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Abstrac t 
Thi s researc h addresse s ih c nee d fo r  effectiv e 

ways o f  teachin g compute r  programming .  I t  focuse s o n 
tw o aspect s o f  instruction .  First ,  th e researc h investigate s 
th e us e o f  analog y i n teachin g programming .  I t  extend s 
existin g researc h b y investigatin g wha t  constitute s a  goo d 

analogy .  Second ,  th e researc h investigate s th e effec t  o f 
dept h o f  encodin g o n programmin g performance . 

Th e factor s analog y an d encodin g wer e manipu -
late d i n a  3  X  2  factoria l  design .  Analog y wa s opcralion -
alizc d b y varyin g iJi e clarit y an d systcmaticity/absu-act -
ncs s o f  th e analogie s used .  Encodin g wa s opcrationalizc d 
by varyin g th e frequenc y wit h whic h dee p encodin g an d 
elaboratio n o f  learne d materia l  wer e invoke d b y th e 
prcsenlatio n o f  question s o n th e learne d material .  Th e 
dependen t  variable s wer e scor e obtaine d o n progra m 
comprehensio n an d progra m compositio n task s an d th e 
tim e take n t o perfor m th e tasks .  Researc h subject s wer e 
15-  t o 17-year-old s withou t  prio r  exposur e t o compute r 
programming .  Difference s i n mathematic s abilit y  an d ag e 
wer e controlled . 

The result s provid e empirica l  suppor t  fo r  a 
predictiv e theor y o f  th e relativ e goodnes s o f  competin g 
analogies .  The y provid e onl y margina l  suppor t  fo r  dept h 
of  encodin g (a s opcrationalizcd )  i n learnin g compute r 

programmin g effectively .  Pos t  ho c dat a analysi s suggest s 
tha t  goo d analogie s assis t  th e learnin g o f  semantic s bu t 
not  syntax .  Furthermore ,  th e effec t  o f  encodin g wa s onl y 
apparen t  i n learnin g synta x bu t  no t  semantics . 

Introductio n 
Th e traditiona l  approac h t o teachin g compute r 

programmin g b y emphasizin g programmin g languag e 
statement s (Mayer ,  1979 ;  Spohrc r  &  Soloway ,  1986 )  ha s 
prove d unsatisfactory .  Suc h a n approac h fail s t o assis t  i n 

th e acquisitio n o f  a  usefu l  menta l  mode l  o f  th e notiona l 
machin e underlyin g th e programmin g languag e (Bayma n 
& Mayer ,  1983 )  an d t o facilitat e th e transitio n fro m 
programmin g knowledg e t o programmin g behavio r  (An -
derson ,  Farrel l  &  Saucrs ,  1984) . 

Explanatory Analogy 

Analogie s ar e a  usefu l  too l  fo r  learnin g an d 
instructio n (sec ,  fo r  example ,  Norman ,  1980 ;  Rumelhar t 
& Norman ,  1981) .  Th e validit y o f  thi s clai m ha s bee n 
dcmonsuatc d i n th e domai n o f  learnin g compute r 
programmin g (Mayer ,  1975 ,  1976) .  Analogie s ca n 
provid e th e require d menta l  mode l  o f  th e notiona l 

machine .  The y ca n als o facilitat e th e transitio n fro m 

programmin g knowledg e t o behavio r  a s novice s aucmp t 
t o execut e thei r  menta l  model .  Simon s (1984 )  posit s tha t 
analogie s assis t  learnin g b y makin g abstrac t  informatio n 
imaginabl e an d concrete ,  b y providin g a n existin g 
schema a s th e basi s fo r  th e formatio n o f  a  n e w schema , 
and b y makin g relevan t  anchorin g idea s availabl e s o tha t 
ne w informatio n ca n b e activel y integrate d wit h prio r 
knowledge . 

Centne r  (1982 )  postulate s th e characteristic s o f 

analog y tha t  contribut e t o explanator y power .  He r 
postulatio n i s base d o n a  well-define d theor y o f  structure -
mappin g (Centner ,  1983 )  tha t  distinguishe s betwee n 

ailribuic s an d relation s o n on e han d an d bcxwcc n first -
orde r  relation s an d higher-orde r  relation s o n th e other . 

An explanator y analog y m a y b e viewe d i n term s 
of  thre e propertie s o f  interna l  structure :  clarity ,  richness , 
and systcmaticity/absu-actnes s (Centner ,  1982) .  Clarit y 
refer s t o h o w bas e node s ar e mappe d ont o targe t  nodes . 
A violatio n occur s i f  on e bas e nod e map s t o tw o o r  mor e 
distinc t  targe t  node s o r  i f  tw o o r  mor e distinc t  bas e node s 
m ap t o th e sam e targe t  node .  Richnes s refer s t o predicat e 
density :  tha t  is ,  fo r  a  give n se t  o f  nodes ,  th e averag e 
number  o f  predicate s pe r  nod e tha t  ca n b e plausibl y 
mapped fro m bas e t o target .  Systemaiicitylabstractnes s 
refer s t o th e degre e t o whic h th e importe d predicate s 
belon g t o a  mutuall y consu-ainin g conceptua l  system . 
Higher-orde r  relation s tha t  lin k lower-orde r  relation s ar e 
th e essenc e o f  systematicity .  Highl y systemati c mapping s 
ar e generall y als o absU'ac t  becaus e the y contai n a  greate r 
proportio n o f  higher-orde r  relations . 

Th e Theor y o f  th e Structur e o f  Explanator y 
Analogie s i s derived ,  i n part ,  fro m distinction s draw n b y 
Centne r  (1982 )  betwee n goo d an d ba d explanator y 
analogies .  I t  state s tha t  important ,  regularl y occurrin g 
structura l  difference s exis t  betwee n goo d explanator y 
analogie s an d wea k explanator y analogies .  I n particular , 

(1 )  goo d explanator y analogie s posses s clarity ;  wea k 
explanator y analogie s d o not ;  (2 )  goo d explanator y 

analogie s ar e highe r  i n systematicit y an d abstractnes s 
tha n wea k explanator y analogies ;  an d (3 )  goo d ex -
planator y analogie s ar e lowe r  o r  equa l  i n richnes s t o 
weak explanator y analogies . 

Th e theor y i s use d a s th e basi s fo r  distinguishin g 
betwee n th e explanator y powe r  o f  altemativ e analogie s 
i n thi s research .  Fo r  achievemen t  i n bot h progra m 
comprehensio n an d progra m composition ,  learnin g wit h 
an analog y tha t  possesse s th e structura l  propertie s o f 
goo d explanator y analog y i s expecte d t o resul t  i n a  bette r 



learnin g outcom e tha n learnin g wit h a n analog y tha t 

possesse s th e structura l  propertie s o f  wea k explanator y 

analogy . 

DcDlh of Encoding 

Learnin g outcome s depen d no t  onl y o n th e qualit y 

of  insuuctio n bu t  als o o n th e efficac y o f  cognitiv e 
processin g durin g th e learnin g phase .  Goo d learnin g 
outcome s ar c associate d wit h dept h o f  encodin g (Crai k & 
Lockhan ,  1972) .  Greate r  dept h implie s a  greate r  degre e 

of  semanti c o r  cognitiv e analysi s o n th e par t  o f  th e 
student ,  resultin g i n superio r  understanding ,  recall ,  an d 
retentio n o f  materia l  learned .  Th e initia l  encodin g o f 

learne d materia l  ca n pas s throug h furthe r  elaboratio n 
whereb y mor e association s ar e forme d betwee n newl y 

acquire d knowledg e an d prio r  knowledge .  Th e establish -
ment  o f  thes e association s lead s t o bette r  integratio n o f 

ne w knowledg e wit h ol d knowledg e an d improve d 
understandin g o f  learne d material . 

Dept h o f  encodin g als o result s i n bette r  recal l 
becaus e o f  a  mor e persisten t  m e m o r y u-ac e (Crai k & 
Lockhart ,  1972) ,  wit h deepe r  level s o f  encodin g associ -

ate d wit h mor e elaborate ,  suongcr ,  an d mor e lastin g 
traces .  I n addition ,  retentio n i s a  functio n o f  dept h o f  en -
coding ,  a s wel l  a s othe r  factor s suc h a s th e amoun t  o f 
attentio n devote d t o a  stimulu s an d th e tim e availabl e fo r 
processin g th e stimulus . 

Base d o n th e foregoing ,  th e qualit y o f  students ' 
learnin g whe n acquirin g knowledg e relate d t o a  ne w an d 
unfamilia r  domai n shoul d b e significantl y affecte d b y th e 
dept h o f  encodin g the y achiev e durin g learning .  Deepe r 

encodin g shoul d b e facilitate d b y presentin g instructiona l 

materia l  i n relativel y shor t  segment s followe d b y ques -

tion s o n th e materia l  jus t  learned .  Th e presentatio n o f 
question s force s student s t o tr y t o activel y understan d th e 
insunjctiona l  materia l  s o tha t  the y ca n answe r  th e ques -
tion s correctly .  Consequently ,  dee p encodin g an d 
elaboratio n receiv e activ e support .  Th e presentatio n o f 
question s i n shor t  segment s als o ease s th e burde n o f 
learnin g becaus e a  lighte r  cognitiv e loa d i s place d upo n 
memory. 

Where student s complet e thei r  stud y o f  th e entir e 
insuuclio n se t  befor e aacmptin g question s o n th e 

material s learned ,  dept h o f  encodin g i s les s wel l  sup -

ported .  Th e absenc e o f  question s tha t  evok e deepe r 
processin g o f  instructiona l  materia l  durin g learnin g 

result s i n mor e superficia l  processin g and ,  consequently , 
i n poore r  understanding ,  poore r  retention ,  an d poore r 

recal l  ability .  Furthermore ,  whe n student s ar e require d t o 
answe r  question s onl y a t  th e en d o f  th e instructio n set , 
th e cognitiv e loa d o n m e m o r y i s ver y grea t  becaus e 
student s hav e t o dra w thei r  answer s fro m acros s th e 
entir e instructio n sc L 

Thus ,  dee p encodin g i s expecte d t o resul t  i n bette r 
understanding ,  retention ,  an d recal l  o f  learne d material , 

and henc e i n superio r  programmin g tas k performanc e 
compare d t o shallo w encodin g tha t  occur s whe n th e 

entir e instructio n se t  i s studie d befor e question s o n th e 
instructio n se t  ar c attempted . 

Hypothese s Teste d 
Th e researc h hypothese s ar e base d o n fou r 

theoretica l  constructs :  (1 )  explanator y powe r  o f  analogy , 

(2 )  dept h o f  encoding ,  (3 )  qualit y o f  progra m comprehen -

sion ,  an d (4 )  qualit y o f  progra m composition . 

flypolhesis 1 The quality of program comprehension 
when learnin g wit h a  goo d analog y i s 
bette r  tha n th e qualit y o f  progra m com -
prehensio n whe n learnin g wit h a  wea k 

analog y o r  withou t  a n analogy . 

Hypothesi s 2  Th e qualit y o f  progra m comprehensio n 
when learnin g wit h a  wea k analog y i s 

bette r  tha n o r  equa l  t o th e qualit y o f 
progra m comprehensio n whe n learnin g 

withou t  a n analogy . 
Hypothesi s 3  Th e qualit y o f  progra m comprehensio n 

when learnin g wit h dee p encodin g i s 

bette r  tha n th e qualit y o f  progra m com -
prehensio n whe n learnin g wit h shallo w 
encoding . 

Hypothesi s 4  Th e difference s i n qualit y o f  progra m 
comprehensio n whe n learnin g wit h a 

goo d analogy ,  a  wea k analogy ,  an d 
withou t  a n analog y wil l  b e greate r 
when learnin g wit h shallo w encodin g 
tha n whe n learnin g wit h dee p encod -

ing ;  tha t  is ,  ther e wil l  b e a n interactio n 
effec t  betwee n th e explanator y powe r 
of  analog y an d th e dept h o f  encoding . 

Hypothesi s 5  Th e qualit y o f  progra m compositio n 

when learnin g wit h a  goo d analog y i s 
bette r  tha n th e qualit y o f  progra m 

compositio n whe n learnin g wit h a 

weak analog y o r  withou t  a n analogy . 
Hypothesi s 6  Th e qualit y o f  progra m compositio n 

when learnin g wit h a  wea k analog y i s 
bette r  tha n o r  equa l  t o th e qualit y o f 
progra m compositio n whe n learnin g 
\Vithou t  a n analogy . 

In general, the above hypotheses follow from the 
precedin g discussion .  I n Hypothesi s 4 ,  a n analog y i s 

postulate d t o posses s a n integratin g functio n i n additio n 
t o th e function s o f  concretizing ,  suucturizing ,  an d activ e 

assimilation .  Hypothese s 5  an d 6  ar c simila r  t o Hypothe -
ses 1  an d 2  an d ar e base d o n th e expectatio n tha t  master y 

of  synta x an d semantic s i s a n essentia l  componen t  o f 

progra m codin g ability . 

Method 
Dcsip n Th e factor s analog y an d encodin g wer e 
manipulate d i n a  3  x  2  factoria l  design .  Analog y com -
prise d thre e levels :  (1 )  goo d analogy ,  (2 )  wea k 
analogy ,  an d (3 )  n o analog y ( a contro l  condition) . 

Encodin g comprise d tw o levels :  (1 )  deep ,  an d 

(2 )  shallow .  Th e experimen t  wa s conducte d i n tw o 
phases :  a  progra m comprehensio n phas e followe d b y a 
progra m compositio n phase .  T w o dependen t  variable s 
wer e use d i n eac h phase .  Th e dependen t  variable s i n th e 
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progra m comprehensio n phas e wer e (a )  progra m 
comprehensio n score ,  an d (b )  lim e take n t o answe r 

comprehensio n questions .  Th e dependen t  variable s i n th e 
progra m compositio n phas e wer e (a )  progra m composi -

tio n score ,  an d (b )  tim e take n t o answe r  compositio n 
questions .  Bot h th e progra m comprehensio n an d progra m 

compositio n score s ar c performanc e metric s obuine d b y 

applyin g a  predetermine d scorin g templat e t o subjects ' 

responses .  Th e experimenia l  desig n incorporate d tw o 
covariates :  mathematic s abilit y  an d age . 

Subjects Subjects were school students between the 
ages o f  1 5 an d 1 7 years .  The y wer e unexpose d t o 
compute r  programming .  Ninet y vali d subjects '  response s 
wer e obtained ;  6 0 wer e boy s an d 3 0 wer e girls .  The y 
wer e assigne d randoml y t o treatmen t  conditions . 

Matgrials 
Treatmen t  Materials .  Th e treatmen t  material s com -

prise d thre e set s o f  instructio n o n programmin g i n 

BASIC:  (1 )  th e goo d analog y set ,  (2 )  th e wea k 
analog y set ,  an d (3 )  th e n o analog y set .  I n th e goo d 
analog y set ,  th e instructiona l  material s wer e wove n 
aroun d a n analog y tha t  deal t  wit h a  maste r  processo r  an d 
hi s thre e assistant s -  th e assignor ,  th e reader ,  an d th e 
printe r  -  workin g togethe r  i n a  roo m t o perfor m th e 
operation s o f  a  notiona l  computer .  Dat a wer e inpu t  eithe r 
throug h a n inpu t  slo t  o r  vi a dat a card s tha t  cam e throug h 
an inpu t  windo w o n a n inpu t  wall .  Dat a wer e outpu t  vi a 
an outpu t  windo w o n a n outpu t  wall .  W i n d o w boxe s i n 
th e roo m store d th e value s o f  variable s whos e name s 
wer e writte n o n th e boxes .  I n th e wea k analog y set ,  th e 
underlyin g analog y wa s simila r  bu t  les s elaborate .  Ther e 
was onl y on e windo w throug h whic h bot h inpu t  an d 
outpu t  wer e handled .  I n addition ,  th e name s o f  th e thre e 
assisianl s wer e generalize d t o "assistant, "  "messenger, " 
and "helper "  i n orde r  t o facilitat e th e one-t o man y an d 
many-to-on e objec t  mapping s i n th e wea k analogy . 
Finally ,  th e n o analog y se t  presente d th e instructiona l 
materia l  withou t  referenc e t o an y analogy . 

The instructiona l  material s covere d th e progra m 
statement s L E T ,  PR INT ,  E N D ,  R E M,  I N P U T ,  D A T A , 
R E A D,  G O T O ,  an d IF/THEN .  Loopin g construct s wer e 
taugh t  usin g th e IF/THE N an d G O T O statements . 

The exac t  lengt h o f  th e instructiona l  material s wa s 
controlled .  T o compensat e fo r  th e additiona l  tex t  require d 
t o presen t  th e analog y material ,  filler  tex t  (whic h pre -

sente d a  brie f  histor y o f  computers )  wa s adde d t o th e 
weak analog y an d n o analog y material s s o tha t  th e wor d 
coun t  fo r  eac h se t  o f  instructiona l  material s wa s identical . 

Th e goo d an d wea k analog y ucalmen t  material s 
instantiate d ih e Theor y o f  th e Structur e o f  Explanator y 
Analogies .  Th e insU'uctiona l  material s containe d th e bas e 
of  th e analog y (goo d o r  weak )  wove n int o th e instructio n 
on BASIC . 

A sampl e o f  th e goo d an d wea k analogies , 
depicte d i n propositiona l  networ k form ,  i s show n a t  th e 
end o f  thi s paper .  Network s 1  an d 9  depic t  thos e portion s 
of  th e bas e o f  th e goo d analog y an d wea k analog y 
respectivel y tha t  dea l  wit h th e organizatio n o f  th e 

computer .  Th e correspondin g target s o f  th e goo d an d 

weak analogie s ar e depicte d i n Network s 5  an d 13 . 

Objec t  mapping s betwee n bas e an d targe t  m a y b e 

inferre d directl y b y th e position s th e objec t  node s occup y 
i n two-dimensiona l  space .  I n th e wea k analog y networks , 

however ,  thi s metho d doc s no t  appl y i f  a n objec t  partici -
pate s i n a  one-to-man y o r  many-lo-on c mapping .  I n suc h 

instances ,  th e objec t  mappin g i s specificall y show n usin g 

a stripe d anow . 
Relatio n mapping s fro m bas e t o targe t  ar e inferre d 

vi a th e identica l  position s tha t  th e relation s occup y i n th e 
two-dimensiona l  spac e o f  th e propositiona l  networks . 
Exception s t o thi s rul e agai n occu r  i n th e wea k analog y 

networks ,  an d the y occu r  whe n objec t  node s d o no t  m a p 
one-to-on e fro m bas e t o target .  Unlik e objec t  nodes . 
however ,  relation s tha t  m a p acros s alway s d o s o wit h th e 
same name .  First-orde r  relation s ar c depicte d b y norma l 
arrows ;  higher-orde r  relation s ar e depicte d b y heav y 

arrows .  Higher-orde r  relation s constrai n lower-orde r 
relation s i n accordance  wit h structure-mappin g theory . 

The operationa l  izatio n o f  th e Theor y o f  th e 
Structur e o f  Explanator y Analogie s ca n b e summarize d 

as follows .  First ,  th e goo d analog y possesse s clarit y 
becaus e al l  objec t  mapping s fro m bas e t o targe t  ar e one -
to-one ;  th e wea k analog y doe s no t  posses s clarit y 
becaus e i t  contain s tw o one-to-thrc c an d thre e one-to-lw o 
mappings .  Second ,  th e richnes s (predicat e density )  o f  th e 
goo d analog y i s 2.00 ,  an d th e richnes s o f  th e wea k 
analog y i s 1.85 .  Fro m a  practica l  viewpoint ,  richnes s 
may b e regarde d a s equal ;  th e closenes s o f  th e richnes s 
measure s i s no t  surprisin g give n tha t  bot h th e goo d an d 
weak analogie s ai m t o explai n th e operation s o f  th e 

notiona l  computer .  Third ,  th e goo d analog y possesse s 
highe r  systematicity/abslractnes s tha n th e wea k analog y 
becaus e 1  third-orde r  relation ,  9  second-orde r  relations , 
and 7 8 first-order  relation s wer e mappe d t o th e targe t  i n 
th e goo d analog y compare d wit h n o third-orde r  relations, 
6 second-orde r  relations ,  an d 5 7 first-order  relation s 
bein g mappe d acros s i n th e wea k analogy . 

Test Materials. The test materials comprised two sets 
of  questions .  Th e first  se t  wa s designe d t o tes t  progra m 
comprehension .  I t  wa s divide d int o eigh t  parts :  (1 )  Ele -
ment s o f  th e B A S I C language ;  (2 )  Th e replacemen t 
statemen t  L E T ;  (3 )  Th e P R I N T statement ;  (4 )  Re -
view :  L E T ,  P R I N T ,  an d E N D ;  (5 )  Th e I N P U T statement ; 

(6 )  Th e D A T A an d R E A D statements ;  (7 )  Th e 
unconditiona l  transfe r  statemen t  G O T O ;  an d (8 )  Th e >. 
decisio n statemen t  IF/THEN . 

Th e secon d se t  o f  question s wa s designe d t o tes t 
progra m composition .  Th e se t  comprise d seve n question s 
i n increasin g orde r  o f  difficult y an d covere d th e ful l 
rang e o f  B A S I C statement s presented . 

Procedure The study was conducted in two sessions. 
Sessio n 1  (th e progra m comprehensio n phase )  com -
menced a t  10:0 0 a.m .  O n average ,  th e sessio n laste d 2 
1/ 2 hours .  Sessio n 2  (th e progra m compositio n phase ) 
commenced afte r  a  lunc h brea k o f  abou t  on e hour .  Th e 
sessio n laste d 1  1/ 2 hour s o n average . 



T h e encodin g facto r  (dee p versu s shallow )  wa s 
opcrationalizc d b y administerin g th e insiructiona l 
material s an d tes t  question s differentl y i n Sessio n 1 .  I n 
th e dee p encodin g condition ,  subject s alternate d betwee n 
readin g instructiona l  materia l  o n B A S I C an d answerin g 

question s o n th e materia l  jus t  read .  I n th e shallo w 
encodin g condition ,  subject s rcii d th e entir e se t  o f 
instructiona l  materials .  The y the n answere d eac h se t  o f 

question s i n th e sam e orde r  a s subject s i n th e dee p 
encodin g condition . 

Afte r  subject s ha d bee n instructe d o n h o w th e 
experimen t  woul d b e conducted ,  th e experimen t  prope r 

commenced.  Subject s wer e tol d t o begi n readin g th e 

instructiona l  material s place d befor e them .  A s the y 
complete d th e reading ,  eac h raise d thei r  han d t o indicat e 

t o th e researche r  tha t  the y ha d don e so . 
I f  subject s wer e i n th e dee p encodin g condition , 

the y wer e give n th e first  se t  o f  printe d question s t o 
answer .  Th e researche r  aske d the m t o star t  wor k an d 

starte d th e stopwatch .  O n completio n o f  th e se t  o f  ques -
tions ,  subject s stoppe d th e stopwatc h an d raise d thei r 

hand .  Th e researche r  the n recorde d th e tim e take n o n th e 

questio n shcc L Th e questio n shee t  wa s the n pu t  away . 
Th e nex t  se t  o f  insu^uciiona l  material s wa s the n give n t o 
th e subjec t  Subject s continue d b y alternatin g betwee n 
readin g insuuctiona l  materia l  an d answerin g question s 
unti l  th e las t  se t  o f  question s wa s answered . 

I f  subject s wer e i n th e shallo w encodin g condi -

tion ,  the y first  rea d th e entir e se t  o f  instructiona l  materi -
als .  The y the n answere d eac h se t  of.question s i n th e sam e 
orde r  an d followin g th e sam e procedur e a s subject s i n th e 

dee p encodin g condition . 

U p on completin g Sessio n 1 ,  subject s wer e 
release d fo r  lunch .  W h e n the y relume d fo r  Sessio n 2 , 
the y wer e instructe d o n th e conduc t  o f  th e experimen t  i n 
th e progra m compositio n phase .  The y wer e the n give n 1 0 

minute s t o revie w th e instructiona l  material s the y ha d 
rea d i n Sessio n 1 .  T h e researche r  the n starte d eac h 
subjec t  o n th e progra m compositio n tas k and ,  a t  th e sam e 

time ,  starte d th e stopwatch . 
W h en subject s complete d th e progra m composi -

tio n questions ,  the y stoppe d th e stopwatc h an d raise d 
thei r  hand .  Th e researche r  recorde d th e tim e take n o n th e 
questio n shee t  Subject s w h o complete d th e experimenta l 
tas k wer e eac h pai d $20 . 

Scoring Subjects' responses to the program compre-
hensio n an d progra m compositio n question s wer e score d 
accordin g t o a  templat e designe d b y th e researcher .  Th e 
scorin g schem e wa s devise d t o rewar d th e demonstratio n 

of  correc t  knowledg e o f  B A S I C an d t o maximall y 
discriminat e betwee n th e level s o f  achievemen t  attaine d 
by subjects .  A n independen t  chec k o f  scorin g reliabilit y 

was performed . 

Results and Discussion 
Progra m Comprehensio n 

Figur e 1  show s th e mean s fo r  progra m compre -
hensio n score .  Th e progra m comprehensio n dat a wer e 
analyze d usin g A N C O VA an d M A N C O V A.  Hypothese s 

Encodin g 

Shallo w 
Encodin g 

Weak Withou t 
Analog y 

Figur e 1 

1 an d 2  wer e evaluate d usin g planne d comparisons . 

Hypothesi s 1  wa s confirme d whe n qualit y o f  progra m 
comprehensio n wa s evaluate d i n term s o f  progra m com -

prehensio n scor e ( p =  .001) .  I t  wa s als o confirme d whe n 
qualit y o f  progra m comprehensio n wa s evaluate d i n 
term s o f  progra m comprehensio n scor e an d tim e ij j  = 

.003) . 
Similariy ,  Hypothesi s 2  wa s confirme d whe n 

qualit y o f  progra m comprehensio n wa s evaluate d i n 
term s o f  progra m comprehensio n scor e ( p =  .499) .  Th e 
propositio n wa s als o supporte d fro m a  multivariat e 

viewpoin t  ( p -  .395) . 
Consisten t  suppor t  fo r  Hypothese s 1  an d 2  whe n 

evaluate d i n term s o f  progra m comprehensio n scor e a s 
wel l  a s progra m comprehensio n scor e an d tim e confirm s 
tha t  th e qualit y o f  progra m comprehensio n whe n learnin g 

wit h a  goo d analog y i s significantl y bette r  tha n tha t 
associate d wit h learnin g wit h a  wea k analog y o r  withou t 

an analogy ,  an d th e qualit y o f  progra m comprehensio n 
when learnin g wit h a  wea k analog y an d whe n learnin g 

withou t  a n analog y ar c no t  significantl y different .  Give n 
th e mi x o f  clarity ,  richness ,  an d systematicity/absuact -

nes s opcrationalizc d i n th e experiment ,  th e theory' s 
predictio n tha t  thes e characteristic s effectivel y defin e 
goo d analog y i s supported . 

Hypothesi s 3  wa s marginall y supporte d whe n 
evaluate d i n term s o f  progra m comprehensio n scor e (/ ? = 

.055) .  Despit e th e lac k o f  statistica l  significance ,  th e 
overal l  (weighte d average )  progra m comprehensio n 
score s wer e i n th e predicte d directio n (Dee p Encoding ,  M 
= 86.5 ;  Shallo w Encoding .  M =  77.4) .  Th e margina l 
significanc e o f  th e univariat e resul t  m a y b e du e th e tas k 

complexit y an d constraine d experimenta l  Icamin g tim e 
tha t  di d no t  allo w th e expecte d benefi t  o f  dee p encodin g 

on th e creatio n an d restructurin g o f  knowledg e t o 
materializ e fully .  A  deep ,  semanti c appreciatio n o f  th e 

notiona l  computer' s operation s require s tha t  th e knowl -
edg e acquire d b e assimilate d an d restructure d ove r  th e 
cours e o f  learning .  However ,  restructurin g i s associate d 
wit h knowledg e understandin g bu t  require s tim e t o tak e 

effec t  (Norman ,  1978) . 



Hypothesi s 4 ,  th e posite d interactio n betwee n th e 
analog y an d encodin g factors ,  wa s no t  supporte d whe n 
th e qualit y o f  progra m comprehensio n wa s evaluate d i n 
term s o f  progra m comprehensio n scor e an d als o i n term s 
of  progra m comprehensio n scor e an d time .  Thus ,  th e 
expectatio n tha t  th e analog y woul d hel p subject s i n th e 
shallo w encodin g conditio n mor e tha n subject s i n ili e 
deep encodin g conditio n wa s no t  confirmed .  Instead ,  th e 
dat a sugges t  tha t  th e analog y an d encodin g factor s ar c 
independent . 

Program Composition 
Figur e 2  show s th e mean s fo r  progra m composi -

tio n score .  Th e progra m compositio n dat a wer e analyze d 
usin g covarianc e analysis .  However ,  a  tes t  o f  th e homo -
geneit y o f  regressio n assumptio n reveale d tha t  th e 
assumptio n wa s violate d fo r  th e dependen t  variabl e 
progra m compositio n lime . 
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Consequently ,  th e progra m compositio n dat a wer e 
analyze d usin g a  covarianc e mode l  propose d b y Scarl e 
(1979) .  Covariale-adjuste d observation s wer e obtaine d 
by rearrangemen t  o f  th e mode l  equation ,  an d th e mode l 
was estimate d usin g M A N O V A. 

Usin g planne d comparisons .  Hypothesi s 5  wa s 
supporte d whe n evaluate d i n term s o f  covariate-adjusie d 
progra m compositio n scor e ( p =  .014) .  I t  wa s als o 
supporte d whe n evaluate d i n term s o f  covariate-adjustc d 
progra m compositio n scor e an d tim e ( p =  .044) .  Hy -
pothesi s 6  wa s supporte d whe n evaluate d i n term s o f 
covariate-adjustc d progra m compositio n scor e ( p =  .998 ) 
and als o whe n evaluate d i n term s o f  covariate-adjustc d 
progra m compositio n scor e an d tim e ( p =  .613) .  Th e non -
signincan t  resul t  indicate s equalit y betwee n th e wea k 
analog y an d n o analog y treaunen t  conditions . 

The consisten t  progra m compositio n result s sho w 
tha t  th e Theor y o f  th e Structur e o f  Explanator y Analogie s 
i s als o supporte d wit h respec t  t o progra m composition . 
Not e tha t  th e analog y facto r  accounte d fo r  6.6 % o f  th e 
explaine d varianc e o f  progra m compositio n scor e bu t 

accounte d fo r  12.0 % o f  th e explaine d varianc e o f 
progra m comprehensio n score .  A  transfe r  o f  learnin g 
fro m progra m comprehensio n t o progra m compositio n i s 
thu s evident .  Th e smalle r  effec t  o f  typ e o f  analog y o n 
progra m compositio n i s consisten t  wit h th e expectatio n 
tha t  th e explanator y powe r  o f  analog y facilitate s per -
formanc e i n progra m compositio n vi a achievemen t  i n 
progra m comprehension . 

Post H(X Analysis 
Whil e scorin g subjects '  response s t o th e progra m 

comprehensio n questions ,  i t  wa s notice d tha t  th e variabil -
it y o f  score s o n question s tha t  focuse d o n th e syntacti c 
rule s o f  B A S I C statement s wa s consistentl y smalle r  tha n 
i t  wa s o n question s tha t  focuse d o n th e conceptua l 
understandin g associate d wit h th e operation s o f  th e 
notiona l  computer .  Thi s phenomeno n suggeste d tha t  i t 
migh t  b e fruitfu l  t o investigat e th e dat a furthe r  b y 
distinguishin g betwee n score s o n syntax-oriente d 
question s an d score s o n semantics-oriente d questions . 
Accordingly ,  th e progra m comprehensio n dat a wer e 
subclassifie d int o synta x score s an d semantic s score s an d 
analyze d furthe r  vi a apo5 /  ho c analysis . 

The dat a fo r  {h e pos t  ho c analysi s wer e analyze d 
usin g A N C O VA an d M A N C O V A.  Th e dependen t 
variable s wer e synta x scor e an d semantic s score .  Th e 
experimenta l  desig n wa s identica l  t o tha t  use d i n th e 
mai n analysis . 

Model  estimatio n reveale d tha t  fo r  synta x score , 
th e analog y facto r  wa s significan t  ( p =  .015) ;  th e encod -
in g facto r  wa s als o significan t  { p =  .012) .  Fo r  semantic s 
score ,  however ,  onl y th e analog y facto r  wa s significan t 
( p =  .003) .  Fro m a  multivariat e viewpoint ,  bot h th e anal -
og y facto r  an d th e encodin g facto r  wer e significan t  ( p = 
.00 1 and/ ? =  .04 3 respectively) . 

Planne d comparison s wer e performe d t o evaluat e 
Hypothese s 1  an d 2  fo r  syntax ,  semantics ,  an d bot h 
synta x an d semantics .  Fo r  syntax ,  th e goo d analog y 
versu s wea k analog y an d n o analog y compariso n wa s 
marginall y significan t  ( p =  .056) ,  whil e th e wea k analog y 
versu s n o analog y compariso n wa s significan t  ( p =  .027) . 

For  semantics ,  th e goo d analog y grou p wa s 
significantl y bette r  tha n th e wea k analog y an d n o analog y 
group s ( p =  .001) ,  an d th e wea k analog y an d n o analog y 
group s wer e no t  significantl y differen t  ( p =  .841) .  Tha t 
is ,  th e comparison s wer e consisten t  wit h th e result s 
obtaine d fo r  th e composit e progra m comprehensio n 
score . 

S o me interestin g insight s ar e obtaine d fro m th e 
abov e analysis .  Th e significanc e o f  th e analog y facto r  o n 
bot h synta x scor e an d semantic s scor e an d th e signifi -
canc e o f  th e encodin g facto r  onl y o n synta x scor e sugges t 
tha t  th e analog y treatmen t  affect s performanc e o n bot h 
synta x an d semantics ,  whil e th e encodin g treaunen t 
affect s performanc e o n synta x only . 

Furthermore ,  i t  become s clea r  tha t  th e margina l 
significanc e o f  th e encodin g facto r  o n th e composit e 
progra m comprehensio n scor e ( p =  .055 )  wa s attributabl e 
t o th e effec t  o f  dee p encodin g o n synta x ( p =  .012) ,  no t 
on semantic s (p = A M ) .  Thi s resul t  suggest s tha t  student s 



Ica m th e technica l  (rule-like )  natur e o f  syntacti c knowl -

edg e effectivel y whe n suc h knowledg e i s teste d shortl y 

afte r  i t  i s presented .  I n effect ,  th e quic k applicatio n o f 

newly-acquire d syntacti c knowledg e assist s student s i n 

assimilatin g th e rule s associate d wit h synta x an d help s t o 
dril l  the m i n th e applicatio n o f  suc h rules . 

By contrast ,  th e lac k o f  significanc e o f  th e 
encodin g facto r  o n semantic s suggest s that ,  conu^ar y l o 
th e intende d outcom e o f  th e encodin g ueaimcnt ,  a  dee p 
semanti c understandin g o f  progra m statement s wa s no t 
achieve d probabl y becaus e o f  th e limite d exposur e tha t 
student s wer e give n t o programming .  Th e hypothetica l 

tim e divisio n associate d wit h comple x learnin g propose d 

by Norma n (1978 )  suggest s tha t  th e bul k o f  knowledg e 

reslruclurin g (an d henc e dee p semanti c understanding ) 
occur s durin g th e centra l  phas e o f  learning ,  afte r  suffi -

cien t  lim e ha s bee n spen t  o n th e accretio n o f  knowledge . 

Give n th e restricte d learnin g tim e i n th e experimen t 
(approximatel y fou r  hours) ,  th e relativel y smal l  amoun t 
of  tim e spen t  o n resu^cturin g appear s t o b e du e t o th e 
use o f  analog y rathe r  tha n th e us e o f  dee p encoding . 

Examinatio n o f  th e weighte d averag e mean s fo r 
synta x show s tha t  th e goo d analog y an d n o analog y 
group s wer e mor e alik e tha n different ,  whil e th e wea k 
analog y grou p wa s unlik e bot h (Goo d Analogy ,  M = 
25.5 ;  W e a k Analogy .  M =  20.6 ;  N o Analogy ,  M =  24.1) . 
Thi s resul t  suggest s tha t  th e wea k analog y harme d th e 
acquisitio n o f  syntacti c knowledge ,  an d th e goo d analog y 
di d no t  assis t  th e acquisitio n o f  suc h knowledge .  H o w -

ever ,  fo r  semantics ,  th e goo d analog y grou p wa s distinc t 

fro m th e wea k analog y an d n o analog y group s (Goo d 

Analogy ,  M =  72.6 ;  W e a k Analogy ,  M =  52.0 ;  N o 

Analogy .  M =  54.6) .  Thus ,  th e goo d analog y assiste d th e 
acquisitio n o f  semanti c knowledg e bu t  no t  syntacti c 

knowledge . 

Research Conclusions 
The Theor y o f  th e Sunctur e o f  Explanator y 

Analogie s wa s empiricall y tested .  Th e researc h supporte d 
th e theory' s predictio n tha t  clarit y an d sysiematicity / 

absiractnes s ar c structura l  characteristic s o f  analog y tha t 
effectivel y captur e th e strengt h o f  it s explanator y power . 

Post  ho c analysi s furthe r  reveale d tha t  goo d analog y 
assist s th e acquisitio n o f  semanti c programmin g knowl -
edg e bu t  no t  syntacti c programmin g knowledge . 

Fro m th e viewpoin t  o f  experimenta l  methodology , 
th e explici t  opcrationalizatio n an d measuremen t  o f 
systcmaticit y an d absu-acuics s ha s show n tha t  thes e 

structura l  characteristic s o f  analog y ca n b e derive d 
objectivel y an d i n a  manne r  tha t  possesse s empirica l 

validity .  Thus ,  th e usefulnes s o f  th e syntacti c perspectiv e 
on knowledg e reprcscniauo n base d o n th e concept s o f 
sysiematicit y an d abstracines s ha s bee n demonstrated . 
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