser keys the  OP key 4 tim es th e n  th e  fo llow ing  command would appear 

a t  the bottom of the  sc reen :

LOOP 4 TUfiS MOTE OP.
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I f  th e  s tu d en t p ressed  th e  up key 1 o a re  tim e th e n  th e  4 m a id  be changed 

to  a s ,  bu t i f  th e  s tu d e n t p re sse d  any o th e r  command key (sa y  l e f t  arrow) 

th e n  he /she  would be in s t r u c te d  t o  r e p l i c a t e  th e  command : 

LOOP 4 r n « g  do gp w ith in  th e  a re a  on th e  s c re e n  d es ig n a ted  a s  th e  program 

a re a . In  o th e r  words, th e  s tu d e n t keys i n  a  program th a t  so lv e s  th e  puzzle  

w ith  a v isu a l  d isp la y  showing how to  do i t  (w hat to  key in ) .

Phase 6

Once the  s tu d e n t has had some exposure to  s ta te m e n ts  a k in  to :

LOOP 4 TDfiS MOVE UP

th e n  be/she  i s  allow ed t h i s  phase to  r e in fo rc e  th e  syn tax /sem an tic  meaning 

o f  t h i s  command and l ik e  comoands w ith  a  m o to r- le a rn in g  ex p erien ce . Phase 

6 g iv es  the  s tu d e n t a  chance to  review  th ese  new form al programming con

s t r u c t s  and to  'p la y  with* th e  v a rio u s  s ta te m e n ts  i n  an  immediate ex ecu tio n  

mode. The s tu d e n t keys i n  one s ta tem en t th e n  p re s se s  < re tu rn> . The s ta t e 

ment i s  im m ediately executed , p ro v id in g  im m ediate re in fo rcem en t.

Phase 7

Of a l l  th e  phases, t h i s  one may be th e  most d i f f i c u l t  f o r  the  s tu d e n t. 

The same puzzle  as g iven  i n  Phase 6 i s  d isp la y e d  by th e  computer. At the  

beginning  o f  t h i s  phase, th e  s tu d e n t i s  d i r e c te d  to  key in  ALL o f  th e  cont- 

mands necessary  to  so lv e  th e  puzzle . A fte r  ALL o f  th e  commands have been 

e n te re d  he th en  ty p es  i n  'HTH* and w atches th e  r e s u l t  o f h is  i n t e l l e c tu a l  

e f f o r t  appear on th e  sc reen . Each l i n e ,  a s  i t  i s  being executed , i s  

h ig h lig h te d  to  en ab le  the  s tu d e n t to  r e l a t e  th e  a c tio n s  on th e  sc reen  w ith
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the comnands in  the program.

Phase 8

T his phase c o n s is ts  o f  a  s h o r t  qu iz  on th e  key p ro g ra m in g  concep ts 

covered a t  t h i s  l e v e l ,  i . e .  Sequence Cone s ta tem en t a t  a  tim e, i n  o rd e r , 

top  to  bottom) and Looping. The s tu d en t i s  th e n  g iv en  a  b a rd  copy o f th e  

p r im it iv e s  (up, down, e tc )  w ith  a  l i s t  o f  fo rm al programming c o n s tru c ts  

covered, d i f f e r e n t i a t i n g  th e  two. The s tu d e n t i s  t o ld  t h a t  th e  'p r im i

t i v e s 1 being  used w i l l  e v e n tu a lly  be d isca rd ed , and t h a t  h e /s h e  should no t 

con sid e r these  p r im it iv e  o p e ra tio n s  a s  key concep ts  w ith in  th e  b roader a re a  

of computer sc ie n c e .

Other l e v e l s

D if fe re n t  programming concep ts  can be covered  a t  th e  d i f f e r e n t  l e v e ls .  

The fo llo w in g  l i s t  shows th e  programming co n cep ts  covered a t  each le v e l  us

ing  th e  Puzzle Module.

Level Concepts

1 sequence, lo o p in g

2 v a ria o le s (n u m e ric  and boo lean ), i f  th e n  e ls e ,  assignm ent

3 d e c is io n  ( i f  then)

4 in p u t/o u tp u t

5 case sta tem en t

6 a rra y s  ( ta b le s )

7 f i l e s  and re c o rd  s t r u c tu r e s

The Puzzle Module -  Level 1
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Phase 0

At t h i s  l e v e l ,  th e  concept o f  th e  'h o o k ' v a r ia b le  ( t h a t  a p p ears  a s  a

box I n  th e  co rn er o f  th e  sc reen ) i s  in tro d u c e d . At th e  p rev ious le v e l

C le v e l 1) th e  c u rso r  i s  perm anently hooked to  an  a r b i t r a r y  p iece  and th e  

s tuden t i s  unab le  to  unhook th e  c u rso r  from  th a t  p ie c e . At th e  c u rre n t 

le v e l ,  i f  th e  hook o p tio n  i s  chosen, i t  i s  p o s s ib le  to  nave th e  cu rso r 

around w ithou t a c tu a l ly  moving a  puzzle  p iec e . When th e  cu rso r i s  'hooked* 

onto a puzzle  p iece  a  'yes*  appears i n  th e  s lo t  narked  hook (on th e

sc re e n ), e ls e  a  'no* appears. The concep ts covered, a t  t h i s  l e v e l ,  invo lve

the fo llo w in g :

s lo t s  e x is t  t h a t  can c o n ta in  a  va lue  ( i n  t h i s  case a  'y e s ' o r  a  'no*

these s lo t s  a r e  c a l le d  v a r ia b le s

the s tu d en t has d i r e c t  c o n tro l over th e  c o n te n ts  o f  th e  s lo t s  ( i . e .  

he can book o r unhook th e  cu rso r to  a  p iece  a t  w i l l )

the c o n te n ts  o f  the  s l o t  has an e f f e c t  on th e  a c tio n s  app earin g  on th e

screen  ( i . e .  the  program)

Phase 1 

s. p

During th e  phase, the  u se r  i s  allow ed to  o p e ra te  th e  jo y s t i c k  and see 

the r e s u l t s  appear on th e  screen . Any o p e ra tio n s  to  'hook* onto a  p iece 

w il l  r e s u l t  i n  th e  v a r ia b le  hook d isp la y in g  a  value o f on.

Phase 2

The s tu d en t assem bles th e  puzzle, u s in g  th e  newly d e fin e d  'hook* and
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'unhook* commands a long  w ith  th e  p rev io u s ly  d e fin e d  'combine* conn and. The 

c o n ten ts  o f  the  hook v a r ia b le  appears i n  th e  top  l e f t  co rn e r o f  th e  sc reen .

Phase 3

In  t h i s  phase, th e  stndenfe assem bles th e  puzzle  a s  b e fo re . The oom- 

sands t h a t  appear a t  th e  bottom  a re :

H fo r hook.

0 fo r unhook,

C fo r combine.

Level 4

The 'h ig h  leve l*  commands t h a t  appear a t  the  bottom o f th e  s c re e n  a re  

th e  fo llow ing :

H hook cu rso r 

tj unhook cu rso r

C combine w ith  the a d ja c e n t p iece

i n  a d d itio n  to  the  s ta tem en ts  covered a t  th e  prev ious l e v e l .  Also appear

ing  w ith in  th e  code a re  th e  fo llo w in g  s ta te m e n ts : HOOK = TES when a  hook 

command has been s p e c if ie d , HOOK = NO when an  unhook command has been 

sp e c if ie d .

Phase 5

The s tu d e n t i s  re q u ire d  to  key in  th e  new command (p lu s  a l l  o f  th e  o ld  

commands) th a t  appears a t  th e  bottom o f th e  screen .

Phase 6

This phase has been prov ided  fo r  a  p ra c t ic e  phase. The s tu d e n t i s
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d ire c te d  to  ' t r y  o u t ' th e  new s ta te m e n ts  covered a t  t h i s  le v e l  (p lu s  any 

s ta tem en ts  covered a t  p rev ious l e v e l s ) .

Phase 7

The s tu d e n t i s  d i r e c te d  to  a ttem p t to  so lv e  th e  puzz le  u s in g  a l l  o f  

the  ' high l e v e l '  commands covered  by t h i s  l e v e l  and p rev ious le v e ls .

Phase 8

A s h o r t  q u iz  on hook and unhook can  be g iv en  f o r  re in fo rcem en t and to  

en su re  s tu d e n t confidence.

Level 3

The s tu d e n t I s  inform ed t h a t  I n  o rd er to  put th e  puzzle to g e th e r  

he /sh e  must r o ta te  one o r  mare p ie c e s  clockw ise fo r  the  proper s id e s  to  

match. Except fo r  t h i s  one change, th e  phases o f  Level 3 correspond  to  

l ik e  phases o f  the  p rev ious l e v e l s .

There i s  a  l o t  m issing . I t  i s  d i f f i c u l t  f o r  one module, o f t h i s  na

tu re , to  convey every programming concept coversd i n  an  in tro d u c to ry  p ro 

gramming course . The module does no t le n d  i t s e l f ,  n a tu ra lly , to  tea c h in g  

every programming concept, th e re fo re  a  v a r ie ty  o f games w i l l  have to  be im

plem ented, in  o rder to  cover th e  e n t i r e  spectrum  of ideas* T herefore , two 

o th e r modules, in h e re n tly  d i f f e r e n t  from the  Puzzle module, a re  a lso  

d e sc rib ed  i n  t h i s  d i s s e r ta t io n .

The Puzzle Module i s  w r i t t e n  i n  B asic  f o r  an ATARI-800 m icrocom puter 

in  BASIC-A. The minimum c o n fig u ra tio n  i s  16K RAM, one 5 1/4 inch  floppy
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d is k  d riv e , a  c o lo r m onitor and a  * j o y s t i c k ' . The package i s  d iv id ed  in to  

s e v e ra l programs t h a t  v e re  'cha ined*  to g e th e r  to  farm a  com plete module.

The fo llo w in g  l i s t  g iv e s  th e  approxim ate number o f l in e s  o f  BASIC code 

necessary  to  implement th e  Puzzle  Module on th e  ATAHI-800. The code i n 

c lu d es  some necessary  i n te r n a l  docum entation, which makes up about 3 per

c en t o f the  te x t .

tu to r i a l t u t l . 1s t 250 l in e s

p ra c tic e p l a t .  1s t 460 l in e s

g en e ra te  code genl . 1s t 300 l in e s

r e p l i c a te  code r e p l . l s t 340 l in e s

immediate mode p r a l . l s t 275 l in e s

run mode r u n t . 1s t 370 l in e s

review  concepts rev1 . 1s t 47 l in e s

I n i t i a l l y ,  th e  movement o f th e  ic o n s  on th e  sc reen  was too f a s t  f o r  a 

novice, and delay  s ta tem en ts  had to  be in s e r te d  in to  th e  code so th e  u s e rs  

would not run th e  icons o f f  o f  th e  sc reen . In  th e  l a t e r  phases o f  th e  

modules, necessary  c a lc u la t io n s  i n  th e  code p rov ided  th e  de lay .

P roduction  o f  in s t r u c t io n a l  packages a re ,  by t h e i r  very  n a tu re , tim e 

consuming. U nfo rtunately , th e re  a re  no ' i n s t r u c t io n a l  meta packages ' 

a v a ila b le  th a t  provide a  tem p la te  t h a t  w i l l  a llow  an implementor to  e n te r  

example d a ta  and a u to m a tic a lly  c re a te  a  le a rn in g  module. A ll o f th e  

modules had to  be w r i t te n  by hand, a  ta s k  h in d ered  by th e  f a c t  t h a t  BASIC-A 

i s  not s tru c tu re d . Many hours were consumed debugging a  r e l a t iv e ly  sim ple 

program
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Scheduling f o r  tbe  only  ay a i l  a b le  ATAHI-800 was a  problem (a lth o u g h  

m ino r). The aanhina was made ay a i l  a b le  f a r  p ro g ras  development t h r i c e  

weekly fo r an hour or taro, t i l th  t h i s  c o n s tr a in t ,  im plem entation  o f  th e  

Puzzle Module took  th re e  to  fo u r  months f a r  com pletion.

There w ere language dependent f e a tu r e s  t h a t  oade a  d if fe re n c e  i n  both 

execu tion  t i n e  and program development t i n e .  For example, th e  SASIC-1 in -  

te rp re to r  on th e  ATAHI-800 se a rc h e s  f o r  l i n e  nunbers i n  a  l i n e a r  fa sh io n  

s t a r t i n g  a t  th e  top . T herefo re , a  g iven  p ro g ra s  runs f a s t e r  i f  p ro g ras  do

cum entation (ap p ea rin g  i n  REM s ta te s e n ts )  i s  p laced  a t  tb e  b o tto s  o f th e  

program ra th e r  th an  a t  th e  to p . The g rap h ic s  fu n c tio n s  used were complete

ly  machine dependent because th e re  a re  no s ta n d a rd  g rap h ics  fu n c tio n s  

a v a ila b le  on m icro-com puters.

3 .2 .2  An Overview o f the  GPA module

The Grade Poin t Average Module in v o lv e s  th e  use o f  the  in p u t command. 

T his cosmand a llo w s th e  u se r  to  key i n  In fo rm a tio n  from the  keyboard w h ile  

the program i s  running . The v a rio u s  commands (and keys) a v a i la b le  w ith  

t h i s  program appear below a long  w ith  an e x p la n a tio n  o f  t h e i r  fu n c tio n .

Input Hours 

Input Grade

th ese  commands allow  th e  u se r to  key in  a  number and a  

l e t t e r  s e p a ra te d  by some d e l im ite r  

A ? i n  th e  TGP column d is p la y s  th e  t o ta l  grade p o in t 

accum ulated. A ? i n  th e  CCPA column d isp la y s  th e  

cum ulative GPA.
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Tbe programming concep ts covered w ith  t h i s  nodu le  in c lu d e  tb e  follow 

in g : in p u t, O utput, Sequence, V ariab les , Case, T ab les, Assignment, and 2-D

a rra y s .

Tbe sc reen  la y o u t f o r  th e  GPA problem i s  v e ry  much l ik e  tb e  fa llo w in g :

hours grade to ta l t o ta l cumula

hours grade GPA

row 1 3 A 3 12 4.00

row 2 4 B 7 24 3.42

row 3 2 C 9 28 3.11

3 .2 .3  The GPA nodule

Tbe GPA module -  Level 1

Phase 0

During t h i s  phase, tbe  s tu d en t i s  in s t r u c te d  i n  tb e  use o f tbe  INPOT 

and th e  ? in s t r u c t io n s .

Phase 2

During t h i s  phase, th e  u ser i s  g iven  tb e  o p p o rtu n ity  to  t e s t  th e  func

t io n s  d esc rib ed  in  th e  p rev ious phase. Tbe concept o f moving d a ta  from a 

keyboard 1 i n to 1 th e  computer i s  an  im portan t one, and t h i s  phase g iv es  th e  

s tu d en t the  o p p o rtu n ity  o f re in fo rc in g  a  p a r t i c u la r ly  im portan t id ea .

Phase 3
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Tbe u se r  i s  d ire c te d  to  key in  a  s e t  o f  'h o u rs /g ra d e 1 p a ir s  f a r  GPA 

com putation. W ithin t h i s  l e v e l  an phase, each column w ith in  th e  ta b le  i s  

g iven  an e x p l i c i t  sane.

Phase 4

As th e  s tu d en t keys i n  p a ir s  o f  'h o u r s /g r a d e ', (and a  ? i n  th e  ap

p ro p ria te  columns) th e  program appears w ith  th e  a rra y  elem ents appearing  

a s :  Row j  o f co lum n name.

Phase 5

During t h i s  phase th e  s tu d e n t r e p l i c a te s  th e  g en era ted  program.

Phase 6

During t h i s  phase, th e  'h ig h -le v e l*  s ta te m e n ts  keyed i n  by the  s tu d en t 

a re  im m ediately executed.

Phase 7

The s tu d en t i s  re q u ire d  to  key in  an  e n t i r e  program and run  i t ,  fo r 

the com pletion o f t h i s  phase.

Phase 8

The review quiz covers th e  major concepts l i s t e d  i n  a  p rev ious para

graph: assignm ent, 2-D a r ra y s , A in p u t.

The GPA module -  Level 2

The second le v e l  o f  the  GPA Module fo llo w s th e  form and co n ten t o f the
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f i r s t  le v e l  w ith  tbe  fa llo w in g  e x c ep tio n s .

Phase 1

The s tu d en t I s  informed, t h a t  columns can be r e f e r r e d  to  by number 

( r a th e r  than by name, a s  was th e  ease i n  th e  p rev ious l e v e l ) .

Phase 4

The n o ta tio n  f o r  r e fe re n c in g  elem ents o f  a  ta b le  i s  changed to :  Bow j  

o f column lc.

The SPA Module -  Level 3

The th i r d  le v e l  o f th e  SPA module fo llo w s th e  form and c o n te n t o f th e  

second le v e l  w ith  the  fo llo w in g  e x c ep tio n s .

Phase 1

The s tu d en t i s  inform ed t h a t  th e  e n t i r e  ta b le  can be g iv en  a  name and 

elem ents w ith in  th e  ta b le  a re  ( i n  t h i s  le v e l)  r e f e r r e d  to  by: T ab le  (row j ,

column lc)

Phase 4

The code g enera ted  by th e  c u rre n t  phase d isp la y s  a rra y  elem ent r e f e r 

ences using  th e  fo llow ing  scheme: T ab le  (row j ,  column lc).

The SPA Module -  Level 4

Phase 0

During t h i s  phase, the  fo llo w in g  conven tion  i s  adopted: th e  f i r s t
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number, w ith in  th e  p a re n th e s is  o f  a  Table re fe re n c e , r e f e r s  to  th e  th e  row 

and th e  second number r e f e r s  to  th e  column.

Phase 4

R eferences to  t a b le  e lem ents h a re  th e  n o ta t io n :  T a b le ( i ,  j ) .

3 .2 .4  The B usiness Module

The fa llo w in g  s e c t io n  o f  t h i s  d i s s e r ta t io n  o u t l in e s  a  th i r d  g u t  which 

i s  based on th e  model d e sc rib ed  e a r l i e r .  The m o tiv a tio n  f o r  th e  approach 

used i s  th e  fo llo w in g : a  newcomer I n  a  b u s in ess  o f f i c e  ( th e  u se r)  i s  

d i re c te d  to  hand c a rry  a  document to  a  d a ta  base manager and th e n  ( i f  a lso  

d ire c te d )  to  an in v en to ry  manager. During t h i s  p ro cess , th e  u se r  a c q u ire s  

an understand ing  o f  th e  methods and mechanisms used to  keep a c c u ra te  

reco rd s  o f item s i n  th e  in v en to ry . The game was implem ented f o r  th e  f o l 

lowing reaso n s: 1) i t  i s  an  a b s tr a c t io n  o f  a  procedure perform ed by an o f

f ic e  c le rk , i .  e. moving papers from one desk to  a n o th e r. Then, a s  th e  pa

pe rs  a re  moved, th e  u se r view s th e  a c tio n s  ta k in g  p lace  a t  each s ta t io n ;  2) 

tbe  problem i s  r e l a t i v e ly  sim ple, a llow ing  th e  u se r to  c o n c e n tra te  on what 

has to  be done r a th e r  th an  hav ing  to  be concerned w ith  th e  (sometimes) 

myriad o f d e ta i l s  o f a  more complex system ; 3) th e  in v e n to r '’ management 

problem lends i t s e l f  to  th e  unders tand ing  o f  RECORDS and th e  'd o t  nota

t io n 1 , an a b s tr a c t io n  found i n  many o f th e  new programming languages (Pas

c a l ,  Ada, P L /I ,e tc ) ;  4) a t  one l e v e l ,  the  u se r 's e e s '  th e  a c t io n s  o f  the  

ico n  re p re s e n tin g  th e  m essenger, and a t  an o th e r le v e l  th e  u se r s e e s  th e  ac

t io n s  o f  the  d a ta  base manager. T his approach a llow s th e  in tro d u c tio n  of 

main programs and p rocedures, r e f l e c t in g  th e  two views p rev io u s ly  in t r o -
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duced; 5) a lthough  not s p e c i f ic a l ly  designed  w ith  th e  package, th e  concep ts 

o f  a  s tru c tu re  (a  reco rd  b a r in g  s e v e ra l  m l  ik e  f ie ld s )  w i l l  be conveyed, 

a lb e i t  a s  a by-product. The p re e m p tio n  i s  t h a t  th e  u se r  w i l l  b a re  bees  

exposed to  reco rd s  p rev ious to  exposure to  t h i s  le v e l  o f in s t r u c t io n ;  and 

6) th e  se p a ra te  n o tio n s  o f  o f f i c e  procedures and s e le c t io n  f r m  a  menu l i s t  

a re  i n tu i t i v e  i n  n a tu re  and can  se rv e  as  a  sp ringboard  f a r  in tro d u c in g  new 

concepts.

The u ser must have s u c c e s s fu lly  co ap le ted  th e  sequence o f  modules 

p receding  th e  c u rre n t one, and have a  b a s ic  u n ders tand ing  o f  th e  concepts 

th a t  were covered. S p e c if ic a l ly ,  tb e  concept o f  a  v a r ia b le  ( t h a t  can hold  

a value) should , a t  t h i s  p o in t, be understood a lo n g  w ith  the  ooncept o f a  

f i e l d  w ith in  a  reco rd .

The b usiness &me d isp la y s  s e v e ra l loons (a s  d e sc rib ed  below ). The 

purpose of tbe 'game* i s  to  move documents (which a re  a lso  ic o n s )  from one 

icon  p o s itio n  to  ano ther or to  s e le c t  a  ta sk  to  be performed u s in g  a  menu 

s e le c t io n  o p tio n . The ico n s  a r e :

.  a document c a r r ie r  (which re p re s e n ts  a  person)

-  a da ta  base manager (which re p re s e n ts  a  person)

-  an in ven to ry  su p e rv iso r (which re p re s e n ts  a  person)

-  a mail box

At each s te p  i n  th e  p ro cess , g o a ls  w i l l  be provided a t  th e  bottom of 

tbe screen . I n i t i a l l y ,  th e  sc re e n  w i l l  d isp la y  a  c u r r ie r  ic o n  and th e  

d ire c tio n s  to  move th e  ico n  to  th e  top  o f  th e  sc reen  (see  F ig u re  3 . c . ) .  

A fter r e t r ie v in g  a  purchase o rd e r , th e  u se r w i l l  be d ire c te d  to  move th e
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□

flove the icon to the top of the box 
to fetch and display the order

F igu re  3 -c . 

page 73

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

purchase o rder loon  ( re p re s e n tin g  a  c o u rie r  c a r ry in g  a  document) from th e  

p o in t o f e n try  to  th e  ic o n  re p re s e n tin g  th e  d a ta  base manager ( s e e  F igu re  

3 . d . ) .  The c o n te n ts  o f  th e  purchase o rd er document w i l l  be s im ila r  to  th e  

fo llo w in g :

i [
! item  re c ta n g le  !
; amount req u e s ted  3 I
! r e s u l t  ___  (
!___________________________________________ _ l

I n i t i a l l y ,  th e  purchase o rd e r  w i l l  be d isp la y e d  a t  f u l l  s iz e , but when 

th e  u ser moires tb e  ico n  a c ro s s  th e  bo rder, th e  purchase o rd er w i l l  d im inish  

in  s iz e  (only the  envelope w i l l  be shown) so a s  n o t to  cause l o g i s t i c  prob

lems during  th e  rem aining sequence o f even ts . The co n te n ts  o f  th e  purchase 

w i l l  be d isp lay ed  on tb e  sc reen  and w i l l  rem ain th e re , c o n tin u a lly , fo r 

user re fe re n c e .

During th e  p e rio d  o f  tim e t h a t  th e  ic o n  i s  n ea r th e  d a tab ase , th e  da

tabase  i s  updated r e f l e c t in g  th e  d i r e c t iv e s  on th e  document. I f  th e  number 

of item s o r ig in a l ly  requested  i s  l e s s  th an  o r equal to  th e  number o f item s 

recorded  i n  in v en to ry , then  th e  d a ta  base manager w i l l  stamp th e  purchase 

o rder w ith an "ok" and r e tu r n  i t  to  th e  c o u rie r . The u ser w i l l  th en  be 

d ire c te d  to  move th e  purchase o rd er to  th e  in v en to ry  manager ico n . Once 

t h i s  has been done, se v e ra l item s (a s  r e f l e c te d  on  th e  o r ig in a l  request) 

a re  removed from inven to ry  ( th e y  d isap p ea r ou t o f th e  bottom of the
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FILE

HEMU

update

data
base

items rectangle 
amt requested: 3
results reorder

purchase order (p.oJ

move the icon down and to the left 
to submit the invoice to the data base

F igu re  3 .d .
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screen} . I f  th e  cumber o f  item s o r ig in a l ly  req u es ted  I s  g r e a te r  th an  th e  

cumber o f item s reco rd ed  i n  in v en to ry  th e n  th e  d a ta  base manager w i l l  issu e  

a Reorder Form and g iv e  i t  to  th e  c o u rie r  ( s e e  F igu re  3«®*) • So t r i p  to  th e  

inven to ry  manager w i l l  be n ecessa ry ; however, th e  u se r i s  req u e s ted  to  move 

the  order re q u e s t ic o n  to  th e  m all box ic o n  (se e  F igo re

Although, th e  concepts o f  procedure in v o c a tio n  and procedure d e f in i

t io n  a re  in tro d u c ed  a c ro s s  two l e v e l s  o f  in s t r u c t io n ,  i n  o rd e r  to  d escrib e  

the o v e ra ll  p ic tu re , th e  d e s c r ip t io n  o f  both  l e v e l s  has been Included , i ik  

term ixed, in  th e  fo llo w in g  d isc u ss io n .

Various phases -

Phase 1 -  t u to r i a l

A souse (a  s n a i l ,  handheld, box like a ttachm en t, c o n ta in in g  a  wheel or 

l ik e  device and one o r two b u tto n s) c an  be a tta c h e d  to  th e  m icro-computer 

to  m anipulate th e  ico n s . I f  a  mouse i s  no t a v a i la b le  d i r e c t io n a l  keys can 

be used. The game has been designed around th e  mouse (o r the  d i re c tio n a l  

keys); hence, a s h o r t  t u t o r i a l  on th e  use o f th e  mouse (o r  the  d i re c tio n a l  

keys) i s  provided i n  t h i s  phase. At th e  second le v e l ,  th e  u se r accesses a  

menu d riven  ro u tin e  by p re s s in g  fu n c tio n  keys th e re fo re  tb e  u ser w i l l  be 

g iven  a t u to r i a l  on th e  use o f  th e  fu n c tio n  keys du ring  phase 1.

Phase 2 -  T r ia l  O perations

During Phase 2 , th e  s tu d e n t w i l l  p r a c t ic e  w ith  th e  mouse (and th e
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i nventory

Reorder £orm(r.f.)

items rectangle 
amt requested: 3
result: reorder

purchase order Cp.o.)

move the icon down and to the right 
to remove the items from inventory

Figure 3 .e .
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FILE
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V O  

update

rou
update

inventory
data
base

item: rectangle
amt reordered: 5

reorder form ( r . f . )

move the icon up and to the right to 
mail the reorder form

F igu re  3 . f .
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fu n c tio n  keys du rin g  th e  second l e v e l  o f  in s t ru c t io n )  i n  tb e  course  o f  

so lv in g  some sim ple problem. The s tu d e n t i s  d i re c te d  to  move ic o n s  around 

th e  sc reen  (u s in g  th e  mouse) i n  th e  fo llo w in g  manner. The s tu d e n t w i l l  

move the  ic o n  to  a  p a r t ic u la r  a re a  on th e  sc re e n  and, i n  th e  p ro cess , w i l l  

accom plish a  g iven  ta sk .

Phase 3 -  D ire c t Task S o lu tio n

In  phase 3 , the  u se r i s  g iv en  th e  o p p o rtu n ity  to  view the  com plete 

p ic tu re  of a l l  o f the  even ts  on  th e  sc reen .

The p a r t ic u la r  'b u s in e s s ' pro b ia s  i s  in tro d u c ed  w ith in  t h i s  phase (se e  

above). The reader i s  rem inded t h a t  tb e  game i s  d iv ided  in to  two le v e l s .  

At the f i r s t  le v e l ,  the purchase o rder ico n  i s  moved about th e  sc re e n  by 

the u se r. I f  the  amount req u e s ted  i s  i n  in v en to ry  th en  th e  purchase o rd er 

w i l l  be stamped "ok" and w i l l  be d e liv e re d  to  th e  in v en to ry  manager. I f  

the amount req u es ted  i s  g r e a te r  than  th e  amount i n  in v en to ry , then  th e  pur

chase w il l  be stamped " re o rd e r"  thereby  co n v e rtin g  th e  purchase o rd er to  an  

o rd er req u e s t, and w i l l  be d e liv e re d  to  the  m ail box.

At the f i r s t  le v e l  o f in s t r u c t io n  th e  c o n te n ts  o f  th e  da ta  base i s  

d isp lay ed  i n  a form s im ila r  i n  n a tu re  to  th e  fo llo w in g :
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I
I

i te m  n rm tw  [
I

M W M  1 ■ ■ ■ ■ •

r e c ta n g le  5 I
t r i a n g le  7 {
hexagon 3 I

I      - I

Tbe u se r i s  reminded t b a t  th ese  numbers r e f l e c t  th e  in v en to ry , but a r e

no t th e  a c tu a l  inven to ry  item s.

W ithin t h i s  phase o f  th e  second l e v e l f th e  s tu d e n t views tb e  problem

from a  d i f f e r e n t  p e rsp e c tiv e , i .  e . from tb e  p e rsp e c tiv e  o f th e  d a ta  base

manager r a th e r  th an  from th e  p o in t o f view o f th e  c a l l e r .  (se e  F igu re

3 . g . ) .  The concept o f  p rocedures i s  in tro d u c e d  i n  t h i s  manner. In  th e  

f i r s t  le v e l ,  th e  u se r w i l l  see , e s s e n t ia l ly ,  th e  procedure in v o c a tio n  ( i . e .

from the  out s i d e - i n ) . In  th e  second l e v e l ,  th e  u se r  w i l l  see th e  procedure

d e f in i t io n  ( i . e .  from the  in s id e - o u t ) ,  a lthough  no code w i l l  be genera ted .

Also i n  th e  second le v e l ,  a  menu o f  o p tio n s  t h a t  allow  th e  u se r to perform

se le c te d  o p e ra tio n s  (g e t a  reco rd , update a  f i e l d ,  re le a s e  th e  reco rd ) w i l l

appear, and th e  s tu d en t w i l l  be re q u ire d  to  s e le c t  th e  c o rre c t  o p tio n  (by

moving th e  c u rso r from the  c u r re n t  lo c a t io n  to  a  p o in t near th e  in d iv id u a l

item s w ith in  th e  menu and p re s s in g  th e  b u tto n  on th e  mouse o r p re ss in g  re 

t u r n ) .  The menu w i l l  appear a s  fo llo w s:
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rectangle

triangle

hexagon

FILE

FI get a record
F2 release purchase order
F3 subtract
F4 check for too fen
F5 release the record
FS check for reorder
F7 get a purchase order
FtO stop

p r e s s  r e tu r n  or:
F7 g e t  a  p u rch a se  ord er

reu

F igure 3 .g .
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71 g e t a  reco rd
F2 re le a s e  purchase o rd er
F3 s u b tr a c t
F4 check f a r  too few
F5 re le a s e  th e  rec o rd
F6 check f o r  reo rd e r
F7 g e t a  purchase o rd er
F10 sto p

In  tbe second l e v e l ,  and a f t e r  o p tio n  F t i s  s e le c te d , tb e  u ser w il l  

see the  purchase o rd e r , ( se e  F igu re  3 .h . ) .  A lso, in  th e  second le v e l ,  tb e  

u ser w i l l  beg in  to  see th e  a c tu a l  reco rd  used w ith in  th e  d a ta  base to  s to re  

the  in fo rm atio n  concern ing  th e  in ven to ry , (se e  F ig u re  3 • T h is  reco rd

w i l l  be re p re se n te d  i n  th e  fo ra  o f  a  s tru c tu re  n o t u n lik e  s t r u c tu r e s  i n  

PL/I or P ascal, and w i l l  be s im ila r  to  the  fo llo w in g :

item  re c ta n g le  J
count 3 [
re o rd e r  5 !

I
■ —   »

Phase 4 -  Task S o lu tio n  w ith  Program D isplay

W ithin t h i s  phase, a s  th e  s tu d en t moves th e  ic o n s  from p lace  to  p lace , 

re p re s e n ta tiv e  code r e f l e c t in g  th e  a c tio n s  perform ed w i l l  be gen era ted  and 

d isp layed  a t  the  bottom o f th e  sc reen . Since code w i l l  be g en era ted , a f te r  

the  second phase, th e  u se r  i s  req u ired  to  p re ss  th e  RETURN b u tto n  on the
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items rectangle 
amt ordered! 2 

purchase order (po)

press return ors 
FI get a record

Figu re  3 .h .
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rectangle

triangle

FILE

items rectangle 
counts 3
reorders 5

items rectangle 
amt ordered: 2

Inventory Record (ir) purchase order (po)

Fl get a record_________
F2 release purchase order 
F3 subtract 
F4 check for too fsv 
F5 release the record 
FS check for reorder 
F7 get a purchase order 
FIO stop

press return or: 
F3 subtract

Figu re  3 - i .
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c o n so le . T h is  a c t io n  I s  c o n s is t e n t  w ith  c u r r e n t  o p e ra t in g  m eth o d o lo g ie s  

w hich d i c t a t e  t h a t  ev e ry  11m  e n te r e d  I s  t o  he te rm in a te d  w ith  a  c a r r ia g e  

r e tu r n .

The so f tw a re  g e n e ra te s  one o r  more I n s t r u c t i o n s  t h a t  change in d iv id u a l  

f i e l d s  o f  a  re c o rd  ( I n  t h i s  c a se , th e  COUNT f i e l d  o f  th e  RECTANGLE re c o rd  

i s  changed).

USING RECTANGLE DO COUNT = COUNT -  2

As th e  code shown above i s  g e m r a te d ,  th e  d a ta  base re c o rd  i s  u p d a ted , 

a s  shown i n  F ig u re  3 . j .

When th e  u s e r  s e l e c t s  th e  F6 o p t io n  in d ic a t in g  t h a t  h e /sh e  w an ts  to  

check  th e  in v e n to ry  to  s e e  i f  i t  i s  tim e  to  r e o rd e r ,  and i f  th e  number o f  

i te m s  o rd e re d  exceeds th e  number o f  ite m s  i n  in v e n to ry  th e n  a  r e o rd e r  form  

i s  g e m r a te d ,  a s  shown i n  F ig u re  3 .k .  A ty p ic a l  sequence o f  commands 

g e m r a te d  i s  a s  fo llo w s :

MOVE ICON TO DATA BASE MANAGER

INVOKE PROCEDURE UPDATE_DATA_BASE (IN  PURCHASE ORDER, OUT RESULT)

IF  RESULT = OK THEN MOVE ICON TO INVENTORY MANAGER

IF RESULT s  ORDER_REQUEST THEN MOVE ICON TO MAIL BOX

IF  RESULT s  ERROR THEN MOVE ICON TO ENTRY

At th e  t h i r d  l e v e l ,  t y p i c a l  commands g e m r a te d  a r e  th e  fo llo w in g :
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hexagon

FILE

item: rectangle 
count: I
reorders 5

items rectangle 
amt ordered: 2

Inventory Record Or) purchase order (po)

FI get a record
F2 ralease purchase order
F3 subtract
F4 check for too feu
F5 release the record
Ffi check for reorder
F7 get a purchase order
FIQ stop

neiu
press return art 
F3 subtract

Figure 3 . j .
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rectangle

triangle

item: rectangle 
counts I
reorders 5

item: rectangle
amt ordereds 2

Inventory Record (ir) purdlase order (po)

rectangle
reorder amounts

reorder form (r . f . )
FILE

FI get a record 
F2 release purchase order 
F3 subtract 
F4 check for too fee 
F5 release the record

check for reorderFS_____________________
F7 get a purchase order 
FIO stop

now
press return or:
FS check fo r reorder

Figure 3.k-
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PROCEDURE 0PDATE__DAT4_BASE (IN PUHCHASB-ORDER, OUT RESULT)

BEG 15

GET 4 REQUEST

GET RECORD FOR TRIANGLE

IF PURCBASE-ORDBR. AMOUNT > INVENTORY. AMOUNT THEN RESULT * ERROR 

INVENTORY. AMOUNT = INVENTORY. AMOUNT -  PURCHASE-OHDEH. AMOUNT 

IF INVENTORY. AMOUNT <= RE0RDER_LE7EL THEN STAMP REORDER 

END PROCEDURE UPQATRJNLTAJBASE

Phase 5 -  R e p lic a tio n

The s tu d en t i s  req u es ted  to  so lv e  basi c a l ly  the  sane problem as 

d escribed  i n  th e  p rev ious phase, w ith  one d if f e re n c e .  Code r e f l e c t in g  th e  

s tu d e n t 's  a c tio n  i s  g enera ted , but w ith in  t h i s  phase, th e  s tu d e n t i s  re 

qu ired  to  key in  th e  code d isp la y e d  b e fo re  p ro g ress in g .

Phase 6 -  Immediate E xecution

In  t h i s  phase and th e  fo llo w in g  phases, th e  mouse i s  n o t used. The 

h ig h -le v e l commands to  update th e  v a rio u s  f i e l d s  a re  e n te red  and a re  "exe

cuted" im m ediately, thereby  re in fo rc in g  th e  u s e rs  knowledge o f reco rd  up

d a te  commands. A tem plate  o f th e  form :

USING ITEM DO STATElfiNT

appears a t  the  bottom of th e  sc reen  a s  in :
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EJSING RECTANGLE DO AMOUNT = AMOUNT -  1 .

Syntax e r r o r s  a r e  d e te c te d  and a n  in d ic a t io n  o f th e  e r r o r  i s  d isp lay ed . 

Tbe u se r i s  th e n  re q u ire d  to  r e - e n te r  any in v a l id  s ta te n e n t .

Phase 7 -  p ro g ra m in g

The e n t i r e  program sequence i s  th e n  e n te re d  a t  t h i s  tim e. A ' 'p a r t i a l  

program* can be run  by keying i n  th e  keyword “RUN*, and th e  sequence o f 

comnands i s  d isp la y e d , a t  th e  bottom o f th e  sc reen . The ico n s  w i l l  be 

moved a s  per the  u s e rs  in s t r u c t io n s .

D e ta ils  o f  im plem entation

The B usiness Game i s  implemented on a  Z en ith  m icro-com puter runn ing  

DOS w ith  16k o f  RAM, a t  l e a s t  one 5 1 /4  inch  floppy  d is k  d r iv e , and a  co lo r 

or monochrome m onitor. The program u t i l i z e s  th e  fo u r  d i r e c t io n a l  keys and 

the  10 fu n c tio n  keys a v a i la b le  on th e  keyboard. The package i s  d iv ided  

in to  two programs th a t  form a  complete module. T h is  module covers th e  to

p ics o f procedure in v o c a tio n  and procedure d e f in i t io n .  The fo llo w in g  l i s t  

g iv es  th e  approxim ate number o f l in e s  o f  Pascal code re q u ire d  to  implement 

th e  B usiness Module on th e  Z en ith .

le v e l  1 1850 l in e s

le v e l  2 1631 l in e s

The package i s  w r i t t e n  i n  i t s  e n t i r e ty  in  T u rbo /P asca l, an economical Pas

c a l E d ito r and Compiler d i s t r ib u te d  by B orland I n te r n a t io n a l .  Among o th e r  

f e a tu re s ,  Turbo o f f e r s  a  convenient debugging to o l  u su a lly  not a v a ila b le  

w ith  o th e r Pascal Com pilers. I f  an e r r o r  occu rs i n  com pila tion , the  e d ito r

page 89

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

i s  loaded  and th e  l in e  number of th e  e r r o r  d e te c te d  by th e  Turbo Compiler 

i s  t r a n s fe r re d  to  th e  tu rb o  E d ito r ,  and th e  u s e rs  program i s  d isp la y e d  on 

th e  sc reen  w ith  the c u rso r on th e  l i n e  c o n ta in in g  th e  e r r o r .  With th e  fam

e n i t i e s  a v a ila b le , syn tax  e r r o r s  osn th e n  be sy s te m a tic a lly  lo c a te d  and 

removed.

Pascal, a s  an  im plem en ta tion  language, c o n ta in s  many e x c e lle n c ie s  i n  

design  over and above those  f e a tu re s  o f fe re d  by o th e r  programming languages 

provided w ith  m icro-com puters (such  as  BASIC). Tbe program can be d iv id ed  

up in to  se p a ra te  p rocedures, each procedure can be developed and th e n  in 

co rpo ra ted  in to  th e  main program. T h is procedure was fo llow ed d u rin g  th e  

im plem entation phase o f th e  B usiness module.

There a re  language dependent f e a tu re s  ap p earin g  i n  th e  oode. The 

g raph ic  fu n c tio n s  (P lo t  and Draw) a r e  T urbo /P ascal dependent. As a  r e s u l t ,  

these  g raph ics commands were th e  source o f most o f  th e  programming problem s 

th a t  occurred  du ring  th e  development phase o f th e  p ro je c t.

The hardware o f f e r s  th e  fo llo w in g  g raph ics modes:

c h a ra c te r  mode 25 l in e s  o f  80 c h a ra c te rs  per l in e

h i  re s  mode 200 l in e s  o f  6AO p ix e ls  each

In  a d d itio n  to  th e  two g rap h ics  modes, th e re  were two o th e r  f a c to r s  

th a t  caused problem s. One was th e  f a c t  th a t  c h a ra c te rs  a re  w r i t te n  to  the  

sc reen  only on l in e  boundary s . There was no convenient way to  p lace  an in -  

d iv id u a l c h a ra c te r  on a  no in l in e  boundary. Another f a c to r  which caused 

problems was th a t  the  lo c a t io n  o f  p ix e ls  i n  even-numbered rows ( in  Hi Res 

Mode) a re  8192 b y te s  down ( i n  memory) from th e  corresponding  p ix e ls  i n  th e
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odd-numbered r w s .  Hovenent o f  ico n s frcm  one p lace  on tb e  sc re e n  to  

ano ther invo lved  c a lc u la t in g  th e  lo c a t io n  o f  v e r t i c a l ly  ad ja c e n t p ix e ls ,  

making su re  not to  e ra se  a  p ix e l  a lre ad y  moved. A by te  i n  memory i s  used 

to  s to re  th e  s ta tu s  o f  e ig h t  h o r iz o n ta l ly  ad ja c e n t p ix e ls ;  th e re fo re  two 

h o r iz o n ta l ly  ad jacen t p ix e ls  Con th e  sc reen ) say  be i n  th e  same by te  o r 

they may no t. C a lc u la tio n , i n  a  mare o r l e s s  e le g a n t manner, o f  th e  lo c a 

t io n  and displacem ent o f g iv en  p ix e ls  tu rn ed  ou t to  be q u i te  a  chore.

There was some d isc u ss io n , e a r ly  on, o f  u sin g  two video d isp la y  

sc reens to  d isp lay  th e  m u ltitu d e  o f ico n s  necessary  fo r  th e  com pletion o f 

the  ta sk s . For p r a c t ic a l  reasons, th e  id e a  o f u sing  two sc reen s  was aban

doned, and one sc reen  was used throughout th e  sequence, With t h i s  con

s t r a in t  the  icons were t ig h t ly  packed on to  th e  sc reen , le a v in g  l i t t l e  room 

fo r  d isp la y in g  te x t  on l in e  boundary s . This s i tu a t io n  fo rc e d  a  d e c is io n  o f 

a l i g n i n g  c h a ra c te rs  on noonline boundary3, hence, th e  problem d e sc rib ed  

above emerged.

im plem entation o f th e  B usiness  module took approxim ately  f iv e  months, 

devoting  two to  th re e  hours a  day to  th e  a c tu a l  programming.

3 .3  J u s t i f i c a t io n

Mayer w r ite s  t h a t  " th e  p r in c ip le  j u s t i f i c a t i o n  o f th e  ex is te n ce  o f in 

s tru c t io n  i s  th a t  i t  a s s i s t s  an  in d iv id u a l  in  le a rn in g  som ething b e t t e r  

than  he would have le a rn e d  i t  by h im se lf  [Maye 6 7 ]. I t  i s  th e  burden o f 

in s t ru c t io n  to  dem onstrate th e  va lue  o f i t s  e x is te n c e  by dem onstra ting  i t s  

power to  f a c i l i t a t e  le a rn in g .*  The au tho r a s s e r t s  th a t ,  w ith re sp e c t to
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tb e  j u s t i f i c a t i o n  o f  th e  so ftw are  package d e sc r ib e d  i s  th e  p rev io u s sec 

t io n , a s e r i a l ,  r e d u c t io n is t ic  approach  to  le a r n in g  i s  f a r  more e f f i c i e n t  

th a n  o th e r  known methods.

The programmers to o l  i s  a  s e t  o f  p r im it iv e s . These p r im it iv e s  may be 

any th ing  from machine language in s t r u c t io n s  to  pow erful o p e ra tin g  system s, 

but they a re  p r im itiv e s , a t  l e a s t  i n  th e  sense t h a t  they a re  ite m s  t h a t  a r e  

combined to g e th e r  i n  v a rio u s  com binations to  accom plish some purpose. They 

a re  a lso  p r im itiv e s  i n  th e  sense t h a t  a  group o f  b u ild in g  b locks i s  a v a i l 

a b le  and th e  a c t  o f combining them to g e th e r  i n to  a  s in g le  package p ro v id es  

th e  power.

The key to  understand ing  and m aste rin g  coding  ( i n  any language) i s  one 

o f knowing how to  convert th e  s o lu t io n  to  a  r e a l  world problem in to  a  form 

th a t  c o n s is ts  o f  a b s tr a c t  'p r im i t iv e s 1 whose meanings can be r e p l ic a te d  by 

a computing machine.

This conversion  can be re p re se n te d  by an isom orphic mapping from th e  

r e a l  world to  an im aginary world o f  a  computer model. A. g iv en  ta s k  i s  ac

com plished w ith in  th e  bounds and l im i t s  o f  th e  computer and th e n  th e  r e s u l t  

i s  mapped back in to  th e  r e a l  w orld. (The n o tio n  o f  accom plishing some ta s k  

by appearing  to  do something e ls e  i s  no t a  new one .)

The m ental p rocess re q u ire d , fo r  th e  conversion  from the  r e a l  w orld to  

th e  machine and back ag a in , re p re s e n ts  a  quantum le a p  fo r  many s tu d e n ts  o f  

programming.

That quantum lea p  i s  th e  fo cu s o f  t h i s  d i s s e r ta t io n .
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Chapter 4 -  Evaluation of One programming Module

4.1 In tro d u c tio n

T h is  ch ap te r p re s e n ts  a n  e v a lu a tio n  o f  th e  puzz le  p ro g ra m in g  module 

covered i n  C hapter 3* th e  o rg a n iz a tio n  o f  t h i s  ch ap te r i s  a s  fo llo w s : Sec

t io n  4 .2  c o n ta in s  a  d e s c r ip tio n  o f  th e  d e c is io n s  t h a t  were made d u rin g  th e  

course of th e  experim ent and why they were made; S e c tio n  4 .3  c o n ta in s  th e  

q u e s tio n s , th e  d e t a i l s  o f  th e  experim ent, and th e  in te r p r e ta t io n  o f th e  

r e s u l t s .

4 .2  Experiment D ecisions

During th e  summer term o f 1984, tb e  Puzzle  module was used to  i n t r o 

duce CS-200 s tu d e n ts  to  computer p ro g ra m in g  concep ts . There were two 

groups invo lved  i n  th e  experim ent, a  BASIC programming c la s s  o f  44 s tu d e n ts  

( th e  experim ental group) and a  EL/I programming c la s s  o f  38 s tu d e n ts  ( th e  

c o n tro l g ro u p ). The c o n tro l group was g iv en  a  conven tional programming a s 

signm ent. The experim ental group was g iven  th e  Puzzle module as a  s u b s t i 

tu te  fo r  the f i r s t  p ro g ram in g  assignm ent. S ince th e re  was only  one 

m icro-com puter a v a ila b le  a t  th e  tim e o f th e  experim ent, a  signup sh e e t  was 

d is t r ib u te d  and each s tu d en t signed  up f o r  a  50 m inute s lo t  on th e  machine. 

The ty p ic a l  tim e fo r  com pletion was approx im ately  20 m inutes. Sometimes, a 

m onitor was a v a i la b le  to  answer q u e s tio n s  i n  case th e  s tu d e n ts  had d i f f i 

c u lty  with the  so ftw are  or th e  hardw are.

To e v a lu a te  the  Puzzle module, two m easures were chosen: a t t i t u d e s  o f  

the  s tu d e n ts  i n  both c la s s e s  w ere determ ined  from the drop r a t e s  o f  both
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c la s s e s  and from q u e s tio n n a ire s  com pleted by both  groups b e fo re  and a f t e r  

the  experim ent to o k  p lac e . The drop r a t e  tu rn e d  o u t to  be I n s ig n i f ic a n t  (5 

In  one c la s s ,  6 in  th e  o th e r ) ,  th e re fo re  i t  i s  no t d isc u sse d  f u r th e r .  The 

q u e s tio n n a ire s  con ta ined  a t t i t u d e  s ta te m e n ts  about oomputer sc ience  and 

CAI. The mix o f  q u e s tio n s  in c lu d e  18 q u e s tio n s  about a t t i t u d e s  o f  th e  s tu 

d e n ts  toward oomputer sc ie n c e , 24 q u e s tio n s  about s tu d e n t a t t i t u d e s  toward 

computer a ided  in s t r u c t io n ,  one q u e s tio n  concern ing  th e  s tu d e n t a t t i t u d e s  

toward th e  in s t r u c to r  o f th e  course  ( i n  r e t r o s p e c t ,  more q u e s tio n s  i n  t h i s  

ca tegory  would have been a p p ro p r ia te ) ,  and s ix  q u e s tio n s  in d ic a t in g  th e  

s tu d e n ts  own p e rc e p tio n  o f  b i s /h e r  a b i l i t y  to  l e a r n  f a s t e r  w ith  a  CAI pack

age. The s tu d e n ts  were r e q u ire d  to  answer th e  q u e s tio n n a ire  befo re  expo

su re  to  the  Puzzle  module, and th e n  a g a in  a f t e r  exposure to  th e  module (10 

days l a t e r ) .  A s t a t i s t i c a l  a n a ly s is  (u s in g  a  t - t e s t  on th e  q u e s tio n s  and 

P a ired  Test on th e  s tu d e n ts )  was perform ed w ith  th e  r e s u l t s  o f  th e  ques

t io n n a ire s  to  determ ine i f  th e re  was a  s ig n i f ic a n t  change i n  a t t i t u d e  

r e s u l t in g  from the  use o f th e  Puzzle module.

There were s ix  an a ly se s  perform ed on th e  d a ta  a s  d esc rib ed  i n  S e c tio n

4 .3 . A summary o f the  s ix  t e s t s  fo llo w .

T1 A t - t e s t  was used on th e  s t a t i s t i c a l  means o f  th e  s tu d en t responses

fo r  each q u e s tio n  to  determ ine i f  th e  a t t i t u d e s  o f  th e  s tu d e n ts  i n

both c la s s e s  a t  th e  beg inn ing  o f  th e  sem ester were about th e  same.

T2a A Sign T est w ith  a  P a ired  Sample was perform ed on th e  responses o f 

the s tu d e n ts  to  determ ine w hether th e re  was a  p o s i t iv e  r e a c tio n  by 

the s tu d e n ts  i n  th e  B asic  c la s s .  P a r t ic u la r  i n t e r e s t  was p laced  i n

th e  change o f a t t i t u d e  reco rded  by each s tu d e n t fo r  each q u e s tio n
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w ith in  each c la s s .

T2b An a n a ly s is  o f  the  responses o f  th e  s tu d e n ts  i n  tb e  B asie  cLass was 

perform ed a s  i n  2a, w ith th e  fa llo w in g  change: tb e  a n a ly s is  was 

perform ed f a r  each q u e s tio n  f o r  each s tu d e n t w ith in  each a la s s .

T3a A S ign T est w ith  a  P a ired  SampLe was perform ed on th e  responses  o f  

the s tu d e n ts  to  determ ine w hether th e re  was a  p o s it iv e  r e a c t io n  by 

the  s tu d e n ts  i n  th e  PL/I c la s s .  As i n  2a , th e  a re a  o f in te r e s t  was 

th e  change o f a t t i tu d e  reco rded  by each s tu d e n t fo r  each q u e s tio n  

w ith in  each c la s s .

T3b An a n a ly s is  o f  the  responses o f  th e  s tu d e n ts  i n  th e  EL/I c la s s  was 

perform ed a s  i n  3a, w ith th e  fo llo w in g  change: th e  a n a ly s is  was 

perform ed f o r  each q u e s tio n  f o r  each s tu d e n t w ith in  each c la s s .

TU A t - t e s t  was used on th e  means o f  th e  s tu d e n t responses fo r  each 

q u e s tio n  to  t e s t  th e  a t t i t u d e s  o f  the  s tu d e n ts  i n  th e  B asic  c la s s  

( th e  experim ental group) had a  more p o s i t iv e  s h i f t  than  th e  a t t i 

tudes  o f th e  s tu d e n ts  i n  th e  EL/I c la s s  ( th e  c o n tro l group).

This s e c tio n  co n ta in s  a  d e s c r ip tio n  o f th e  d e c is io n s  th a t  were made 

d u ring  the  course o f the  experim ent. Many o f th e  d e c is io n s  were comprom

is e s ,  due to  the  tim ing  o f  the  experim ent.

( 1 ) Why was j u s t  one module evaluated? The experim ent does not v a lid a te  

the  e n t i r e  model, but only one module w ith in  th e  model. E x tra p o la tin g  

th e  tim e i t  tooie to  develop j u s t  one module, th e  com plete package cov

e rin g  th e  e n t i r e  s e t  o f computer sc ien ce  concep ts would take  se v e ra l 

y e a rs  to  be com pletely developed. In  o rd er to  dem onstrate the  concept
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of tbe  model, tb e  committee decided  t h a t  tiro modules shou ld  be im ple

mented and one e v a lu a te d  i n  a  classroom  enviro im ent.

(2) Why was tb e  experim ent done d u rin g  tb e  summer? The i s s u e  o f  tim in g  was 

d iscussed  w ith  tb e  oommittee i n  a  m eeting d u rin g  tb e  S p rin g  o f  1984. 

I t  was tb e  considered  o p in io n  o f  th e  committee t h a t  tb e  experim ent 

should be done as  e a r ly  a s  p o s s ib le  f a r  th e  fo llo w in g  two re a so n s : 1} 

tbe  design  could be e v a lu a te d  be fo re  a d d it io n a l  models w ere developed, 

and 2) any adverse im pact o f  tb e  package on tb e  s u b je c ts  ( i n  case tb e  

modules were found unaccep tab le ) would be minimized. Tbe package was 

not ready fo r e v a lu a tio n  du ring  tb e  S p rin g  sem este r o f 1984, and tb e  

com pletion o f  tbe  Puzzle  module co inc ided  w ith  tb e  summer months. Cer

ta in ly , tbe  summer term  i s  no t a  good tim e to  do experim en ts. 

N evertheless, tbe  consensus o f  th e  committee was t h a t  an  e v a lu a tio n  

should proceed b e fo re  an a d d it io n a l  module was developed, and t h a t  i t  

was accep ted  th a t  tb e  experim ent be performed du rin g  tb e  summer.

As i t  tu rned  o u t, th e  fo u r CS-200 programming c la s s e s  t h a t  w ere o ffe re d  

during  tb e  Summer term  were a l l  d i f f e r e n t  languages (P a sc a l, F o rtra n , 

PL/I and B a s ic ) . I  p icked  two c la s s e s  a t  random and a  c la s s  o f  s tu 

d en ts  le a rn in g  BASIC ( tb e  experim ental group) was compared w ith  a  c la s s  

le a rn in g  PL/I ( th e  c o n tro l  g roup). Also, th e re  were two d i f f e r e n t  in 

s t r u c to r s  fo r  tbe  two c la s s e s .

(3) Were th e re  d if fe re n c e s  between I n s t r u c to r s  o r  between th e  p o p u la tio n s  

o f the  two c la s s e s?  I n  r e t ro s p e c t ,  a  s e le c t io n  o f two c la s s e s  ta u g h t 

by tbe same in s t r u c to r  ova* the  same su b je c t m a tte r  would have been 

p re fe rre d . But d u rin g  tb e  summer sem ester of 1984 th e re  wore fo u r  CS-
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200 c la s s e s  ta u g h t, a l l  c o v e rin g  d i f f e r e n t  computer Languages. An a t 

tempt van made to  m inim ize in s t r u c to r  b ia s , g iv en  th e  f a c t  t h a t  tvo  

d i f f e r e n t  te a c h e rs  were in v o lv ed . TWo out o f  th e  fo u r  v e re  chosen baaed 

on th e  sex (m a le ), age ( e a r ly  tw e n tie s )  and experience  o f  th e  in s t r u c 

to r s  (bo th  were g rad u a te  s tu d e n ts  w orking on  a  M is te rs  Degree i n  Cobk 

pu ter S c ie n c e ). The d e c is io n  was supported  by th e  drop r a t e  o f th e  tvo 

c la s s e s  (about th e  sane) and th e  a t t i t u d e s  o f  th e  s tu d e n ts  r e l a t i n g  to  

t h e i r  re s p e c tiv e  i n s t r u c t o r s  a s  in d ic a te d  by th e  r e s u l t s  o f  th e  

a n a ly s is  o f  th e  q u e s tio n n a ire s  (se e  q u e s tio n  7) .

(4) Why was s tu d en t a t t i t u d e s  m easured? Chambers, e t  a l ,  [Cham 80] l i s t

se v e ra l c r i t e r i a  fo r  e v a lu a tin g  CAX p ro d u cts , in c lu d in g :

1) th e  amount o f le a rn in g  t h a t  i n i t i a l l y  tak es  p lace ,

2 ) th e  amount r e ta in e d  over a  g iv en  tim e period ,

3) th e  drop r a t e  o f th e  in d iv id u a ls ,

4) th e  a t t i t u d e  changes o f  th e  le a r n e r s  towards Computer Science and 

towards computers a s  an  in s t r u c t io n a l  medium,

5 ) th e  t r a n s p o r ta b i l i ty  o f  th e  m a te r ia l ,

6 ) th e  acceptance o f th e  m a te r ia ls  by o th e rs  invo lved  i n  c la ss ro c o  in 

s tru c t io n .

Dr. Jackson B yars, a  member o f th e  committee, suggested  u s in g  a t t i t u d e  

q u e s tio n n a ire s  e a r ly  d u rin g  th e  design . Using s tu d e n t a t t i t u d e  as  a 

measure o f success i s  an  a c c e p ta b le  m e tr ic  [G a ll 77] [Educ 7 8 ]. In

th a t  regard , a  d i s s e r t a t io n  by B ic k e rs ta f f  [Blcic 76] was used a s  a 

model fo r the  q u e s tio n n a ire . The q u e s tio n s  were rep h rased  to  c e n te r  on 

CAI i n  computer sc ien ce .
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(5) Why were th e re  j u s t  4? q u e s tio n s?  I n i t i a l l y ,  92 q u e s tio n s  were drawn 

from B icker s t a f f ’ s  d i s s e r ta t io n .  A f te r  some c o n s u lta tio n  w ith  Or. 

Corwin Sennet [Bean 84] on th e  s u i t a b i l i t y  o f  th e  q u e s tio n s , about h a l f  

o f th e  q u e s tio n s  were d isc a rd ed . The re a so n in g  was t h a t  th e  s tu d e n ts  

would t i r e  o f answ ering so  aaay  q u e s tio n s  and j u s t  s t a r t  checking que*» 

t io n s  a t  random, in v a l id a t in g  th e  r e s u l t s .

( 6 ) Why have a  m onitor p re se n t d u r in g  th e  e v a lu a tio n ?  Cognizant o f  th e  

l im i ta t io n s  o f  most m icro-com puters and on  th e  advice o f  Dr. C .£ .8en n e t 

[Benn 8 4 ] , th e  d e c is io n  was made to  have a  m onitor a v a ila b le  to  h e lp  

the  s tu d e n ts  i f  th e  hardw are o r so ftw are  should m alfunction . I t  was 

decided  t h a t  th e re  would be l e s s  b ia s  i f  d i f f e r in g  amounts o f  help were 

provided to  th e  s tu d e n ts . In  some c a se s , th e re  was 00 one to  he lp , i n  

o th e rs , someone was i n  th e  room and a v a i la b le  i f  som ething should  go 

wrong. And i n  o th e rs , th e  m onitor was s i t t i n g  d i r e c t ly  a longside  th e  

s tu d en t to  g ive  help  when asked, in  th e  manner o f an in fo rm al conversa

t io n . The d e c is io n  to  make someone a v a i la b le  to  (and s i t t i n g  a longside  

the) s tu d e n ts  was no t u n iv e rs a lly  accep ted , a s  was d isce rn ed  frcm s tu 

dent comments. In  f a c t ,  some o f th e  s tu d e n ts  expressed  th e  d e s ire  to  

work e n t i r e ly  alone. In  r e t r o s p e c t ,  having  someone i n  th e  room (b u t 

not o e c e s s a r i ly  look ing  over th e  s tu d e n ts  shoulder) i s  th e  b est course 

of a c tio n  i n  s im ila r  s i tu a t io n s .

( 7) What s t a t i s t i c a l  t e s t s  were used? For t e s t s  T1 and T4, th e  c la s s  s iz e s  

were la rg e  enough to  apply  a  s t a t i s t i c a l  t e s t  th a t  re q u ire s  an  approx i

mately normal d i s t r ib u t io n  o f  th e  sample p o p u la tio n , th e re fo re  a t - t e s t  

was deemed a p p ro p ria te . For t e s t s  T2 and T3, th e  e v a lu a tio n  in c lu d ed
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comparisons o f  a t t i tu d e s  o f  In d iv id u a l s tu d e n ts  be fo re  and a f t e r  expo

su re  to  th e  so ftw are package, th e re fo re ,  a  A. Sign T es t w ith  a  F a ired  

Sample was chosen.

t . 3  D e ta ils  o f  th e  Experiment

The 47 q u e s tio n s  th a t  were g iv en  to  th e  s tu d e n ts  a re  shown below. Ap

p ea rin g  b e fo re  each q u e s tio n  a re  th re e  groups o f  c h a ra c te rs . The f i r s t  

group o f  c h a ra c te rs  a r e  th e  d i g i t s  t h a t  make up th e  q u e s tio n  number. Those 

item s w ith  an ' s '  i n  th e  second group s ig n ify  q u e s tio n s  t h a t  p e r ta in  to  th e  

s tu d e n ts  a t t i t u d e  tow ard computer sc ie n c e ; th o se  marked w ith  an  vi \  per

t a i n  to  CAI, those  marked w ith  an 1 f* in d ic a te  t h a t  th e  s tu d e n t p e rce iv es  

h e /sh e  le a rn s  f a s t e r  w ith  CAI; th e  q u e s tio n s  marked w ith  a  f c r were 

c ro ss-ch eck  q u e s tio n s ;  and th e  one marked w ith  an  ' a 1 r e l a t e s  th e  s tu d e n ts  

a t t i t u d e  toward th e  in s t r u c to r .  The th i r d  group c o n s is ts  o f  j u s t  one char

a c te r ,  e i th e r  a p lus (+) o r a  minus ( - ) .  The p lu s in d ic a te s  t h a t  the  ques

t io n  i s  phrased p o s i t iv e ly ,  th e  minus in d ic a te s  th a t  th e  q u e s tio n  i s  

phrased i n  a n eg a tiv e  manner.
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1 . .  faa

2 s. . c .

3 •

4 3. .0 .

5 3* a a a

6 3a a a a

7 a. a . a

8 lit aa

9 a i a a .

10 aiaC.

11 a a fa a

12 . . f a .

13 . i f . .

14 3.  a a a
15 . I . . .

16 3a a a a

17 a i a a .

18 3. a C.

19 3. c. +
20 ..........
21 3. a . .

22 . 1 . . .

23 a i a a .

24 a i a a .

+ The a v a i l a b i l i t y  o f  CAI he lped  me to  le a r n  th e  oourae 
m a te r ia l  f a s t e r .

+ I  f e e l  th e  computer Science Department i s  doing an  
e x c e l le n t  jo b  o f  h e lp in g  th e  s tu d e n ts .

-  The computer Science Department i s  n o t ve ry  a t t e n t iv e  
to  th e  s tu d e n t 's  needs.

-  The Computer S cience  Department shows on ly  token  
concern  f o r  th e  s tu d e n t.

+• The f e e l in g  t h a t  I  have toward Computer Science i s  a  
good f e e l in g .

-  i n  th e  computer Science Department I  have had a  hard  
tim e f in d in g  someone to  answer my q u e s tio n s .

-  I  f e e l  uncom fortab le about se e in g  ay  Computer Science 
in s t r u c to r .

* I f  CAI were a v a i la b le  i n  Computer Science I  would use 
i t  r e g u la r ly  to  do ay  homework.

+. each s tu d e n t shou ld  be re q u ire d  to  work th rough  a t  
l e a s t  one CAI homework module d u rin g  th e  sem este r.

+ C om puter-assisted  in s t r u c t io n  i s  b e t t e r  th an  
t r a d i t i o n a l  in s t r u c t io n .

-  t£r mind goes b lank , and I  am unab le  to  th in k  c le a r ly  
when w orking on  ooapu ter programs.

-  I  l e a r n  f a s t e r  by doing programming problem s th a n  by 
CAI.

-  I  l e a r n  b e s t by working c lo se ly  and d i r e c t l y  w ith a  
te a c h e r.

+ I  r e a l ly  l ik e  computer sc ience .
+• A person  can c o n c en tra te  b e t te r  on le a rn in g  th e  

m a te r ia l  w ith  CAI th a n  i n  a  classroom  w ith  o th e r  
s tu d e n ts  p re se n t.

+ I  f e e l  a  d e f in i t e  p o s it iv e  r e a c t io n  to  computer 
sc ie n c e ; i t ' s  en jo y ab le .

* Using CAI to  do homework i s  an  e f f i c i e n t  use o f 
s tu d e n ts ' tim e.

+ I  f e e l  a t  ease  i n  computer sc ien ce , and I  l i k e  i t  
very  much.

Computer Science i s  f a s c in a t in g  and fun .
+■ I  have a  good memory.
+ I  am much h ap p ie r i n  computer sc ien ce  c la s s  th a n  i n  

any o th e r  c la s s .
-  I  l i k e  th e  id e a  o f  a  teach er s ta n d in g  by to  g iv e  me 

h e lp  whenever I  f e e l  I  need i t .
+■ I  would e n r o l l  in  a  r e c i ta t io n  s e c t io n  t h a t  re q u ire d  

homework to  be done by CAI.
-  I  am not i n  fav o r o f CAI because i t  d e p e rso n a liz e s  

in s t r u c t io n .

Table 4 .1 . a  Q u estio n n a ire
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25 . I f . .
26 .1...

27 s . . c.

28 . 1. . .

29 . i . . .

30 a . . c .

31 . i . . .

32 s . . . .

33 . i . o .  

3« . 1. . .

35 s... .

36 . 1 . . .

37 a . . . .
38 s . . . .

39 . i . . .

40 . i . . .

41 . i . . .

42 s . . c.

43 . 1 . . .

44 3 . .  0.

45 . I f  o.

46 . i .  c.
47 . 1 . . .

+ Learning by CiX i s  l ik e  b a v in s  a  p r iv a te  t u to r .
♦ I f  a  person  know ledgeable l a  CIX and Computer Science 

were p re se n t a t  th e  m icrocom puter I  would do my home* 
work v i a  CAI.
I  do n o t l i k e  Computer Science and i t  s c a re s  me to  
take  i t .
I  have never l ik e d  com puters, and i t  I s  ay  most 
dreaded s u b je c t .
Even o therw ise  i n te r e s t i n g  m a te r ia l  would be b o rin g  
when p re se n te d  by CAI.
Computer Science makes me f e e l  a s  though I Ta  l o s t  i n  
a  ju n g le  o f  s tra n g e  term inology and c a n ' t  f in d  ay way 
ou t.
A person  becomes more in v o lv ed  i n  ru n n in g  th e  machine 
th an  i n  l e a n i n g  th e  m a te r ia l  (w ith  CAI).
I t  makes me nervous to  even th in k  abou t h av in g  to  do 
a  computer program.
C om pu ter-ass isted  i n s t r u c t io n  does n o t a llow  a  person  
to  l e a n  q u ic k ly .
M ate ria l which i s  o therw ise  b o rin g  can be i n te r e s t in g  
when p re se n ted  by CAI.
I  approach com puter sc ien ce  w ith  a  f e e l in g  o f  
h e s i ta t io n ,  r e s u l t i n g  from  a  f e a r  o f  n o t b e in g  a b le  
to  understand  how com puters work.
The id e a l  le a r n in g  s i t u a t i o n  in v o lv e s  one s tu d e n t and 
one te a c h e r .
Computer Science i s  som ething I  en joy  a  g r e a t  d e a l.
I  would p robab ly  take  some advanced Computer Science 
cou rses , even i f  they  a re  no t re q u ire d  i n  my 
curricu lum .
Sot be ing  a b le  to  a sk  a  tea c h e r  q u e s tio n s  i s  a  
d e f in i te  d isad v an tag e  o f CAI.
Whenever I  have to  o p e ra te  a  machine, I  become 
nervous.
I  would recommend to  o th e r  Computer Science s tu d e n ts  
t h a t  they  t r y  to  do homework v i a  CAI.
I  am always under a  t e r r i b l e  s t r a i n  i n  a  Computer 
Science c la s s .
The advantages o f  u s in g  CAI i n  Computer S cience  out
weigh the  d isad v an tag es .
Computer Science i s  very  i n te r e s t in g  to  me and I  enjoy 
computer co u rses .
I  l e a r n  f a s t e r  w ith  CAI th a n  w ith  co n v en tio n a l 
classroom  in s t r u c t io n .
I  l e a r n  slow ly  w ith CAI.
A person  can work a t  h i s  own pace w ith  CAI.

Table 4 .1 . a  Q u e s tio n n a ire
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A summary ta b le  o f  th e  v a r io u s  c a te g o r ie s  and th e  number o f q u e s tio n s

per category  i s  shown below.

+• • c*»

! I I I
a ! 6 | 4 1 4 4 I

t

i  I 12 I 8 [ 2 2 I(
f  ! 2 ! 3 \ 1 0 1I
a  ! 0 ! 1 I 0 0 1

J .

A Canary labia sL fluertiqa Categories

where s  in d ic a te s  s tu d e n t a t t i t u d e  
where i  in d ic a te s  CAI 
where f  in d ic a te s  l e a r n s  f a s t e r  
where n in d ic a te s  in s t r u c to r

Numeric v a lu e s  have been a ss ig n e d  to  th e  v a rio u s  re sp o n ses  a s  fo llo w s :

1 s tro n g ly  d isa g re e
2 d isa g re e
3 undecided
4 agree
5 s tro n g ly  ag ree

The fo llo w in g  n o ta t io n  i s  u sed :

u1 = re p re se n ts  th e  a t t i t u d e s  o f  th e  EL/I c la s s ,  on June 5
u2 = re p re se n ts  th e  a t t i t u d e s  o f  th e  EL/I c la s s ,  on June 15
u3 s re p re s e n ts  th e  a t t i t u d e s  o f  th e  B asic  c la s s ,  on June 5
u4 s re p re se n ts  th e  a t t i t u d e s  o f  th e  B asic  c la s s ,  on June 15

Tests were done f o r  each q u e s tio n  u s in g  th e  norm alized mean uleCi] fo r  

questionCi], where 1 = 1. .47 ,  fo r  each c la s s  d a ta  s e t ,  Ic s  1 . . 4 .

Using t h i s  n o ta tio n , th e  s ix  t e s t s  can be r e s t a te d  a s :

T1. u1 s u3 th a t  th e  a t t i t u d e s  o f  th e  s tu d e n ts  i n  both c la s s e s , a t  

th e  s t a r t  o f  th e  experim ent, were s t a t i s t i c a l l y  th e  

same. A t - t e s t  was used fo r  th e  a  p r io r i  t e s t .
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ro

T2a. u2 > u1 t h a t  th e re  was a  p o s i t iv e  reac tio n , by th e  s tu d e n ts  ( to

th e  o v e ra l l  m ate ria l}  i n  th e  B asic  c la s s .  1  P a ired

T est was perform ed on  th e  resp o n ses  o f  th e  s tu d e n ts  f o r  

each q u e s tio n  I n  each  c la s s .

T2b. u2 > u l t h a t  th e re  was a  p o s i t iv e  r e a c t io n  by th e  s tu d e n ts  ( to

th e  o v e ra l l  m a te r ia l)  i n  th e  B a s ic  c la s s .  A P a ired

T est was perform ed on th e  responses  o f  th e  s tu d e n ts  f o r  

each q u e s tio n  f o r  each s tu d e n t fo r  each c la s s .

T3a, uA > u3 t h a t  th e re  was a  p o s i t iv e  r e a c t io n  by th e  s tu d e n ts  ( to  

th e  o v e ra l l  m a te ria l)  i n  th e  PL/I c la s s .  A P a ired  T est 

was perform ed on t )  th e  responses o f  th e  s tu d e n ts  fo r  

each q u e s tio n  i n  each  c la s s .  T his a s s e r t io n  w i l l  be 

shown to  be f a l s e .

T3b. u4 > u3 t h a t  th e re  was a  p o s i t iv e  r e a c t io n  by th e  s tu d e n ts  ( to

th e  o v e ra l l  m a te ria l)  in  th e  EL/I c la s s .  A P a ired  T est 

was perform ed on th e  responses  o f the  s tu d e n ts  f o r  each 

q u e s tio n  fo r  each s tu d e n t f o r  each c la s s .

TU. u4 > u2 th a t  th e  r e a c t io n  by th e  s tu d e n ts  i n  th e  c la s s  t h a t  used

th e  CAI package was more p o s it iv e  th an  th e  r e a c t io n  o f

th e  s tu d e n ts  i n  th e  c o n tro l group. In  f a c t ,  th e  t e s t  

i s  f o r :  (uA-u3) > (u 2 -u 1 ). Assuming t h a t  th e  c la s s e s

have th e  same i n i t i a l  a t t i tu d e s  ( i . e .  u3 i s  app rox i

m ately equal to  u1) ,  then  th e  t e s t  determ ines th e  a t t i 

tudes o f  th e  s tu d e n ts  p o s te r io r i .  A t - t e s t  was used.

,T1 The a t t i tu d e s  o f  th e  two groups were th e  same, a p r io r i
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Test 1 was used to  determ ine th e  outcome o f  th e  fo llo w in g  h y p o th es is :

HO : u1 = u3

where HO I s  th e  h y p o th esis  be ing  te s te d ,  u l i s  th e  composite va lue  o f th e  

resp o n ses  g iven  by the  s tu d e n ts  i n  th e  B asic  c la s s  befo re  th e  experim ent 

was run, and u3 i s  th e  com posite va lue  o f  th e  responses  g iv en  by th e  PL/I 

s tu d e n ts  befo re  exposure to  th e  so ftw are  package.

The a lgo rithm  used fo r  case T1 i s  l i s t e d ,  below, in  pseudo-code. The 

fo llo w in g  P ascal reco rd  i s  in d ic a t iv e  o f th e  in p u t to  th e  a lg o rith m  used 

f o r  a l l  o f  the  cases.

q u es tio n s  :
a rra y  [1 . .4 7 ]  o f

reco rd
number : in te g e r ;
s ig n  :
response : a rra y  [ ju n e 5 ,ju n e is ]  o f

reco rd
x : a r ra y C l..5 ]  o f  in te g e r ;  { PL/I }
y : a r r a y [1 . .5 ]  o f  in te g e r ;  { B asic }

end
end

Hecord lay o u t o f th e  in p u t da ta  used
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fo r  {each q u estion}  q :*  1 to  47 do 
w ith  q u es tio n sC q j.re sp o n se[d ay ] do 

b eg in  
f o r  I  := 1 to  5 do 

b eg in
xbar : s  x b a r ♦  i* x C i]; 
y b a r :*  ybar <► i * y [ i ] ;  
x to ta l  :*  x to ta l  ♦  xC iJ; 
y to ta l  : s  y to ta l  y [ i l  

end;

xbar := xbar /  nx (number o f x ' s ) ; 
ybar := ybar /  ny (number of y r s ) ;

f a r  1 := 1 to  5 do 
beg in

variance_o f_x  :»  7ariance_of_x+ < xbar-i) •  x [ i ] ;
varianee_o f_y  :*  7a ria n c e _ o f_ y * (y b a r- i) #*2 * y [ i ]  [

end; I

7ariance_o f_x  := 7ariance_of_x  /  (nx  -  1 ); I
7arian ce_ o f_ y  := 7ariance_of_y  f  (ny -  1 ); !

z := (y b ar -  x b a r ) / s q r t ( 7a rian ce_ o f_ x /n x  +• \
7a ria n ce _ o f_ y /n y ); [

p r in t  number, !
p r in t  ' 11 *, !
fo r  i  := 1 to  5 do p r in t  x C i], !
p r in t  x to ta l ,  xbar, varx, z, x b ar-y b ar, co n f_ in t |
p r in t  'b a s i c ' ,  !
fo r  i  : s  i to  5 do p r in t  y [ i ] ,  1
p r in t  y t o ta l ,  ybar, vary ; |

end !

The Algorithm oaed fa r  eases T1 and Ttt

The r e s u l t s  o f  th e  above a n a ly s is  a r e  g iv en  i n  appendix E and a r e  sum

marized i n  Table 4 . 1 . a. The z value ( th e  norm alized d if fe re n c e s  o f  th e  

mean) in d ic a te s  w hether the  corresponding  means a re  s ig n i f ic a n t ly  d i f 

fe re n t. A t e s t  procedure i s  s a id  to  have l e v e l  o f  s ig n if ic a n c e  a lp h a  ( i n  

t h i s  case . 1 ) ,  o r to  be a  le v e l  a lpha t e s t  i f  th e  p ro b a b il ity  o f a  type 1
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e r ro r  <= a lp h a  [Devo 82 , p f0 3 ]. A type t  e r r o r  c o n s is ts  o f  r e je c t in g  th e  

n u ll  h y p o th es is , SO, when i t  i s  t r u e .  [Devo 8 2 , p lO lI

There w ere two s e c tio n s  w ith  23 and 36 s tu d e n ts  ( i n  K ./ I  and B a s ic , 

re s p e c tiv e ly )  respond ing . The deg rees o f  freedom , th e re fo re , a re  22 and 

35, r e s p e c tiv e ly .  I n  a  t - t e s t  w ith  an a lp h a  o f  .T , any r e s u l t ,  such t h a t  

the  z value i s  g r e a te r  than  1 .65  ( f o r  th e  B a s ic  c la s s )  o r  1.717 ( f o r  th e  

PL/I c l a s s ) ,  i s  considered  s ig n i f ic a n t .  S ince  a lp h a  eq u a ls  th e  p ro b a b il i ty  

o f r e je c t in g  HO when i t  i s  a c tu a l ly  tru e  and s in c e  a lp h a  i s  chosen to  be .1  

o r 10S , on a  random b a s is ,  approxim ately f iv e  q u e s tio n s  m ight show s ig n i f i 

cance through chance e r r o r .  Test T1 compares th e  a t t i t u d e s  o f  th e  two 

groups o f  s tu d e n ts  be fo re  th e  experim ent to o k  p la c e . The t e s t  shows s ix  

q u e s tio n s  s ig n i f ic a n t .  Those q u e s tio n s  a r e :  32, 33 , 35 , 4 1 , 4 2 , and 45.

The r e s u l t s  o f  Q uestion  32 and q u e s tio n  35 in d ic a te  t h a t  th e  s tu d e n ts  

i n  th e  BASIC c la s s  were more nervous th an  th e  s tu d e n ts  i n  th e  PL/I c la s s ,  a  

f in d in g  one would expect ( i f  th e  r e s u l t s  a r e  n o t due to  chance .) I t  i s  

l ik e ly ,  th a t ,  most o f  th e  BASIC s tu d e n ts  w ere f i r s t  tim e programmers, 

whereas most (o r  many) o f  th e  EL/I s tu d e n ts  were no t, hence th e  PL/I s tu 

d e n ts  would d isp la y  more confidence the  f i r s t  day o f  c la s s .

The co n c lu s io n  i s ,  th e re fo re , th a t  th e  a t t i t u d e s  o f  th e  s tu d e n ts  i n  

th e  two c la s s e s  w ith  regard s  to  th e  c a te g o rie s  t e s t e d  were about th e  same.

Q uestion 7 was used to  determ ine th e  e x is te n c e  o f in s t r u c to r  b ia s . On 

June 5 , the  m easure o f s ig n if ic a n c e  (z -v a lu e )  o f  th e  d if fe re n c e  between th e  

two means o f  the  two c la s s e s  was - 0 . 09 , i . e .  no s ig n i f ic a n t  d if fe re n c e .
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w — —J  u n e 5 . . . . . rt .  - . . . J a n e  5 -  -  -  -
•  m e a  n - s ig n z-v a lu e rt -  a  e a  n  - s ig n z -v a lu e
pL1 b a s ic ii P11 b a s ic

-1 .511 3.00 3.00 0.00 ri 24 2 .8 7 2.66 -
2 2.76 2.95 *■ 1.08 ii 25 3 .27 3 .25 -0 .2 0
3 2.87 2.89 - 0.11 ii 26 3 .15 3 .30 1.10
4 2.92 2.89 - -0 .3 2 ri 27 2.85 2.55 - -1 .4 0
5 3.26 3 .52 *■ 1.17 i 28 2.46 2 .3 2 - -0 .7 0
6 2.95 3 .0 2 ♦ 0.71 i 29 2.90 2 .77 - -0 .9 5
7 2.67 2.68 • 0.09 i 30 2.90 2 .82 - -0 .41
8 3.36 3.36 + 0.03 i 31 2.92 2.89 e» -0 .3 6
9 3.15 3.16 0.03 ri 32 3 .28 2 .70 - -2 .4 7  *

10 2.95 3.00 + 0.28 ri 33 2.95 2 .75 - -2 .0 5  *
11 2.95 2 .75 - -1 .0 7 ii 34 3.13 3 .02 -1 .0 5
12 2.95 3 .05 - 0.85 35 3.23 2.82 - -1 .6 9  •
13 3.64 3.45 - -0 .91 rt 36 3.08 2.84 ♦ -0 .9 3
14 3.15 3.23 + 0.43 37 2.87 3.07 ♦ 1.11
15 3.13 3.11 -0 .1 0 ti 38 2.85 2.86 +- 0.08
16 3.03 3.18 0.85 ii 39 3.36 3.27 - -0 .6 3
17 3.21 3.16 * -0 .3 8 ii 40 2.36 2.20 - -0 .8 3
18 2.90 3.07 + 1.02 it 41 2 .87 3.11 +- 2 .37  *
19 3.23 3.30 ♦ 0.36 ri 42 2.95 2.68 - -1 .7 6  •
20 3 .62 3.89 1.36 ri 43 3.03 3.09 ♦ 0 .62
21 2.74 2 .64 -0 .6 8 ii 44 3.00 3.14 ♦ 0.81
22 4.00 3.95 - -0 .2 2 it 45 2 .92 3.07 +• 2 .19  •
23 3.23 3.18 ■*> -0 .3 9 ri 46 3.00 2.95 - -0 .53

ti 47 3.48 3.27 ♦ -1 .4 3

R esu lts  o f  the  S ign T est fo r  both c la s s e s  on  June 5 
T able 4 .1 .a
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— — M J  u n e  1 5 _ _ _ _ _ I -  - -  -  - J u n e  1 5 -  ------- ---
-  at e a n - s ig n z -v a lu e -  at e a  n - s ig n z -v a lu e
p n b a s ic P ll b a s ic

-0 .6 21 3.06 3.24 ♦ 1.25 I 24 2 .72 2 .62 -
2 3.06 3.07 0 .0 8 ! 25 3 .08 3 .1 2 0 .2 2
3 2.67 2.83 • 0 .87 ! 26 3-17 3.50 ♦ 1.86 •
4 2.94 2.66 - -1 .5 6 ! 27 2.78 2 .17 - -2 .5 7  •
5 3.31 3.67 * 1.42 [ 28 2 .58 2.19 - -1 .6 1
6 2.83 3 .24 * 1.86 • I 29 2.78 2.40 - -2 .1 4  *
7 2.36 2.10 - -1 .2 8 [ 30 3.03 2.64 - -1 .4 9
8 3.22 3.38 0.94 I 31 3.11 3 .12 - 0.03
9 3.19 3.45 1.41 1 32 3.25 2.74 - -2 .1 0  •

10 2.78 2.88 ♦ 0.51 [ 33 2.81 2.50 - -1 .9 8
11 2.94 2.14 . -3 .8 6  * ! 34 3.19 3.31 ♦ 0.79
12 3.06 2.83 - -2 .11  • ! 35 3.31 2.76 - -2 .2 3  *
13 3.58 3.52 - -0 .2 8 ! 36 3.56 3.10 ♦ -1 .8 7  •
14 3.06 3.51 + 1.87 • I 37 2 .75 3 .24 2.00  •
15 2.86 3.05 1.24 1 38 2.53 2.90 1.40
16 3.28 3.52 ♦ 0.96 ! 39 3.50 3-79 - 1.40
17 3.08 3.33 + 1.73 * : 40 2.81 2.26 m -2 .71  •
18 3.00 3.37 1.45 I 41 3.03 3.17 * 0.96
19 3.22 3.45 * 0.93 : 42 2.89 2.33 - -2 .91  •
20 3.47 3.90 ♦ 2 .19  • ! 43 3.03 3.17 +• 1.08
21 2.44 2.50 0 .25 : 44 2.92 3.40 2.00  •
22 3.81 3.71 - -0 .3 7 1 45 3.00 2.95 ■¥ -0 .4 9
23 3.06 3.02 * -0 .1 9 i 46 2.92 2.84 - -0 .71

! 47 3.25 3.70 3.08  •

R e su lts  o f  the  S ign T est f o r  both c la s s e s  on June 15
Table 4.1 .b
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4 .3 .T 2 a  P o s i tiv e  H eaetion fay tire B a s ic  S tu d e n ts  (s ti* -que» -c las3 )

T h is t e s t  was used to  d e te rn in e  w hether th e re  was a  p o s i t iv e  r e a c t io n  

by the s tu d e n ts  ( to  th e  o v e ra l l  m a te ria l)  i n  th e  B asic  c la s s .  T es ts  2 was 

analyzed  u s in g  two approaches. A. S ign T e s t w ith  a  F a ire d  Sample was per

formed on th e  responses o f  th e  s tu d e n ts . (The in p u t to  both  i s  shown i n  

appendix F . ) For t h i s  approach, th e  number o f s tu d e n ts  was t a l l i e d  who 1) 

in d ic a te d  a  p o s it iv e  change i n  a t t i t u d e  ( f a r  p o s it iv e ly  ph rased  q u e s tio n s ) ,  

o r 2) who in d ic a te d  a  n eg a tiv e  change i n  a t t i t u d e  ( fo r  a  n e g a tiv e ly  phrased  

q u e s tio n ) . For th is  case , p a r t i c u la r  i n t e r e s t  was p laced  i n  th e  change o f 

a t t i tu d e  reco rded  by each s tu d e n t f o r  each q u e s tio n  w ith in  each  c la s s .

The h y p o th esis :

HO : u2 = u1 

Ha : u2 * ul

where HO i s  th e  h ypo thesis  being  te s te d ,  t h a t  th e re  was no change in  a t t i 

tude in  th e  B asic  c la s s  a t  th e  end o f  th e  experim ent. Ha i s  th e  a l te rn a 

t iv e  hypo thesis , th a t  th e re  was a  change i n  th e  a t t i t u d e s  o f  th e  s tu d e n ts  

i n  the  B asic  c la s s . In  t h i s  case , i f  HO i s  r e je c te d  th e n  5a  w i l l  be ac

cep ted . u2 re p re se n ts  th e  resp o n ses  g iven  by th e  s tu d e n ts  i n  th e  B asic  

c la s s  a f t e r  the experim ent was run , and u1 re p re se n ts  th e  responses  g iven  

by the B asic  s tu d e n ts  b e fo re  exposure to  th e  softw are package.

For c l a r i t y ,  the  above hypotheses i s  rep h rased  to  dem onstrate th a t  

th e re  a re  47 s e p a ra te  hypotheses te s te d :
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bO[i] : u2Ci] = u lC i] ,  f a r  i  s  1 ..4 7

I t  w i l l  be shown th a t  th e re  o ccu rred  13 r e j e c t s ,  th e re fo re  th e  co n c lu sio n  

i s :

ha : u2 > u1

the d a ta  reco rd  and th e  a lg o rith m  used i n  T e s ts  T2 and T3 a re  a s  fa llo w s :

d a ta  : 
reco rd

c la s s  : a r ra y  [ b a s i c . . p i1 ] o f  
reco rd

s tu d e n t : a rra y  [ 1 . . n u ab er_ o f_ stu d en ts] o f  
reco rd

day : a rra y  [ ju n e5 ..ju n e 1 5 ] o f  
reco rd

responses  : a r ra y  C 1 ..47] o f  in te g e r ;  
end

end
end

end

Layout of the Record used in  Tests T2 and T?
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I
K

f o r  {each q uestion}  q :*  1 . .4 7  do !
b eg in  !
w ith  questiousC qJ do wr±te(num ber, s ig n )  !

fo r  {each studen t}  s  :*  1 to  nnm ber_of_students do !
b eg in  '

t  := d a ta C b a s lc .s tu d e n t[s ] ,d a y [ ju n e 1 5 ] .re sp o n se sC s]]  !
-  d a ta [b a s ic .s tu d e n t  [ s ] , day [  ju n e 5 ] . re s p o n s e s [s ] ] ; !

i f  t  > 0 and sig n C q u estio n ] * '+ T !
o r  t  < 0 and s ig n C q u estio n l x i
th e n  poount := pcount +• 1 [
e ls e  ncount := ncount +■ t [

end; !
z := (p o o u n t/ to ta l  -  0 .5  -  0 .5 / t o t a l  ) /  s q r t ( . 2 5 / t o t a l ) ;  [
p r in t  pcount, ncount, t o t a l ,  z  [

end !
I------      i

The Algorithm jja td  lA  T ests  T2a and T3a

The r e s u l t s  o f  t h i s  a n a ly s is  a re  shown i n  appendix 6 and a r e  summar

ized  below.

b a s ic  c la s s :  number o f q u e s tio n s
t h a t  s ig n a l a  s ig n i f ic a n t  change

s ig n i f ic a n t ly  p o s i t iv e 13 !
no t shown s ig n i f ic a n t 32 !
s ig n i f ic a n t ly  n e g a tiv e 2 !

t o ta l 47 I

A Summare of Appendix £_ ( Ra«rf e> Claaal

For the  B asic  c la s s , a  s t a t i s t i c a l l y  s ig n i f ic a n t  p o s it iv e  s h i f t  i n  a t 

t i tu d e  appears i n  q u e s tio n s  T, 7 , 9 , I t ,  t2 ,  16, 17, 18, 27 , 33 , 34 , 42 and 

47. This group o f q u e s tio n s  r e p re s e n t  a  mix o f  a t t i t u d i r a l  q u e s tio n s  about 

Computer Science, CAI and one q u e s tio n  concern ing  th e  in s t r u c to r .  There
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was oae s t a t i s t i c a l l y  s ig n i f ic a n t  n eg a tiv e  s h i f t  in. a t t i t u d e .  This ques

tio n  ooncerned te a c h e r  a c c e s s ib i l i ty  and d id  n o t r e l a t e  to  CAI.

BD i s  r e je c te d  and th e  co nc lu sion  i s  t h a t  th e  s tu d e n ts  r e a c t io n  to  

CAI, and Computer Science i n  g e n e ra l, i s  more p o a l t l r e  a s  a  r e s u l t  o f  u sing  

th e  CAI package.

H.3.T2b P o s i t iv e  R eac tion  by the  B asic  S tu d e n ts  ( q u e s -s tu -c la s s )

To f u r th e r  check v a l id i ty ,  th e  responses  i n  th e  B a s ie  c la s s  analyzed  

by q u e s tio n  fo r  each s tu d en t w ith in  each c la s s .  A S ign  T est [Uken 78, 

p .297] was used to  d e te m in e  th e  changes i n  a t t i t u d e  th a t  took p lace  fo r  

each s tu d en t i n  th e  B asic  c la s s .
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prink  'b a s i c ' ,  
f o r  each s tu d e n t do 

beg in
prink  s tu d e n t number, 
f a r  each q u e s tio n  C l..* T l do 

begin
k := d a ta [q u e s tio n  # , a f t e r ]  -  d a ta [q u e s t lo n  #, b e fo re ];  
if  t  > o and s lg n C q o estio n l * 
o r  t  < o and s ig n [  q u e s tio n ]  * r- '  
th en  pcount := pcount * t 
e ls e  ncount := ncount + 1 

end;
to ta l  :*  poount + ncount;
z := (p c o u n t / to ta l  -  0 .?  -  .S / t o t a l  ) /  s q r t ( . 2 5 / t o t a l ) ;  
p r in t  p c o u n t,n c o u n t , to ta l ,p c o u n t/ to ta l ,z  

end

»  flnT»4th» ^  T ea ts  22k  U k  I3 k

The r e s u l t s  a r e  shown i n  appendix E and summarized below. With 

resp ec t to  in d iv id u a l s tu d e n ts , alm ost 1 /2  (16/36) o f  th e  BASIC s tu d e n ts  

r e g is te re d  a  s h i f t .

b a s ic  c la s s :  number o f  s tu d e n ts
t h a t  s ig n a l a  s ig n i f ic a n t  change

s ig n i f ic a n t ly  p o s it iv e 16
n o t shown s ig n i f ic a n t 18
s ig n i f ic a n t ly  n eg a tiv e 2

t o t a l 36

A frmaanr sL Appendix a  CBaals class)

Almost h a l f  o f  th e  s tu d e n ts  i n  th e  B asic  c la s s  (16 out o f  36) had a 

p o s it iv e  change in  a t t i t u d e  a t  th e  end o f  th e  te n  day p e riod .

page 113

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

4 .3 .T 3a PL/I C lass bad a  p o s it iv e  change i n  a t t i t u d e  ( s tu - q u e s - d a s s )

T h is  t e s t  tras used to  determ ine w hether th e re  was a  p o s i t iv e  r e a c t io n  

by the s tu d e n ts  ( to  th e  o v e ra l l  m a te ria l)  i n  th e  I L /I  c la s s .  A Signed T e s t 

w ith  a  P a ired  Sample was used on th e  responses  o f  th e  s tu d e n ts  to  m easure 

the change o f  a t t i t u d e  reco rded  by each s tu d e n t f o r  each q u e s tio n  w ith in  

each c la s s .  (The in p u t i s  shown i n  appendix P . ) The a lg o rith m s used a re  th e  

same as i n  t e s t  T2a, w ith  th e  ex cep tio n  t h a t  th e  c la s s  i s  PL /I.

The h y p o th es is :

BO : u4 i  u3

Ha : u4 * u3

The r e s u l t s  o f  t h i s  a n a ly s is  a re  shown i n  appendix  G and summarized 

below.

PL/I c la s s :  number o f q u e s tio n s
t h a t  s ig n a l a s ig n i f ic a n t  change

s ig n i f ic a n t ly  p o s it iv e 1
n o t shown s ig n i f ic a n t 38
s ig n i f ic a n t ly  nega tive 8

t o t a l 47

A Sunrnqrr sL APWBttt* £  CEL/X Qaaa)

For the EL/I c la s s ,  th e re  i s  a  n o tic e a b le  p o s i t iv e  s h i f t  i n  a t t i t u d e
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only on q u e s tio n  36. S ince a lp h a  = - .1 ,  th e re  could  be up to  f i v e  ite m s  

( a t  random) t h a t  would show a  s ig n i f ic a n t  change. O vera ll th e re  i s  no no

t ic e a b le  p o s it iv e  s h i f t  i n  a t t i t u d e  f o r  th e  PL/I c la s s  d u rin g  th e  te n  day- 

period , i f  any th ing , th e re  i s  a  n o t ic e a b le  n e ^ t i v e  s h i f t  i n  a t t i t u d e  (8 

out o f 4 7 ) , p o s te r io r i .  T h erefo re , HO i s  accep ted .

4.3.T3b PL/I C lass had a  p o s i t iv e  change i n  a t t i t u d e  (q u e a - s tu -c la s s )

To ensu re  v a l id i t y ,  th e r e  was an  a n a ly s is  o f  th e  resp o n ses  f o r  each 

q u e s tio n  fo r  each s tu d e n t w i th in  each c la s s  (see  T2 above).  The r e s u l t s  

a re  shown i n  Appendix H and a r e  summarized below.

PL/I c la s s :  number o f  s tu d e n ts
t h a t  s ig n a l a  s ig n i f ic a n t  change

s ig n i f ic a n t ly  p o s i t iv e 7
not shown s ig n i f ic a n t 12
s ig n i f ic a n t ly  n e g a tiv e 4

t o t a l 23

A. fraaarr sL Appendix & cel/1 qaaa)

With re sp e c t to  in d iv id u a l  s tu d e n ts , l e s s  th a n  1/3 (7 /23 ) o f  th e  PL/I 

s tu d e n ts  r e g is te r e d  a  n o tic e a b le  p o s i t iv e  s h i f t  i n  a t t i t u d e ,  whereas alm ost 

1/2 (16/36) o f  the  BASIC s tu d e n ts  r e g is te r e d  a  s h i f t ;  th e re fo re , HO i s  r e 

jec ted .

A.3.T4 The Change For th e  B a s ic  C lass  was g r e a te r  than  th e  EL/I C lass.

T his t e s t  determ ines t h a t  th e  s h i f t  i n  a t t i t u d e  o f th e  s tu d e n ts  i n  th e

page 115

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

Basic c la s s  was g r e a te r  th an  th e  s h i f t  i n  a t t i t u d e  of th e  s tu d e n ts  i n  th e  

PL/I c la s s .

The conven tional s t a t i s t i c a l  n o ta t io n  used i s  a s  fa l lo w s : BO i s  id e n 

t i f i e d  w ith  th e  h y p o th es is  o f  no change (from  c u rre n t o p in io n ) , L. e . no 

d ep a rtu re  (frost c u rre n t b e l i e f s ) .  I n  s c i e n t i f i c  in v e s t ig a t io n s  HO i s  o f te n  

th e  's t a t u s  quo ' claim . The burden o f  p ro o f w i l l  r e s t  w ith  Ha i n  th e  sense 

th a t  HO w il l  be accep ted  a s  t ru e  u n le ss  th e  experim en tal evidence s tro n g ly  

suggests  o therw ise .

The h y p o th es is  fo r  case 4 :

HO : u4 = u2 

Ha : u4 t  u2

The t - t e s t  e v a lu a tio n  fo r  case T4 i s  th e  same one used f o r  case T1, 

with the excep tion  th a t  th e  d a ta  r e f l e c t  th e  a t t i t u d e s  o f  the  s tu d e n ts  a t  

the end o f the  te s t in g  p e rio d . The r e s u l t s  o f  th e  a n a ly s is  a re  g iven  i n  

appendix S and a re  summarized i n  Table 4 .1  .b  (a lre a d y  shown). The z value 

(th e  norm alized d if fe re n c e s  o f  th e  mean) in d ic a te s  w hether the  correspond

ing means a re  s ig n i f ic a n t ly  d i f f e r e n t .

The r e s u l t s  o f  the  same q u e s tio n s  a f t e r  the  experim ent took  p lace  i n 

d ic a te  th a t  the  PL/I s tu d e n ts  show more confidence th an  th e  BASIC s tu d e n ts  

(z = - 2.10 and z = -2 .2 3 ) .  A. s ig n i f ic a n t  change i n  a t t i t u d e  between th e  

two c la s s e s , a t  the  end o f  th e  te n  day p e rio d , was d e te c te d . There a re  a  

to ta l  of 18 q u e s tio n s  where th e  resp o n ses  show a  s ig n i f ic a n t  s t a t i s t i c a l  

d iffe re n c e  between th e  two c la s s e s .  The r e s u l t s  (on June 5) from Q uestions 

33,41 and 45 d isp la y  a  p o s i t iv e  a t t i t u d e  toward CAI, a  p r io r i .  There a re
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24 q u e s tio n s  t h a t  r e l a t e  to  CAI, and f o r  a  10$ t e s t ,  two to  th re e  o f  th e  

q u e s tio n s  nay show s ig n if ic a n c e , due to  chance. I f  th e  r e s u l t s  a re  con* 

e lu s iv e , th en  th e  a t t i t u d e  o f  th e  s tu d e n ts  (on  June 1?) dropped s l ig h t ly  

w ith  re s p e c t  to  th e  above th re e  q u e s tio n s . I b i s  i s  s o re  th an  o f f s e t  by th e  

r e s u l t s  o f  June 15, where th e  responses were s t a t i s t i c a l l y  s ig n i f ic a n t  ( i n  

fav o r o f CAI) i s  q u e s tio n s  T2, 17, 25 , 29, 33, 40 , and 47 .

The s tu d e n ts  response to  Q uestion  42 i s  s ig n i f ic a n t  b e fo re  and a f t e r  

the  q u e s tio n n a ire  was g iven . The s tu d e n ts  i n  th e  BASIC c la s s  f e l t  even 

l e s s  s t r e s s f u l  than  th e  s tu d e n ts  i n  th e  EL/I group, a f t e r  th e  te n  day 

p e riod . A s ig n i f ic a n t  change in  a t t i t u d e  betw een th e  two c la s s e s , a t  the  

end o f  the  te n  day pe riod , was d e te c te d . There a re  a  t o t a l  o f 18 q u es tio n s  

where th e  responses show a  s ig n i f ic a n t  s t a t i s t i c a l  d if fe re n c e  between th e  

two c la s s e s . The r e s u l t s  from Q uestions 33,41 and 45 d isp la y  a  p o s it iv e  

a t t i tu d e  toward CAI, a  p r io r i .  I f  th e  r e s u l t s  a r e  co n c lu siv e , then  th e  a t 

t i tu d e  of the s tu d e n ts  dropped s l ig h t ly  w ith re s p e c t  to  th e  above th re e  

q u e s tio n s . This i s  more th an  o f f s e t  by th e  r e s u l t s  o f  June 15, where th e  

responses  were s t a t i s t i c a l l y  s ig n i f ic a n t  ( in  fa v o r  of CAI) i n  q u e s tio n s  12, 

17, 25, 29, 33, 40, and 47.

The s tu d e n ts  response to  Q uestion 42 i s  s ig n i f ic a n t  befo re  and a f t e r  

the  q u e s tio n n a ire  was g iven . The s tu d e n ts  i n  th e  BASIC c la s s  f e l t  l e s s  

s t r e s s f u l  than  th e  s tu d e n ts  i n  th e  EL/I group, e s p e c ia l ly  a f t e r  the  te n  day 

period .

Q uestion 7 was used to  determ ine th e  e x is te n c e  o f  in s t ru c to r  b ia s . On 

June 5, th e  measure o f s ig n if ic a n c e  (a -v a lu e )  o f  th e  d if fe re n c e  between th e  

two means o f  th e  two c la s s e s  was -0 .0 9 , l> e . no s ig n i f ic a n t  d if fe re n c e . On
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June 15, th e  z -v a lu e  v a s  1 .2 8 , a  s t a l l ,  bu t in s ig n i f i c a n t ,  p o s i t iv e  s h i f t .  

Ten o f  the  s tu d e n ts  i n  th e  EL/I c la s s  f a i l e d  to  w r i te  t h e i r  id e n t if y in g  

numbers on t h e i r  response ca rd s  on June 15.  T h is  l e f t  a  sample s iz e  o f  23 

in  th e  PL/I c la s s  a s  opposed to  36 i a  th e  BASIC c la s s .  Bad th e  sample s iz e  

from the  PL /I group been l a r g e r ,  a  s ig n i f ic a n t  r e s u l t  say  have been ob

ta in e d  fo r  q u e s tio n  7 . The resp o n ses , i f  any, o f  th e  s tu d e n ts  to  both 

te a c h e rs  was p o s it iv e , reduc ing  th e  in p a c t  o f in s t r u c to r  b ia s  i n  th e

r e s u l t s .  The conc lu sion , th e re fo re , i s  t h a t  th e  s tu d e n ts  r e a c te d  to  th e

d i f f e r e n t  i n s t r u c to r s  i n  a  l ik e  Banner.

4 .4  Conclusions

A s t a t i s t i c a l  t e s t  o f  u se r a t t i tu d e s  based  on resp o n ses  f ro n  a  ques

t io n n a ir e  was perform ed f o r  th e  Puzzle nodu le . A fte r some s tudy , th e  con

c lu s io n  was drawn th a t  th e  change i n  s tu d e n t a t t i t u d e s  was s ig n i f ic a n t ly  

p o s i t iv e  and t h a t  the  experim ent could be co n sid e red  a  success f o r  th e  f o l 

lowing rea so n s: The a t t i t u d e s  o f  th e  two c la s s e s  on June 5 a re  about th e  

same. The B asic  c la s s  had a  p o s it iv e  s h i f t  i n  a t t i t u d e ,  th e  EL/I c la s s  

dem onstrated a  s l ig h t ly  n e g a tiv e  s h i f t  i n  a t t i t u d e ,  and th e  s h i f t  i n  a t t i 

tude of the B asic  c la s s  was more p o s it iv e  th a n  th e  s h i f t  i n  a t t i tu d e  o f th e  

PL/I c la s s .

In  a l l  experim ents o f  t h i s  na tu re , th e re  comes a  moment o f  t ru th ,  a 

tim e when th e  q u e s tio n  must be asked, 'Was th e  experim ent s u c c e s s fu l! '?  

A fte r  a  review of the  r e s u l t s ,  one concludes t h a t  th e re  seems to  be a  

change. Mow the  im portan t q u e s tio n , 'What cou ld  have caused i t ? '  Was th e

change in  a t t i t u d e  th e  r e s u l t  o f  the  s tu d e n ts ' exposure to  th e  Puzzle
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module, or was th e r e  some o th e r  f a c to r?  Some o f  th e  p o s s i b i l i t i e s  a r e :

»  There may have been in s t r u c to r  B ias?  U sing th e .  r e s u l t s  l i s t e d  

above, I n s t r u c to r  B ia s  was r u le d  o u t.

»  The r e s u l t  may b a re  been due to  th e  Hawthorne E f fe c t ,  i .  e . th e

performance from In d iv id u a ls  cogn izan t o f  t h e i r  p a r t ic ip a t io n  i n  an  ex

perim ent has b ees  shown to  be d i f f e r e n t .

»  The s tu d e n ts  may n o t have bad th e  saae  assignm ents? i s  th e  ques

t io n n a ire s  were passed  (on June 5) th e  s tu d e n ts  were inform ed o f  t h e i r  

involvem ent i n  such as  way as  to  m inim ize s tu d e n t b ia s  w ith  re sp e c t to  

the  experim ent. The EL/I c la s s  was to ld  t h a t  they  d id  n o t HAVE to  use

the  so ftw are  package, and th e  B asic  c la s s  was to ld  t h a t  they  GET to  use

the  so ftw are  package i n  l i e u  o f  a  re g u la r  homework assignm ent.

Half o f th e  q u e s tio n s  r e l a te d  d i r e c t ly  to  CAI, and th e  package th a t  

the  s tu d e n ts  used was co n sid e red  ( a t  l e a s t ,  by them) a s  a  CAI package, and 

a s t a t i s t i c a l l y  s ig n i f ic a n t  number o f th e  q u e s tio n s  t h a t  show s ig n if ic a n c e  

were CAI q u e s tio n s , th e re fo re  th e  co n c lu sio n  i s  t h a t  th e  change i n  a t t i 

tudes was CAI r e la te d .

In  summary, the  s t a t i s t i c a l  r e s u l t s  were no t due to  randomness o f  th e  

da ta , nor to  in s t r u c to r  b ia s . The Puzzle module seems to  have he lped  w ith  

the a t t i tu d e  of the  s tu d e n ts  about computings
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Chapter 5 -  Conclusions of th is  work

5.1 Review of the work

T his d i s s e r ta t io n  h a s  p re se n te d  a  r e d u c t lo n l s t i c  model used fo r  con

veying computer sc ience  concep ts  to  s tu d e n ts  w ith  l i t t l e  o r no e x p e r t is e  In  

computer sc ien ce .

Based on th e  I n i t i a l  in v e s t ig a t io n s  and research*  fo u r p r in c ip le s  em

erged fo r  th e  development o f  t h i s  work. These fo u r  p r in c ip le s  males up th e  

minimum requ irem en ts t h a t  an  in s t r u c t io n a l  CAI package shou ld  have: a

r e d u c t lo n ls t ic  p re s e n ta tio n , d i r e c t  m an ip u la tio n  g ra p h ic s , an in s t r u c t io n a l  

mode, and an  e x ecu tio n  mode. J u s t i f i c a t i o n  f o r  th ese  req u irem en ts  fo llo w .

-  R e d u c tio n is t i s  th e  b a s is  and th e  s t r u c tu r e  o f most tex tbooks t h a t  

teach  computer sc ience  and i s  a  g e n e ra lly  accep ted  approach .

-  Graphics f a c i l i t i e s  o f f e r  a  high bandwidth fo r  t r a n s fe r  o f in fo rm ation  

as  i s  ev id en t from th e  l i t e r a t u r e  and from  the  em erging technology of 

In s t r u c t io n a l  packages on  m icro-com puters.

-  An I n s t r u c t io n a l  mode i s  necessary  w ith any package used  a s  a  supple

ment fo r  in s t r u c t io n .

-  Because o f the  n a tu re  o f  the  d is c ip l in e ,  an E xecu tab le  mode i s  a  re 

quirem ent. A s tu d e n t cannot do any u s e fu l  work w ithou t a  programmable 

system, and e x ecu tio n  o f  programs form s th e  co rn ers to n e  o f Computer 

Science.

At the  tim e of w r itin g , th e re  were no com pletely  in te g ra te d  CAI pack

ages th a t  combine in s t r u c t io n ,  d i r e c t  m an ip u la tio n  g rap h ic s  and ex ecu tio n
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together Into one coherent program.

The c o n tr ib u tio n  o f t h i s  work th e n  i s  a  model th a t  in te g r a te s  in s t r u c 

t io n , d i r e c t  m an ipu la tion  g ra p h ic s , and e x e cu tio n  in to  one package, an  ap

proach not c u rre n tly  used i n  th e  in s t r u c t io n a l  programs o f  th e  computer 

Science curricu lum .

Several im portant c h a r a c te r i s t i c s  o f  th e  model a re  th e  fo llo w in g :

(1} The model i s  designed  to  provide m o to r-lea rn in g  ex p e rien c e s  w ith  

immediate feedback.

(2) The model uses a  'f r ie n d ly *  environm ent i n  which f a m i l ia r  con

c e p ts  a r e  t r a n s la te d ,  au to m a tic a lly , in to  more form al programming 

s ta te m e n ts  which a re  th e n  d isp lay ed  on a  te rm in a l.

(3} The model i s  designed  around th e  id e a  th a t  w hile  a  s tu d en t i s

so lv in g  a problem, a  'program* ( r e f le c t i n g  th e  s tu d e n ts  a c tio n s )  

i s  in tro d u ced , u s in g  a  more form al s y n ta c t ic  n o ta tio n . Program 

syntax , and some sem antic r u le s ,  a re  conveyed on a  re a l- t im e  

b a s is .

(4) The model i s  made up o f  se v e ra l l e v e ls  (c o n s is t in g  o f  a  sequence

o f nine phases each) where each le v e l  i s  designed to  convey more

advanced concepts th a n  th e  p rev ious le v e ls .  The phases were 

designed i n  such a  way th a t  one i s  a b le  to  b u ild  on p rev io u s ly  

lea rn ed  m a te r ia l  w h ile  in tro d u c in g  p ro g re ss iv e ly  harder m a te r ia l.

(5) Since the  o b je c t o f  th e  package i s  to  convey Computer Science 

concep ts, i t  was decided  to  adopt a  language t h a t  was no t one o f
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the  s ta n d a rd  p ro g ra m in g  languages. The op in ion  r e f l e c t e d  i n  

t h i s  p a r t ic u la r  g u id e lin e  i s  n o t u n iv e r s a l ly  accep ted . S o lt, e t  

a l ,  [H d lt 77] argue f o r  tea c h in g  a  su b se t o f  an e x is t in g  

language. They l i s t e d  th e  f a l la i r in g  fo u r  c r i t e r i a  f o r  an  i n 

s t r u c t io n a l  language: 1) i t  shou ld  be ( p a r t  o f)  a  Tr e a l r program

ming language uaed i n  b u s in e ss , sc ie n c e , and government and 

should  be a p p ro p r ia te  f o r  in tro d u c in g  p ro g ra m in g  concep ts  used 

i n  those  a re a s , 2) i t  shou ld  encourage sy s te m a tic  problem so lv in g  

and s tru c tu re d  programming, 3) I t  shou ld  be a  m a i l ,  conven ien t, 

easy to  m aster language, and 4) i t  shou ld  be easy  to  su p p o rt by 

economical, d ia g n o s t ic  language p ro c e sso rs  on a  v a r ie ty  o f 

machines in c lu d in g  m inicom puters. Of th e se , argum ents two to  

fo u r a re  accep ted  a s  v a l id ,  and have been in c o rp o ra te d  in to  th e  

design . Argument one was abandoned. There i s  no d e s ir e  to  a llow  

the s tu d en t to  f a l l  in to  th e  t r a p  o f  con fusing  th e  syn tax  o f  a 

new language w ith th e  sem antics o f  th e  s ta tem en ts , a  problem 

d iscovered  by Ledgard [Ledg 8 0 ]. Exposure to  two s y n ta c t ic a l ly  

d i s jo in t  languages i n  p a r a l le l  (one i n  th e  classroom  and th e  o th

er from the so ftw are  package) would a id  th e  s tu d e n t i n  d isc e rn in g  

th e  d iffe re n c e  between th e  sem antics o f  the  concepts and th e  syiw 

tax  o f  a  g iven  s ta te m e n t. Hence, th e  "language” chosen fo r  i n 

c lu s io n  w ith in  th e  package i s  no t one o f th e  popular languages, 

nor a subset o f  one. The language was one developed d u rin g  th e  

design  phase o f th e  model.

There are three modules defined according to the model, a Puzzle 

module, a Business module (involving a  Data Base) and a  Grade Point Average
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module. The Grade Point Average module i s  w idely  used i n  conven tional pro* 

gramming c la s s e s  and i s  d esigned  to  convey to  th e  s tu d en t th e  co n cep ts  o f  

'  assignm ent s t a t a s e n t s ' , a r ra y s , in p u t/o u tp u t ,  fo rm a ttin g  and e d i t in g .  

There were two modules im plem ented a c co rd in g  to  th e  model, th e  B u sin ess  

module and th e  Puzzle  module. The B u sin ess  module was used to  in tro d u c e  

procedure 'c a l l s '  and procedure d e c la ra t io n s  to  th e  s tu d e n t. Although i&- 

plem ented, t h i s  game was n o t t e s t e d  i n  a  c lassroom  environment and th e re 

fo re  no s t a t i s t i c a l  t e s t s  v a l id a t in g  th e  game a re  a v a ila b le . The Puzzle  

module r e l a t e s  puzz le  m an ip u la tio n s  to  a lg o r ith m ic  p ro cesses , and in t r c ^  

duces loop ing , d e c is io n  and in p u t/o u tp u t  programming c o n s tru c ts . The Puz

z le  module was implemented on  an  ATARI m icro-com puter and was used by an 

in s t r u c to r  o f CS-200 as a  supplem ent to  a  classroom  env iro zn en t. The 

responses o f  the  s tu d e n ts , re g a rd in g  th e  s u i t a b i l i t y  o f  th e  package appears 

i n  Chapter 4 o f t h i s  d i s s e r ta t io n .

5.2 Guidelines

In  a d d it io n  to  th e  fo u r p r in c ip le s  f o r  th e  design  o f th e  model, 

se v e ra l g u id e lin e s  evolved d u rin g  th e  d es ig n  phase and have been id e n t i 

f ie d . These g u id e lin e s  were drawn from the  l i t e r a t u r e  and from 12 y e a rs  

experience  i n  d e a lin g  w ith  (and observing} s tu d e n ts  i n  an  In tro d u c tio n  to  

Programming la b o ra to ry .

1) The f i r s t  g u id e lin e  i s  t h a t  th e  commands a v a ila b le  a t  each p a r t i c 

u la r  le v e l  should De c lo sed . L. e . e v e ry th in g  th e  s tu d en t needs to  know to  

work a t  a g iven  le v e l  has been e x p la in ed  and e v e ry th in g  th e  s tu d en t needs 

to  do, a t  th a t  l e v e l ,  can be done w ith  the  a v a i la b le  to o ls  (commands).
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F ig u re  5 . a. d isp la y s  a  h ie ra rc h y  o f  co n cep ts  to  be conveyed to  tlie  

s tu d e n t. At tb e  top  i s  th e  s im p les t m a te r ia l  and i s  e x p la in ed  to  th e  s tu 

den t f i r s t .  The concep ts ( a t  t h i s  le v e l)  a r e  d o s e d  i n  th e  sense t h a t  

dropping to  th e  next (more advanced) le v e l  i s  n o t re q u ire d  i n  o rd er to  com

p le te  the  work re q u ire d  a t  tb e  to p  le v e l .  As a n  example, i n  a  programming 

course , th e  PRINT sta tem en t (o r  i t ' s  sem antic  e q u iv a le n t)  shou ld  be covered 

f i r s t .  With th a t  one sta tem en t th e  s tu d e n t has  th e  a b i l i t y  to  's e e '  th e  

r e s u l t s  o f  a  g iven  command. Also, th e  s tu d e n t can th e n  use th e  PRINT 

s ta tem en t to  f in d  e r r o r s  i n  programming l a t e r  on.

The above id e a  i s  r e l a te d  to ,  but d i f f e r s  s l i g h t ly  from, th e  id e a  th a t  

s ta tem en ts  and concep ts can be understood  i n  vacuo -  th e  programmer need 

n o t a s s im ila te  a  g re a t  d e a l o f  in fo rm a tio n  abou t th e  environment o f  a  

statement/command i n  o rd er to  understand  i t .  Host o f  th e  in fo rm ation , 

needed fo r  u nders tand ing , can be d e riv ed  from  e x is t in g  in fo rm a tio n . This 

approach runs coun ter to  in te g r a te d  system s. In  many cases , where program

ming i s  invo lved , the  s tu d e n t i s  re q u ire d  to  l e a r n  and understand  th e  ma

j o r i ty  o f th e  components o f  a  system  (and t h e i r  in te r lo c k in g  re la t io n s h ip s )  

b e fo re  being  a b le  to  perform  th e  s im p lest t a s k  [H o lt 77] .  This h o l i s t i c  

view, as d esc rib ed , d e la y s  re in fo rcem en t, i n  th e  form o f c o rre c tly  running 

programs which lea d s  to  d iscouragem ent, and r e s u l t s  i n  some d i s s a t i s f a c t io n  

w ith  computer sc ien ce .

2) L earning should  proceed from th e  known to  th e  on know n.. This 

g u id e lin e  has a  sound th e o r e t i c a l  b a s is . Gibbs ho lds t h a t  ' t h e  le a r n in g ' 

p rocess in v o lv e s  th e  in c o rp o ra tio n  o f a  new le a rn in g  ta s k  in to  e x is t in g  

c o g n itiv e  s t r u c tu r e  so th a t  a  m eaningful r e la t io n s h ip  i s  e s ta b l is h e d '
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iasic information

.flore advanced information

.flore advanced than level 2

.flore advanced than level 3

The set of concepts that are taught at a given 

level should be closed

F ig u re  5 .a . 
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[Gibb 67 ]. m y e r  view s m eaningful le a rn in g  (o f  te c h n ic a l in fo rm atio n ) a s  a  

p rocess fay which th e  le a r n e r  connects new m a te r ia l  w ith  e x is t in g  knowledge 

[Maye 8 1 ]. He c i t e s  argoaenfes by Ansubel [Ause 63] t h a t  le a rn in g  nay be

enhanced by u s in g  advanced o rg a n iz e rs  t h a t  p rov ide  g en e ra l concep ts  and

id e a s  p r io r  to  exposure to  new m a te ria l. P a p e rt d e sc r ib e s  le a r n in g  a s  th e

p rocess o f  a s s im ila t io n  o f  new f a c t s  to  e x is t in g  c o g n itiv e  m odels. He

s ta t e s  t h a t  w hat one le a r n s  and how one le a r n s  i t  depends upon a v a i la b le  

models [Pape 80 , p. v i i ] ,

Mayer & Bay man [Maye 81b] argue th a t  beg inn ing  programmers develop a  

m ental model o f a  computer language [Baym 8 3 ] . The s tu d en t who uses th e  

'g l a s s  box' approach ( i . e .  understands what each command does i n  term s o f  a 

more p r im itiv e  machine) ach iev es  su p e rio r  lo n g  term  re te n tio n  and su p e rio r  

t r a n s fe r  to  novel problems th an  th e  s tu d en t who uses th e  b lack  box approach 

( i .  e. memorizes th e  sequence of commands t h a t  perform s a  s p e c i f ic  t a s k ) .

I t  i s  f o r  t h i s  reaso n  th a t  th e  s tra te g y  o f d isp la y in g  form al program

ming te x t  in  response to  a c tio n s  provided by th e  s tu d e n t has been adopted. 

That i s  to  say, th e  s tu d e n t m an ipu la tes ico n s  on  a  17 sc reen  and th e se  ac

t io n s  a re  m an ifest w ith  genera ted  code.

3) The th i r d  g u id e lin e  fo llow ed i s :  th e  o rd er of doing pcQSCaaOlflg 

( w ritin g  a  program from ' s c ra tc h ' ) i a  In  re v e rse  o rd er than  le a rn in g  about 

programming- i t  i s  g e n e ra lly  accep ted  th a t  th e  most e f f e c t iv e  and l e a s t  

e r ro r  prone method fo r  c re a tin g  r e l i a b l e  so ftw are  i s  to  perform th e  fo llo w -
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log actions In  the order shown:

a) Requirem ents A n a ly s is  -  d e sc r ib e  th e  fu n c tio n s  o f  th e  components 

o f  the  system, and t h e i r  in te r - r e l a t io n s h ip s  v i a  an  i / o  a n a ly s is  

-  i . e .  d a ta  flow .

b) D esign -  decide upon th e  components o f  th e  system (hardw are and 

s o f tw a re ) .

c) Code and T est -  develop  th e  components o f  th e  system .

4) O perate -  use th e  system .

However, le a rn in g  how to  program does no t f i t  t h i s  model. "Programmed 

i n s t r u c t io n  . . .  proceeds i n  sm all s te p s "  w ith  an a c t iv e  le a r n e r  (C ra i 8 0 ). 

T herefore, the  f i r s t  th in g  th e  s tu d e n t should  do i s  to  do som ething w ith  

h is /h e r  hands ( i . e .  o p e ra te  th e  equipm ent). Once th e  s tu d e n t i s  f a m i l ia r  

w ith  the  v a rio u s  p iec e s  a v a i la b le ,  th en  th e  components t h a t  make up th e  

p ieces  a re  d esc rib ed  (d e fin e  th e  m odules). A fte r th e  modules have been un

d e rs to o d  th en  th e  purpose o f each module i s  g iven , then  th e  r e la t io n s h ip s  

between tb e  modules (d a ta  flow ) a r e  g iven .

This o rd e r  i s  a  w orkable one th a t  b u ild s  from th e  known to  th e  unk

nown, and one th a t  deserves  w ider acceptance w ith in  th e  academic community.

4) The fo u rth  g u id e lin e  i s  t h a t  I n te r a c t iv e  le a rn in g  a id s  in  re te n 

t io n  o f kev concep ts, immediate feedback  r l e t s  th e  le a rn e r  know.. .  whether 

or not he has m en ta lly  p rocessed  th e  new in fo rm a tio n  c o r r e c t ly ' [Gibb 67 ].

A p o s it iv e  response 'r e in f o r c e s  th e  c o g n itiv e  a c t iv i ty ,  and e n su res  th e  

s tu d en t th a t  he i s  p ro g re ss in g  s a t i s f a c t o r i l y '  [Gibb 6 7 ]. The package
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d e sc r ib e d  I n  t h i s  d i s s e r ta t io n  I s  analogous to  d i r e c t  m an ipu la tion  systems 

d e sc rib ed  by Sbnelderman [Sbne 831 . These system s encompass sc re e n  e d i

to r s ,  V is ic a lc , v ideo games, computer a id e d  design  packages, and any o th e r  

package th a t  g iv es  th e  u se r  e x a c tly  s h a t  i s  be ing  d isp la y e d  on  a  v ideo  

sc reen .

5) Learning ahonld be bv grannie amt not bv t r i a l  and e r r o r .  The 

concern h e re  i s  w ith  e f f ic ie n c y . Tbe concep ts to  be tau g h t i n  a  CS-200 

course a re  known, a  p r io r i ,  and e x p e rim e n ta tio n  by th e  s tu d e n t i s  no t 

necessary . Every le v e l  s t a r t s  w ith  an  exam ple th a t  g e n e ra te s  code. The s tu 

dent cop ies t h i s  code, and th e n  l a t e r  on i n  th e  sequence e n te r s  a  a l ig h t  

v a r ia t io n ,  o r, i n  some in s ta n c e s , c r e a te s  new code, i t  no tim e i s  th e  u se r 

a t  a lo s s  a s  to  what h e /sh e  should  do w ith  tb e  new m a te r ia l, a  method which 

i s  a p p ro p r ia te  a t  t h i s  l e v e l .  D uring th e  d es ig n  phase o f tb e  model, i t  was 

decided  t h a t  more c o n tro l be used when conveying computer sc ience  concepts 

to  s tu d e n ts , an approach th a t  should  be adopted  i n  a l l  in s t r u c t io n a l  pack

ages.

This concludes th e  l i s t  o f  g u id e l in e s  fo llow ed  d u rin g  th e  d es ig n  phase 

of t h i s  work.

5 .3 F u tu re  Work

The to o ls  i n  th e  commercial a rena  a r e  moving i n  th e  d i r e c t io n  o f 

so ftw are  packages l ik e  th e  one d e sc r ib e d  i n  t h i s  d i s s e r ta t io n ,  and more and 

more, t h i s  approach i s  becoming ac ce p ted . However, no packages e x i s t ,  y e t, 

th a t  combine d i r e c t  m an ipu la tion  g rap h ic s  and in s t r u c t io n  w ith  ex ecu tio n  o f 

user programs.
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A. com plete model th a t  covers th e  e n t i r e  spectrum  o f concep ts i n  Com

p u te r  Science needs to  be implem ented and t e s t e d  i n  a  classroom  env iron

ment.
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Appendices

The c o n te n ts  o f  th e  appendices a r e  as  fa llo w s :

Appendix A -  The in s t r u c t io n s  g iven  to  th e  s tu d e n ts  ( a s  a  hardcopy) fo r  the  

o p e ra tio n  o f th e  m icro-com puter.

Appendix B -  The q u e s tio n n a ire  g iv en  to  a l l  o f  th e  s tu d e n ts  i n  both c la s s e s  

on both d a te s . The s ig n  (p lu s  o r  minus) a f t e r  th e  q u e s tio n  number in d ic a te  

w hether the  q u e s tio n  was phrased i n  a  p o s i t iv e  manner o r a  n eg a tiv e  manner 

w ith  re sp e c t to  Computer Science, CAI, e tc .

Appendix C -  A l i s t i n g  o f  the  responses  g iv en  by a l l  of the  s tu d e n ts  i n  

both c la s s e s . The f i r s t  fo u r  d i g i t s  make up th e  s tu d e n t id e n t ify in g  number 

(we used th e  l a s t  fo u r  d ig i t s  o f th e  s tu d e n ts  S o c ia l  S ecu rity  Slumber), the  

□ext th re e  c h a ra c te rs  in d ic a te  th e  c la s s  and d a te .

p05 in d ic a te  PL/I June 5

b05 in d ic a te  B asic  June 5

p15 in d ic a te  PL/I June 15

b15 in d ic a te  B asic  June 15

Appendix D -  A summary o f  the  d a ta  by q u e s tio n . The f i r s t  column of 

numbers i s  th e  q u e s tio n  number, th e  second column i s  a  ♦  o r •  ( to  In d ic a te  

a p o s i t iv e  or n e g a tiv e ly  phrased q u e s t io n ) .  The next f iv e  columns (see  0 1
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37 1 0 o f tb e  top row o f  combers) c o n s t i tu te  tb e  t o t a l  number o f s tu d e n ts  

i n  tb e  & / I  c la s s  on June 5 who responded 1,2,3**? o r  5 ,  r e s p e c tiv e ly . Tbe 

second group o f  f iv e  columns a r e  tb e  t o t a l s  f o r  tb e  resp o n ses  from tb e  

B asic  s tu d e n ts  on  June 5 .  Tbe next 10 columns a r e  tb e  resp o n ses  from June 

15 ( f iv e  columns f o r  EL/I, and f i r e  fo r  B a s ic ) .

Appendix E -  Tbe r e s u l t s  from tb e  s t a t i s t i c a l  a n a ly s is  d e sc rib ed  i n  Chapter 

4 .

Appendix F -  A l i s t i n g  o f  tb e  raw d a ta  w ith  tb e  resp o n ses  from s tu d e n ts  vbo 

om itted  t h e i r  S o c ia l S e c u rity  dumber on June 15 removed. Be used t h i s  da ta  

s e t  fo r  tbe p a ired  sample s ig n  t e s t .

Appendix G -  Tbe r e s u l t  from tb e  s t a t i s t i c a l  a n a ly s is  d e sc rib ed  i n  Chapter 

4 .

Appendix H -  The r e s u l t  from tb e  s t a t i s t i c a l  a n a ly s is  d e sc rib ed  i n  Chapter 

4 .

Appendix I  -  This form i s  re q u ire d  fo r  a l l  persons perform ing experim ents 

on human s u b je c ts . Three cop ies  were f i l e d  v i tb  th e  U n iv e rs ity  committee 

fo r  Research w ith  Human S u b je c ts  a s  per 0D iv e rs ity  g u id e lin e s .

Appendix J  -  A ta b le  d isp la y in g  tb e  c l a s s i f i c a t io n  o f  tb e  v a rio u s  q u e s tio n s  

appearing  i n  tb e  q u e s tio n n a ire . The a re a s  o f  in te r e s t  were Computer Sci

ence ( o s ) ,  Computer Aided I n s t r u c t io n  ( c a l ) ,  s tu d e n t le a rn in g  r a t e ,  and

page 131

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

student responses to the instructo r.
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Instructions far operating the micro-computer

Open th e  door to  th e  d is k  d r iv e  by p re s s in g  th e  b lack  r e c ta n g u la r  b u tto n  

below th e  s n a i l  handle.

I n s e r t  the  d is k  marked PUZZLE 1 in to  th e  d isk  d r iv e , face  up, bottom 

f i r s t .

d o s e  the  door to  th e  d is k  d r iv e .

Turn on th e  OH-OFF Sw itch to  th e  Power S t r ip .

Turn th e  TV on, i f  i t  i s  no t a lre a d y  on, by p u l l in g  on th e  o n /o ff

sw itch .

Turn th e  d isk  d r iv e  on i f  th e  re d  l i g h t  on th e  d r iv e  i s  no t a lre a d y  on.

Wait fo r  the  top  busy l ig h t  to  go o u t.

I f  HEADY does no t appear on th e  TV screen , tu rn  on th e  ATARI-800

machine. The OH/OFF sw itch  i s  a  rocker sw itch  lo c a te d  on  th e  r ig h t  

s id e  of the  keyboard. Wait f o r  a l l  sound e f f e c t s  to  com plete and fo r  

READY to  appear on th e  sc reen .

Type in :  DOS < return>  where < return>  i s  a  s in g le  b u tto n , Wait fo r

SELECT HEM OR RETURN FOR 5CNU to  appear.

Type in :  L < return>  W ait f o r  i t  to  a sk  fo r  the  filenam e.

Type in :  B < return>  W ait fo r  -  a l l  sound e f f e c t s  to  com plete and fo r

READY to  appear and th e  busy l i g h t  on th e  d isk  d r iv e  to  go o f f .
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Open th e  door to  th e  d is k  d r iv e  

Remove tb e  d isk .

I n s e r t  tb e  d isk  narked  1 SAT in to  tb e  d is k  d r iv e , bottom f i r s t ,  

d o s e  tb e  door on tb e  d is k  d r iv e .

Type RON "DtTUTI.SAT* < re to rn>  B a l t  f o r  tbe  in s t r u c t io n s  to  appear.
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D ire c tio n s : Eacfl o f tbe  fo llo w in g  s ta te m e n ts  e x p re sse s  a  f e e l in g  wbicb a

p a r t ic u la r  person  has toward le a rn in g  Computer Science. FIease e x p ress , on 

a  f iv e -p o in t  s c a le , th e  e x te n t o f  agreement betw een th e  f e e l in g  exp ressed  

i n  each sta tem en t and your own p e rso n a l f e e l in g . For some o f  th e  ques

t io n s , you w i l l  have no o p in ion . P lease  marie box 3 For th ese  q u e s tio n s . 

(N ote: CAI i s  an  a b b re v ia tio n  f o r  'Computer Aided I n s t ru c t io n * .)

The f iv e  p o in ts  a re :

1 s tro n g ly  d isa g re e

2 d isa g re e

3 undecided

4 agree

5 s tro n g ly  agree 

ITEMS

1 + The a v a i l a b i l i ty  o f CAI helped  me to  l e a r n  th e  course m a te ria l f a s t e r .

2 + 1 f e e l  the Computer Science Department i s  doing an e x c e l le n t  job  o f

h e lp ing  th e  s tu d e n ts .

3 -  The Computer Science Department i s  no t very  a t te n t iv e  to th e  s tu d e n t 's

needs.

4 -  The Computer Science Department shows on ly  token concern fo r  the  s tu 

den t.

5 + The f e e l in g  t h a t  I  have toward Computer Science i s  a good f e e l in g .

6 -  In  the  Computer Science Department I  have bad a  hard  tim e f in d in g

someone to answer my q u e s tio n s .

7 - 1  f e e l  uncom fortable about see ing  my Computer Science in s t r u c to r .

Appendix B

page 135

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

8 + I f  CAI were a v a i la b le  l a  Computer Science I  would use i t  r e g u la r ly  to  

do my homework.

q + Each s tu d e n t shou ld  be re q u ire d  to  work: th rough  a t  l e a s t  one CAI home

work module d u rin g  th e  sem ester.

10 + C om puter-assisted  in s t r u c t io n  i s  b e t t e r  th an  t r a d i t i o n a l  In s t ru c t io n .

11 -  Hr Blnd goes b lank , and I  am unab le  to  th in k  c le a r ly  when w orking on

computer programs.

1 2 - 1  le a r n  f a s t e r  by do ing  programming problem s th a n  by CAI.

1 3 - 1  le a r n  b e s t by working c lo se ly  and d i r e c t ly  w ith a  teach e r.

14 + 1 r e a l ly  l ik e  computer sc ien ce .

15 + A person  can c o n c en tra te  b e t t e r  on le a r n in g  th e  m a te r ia l  w ith CAI th an

i n  a classroom  w ith  o th e r  s tu d e n ts  p re s e n t.

16 + 1 f e e l  a  d e f in i te  p o s i t iv e  r e a c tio n  to  computer s c ie n c e ; i t ' s  enjoy

ab le .

17 + Using CAI to  do homework i s  an e f f i c i e n t  use o f s tu d e n ts ' tim e.

1 8 + 1  f e e l  a t  ease i n  computer sc ien ce , and I  l i k e  i t  very  much.

19 + Computer Science i s  f a s c in a t in g  and fun .

2 0 + 1  bave a good memory.

21 + I  am much happ ier in  computer sc ien ce  c la s s  th an  i n  any o th e r c la s s .

2 2 - 1  l ik e  the  id e a  o f  a  tea c h e r  s ta n d in g  by to  g iv e  me he lp  whenever I

f e e l  I  need i t .

23 + 1 would e n r o l l  in  a  r e c i ta t io n  s e c tio n  th a t  re q u ire d  homework to  be

done by CAI.

24 -  I  am not in  fav o r o f  CAI because i t  d e p e rso n a liz e s  in s t r u c t io n .

25 + Learning by CAI i s  l ik e  having a  p r iv a te  tu to r .
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26 + I f  a  person  know ledgeable i n  CAI and Computer Science w ere p re se n t a t

tbe  microcomputer I  would do 07 homework v ia  CAI.

27 -  I  do not l ik e  Computer Science and i t  s c a re s  me to  tak e  i t .

2 8 - 1  have never l ik e d  com puters, and i t  i s  my most d readed  s u b je c t .

29 -  Even o therw ise  i n te r e s t i n g  m a te r ia l  would be b o rin g  wben p re se n ted  by

CAI.

30 -  Computer Science makes me f e e l  as though I ’ m l o s t  i n  a  ju n g le  o f

s tran g e  term inology and can ’ t  f in d  my way ou t.

31 -  A perso n  becomes more invo lved  i n  runn ing  tb e  machine th an  i n  le a rn in g

the  m a te r ia l  (w ith  CAI).

32 -  I t  makes me nervous to  even th in k  abou t having  to  do a  computer pro

gram.

33 -  C om puter-assisted  i n s t r u c t io n  does no t allow  a  person  to  le a r n  qu ick 

ly.
34 + M ate ria l which i s  o therw ise  bo ring  can  be i n te r e s t in g  when p resen ted

by CAI.

3 5 - 1  approach computer sc ien ce  w ith  a  f e e l in g  o f  h e s i ta t io n ,  r e s u l t in g  

from a f e a r  o f no t be ing  a b le  to  understand  how com puters work.

36 + Tbe id e a l  le a rn in g  s i t u a t i o n  in v o lv es  one s tu d en t and one tea c h e r .

37 +■ Computer Science i s  som ething I  enjoy a  g re a t  d e a l.

3 8 + I  would probably take some advanced Computer Science co u rses , even i f  

they a re  not re q u ire d  i n  my curricu lum .

39 -  Hot being  a b le  to a sk  a  teach e r q u e s tio n s  i s  a  d e f in i te  d isadvan tage

of CAI.

40 -  Whenever I  have to  o p e ra te  a  machine, I  become nervous.
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4 1 + 1  would recommend to  o th e r  Computer Science s tu d e n ts  t h a t  they  t r y  to  

do homework v ia  C&I.

42 -  I  am always under a  t e r r i b l e  s t r a i n  I n  a  computer Science c la s s .

43 + The advantages o f  u s in g  CAI I n  Computer Science outweigh th e  d isadvan

tag e s .

44 + Computer Science i s  very  in te r e s t in g  to  me and I  en joy  computer

courses.

45 + 1 le a r n  f a s t e r  w ith  CAI th a n  w ith  conven tional classroom  in s t r u c t io n .  

4 6 - 1  le a rn  slow ly w ith  CAI.

47 + A person  can work a t  h i s  own pace w ith  CAI.
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9687 p05 3333333333 3343333334 3433333333 32333T3332 3333333

7449 p05 3333432433 3333333334 3433333333 3333433332 3333333

6875 p05 3333333533 3333333334 3533333333 3333333443 3333333

9568 p05 3333433333 3333333334 3333332233 3233233331 3333333

6284 p05 3333332333 2343333344 3433332233 3223443343 3333333

8515 p05 3414524355 1143534455 5551541111 2524151342 1354213

7506 p05 3333333333 3323333332 3333333333 3333223332 3233333

2391 P05 3333333333 3333333334 3433333333 3333443333 3333333

3075 p05 3332424333 2344344334 2343232334 3244443332 4422323

0163 P05 3333432544 3344334322 2444444344 4334432434 2444345

6291 p05 3333333432 3343333334 3433334433 3433333233 3333333

1234 p05 3333433333 3344333244 3432344423 3432423242 3333333

8703 P05 3233433433 3324343344 3433332232 3433223432 3433333

3209 P05 3243231343 2344343444 3442441222 2423344442 3344334

5681 p05 3333433333 3343333334 3433333233 3433423332 3333333

5310 P05 3422334334 4353333333 4253333333 4343344313 2343333

8352 p05 3333233333 3342323235 3533334333 3433322433 3433333

9423 P05 3333433333 3333333334 3333333333 3433333331 3333333

9456 p05 3423423341 5335343444 3333442122 3234244343 3234334

6617 p05 3322331433 2323333344 2433333133 3433433233 1333333

3074 p05 3333433333 3333333334 3433332233 3233333333 3333333

0142 p05 3333432333 3333333334 3333332232 3233223342 3333333

0323 P05 3334333233 4243332233 2433334332 3433322232 3332333

6445 P05 3423233333 3353333334 3533333234 3433553333 3333333
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9141 p05 3333333333 3353333335 3533323333 3333453331 3333333

5616 p05 3344234322 3342224224 2233324434 3433422243 3332333

0123 P05 3443143434 4342314224 2533434343 2333452141 3222243

7540 p05 3333433433 3333333334 3433343333 3333233432 3333333

5842 p05 2424432221 1545352454 3433422131 2^33115442 3235333

5720 p05 3433432323 3324444444 3433343232 2433423442 3333334

9361 p05 3243431441 3353134333 3544433334 3433433244 3333333

6408 p05 3333132553 4342513121 1541434223 3524521244 3331333

4093 P05 4422332532 4343535241 1532333334 4433432242 3423333

5852 p05 3422432244 3243443332 3433443234 3434443243 3433333

1576 p05 3333431333 2333333342 3433332133 3233233332 3333333

0671 p05 3222223333 2343333334 2433332232 3233243332 3233333

0579 P05 3333434433 3344343344 3433433223 3433244433 3234333

0104 p05 3532432333 3343333333 2433332233 3533513132 3233333

2533 b05 3333533333 2315353554 4233331134 3133215532 3235333

9254 b05 3333233433 3332323234 2433334334 3433432232 3333333

1990 b05 3333433333 3333333334 3333333333 3333333333 3333333

2327 b05 3333333443 4344343344 3433342333 3423433142 3333333

9883 b05 3333333333 3353333334 3533333334 3433453332 3333333

7644 b05 3333333334 3333333334 3333333333 3333533333 3333333

5863 b05 3422413243 1344244454 2532221132 2133124452 3134435

7133 b05 3332432444 3344244344 2432342222 2223223442 4243334

5510 b05 3333433333 3333333334 3433333333 3333333333 3333333

4246 b05 3422432445 2344444452 4441442222 3233333333 3333333

7882 b05 3144342444 4343424234 1442444334 2423442142 3441334
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7535 b05 3333534433 3333333234

7229 b05 3333433443 3353333335

7769 b05 3333233333 4322323224

4530 b05 3422511443 1325354555

7317 b05 3333333331 3333333335

5731 b05 3122343441 2334342444

5812 b05 3333532435 2334343444

5493 b05 3423433433 2343333444

6050 b05 3332533443 3343343334

2242 b05 3322332323 2353334234

8992 b05 3333433313 3333333334

3534 b05 3243243333 3343333334

2861 b05 3333433333 2332433334

9601 b05 3534531333 5534533332

7624 b05 3333532442 2343244332

3638 b05 3333433333 3344333345

8740 b05 3333333333 3343333334

1783 b05 1333333333 3313333331

6648 b05 3333432333 3323333334

3859 b05 3223333443 2333333334

3218 b05 3322233533 2332323324

4785 b05 4244143434 4152422222

1371 b05 3333333333 3333333334

1792 b05 3333532333 3344333344

5028 b05 5333533 213 1535353554

page

3533334233 3333243334 3333333 

3533342233 3433243442 3333333 

2433334333 3533432134 3332333 

3551551111 3133125531 3135333 

3333333333 3133123433 3333333 

4432442222 3224224442 4244334 

3542432122 3234224432 3334334 

3434243232 3333223243 3334334 

3433341232 3223223332 3333333 

2423344334 4423422242 3432334 

3233332233 3233213432 3333333 

2433434434 3423443334 3333333 

3433332233 3433433334 3333333 

2552431223 3232213451 4233333 

1432332223 3423443232 3343334 

2433332232 3233233232 3234333 

3533333233 3333423332 3333333 

3133333233 3233223332 3233333 

2223332232 3233223432 3233333 

3534451121 3223243342 3233334 

3533332232 3233253232 3333333 

2532334434 3433442144 3432333 

3442343324 3333423432 3233333 

3332432131 3233224432 3233333 

3133421111 2131155331 3135333
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2104 b05 4333532555 2325555555 235153 H  51 1115145521 5155515 

3441 505 3233243343 2343333224 2433332234 3233432233 3432333 

5336 b05 3333233331 5353323134 3534335535 3533513332 3333333

9549 b05 3333433333 2343333334 3433332233 3233243131 3334333

1884 b05 3333331433 3353333334 2533333433 3333353141 3333333

7876 b05 3333233331 3321313225 1532335534 3433422131 3332333

8046 b05 3333333332 3343333334 3432343133 3233423322 3333333

4642 b05 1333333113 3353233324 3533333233 3333331131 3322333

5616 p15 3244234333 4342313124 1533334535 3533442134 3432333

9564 p15 3322422333 2333343334 2233332232 3233333232 3232333

8352 p15 3333222333 3343333335 1533334434 3433341333 3432333

0323 p15 3233233333 4322223223 1233343333 4334222313 3323333

6445 P15 3423422333 3353343444 2533333335 3433453342 3333333

9423 P15 3333332333 3343333334 2333334334 3433443332 3332333

5852 P15 4322422243 4353333343 2232244224 2424453252 3233224

  P15 3323521332 1312253444 4533312122 5343332242 3233333

1234 p15 3333432333 4343343244 2424332332 3433443234 3434333

4093 P15 4333231432 5342424222 2432445435 5424451152 3332334

5681 p15 3333432333 2344343444 2433332232 3433423232 3234333

9687 p15 3522411345 4344333454 3433332132 3223224433 3344333

7449 p i5 3433432344 2334343444 3432333222 3233334332 3234333

0U 2 P15 4333432333 3333343434 3333332232 3233233332 3333333

7540 p15 4421512443 4344343434 3432241123 4433444442 3234333

6291 P15 3333243432 4342223224 2433342334 3433432243 3332333

0104 p15 3515554333 5325353443 3233332232 3233223333 3333333
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9141

3074

1576

6825

3209

6408

6284

6875

5065

0579

6648

3859

7769

1990

7535

9883

P15 1155333433 3353333335 3533343334 3533353333 3333333

P15 3333432332 2334343344 2433342232 3233233232 3234333

P15 3243232323 3332323233 1433333244 3433432254 3432333

p15 3422421332 1333343332 3433232122 3233233342 3234334

P15 3332445332 2334333234 2533332333 4433343343 3433333

p15 2223422433 2334343443 4431442122 2424354344 4244325

p15 2522123443 4331313121 1532345424 3433531154 3431333

P15 3234344333 3344343443 4333322323 3333344323 3333333

p15 3322422333 2344344444 3442432222 3224244432 3244335

P15 3244242333 2343343334 3433333233 3333443342 3233333

P15 3233322333 3333333344 2233332233 3233232232 3233333

P15 3114342233 3342223213 2534334435 5533541153 2331333

p15 4422422442 2444243444 3442442232 2224244343 4224334

P15 3243131442 3341213112 1432324433 4433521144 3431333

P15 3433534441 2455252552 4433314333 3333333333 3333333

p15 2324242323 4251424242 5142444343 4333534535 3434345

P15 3423243233 3433433334 2533332434 3433452132 3332423

P15 4422444442 2333244323 2432443322 2224443234 3432323

P15 4333422433 3334343334 3433332232 2223243343 3334332

b15 3332422333 2324243444 2223332232 3223224442 3234334

b15 3333432443 2333333343 2433442223 4224233441 3133334

b 15 3333342342 3333323224 1232333314 4434323134 3333333

b15 4333432343 2344443445 3343331222 2134344432 3334334

415 3333422333 2344343444 3433334234 3433433133 3432333

b15 3322343443 3343333334 2433333334 3433443243 3333333
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1783 b15 3442421333 2344343444 3432431132 3224214332 3224324

4783 M5 2343144555 4341312112 1514235534 4433451154 3431333

5336 b15 2242253221 4151111134 1514244444 4442451152 1421244

7644 b15 3322421543 2234344324 2442442245 3342532342 3244423

9254 b15 3333232333 2332333234 2333333333 3433432233 3332333

1884 b15 3223244223 2342323214 3513133433 3243251151 2231333

7876 b15 2243143321 2321413114 1432224535 4523521132 2231333

4642 b15 3333432321 1232211111 1211224555 5451451134 1511333

9549 b15 4333442344 2332333324 3323333234 3324434254 3334333

3441 b15 3422422324 2344243244 2433442222 4222244242 3233244

5731 b 15 3244452342 2344444444 3442442222 2224224442 4244424

5863 b15 4421432243 1344344444 2522331111 3233223332 3234234

2327 b15 4333433442 3244343344 2433332234 3424433244 3334333

5510 bl5 3333353443 3343333334 3433333333 4333433343 3333334

7133 b 15 4422422443 2234244444 2342442222 3224224442 4244324

5050 b15 3244233343 2323434444 3243241231 4223223452 3234234

2242 b15 3322242342 2252223224 1414244234 4433442152 2432242

5812 b 15 3332432443 2354344444 3542452122 2224254432 4244324

3638 b15 3323422342 2344343445' 2423332222 4233234242 3234334

8046 b15 2332452212 2343233434 1524152122 5433322453 2223224

2861 b15 3344452443 1343443444 3442342222 3322243353 3234334

5493 b15 3422434342 2344243444 2444342222 2423423152 4233424

8740 b15 4333531442 2355354554 3543441111 2224225551 4135335

5028 b15 3333531113 1545354554 3133331131 3133155431 3135333

7317 b15 3333331331 2343333335 3534331243 4233253451 3233333
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3534 b15 4344242445 3353434234

2014 b15 5322532555 2235555555

4530 b15 4513531443 1325455555

8245 b15 3322521315 4344444422

8992 b15 4333533433 3335353455

2533 b15 4411521355 2315353554

1792 615 4333432444 3324444444

1371 b15 3423432443 2234444334

------ b15 4333422443 1344344442

------ b 15 3332452332 2344343344

b 15 3243531542 1325355554

35^2443424 2414453344 4343424 

2351551111 2115115521 5155515 

5531451121 2115125531 5145224 

5333331134 4233244222 4234334 

4343331212 3233324532 3234334 

3131441112 2315225522 5255335 

4242422222 2224224332 4244334 

3442342222 2223223242 4233343 

3542432212 2423433442 3244334 

2433432232 3433243232 3234333 

3432251111 4124135542 3235334
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Jane 5

EL/I ---- —  B asic  -

1 +■ 0 1 37 1 0 2 0 39 2 1

2 10 4 24 10 1 2 4 33 4 1

3 - 1 8 25 5 0 0 8 33 3 0

4 - 0 7 28 4 0 0 8 33 3 0

5 + 3 5 11 19 1 1 7 14 12 10

6 - 0 4 33 2 0 2 0 37 5 0

7 - 4 10 20 5 0 3 9 31 1 0

S +■ 0 3 23 9 4 1 2 23 16 2

9 +■ 0 3 29 5 2 3 1 27 12 1

10 + 3 3 27 5 1 4 2 31 4 3

11 - 2 6 24 6 1 3 13 22 4 2

12 - 1 2 35 0 1 1 0 41 0 2

13 - 0 4 10 21 4 2 5 15 15 7

14 0 5 25 7 2 1 5 25 9 4

15 + 1 1 32 2 3 0 4 33 5 2

16 + 3 2 26 7 1 1 6 25 8 4

17 + 0 2 28 8 1 0 2 34 7 1

18 b 1 7 26 5 0 1 8 26 5 4

19 b 0 5 22 10 2 0 6 25 7 6

20 b 2 4 4 26 3 1 4 0 33 6

21 b 2 9 26 1 1 3 13 25 3 0

22 - 0 2 6 21 10 2 3 5 19 15

23 b 0 0 32 5 2 0 2 35 4 3
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Jane 15

PL /I ---- B asic <

1 3 25 7 0 0 4 25 12 1

2 8 15 8 3 0 6 28 7 1

2 14 15 4 1 2 12 19 9 0

1 9 19 5 2 2 14 21 4 0

2 9 5 16 4 2 6 4 22 8

2 12 13 8 1 0 10 18 8 6

5 20 5 5 1 9 23 7 3 0

0 3 22 11 0 1 4 19 14 4

0 2 25 9 0 3 5 7 24 3

1 9 24 1 1 4 10 20 3 5

2 11 12 9 2 7 25 7 3 0

0 1 32 3 0 1 7 33 0 1

1 2 13 15 5 1 6 10 20 5

3 7 13 11 2 3 5 9 19 7

0 8 25 3 0 1 7 23 0 1

3 6 8 16 3 4 3 9 19 7

0 1 31 4 0 2 1 23 13 3

3 8 12 12 1 4 6 8 17 6

2 6 12 14 2 4 5 8 18 7

1 5 8 20 2 1 3 1 31 6

6 14 11 4 1 7 13 18 2 2

1 5 3 18 9 2 5 07 17 11

0 1 32 3 0 5 5 17 14 1
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24 - 2 3 32 2 0 3 12 26 3 0 1 10 23 2 0 4 14 18 6

25 + 0 1 28 10 1 0 2 31 9 2 0 3 27 6 0 2 7 18 14

26 + 0 3 27 9 0 0 2 29 11 2 2 2 20 12 0 0 3 20 14

27 2 11 17 9 0 8 t5 12 7 2 1 18 7 8 2 13 16 7 5

28 - 5 14 17 3 0 9 19 11 3 2 5 13 11 6 1 11 21 4 3

29 - 1 5 30 3 0 2 8 33 0 1 0 10 24 2 0 8 14 16 3

30 - 2 7 23 7 0 5 10 18 10 1 0 t5 9 8 4 7 17 5 10

31 - 0 6 30 3 0 1 4 38 1 0 0 5 23 5 2 0 12 15 13

32 - 1 9 10 16 3 6 16 9 11 2 0 12 6 15 3 5 17 05 14

33 - 0 4 33 2 0 1 9 34 0 0 0 8 27 1 0 4 18 16 3

34 0 1 32 6 0 1 1 39 2 1 0 0 29 7 0 1 4 21 13

35 - 2 9 9 16 3 5 17 5 15 2 0 10 9 13 4 4 19 4 13

36 3 10 12 9 5 4 16 11 9 4 0 5 12 13 6 2 15 10 7

37 + 2 7 25 4 1 1 7 28 4 4 5 7 16 8 0 5 4 15 12

38 3 9 18 9 0 8 7 15 11 3 6 10 16 3 1 9 9 7 11

39 - 1 0 22 16 0 0 2 30 10 2 1 1 18 11 5 0 3 14 14

40 - 5 18 13 3 0 8 24 7 5 0 0 16 12 7 1 7 23 S 6

41 2 2 34 1 0 0 0 40 3 1 0 1 33 2 0 2 4 24 9

42 - 0 3 25 6 0 4 10 26 4 0 0 13 14 9 0 5 24 8 4

43 0 4 31 3 1 0 1 38 3 1 0 2 31 3 0 1 3 28 8

44 1 5 27 5 1 1 6 27 6 4 3 9 12 12 0 5 3 10 18

45 + 0 3 36 0 0 0 0 42 1 1 0 1 34 1 0 0 7 30 3

46 - 1 1 34 3 0 1 0 43 0 0 0 4 31 1 0 1 9 29 4

47 0 0 35 3 10 0 0 34 8 2 0 1 28 4 3 0 1 14 25
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0

1

5

1

3

1

3

2

1

1

3

2

3

6

6
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0

3

1

2

6

1

0
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J  a  a  e 5

c la s s  number o f t o t a l  var zr 95 Jc i + o r  -

! responden ts ! mean ! -  value ; !

! 1 2  3 4 5 t  1 
I 1

1 1 
1 I

1 1 
1 1

1 I l f  
1 I l f

r  K i r  
t  t i t

t  t i t  
t  i i i

1 p l / t  0 1 37 1 0

b a s ic  2 0 39 2 1

2 p l/1  10 4 24 10 1

b a s ic  2 4 33 4 1

3 p l/1  1 8 25 5 0

b a s ic  0 8 33 3 0

4 p l/1  0 7 28 4 0

b a s ic  0 8 33 3 0

5 Pl/1 3 5 11 19 1

b a s ic  1 7 14 12 10

6 p l/1  0 4 33 2 0

b a s ic  2 0 37 5 0

7 p l/1  4 10 20 5 0

b a s ic  3 9 31 1 0

8 p l/1  0 3 23 9 4

39 3.00 0 .0 5  ♦

44 3.00 0.33

49 2.76 1.15 ♦

44 2.95 0.46

39 2 .87  0.43 -

44 2.89 0 .24

39 2.92 0 .28 -

44 2.89 0 .24

39 3.26 0.99 +

44 3 .52 1.19

39 2.95 0.16 -

44 3 .02  0.30

39 2 .67  0.70 -

44 2.68 0.41

39 3.36 0.60 t.
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0.00 0.00 0 .18

1.08 -0 .2 0  0.36

0.11 -0 .01  0 .25

-0 .3 2  0 .04 0 .22

1.17 -0 .2 7  0.45

0.71 -0 .0 7  0.20

0.09 -0 .0 2  0 .32

0.03 -0 .00  0.33
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basic 1 2 23

9 p l/1  0 3 29

b a s ic  3 1 27

10 p l/1  3 3 27

b a s ic  4 2 31

11 p l/1  2 6 24

b a s ic  3 13 22

12 p l/1  1 2 35

b a s ic  1 0 41

13 p l/1  0 4 10

b a s ic  2 5 15

14 p l/1  0 5 25

b a s ic  1 5 25

15 P l/1  1 1 32

b a s ic  0 4 33

16 p l/1  3 2 26

b a s ic  1 6 25

17 p l/1  0 2 28

b a s ic  0 2 34

18 p l/1  1 7 26

16 2 44 3.35

5 2 39 3 .15

12 1 44 3.16

5 1 39 2.95

4 3 44 3.00

6 1 39 2.95

4 2 44 2 .75

0 1 39 2.95

0 2 44 3 .05

21 4 39 3 .64

15 7 44 3 .45

7 2 39 3 .15

9 4 44 3.23

2 3 39 3.13

5 2 44 3.11

7 1 39 3.03

8 4 44 3.18

8 1 39 3.21

7 1 44 3.16

5 0 39 2.90
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0.56

0.40 +• 0.03

0.65

0.63 +■ 0 .28 

0 .79

0.63 -  -1 .0 7  

0.80

0.26 -  0.85

0.28

0.66 -  -0 .91  

1.09

0.50 +■ 0.43

0.74

0.48 -0 .1 0

0.38

0.66 0.85 

0.76

0.33 +• -0 .3 8  

0.28

0.41 1.02

-0.01 0.31

-0 .0 5  0 .36

0.20 0.36

- 0 .10  0.22

0.19 0.40

-0 .0 7  0.34

0.01 0.28

-0 .16  0.36

0 .05  0 .24

-0 .1 7  0.33
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basic 1 8 26 5 4 44 3.07 0.76

19 p l/1  0 5 22 10 2 39 3-23 0.55 +• 0 .36

b a s ic  0 6 25 7 6 44 3 .30  0.77

20 p l/1  2 4 4 26 3 39 3 .6 2  0.93 ♦  1.36

b a s ic  1 4 0 33 6 44 3 .89 0.71

21 p l/1  2 9 26 1 1 39 2 .7 4  0.51 -0 .6 8

b a s ic  3 13 25 3 0 44 2 .6 4  0.52

22 p l/1  0 2 6 21 10 39 4.00 0.63 -  -0 .2 2

b a s ic  2 3 5 19 15 44 3*95 1.16

23 p l/1  0 0 32 5 2 39 3.23 0.29 ♦ -0 .3 9

b a s ic  0 2 35 4 3 44 3 .18  0.38

24 p l/1  2 3 32 2 0 39 2 .87  0.33 -  -1 .51

b a s ic  3 12 26 3 0 44 2.66 0.51

25 p l/1  0 1 28 10 1 40 3 .27  0.31 -0 .2 0

b a s ic  0 2 31 9 2 44 3-25 0.38

26 p l/1  0 3 27 9 0 39 3-15 0.29 1.10

b a s ic  0 2 29 11 2 44 3*30 0.40

27 p l/1  2 11 17 9 0 39 2.85 0.71 -  -1 .40

b a s ic  8 15 12 7 2 44 2 .55  1.23

28 p l/1  5 14 17 3 0 39 2.46 0.68 -  -0 .7 0
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-0.06 0.35

-0 .2 7  0.39

0.11 0.31

0 .05  0.40

0 .0 5  0 .25

0.21 0.28

0 .02  0.25

-0 .1 4  0.25

0.30 0.42

0 .14  0.40
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basic 9 19 11

29 p l/1  1 5 30

b a s ic  2 8 33

30 p l/1  2 7 23

b a s ic  5 10 18

31 p l/1  0 6 30

b a s ic  1 4 38

32 p l/1  1 9 10

b a s ic  6 16 9

33 P l/1  0 4 33

b a s ic  1 9 34

34 p l/1  0 1 32

b a s ic  1 1 39

35 P l/1  2 9 9

b a s ic  5 17 5

36 p l/1  3 10 12

b a s ic  4 16 11

37 P l/1  2 7 25

b a s ic  1 7 28

38 p l/1  3 9 18

3 2 44 2.32

3 0 39 2.90

0 1 44 2 .77

7 0 39 2.90

10 1 44 2 .82

3 0 39 2 .92

1 0 44 2 .89

16 3 39 3 .28

11 2 44 2 .70

2 0 39 2.95

0 0 44 2 .75

6 0 39 3.13

2 1 44 3 .02

16 3 39 3.23

15 2 44 2.82

9 5 39 3-08

9 4 44 2.84

4 1 39 2 .87

4 4 44 3.07

9 0 39 2.85
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1.06

0 .30  -  -0 .9 5  

0.41

0 .5 7  -  -0 .41 

0.99

0.23 -  -0 .36  

0.20

1.00 -  -2 .4 7  

1.28

0.16 -  -2 .0 5  

0 .24

0.17  +■ -1 .0 5  

0.26

1.13 -  -1 .6 9  

1.36

1.34 ♦  -0 .9 3  

1.30

0 .59  + 1.11

0 .72

0 .77  * 0 .08

0.12 0.26

0.08  0.38

0 .0 4  0.20

0 .58  0.46

0 .20  0.19

0.11  0.20

0.41 0.48

0 .24  0.50

-0 .2 0  0 .35

-0 .0 2  0.45
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basic 8 7 15 11 3 44 2.86 1.42

39 p i/1  1 0 22 16 0 39 3-36 0 .39  -  -0 .6 3  0 .09 0 .27

b a s ic  0 2 30 10 2 44 3-27 0 .39

40 p l/1  5 18 13 3 0 39 2 .36  0.66 -  -0 .83  0 .15  0.36

b a s ic  8 24 7 5 0 44 2 .20  0 .77

41 p l/1  2 2 34 1 0 39 2 .87  0 .27  +• 2 .37 -0 .2 4  0.20

b a s ic  0 0 40 3 1 44 3 - t l  0 .15

42 p l/1  0 8 25 6 0 39 2 .95 0 .37  -  -1 .76  0 .27 0.30

b a s ic  4 10 26 4 0 44 2 .6  8 0 .59

43 p l/1  0 4 31 3 1 39 3 .03 0 .29 +• 0 .62  -0 .0 7  0.21

b a s ic  0 1 3 8 3 1 43 3 .09  0 .18

44 p l/1  1 5 27 5 1 39 3 .00 0 .47  +• 0.81 -0 .1 4  0.33

b a s ic  1 6 27 6 4 44 3-14 0 .73

45 p l/1  0 3 36 0 0 39 2 .92  0 .07  2.19 -0 .1 5  0.13

b a s ic  0 0 42 1 1 44 3 .07  0.11

46 p l/1  1 1 34 3 0 39 3 .00 0.21 -  -0 .53  0 .05  0.17

b a s ic  1 0 43 0 0 44 2 .95 0 .09

4? p l/1  0 0 3 5 3 10 48 3-48 0 .68  +• -1 .43  0.21 0.28

b a s ic  0 0 34 8 2 44 3 .27  0.30
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J o a  e 1 5

c la s s number o f  t o t a l \rar +■ 2- 95fai * o r  -

! re sp o n d asts i mean I -  Talus ! !

! 1 2 3 4 5 r ti i

i i i i

i i i i

1 I I I  1 I I I

1 I I I  1 I I I

1 I I I  1 I I I

1 p l/1  1 3 25 7 0 36 3.06 0.40 ♦ 1.25 -0 .1 8  0.29

b a s ic  0 4 25 12 1 42 3 .24  0.43

2 p l/1  2 8 15 8 3 36 3.06 1.03 +• 0 .08  -0 .0 2  0 .38

b as ic  0 6 28 7 1 42 3.07 0.41

3 p l/1  2 14 15 4 1 36 2.67 0 .74  -  0 .87  -0 .1 7  0.38

b a s ic  2 12 19 9 0 42 2.83 0 .68

4 p l/1  1 9 19 5 2 36 2.94 0 .74  -  -1 .5 6  0.29 0.36

b a s ic  2 14 21 4 0 41 2.66 0.53

5 p l/1  2 9 5 16 4 36 3.31 1.30 1.42 -0 .3 6  0.50

b a s ic  2 6 4 22 8 42 3 .67  1.20

5 p l/1  2 12 13 8 1 36 2.83 0.89

b a s ic  0 10 18 8 6 42 3.24 0 .97

-  1.86 -0 .40  0.43

7 p l/1  5 20 5 5 1 36 2.36 0.98

b a s ic  9 23 7 3 0 42 2.10 0 .67

-  -1 .2 8  0 .27 0.41
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8 p i / 1 0 3 22 11 0 36 3 .22  0 .35  0 .94 -0 .1 6

b a s ic  1 4 19 14 4 42 3 .38  0 .78

9 p l/1  0 2 25 9 0 36 3 .19  0 .28  +• 1.41 -0 .26

b a s ic  3 5 7 24 3 42 3-45 1.08

10 p l/1  1 9 24 1 1 36 2 .78  0 .46  0.51 -0 .1 0

b a s ic  4 10 20 3 5 42 2 .88 1.18

11 p l/1  2 11 12 9 2 36 2 .94 1.03 -  -3 .8 6  0.80

b a s ic  7 25 7 3 0 42 2 .14  0.61

12 p l/1  0 1 32 3 0 36 3.06 0.11 -  -2 .11  0 .22

b a s ic  1 7 33 0 1 42 2 .83 0 .34

13 p l/1  1 2 13 15 5 36 3 .58  0 .82  -  -0 .2 8  0.06

b a s ic  1 6 10 20 5 42 3 .52  0.94

14 p l/1  3 7 13 11 2 36 3.06 1.08 +• 1.87 -0 .46

b a s ic  3 5 9 19 7 43 3.51 1.26

15 P l/1  0 8 25 3 0 36 2.86 0.29 1.24 -0 .1 9

b a s ic  1 7 23 9 1 41 3 .05  0 .60

16 p l/1  3 6 8 16 3 36 3 .28 1.23 ♦ 0.96 -0 .2 5

b a s ic  4 3 9 19 7 42 3 .52  1.33

17 p l/1  0 1 31 4 0 36 3*08 0 .14  * 1.73 -0 .2 5

b a s ic  2 1 23 13 3 42 3 .33 0 .72
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0.33

0.36

0.40

0.41

0.21

0.42

0.48

0.30

0.50

0.28
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18 p l/1  3 8 12 12 1 36 3-00 1.03 +• t .4 5

b a s ic  4 6 8 17 6 41 3-37 1.44

19 p l/1  2 6 12 14 2 36 3-22 0.98 + 0 .93

b a s ic  4 5 8 18 7 42 3 .45  1.42

20 p l/1  1 5 8 20 2 36 3 .47  0.83 + 2 .19

b a s ic  1 3 1 31 6 42 3.90 0 .67

21 p l/1  6 14 11 4 1 36 2.44 1.00 0 .25

b a s ic  7 13 18 2 2 42 2 .50 0.99

22 p l/1  1 5 3 18 9 36 3.81 1.13 -  -0 -37

b a s ic  2 5 7 17 11 42 3.71 1.28

23 p l/1  0 1 32 3 0 36 3.06 0.11 -0 .1 9

b a s ic  5 5 17 14 1 42 3 .02  1.05

24 p l/1  1 10 23 2 0 36 2 .72  0 .38 -  -0 .6 2

b a s ic  4 14 18 6 0 42 2 .62  0.73

25 p l/1  0 3 27 6 0 36 3.08 0 .25  0 .22

b a s ic  2 7 18 14 1 42 3 .1 2  0.79

26 p l/1  2 2 20 12 0 36 3 .17 0.60 +• 1.86

b a s ic  0 3 20 14 5 42 3.50 0 .65

27 p l/1  1 18 7 8 2 36 2 .78 1.03 -  -2 .5 7

b a s ic  13 16 7 5 1 42 2 .17  1.17
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-0.37 0.49

-0 .23  0 .48

-0 .43  0 .39

-0 .06  0.44

0.09 0 .49

0.03 0.33

0.10  0.33

-0 .0 4  0.31

-0 .33  0 .35

0.61 0 .47
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28 p l/1  5 13 11 5 1 36 2.58 1.05 -  -1 .6 1

b a s ic  11 21 4 3 3 *2 2 .19 1.28

29 p l/1  0 10 24 2 0 36 2 .78  0 .29 -  -2 .1 4

b a s ic  8 14 16 3 1 42 2 .40 0 .93

30 p l/1  0 15 9 8 4 36 3.03 1.11 -  -1 .4 9

b a s ic  7 17 5 10 3 42 2 .64  1.50

31 p l/1  0 5 23 5 2 3 5 3 .H  0 .52  -  0.03

b a s ic  0 12 15 13 2 42 3 .12  0.79

32 p l/1  0 1 2 6 1 5 3 36 3 .25 1.05 -  -2 .1 0

b a s ic  5 17 5 14 1 42 2 .74  1.27

33 p l/1  0 8 27 1 0 36 2.81 0 .22  -  -1 .9 8

b a s ic  4 18 16 3 1 42 2.50 0 .74

34 p l/1  0 0 29 7 0 36 3.19 0.16 + 0 .79

b a s ic  1 4 21 13 3 42 3*31 0.71

35 p l/1  0 10 9 13 4 36 3.31 1.02 -  -2 .23

b a s ic  4 19 4 13 2 42 2.76 1.31

36 p l/1  0 5 12 13 6 36 3.56 0.88 + -1 .8 7

b as ic  2 15 10 7 8 42 3.10 1.50

37 p l/1  5 7 16 8 0 36 2 .75  0.94 * 2.00

b as ic  5 4 15 12 6 42 3 .24  1.41
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0.39 0.48

0 .37  0 .34

0.38  0.51

- 0 .00  0.36

0.51 0.48

0.31 0.30

-0 .1 2  0.29

0.54 0.48

0.46 0.48

-0 .49  0.48
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38 p l/1  6 10 16 3 1 36 2.53

b a s ic  9 9 7 11 6 42 2.90

39 p l/1  1 1 18 11 5 36 3.50

b a s ic  0 3 U  14 11 42 3 .79

40 p l/1  0 16 12 7 1 36 2.81

b a s ic  7 23 6 6 0 42 2.26

41 p l/1  0 1 33 2 0 36 3.03

basic  2 4 24 9 3 42 3 .17

42 p l/1  0 13 14 9 0 36 2.89

b a s ic  5 24 8 4 1 42 2.33

43 p l/1  0 2 31 3 0 36 3.03

bas ic  1 3 28 8 2 42 3 .17

44 pl/1  3 9 12 12 0 36 2 .92

b asic  5 3 10 18 6 42 3.40

45 p l/1  0 1 34 1 0 36 3.00

b a s ic  0 7 30 3 1 41 2.95

46 p l/1  0 4 31 1 0 36 2.92

b a s ic  1 9 29 4 0 43 2.84

47 p l/1  0 1 28 4 3 36 3 .25

b a s ic  0 1 14 25 3 43 3 .70
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0.94 + 1.40 -0.38 0.53

1.94

0 .7 7  -  1.40 -0 .2 9  0.40

0.86

0.73  -  -2 .71  0 .54 0 .39

0.83

0.08 * 0.96 -0 .1 4  0.28

0 .78

0 .6 2  -  -2 .91  0.56 0.37

0.81

0 .14 t. 1.08 -0 .1 4  0 .25

0.53

0 .94 +• 2.00 -0 .4 9  0.48

1.42

0.06 ♦ -0 .4 9  0 .0 5  0.20

0 .35

0 .14 -  -0 .71  0 .08 0.22

0 .38

0 .42 + 3 .08 -0 .4 5  0.29

0.41
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s tu d e n t d a te  

number

c la s s responses

1371 b 5

1371 b 15

1783 b 5

1783 b 15

1792 b 5

1792 b 15

1884 b 5

1884 b 15

1990 b 5

1990 b 15

2014 b 15

2104 b 5

2242 b 5

2242 b 15

2327 b 5

2327 b 15

2533 b 5

2533 b 15

2861 b 5

2861 b 15

Appendix F 

page 158

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

3218 b 5

3441 b 5

3441 b 15

3534 b 5

3534 b 15

3638 b 5

3638 b 15

3859 b 5

3859 b 15

4246 b 5

4530 b 5

4530 b 15

4642 b 5

46 42 b 15

4783 b 15

4785 b 5

5028 b 5

5028 b 15

5336 b 5

5336 b 15

5493 b 5

5493 b 15

5510 b 5

5510 b 15

5731 b 5
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5731

5812

b

b

15

5

32444523422344444444344244222222242244424244424

33335324352334343444354243212232342244323334334

5812 b 15 33324324432354344444354245212222242544324244324

5863 b 5 34224132431344244454253222113221331244523134435

5863 b 15 44214322431344344444252233111132332233323234234

6050 b 5 33325334433343343334343334123232232233323333333

6050 b 15 32442333432323434444324324123142232234523234234

6648 b 5 33334323333323333334222333223232332234323233333

6648 b 15 33324223332324243444222333223232232244423234334

7133 b 5 33324324443344244344243234222222232234424243334

7133 b 15 44224224432234244444234244222232242244424244324

7229 b 5 33334334433353333335353334223334332434423333333

7317 b 5 33333333313333333335333333333331331234333333333

7317 b 15 33333313312343333335353433124342332534513233333

7535 b 5 33335344333333333234353333423333332433343333333

7535 b 15 33334223332344343444343333423434334331333432333

7624 b 5 33335324422343244332143233222334234432323343334

7644 b 5 33333333343333333334333333333333335333333333333

7644 b 15 33224215432234344324244244224533425323423244423

7769 b 5 33332333334322323224243333433335334321343332333

7769 b 15 3333342342333332322412323333144434323 T343333333

7876 b 5 33332333313321313225153233553434334221313332333

7876 b 15 22431433212321413114143222453545235211322231333

7882 b 5 31443424444343424234144244433424234421423441334

8046 b 5 33333333323343333334343234313332334233223333333
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8046 b 15

8245 b 15

8740 b 5

8740 b 15

8992 b 5

8992 b 15

9254 b 5

9254 b 15

9549 b 5

9549 b 15

9601 b 5

9883 b 5

9883 b 15

0104 P 5

0104 P 15

0123 P 5

0142 P 5

0142 P 15

0163 P 5

0323 P 5

0323 P 15

0579 P 5

0579 P 15

0671 P 5

1234 P 5
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1234 P 15

1576 P 5

1576 P 15

2391 P 5

3074 P 5

3074 P 15

3075 P 5

3209 P 5

3209 P 15

4093 P 5

4093 P 15

5065 P ie• «/

5310 P 5

5616 P 5

5616 P 15

5681 P 5

5681 P 15

5720 P 5

5842 P 5

5852 P 5

5852 P 15

6284 P 5

5284 P 15

6291 P 5

6291 P 15

44224444422333244323243244332222244432343432323
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6408 P 5

6408 P 15

6445 P 5

6445 P 15

6617 P 5

6825 P 15

6875 P 5

6875 P 15

7449 P 5

7449 P 15

7506 P 5

7540 P 5

7540 P 15

8352 P 5

8352 P 15

8515 P 5

8703 P 5

9141 P 5

9141 P 15

9361 P 5

9423 P 5

9423 P 15

9456 P 5

9564 P 15

9568 P 5
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9687 P 5 333333333333433333343 43333333332333133323333333

9687 P 15 352241T34543W333454343333213232232244333344333
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pit class

q u e s tio n  p lus

01 + 4

02 + 5

03 -  6

Ot -  5

05 + 5

06 -  9

07 -  11

08 + 3

09 + 5

10 +  3

11 -  4

12 -  0

13 -  5

14 + 8

15 + 1

16 +  11

17 + 1

18 + 9

19 f  7

20 +  2

minus t o t a l  z

3 7 0.000

7 12 -0.866

3 9 0.667

4 9 -0 .000

5 10 -0 .316

3 12 1.443

4 15 1.549

4 7 -0.756

2 7 0.756

4 7 -0.756

9 13 -1 .664

2 2 -2.121

4 9 -0 .000

6 14 0.267

6 7 -2 .268

6 17 0.970

2 3 -1 .155

3 12 1.443

6 13 -0.000

3 5 -0.894
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21 + 4

22 - 6

23 + 0

24 - 5

25 ♦ 1

26 + 7

27 - 7

28 - 6

29 - 5

30 - 8

31 - 2

32 - 5

33 - 4

34 + 4

35 - 8

36 + 12

37 ♦ 4

38 + 3

39 - 5

40 - 3

41 + 1

42 - 8

43 + 2

44 + 8

45 + 0

15 -2.066 *

7 1.512

3 -2 .309  *

7 0.756

6 -2.041 •

10 0.949

13 -0.000

13 -0.555

7 0.756

17 -0 .485

6 -1 .225

10 -0.316

6 0.408

5 0.894

12 0.866

13 2.774 •

9 -0 .667

12 -2.021

13 -1.109

12 -2.021 •

1 0.000

14 0.267

3 0.000

13 0.555

1 -2.000 *
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11

1

3

2

5

3

6

7

Z
9

4

5

Z
1

4

1

5

9

8

9

0

6

1

5

1
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46 -  2 0

47 + 4 1

2 0.707

5 0.394
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basic class

q u e s tio n  p lu s  minus t o t a l  z

1 + 13 4 1T 1.9*0 •

2 +• 9 4 13 1.109

3 - 9 7 16 0.250

4 - 11 5 16 1.250

5 ♦ 12 8 20 0.671

6 - 13 a 21 0.873

7 - 21 2 23 3.753 •

8 + 10 9 19 -0 .000

9 + 18 5 23 2.502 •

10 + 6 10 16 -1 .250

11 - 20 0 20 4.249 •

12 - 7 0 7 2.268 •

13 - 7 12 19 -1 .376

14 + 12 5 17 1.455

15 f 9 6 15 0.516

16 + 14 5 19 1.835 •

17 + 10 3 13 1.664 *

18 * 12 4 16 1.750 •

19 + 10 7 17 0.485

20 + 3 3 6 -0 .408
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21 + 5

22 - 12

23 ♦ 11

24 - 8

25 + 8

26 * 11

27 - 14

28 - 9

29 - 13

30 - 13

31 - 10

32 - 7

33 - 14

34 ♦ 13

35 - 8

36 ♦ 11

37 + 10

38 ♦ 9

39 - 2

40 - 9

41 + 8

42 - 13

43 + 6

44 + 13

45 + 4

17 -1 .940

18 1.179

20 0.224

11 1.206

17 -0 .485

16 1.250

17 2.425 •

12 1.443

19 1.376

22 0.640

24 -1.021

16 -0.750

19 1.835 •

18 1.650 •

17 -0 .485

17 0.970

16 0.750

17 -0.000

20 -3.801

16 0.250

14 0.267

17 1.940 •

10 0.316

20 1.118

11 -1.206
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12

6

9

3

9

5

3

3

6

9

14

9

5

5

9

6

6

8

18

7

6

4

4

7

7
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46

47

9

16

4

2

13

18

1.109

3.064 *
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p 1 1

s tu d en t p lus s in u s  t o t a l  { p lu s  z -v a lu e

0104 15 5 20 0.750 2.01

0142 5 0 5 1.000 1.79

0323 13 12 25 0.520 -0 .00

0579 8 9 17 0.471 -0 .49

1234 9 9 18 0.500 -0 .2 4

1576 10 5 15 0.667 1.03

3074 11 3 14 0.786 —
* 

• CO s
3209 13 9 22 0.591 0.64

4093 12 19 31 0.387 -1 .44

5616 6 13 19 0.316 -1 .84

5681 10 2 12 0.833 2.02

5852 13 13 26 0.500 -0 .20

6284 10 9 19 0.526 -0 .00

6291 4 13 17 0.235 -2 .43

6408 7 18 25 0.280 -2 .40

6445 7 5 12 0.583 0.29

6875 4 25 29 0.138 -4 .09

7449 17 1 18 0.944 3.54

7540 18 8 26 0.692 1.77

8352 5 7 12 0.417 -0 .8 7
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9141 3 7 10 0.300 -1 .5 8

9423 2 8 TO 0.200 -2 .21

9687 20 3 23 0.870 3.30
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b a s i c

s tu d en t p lus minus t o t a l  % p lu s  z -v a lu e

1371 20 3 23 0.870 3 .34  •

1783 22 6 28 0.786 2.83 •

1792 20 5 25 0.800 2.80 •

1884 8 16 24 0.333 -1 .84  •

1990 24 1 25 0.960 4.40 •

2242 5 18 23 0.217 -2 .9 2  *

23 27 8 5 13 0.615 0.55

2533 21 3 24 0.875 3.47 •

2861 22 5 27 0.815 3.08 •

3441 21 8 29 0.724 2.23 *

3534 23 5 28 0.821 3.21 *

3638 9 5 14 0.643 0.80

3859 10 9 19 0.526 -0 .00

4530 14 5 19 0.737 1.84 •

46 42 11 25 36 0.306 -2 .5 0  •

5028 5 6 11 0.455 -0 .6 0

5336 12 25 37 0.324 -2 .3 0  *

5493 15 10 25 0.600 0.80

5510 4 5 9 0.444 -0 .6 7

5731 11 5 16 0.687 1.25
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5812 11 3 14 0.786 1.87

5863 10 10 20 0.500 -0 .2 2

6050 13 10 23 0.565 0 .42

6648 10 3 13 0.769 1.66

7133 14 3 17 0.824 2.43

7317 7 8 15 0.467 -0 .5 2

7535 8 11 19 0.421 -0 .9 2

7644 23 11 34 0.676 1.89

7769 15 6 21 0.714 1.75

7876 7 18 25 0.280 -2 .40

8046 15 17 32 0.469 -0 .5 3

8740 30 3 33 0.909 4.53

8992 20 2 22 0.909 3 .62

9254 6 3 9 0.667 0.67

9549 11 10 21 0.524 -0 .00

9883 7 5 12 0.583 0.29
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APPLICATION FOR APPROVAL TO OSS HOMAN SOBJECTS

1. ACTIVITT OR PROJECT TITLE:

Hunan F a c to rs  Research i s  Computer Science

2 . PROPOSED SPONSOR (IF  AST): none

3 . C.A. B ennett I n d u s t r ia l  E ng ineering  532-5606

SAME (a p p lic a n t o u s t be DEPARTMENT PHONE
a fa c u lty  member)

4. RISK:

A. Are th e re  r is k s  to  th e  human s u b je c ts  yes Z no

B. D escribe the b e n e f i ts  o f  the  re se a rc h  . . .

a) . . . t o  the  s u b je c ts :
The package i s  designed  to  a id  th e  s tu d e n t i n  the  
r e te n t io n  o f computer sc ien ce  concep ts.

b) . . .  to  the  d i s c ip l in e /p r o fe s s io n :
The package can be used a s  a  supplement to  
classroom  in s t r u c t io n .

5 . INFORMED CONSENT: G eneral inform ed consent requ irem en ts a r e  d e sc rib ed
on pages 3 and 4 o f  th e  Handbook. The w r i t t e n  inform ed consent docu
ment must in c lude  th e  fa llo w in g : 1) a  f a i r  e x p la n a tio n  o f  procedures
to  be fo llow ed, 2 ) a  d e s c r ip t io n  o f  d isco m fo rts  and r i s k s ,  3 ) a 
d e s c r ip tio n  o f the b e n e f i ts ,  4) d is c lo s u re  o f  a p p ro p ria te  a l t e r n a t i r e s  
a v a ila b le , 5 ) an  o f f e r  to  answer in q u ir ie s ,  and 6) in s t r u c t io n s  t h a t
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the  su b je c t i s  f r e e  to  w ithdraw  consen t and p a r t i c ip a t io n  a t  any* t in e .

On what page(s) o f  th e  p ro p o sa l a re  th e  Inform ed consen t procedure 
and /o r form s described?  Page 8 .  ( I f  n o t a  p a r t  o f  th e  p ro p o sa l, th e  
procedures and inform ed co n sen t document must accompany t h i s  a p p lic a 
tio n . )

6 . EMERGENCIES

A. Are th e re  r i s k s  to  th e  human su b je c ts?  No.

I f  yes, d e sc rib e  b r ie f ly  o r g iv e  th e  page o f  the  p ro p o sa l where 
these  a re  d esc rib ed .

B. D escribe procedures f a r  d e a lin g  w ith  em ergencies, o r  g iv e  th e  page 
o f the  p roposa l on which th ese  d e s c r ip t io n s  may be found.

Since r is k s  a re  no g r e a te r  th an  norm ally encountered i n  everyday 
a c t i v i t i e s ,  no s p e c ia l  emergency p ro v is io n s  have been tak en .

7 . PRIVACY: On what page o f th e  p roposal do you d iscu ss  p rocedu res fo r
keeping re se a rc h  da ta  p r iv a te ?  t h i s  page. This shou ld  in c lu d e  pro
cedures fo r  m ain ta in in g  anonymity o f  s u b je c ts .  Supplemental Informa
tio n  concerning p rivacy  o f  d a ta  may be d isc u sse d  below.

During th e  course o f  th e  experim ent, th e  experim ental co-w orker ( th e  
s tu d e n t)  w ill  keep the  d a ta  u n a v a ila b le  to  o th e r s . At th e  conc lu sion , 
the da ta  w i l l  be g iven  to  th e  p r in c ip le  in v e s t ig a to r  who w i l l  f i l e  i t  
i n  h is  locked  o f f ic e  o r d e s tro y  i t .  No r e s u l t s  on in d iv id u a l  s u b je c ts  
w i l l  be re le a s e d  — form ally  o r in fo rm a lly  — u n le ss  d isg u ise d  o r  w ith  
the in d iv id u a l 's  perm ission .

8 . STATEMENT OF AGSEEMBMT. The below named in d iv id u a l  c e r t i f i e s  t h a t  he 
has read  and i s  w i l l in g  to  conduct th ese  a c t i v i t i e s  i n  accordance w ith  
the Handbook fo r  Research, Development, D em onstration, o r  O ther A c tiv i
t i e s  Invo lv ing  Human S u b je c ts . F u r th e r , th e  below named In d iv id u a l 
c e r t i f i e s  th a t  any changes i n  procedures from those o u tl in e d  above or 
in  th e  a tta c h e d  p roposa l w i l l  be c le a re d  through Committee 8290, The 
Committee on Research In v o lv in g  Human S u b je c ts .

S ig n e d _____________________________  Date
(A pp lican t)
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ATTACH1CHT

Task. Determine th e  a t t i tu d e s  tow ards com puters o f  a  group o f  s tu d e n ts  us

ing  a s p e c ia l ly  designed so ftw a re  package, v e rsu s  th e  a t t i t u d e s  o f  a  con

t r o l  group.

Experim ental desig n . An. a t t i t u d e  q u e s t io n a ir e  w i l l  be g iven  to  th e  two 

groups o f  s tu d e n ts  and th e  s tu d e n ts  w i l l  r a t e  t h e i r  responses on  a  s c a le  o f

1 to  5 .

S u b jec ts  and rec ru itm e n t p rocedures. The s tu d e n ts  w i l l  be s e le c te d  ( from 

a l l  the  CS-200 c la s s e s )  by th e  experim en ter. A ll o f  th e  s tu d e n ts  i n  one 

c la s s  w i l l  (o r  w i l l  not, fo r  th e  c o n tro l  group) use th e  so ftw are  package.

Data c o l le c t io n  tim e. The e s tim a te d  tim e [from  a  p i lo t  study] i s  one hour 

per s tu d e n t, per le a rn in g  le v e l .  P re se n tly  th e re  a re  f iv e  le a rn in g  le v e ls .

S t a t i s t i c a l  a n a ly s is . A T - te s t  comparing th e  means o f  the  two groups w il l  

be used to  determ ine w hether the  r e s u l t s  a r e  s t a t i s t i c a l l y  s ig n i f ic a n t .

A pp lica tion  f o r  approval to  use human su b je c ts .
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QUESTION CLASSIFICATION

I s  the  fa llo w in g  ta b le ,  th e  47 q u e s tio n s  b a re  bees c l a s s i f i e d  a s  to  a s  

to  the  type o f  q u e s tio n  asked  o f  tb e  s tu d e n t. 1 ' c s '  under th e  column 

narked  'cs*  in d ic a te s  t h a t  th e  q u e s tio n  was designed  to  r e f l e c t  th e  

s tu d e n t 's  a t t i t u d e  toward computer sc ie n c e . The column narked  r c a i '  r e f e r  

to  q u e s tio n s  concern ing  Computer Aided I n s t r u c t io n .  The item s narked 'I f *  

under the  column narked  '  If*  r e f e r  to  q u e s tio n s  t h a t  in d ic a te  th a t  th e  s tu 

den t b e lie v e s  h e /sh e  le a rn s  f a s t e r  under th e  c o n d itio n s  d e sc rib ed  i n  th e  

r e s p e c tiv e  q u e s tio n . The column marked ' i n s t '  r e f e r  to  th e  q u e s tio n  t h a t  

determ ines th e  s tu d e n ts  a t t i t u d e  toward th e  in s t r u c to r .  The item s narked  

'c c '  r e fe r  to  c ro s s c h e c k  q u e s tio n s . (Q u estio n  2 c ro s s c h e c k s  w ith  Ques

t io n  4 ) .  These p a ir s  o f  item s were in s e r te d  to  allow  th e  experim enter th e  

o p tio n  o f checking to  see i f  th e  s tu d e n ts  w ere j u s t  checking random answers 

when f i l l i n g  ou t th e  q u e s tio n n a ire .
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C3 oai I f cc

1 I f

2 03 cc4

3 C3

4 03 cc2

5 03

6 03

7

8 cal

9 oai

10 c a l ec33

11 I f

12 I f

13 oai I f

14 03

15 ca l

16 OS

17 c a l

18 OS co30

19 OS oo27

20

21 03

22 ca l

l o s t

i a s t
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23 c a l

24 ca l

25 ca l I f

26 c a l

27 cs cc19

28 c a l

29 c a l

30 cs cc18

31 c a l

32 cs

33 c a l cc10

34 c a l

35 cs

36 c a l

37 as

38 os

39 ca l

40 c a l

41 c a l

42 cs cc44

43 c a l

44 cs cc42

45 c a l I f cc46

46 c a l cc45

47 c a l
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Abstract

A methodology fo r  conveying Computer Science  concepts v i a  gam e-playing to  

no&-computer sc ience  m ajors u s in g  r e d u c t io n i s t i c  te a c h in g  tec h n iq u es  was 

developed. Three d i f f e r e n t  games w ere developed fo llo w in g  th e  g u id e lin e s  o f  th e  

model.

The model i s  d iv ided  in to  s e v e ra l  phases. In  th e  e a r ly  phases, th e  u s e r  i s  

g iven  a problem to  be so lved  u s in g  on ly  a  “mouse" (o r , a l t e r n a te ly ,  a  s e le c t io n  

o f Function Keys) and su c c e s s fu l com pletion o f  th e  problem r e s u l t s  i n  one ad

vancing to  the next phase. The advanced phases g e n e ra te  code i n  a  "P a sc a l-L ite "  

language to  be r e p l ic a te d  by tb e  s tu d e n t.

Two of th e  games were implemented (one i n  B asic , one i n  P ascal) on m icro

com puters and th e  g raph ic  c a p a b i l i t i e s  o f  th e  hardw are were u t i l i z e d  whenever 

p o s s ib le . One o f the  games was used a s  th e  f i r s t  homeworlc assignm ent i n  two 

CS-200 (In tro d u c tio n  to  Computer Science) c la s s e s  th e  Summer o f 1984. The s tu 

d e n ts  i n  the  two c la s s e s  (one experim en tal group, one c o n tro l group) were g iven  

q u e s tio n n a ire s  th a t  were used to  determ ine t h e i r  a t t i t u d e  towards (and, hence, 

e f fe c tiv e n e s s  o f) the  so ftw are  package. The r e s u l t s  form a  s t a t i s t i c a l  a n a ly s is  

o f  the  responses were p o s it iv e .
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