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E f f e c t  o f  f o r m a t  o n i n f o r m a t i o n a n d p r o b l e m s o l v i n g * 

Mukesh J Patel, Benedict du Boulay and Chris Taylor 

Schoo l  o f  Cognitiv e an d Computin g Sciences , 

Th e Universit y o f  Sussex , 

Falmer ,  Brighto n B N l  9 Q H ,  U K . 

Email :  mukesh@cogs.sussex.ac.u k 

Abstrac t 

This study reports the effect of differences in for-
mat  o f  Prolo g tracer s o n Prolo g proble m solvin g 
tasks .  Thre e differen t  tracer s (Spy ,  T P M ,  an d 
E P T B)  i n differen t  format s wer e teste d t o chec k 
fo r  thei r  relativ e effectivenes s i n solvin g five  dif -
feren t  Prolo g problems .  4 3 subject s attempte d t o 
solv e eac h proble m wit h eac h trac e (1 5 problem s i n 
total) .  Preliminar y analysi s o f  solutio n time s an d 
respons e dat a indicat e tha t  E P T B performe d bes t 
acros s al l  problems .  A n accoun t  fo r  thi s finding  i s 
presented ,  a s i s on e fo r  a  numbe r  o f  interestin g in -
teraction s betwee n th e effect s o f  proble m typ e an d 
trac e format ,  whic h support s th e genera l  conclu -
sio n tha t  whil e forma t  i s a  significan t  determine r 
of  acces s t o information ,  i t  ca n als o constrai n th e 
sort s o f  problem s tha t  coul d b e solve d readil y wit h 
tha t  information . 

In t roduc t io n 

The basic aim of this study was to examine differences 
i n use r  performanc e du e t o difference s i n Prolo g trace r 
format .  Th e result s o f  th e effec t  o f  format ,  particu -
larl y o n th e text-graphic s dimension ,  o n th e utilit y  o f 
informatio n i n solvin g specifi c  problem s encountere d 
by novic e programmer s ar e reported .  A  trace r  i s a  ba -
si c too l  employe d i n a  wid e variet y o f  programmin g 
task s a s wel l  a s bein g use d b y beginner s t o hel p the m 
lear n ho w t o program .  I n particular ,  a  trace r  ca n ex -
plicat e th e relatio n betwee n a  progra m a s a  piec e o f 
tex t  an d th e action s tha t  i t  describes .  S o a  trac e o f 
specifi c  progra m i s a  sequenc e o f  change s i n th e dat a 
structure s an d contro l  flow  decision s tha t  hav e cause d 
change s durin g progra m execution .  I n Prolo g th e tu -
toria l  functio n o f  th e trace r  i s mor e marke d tha n i n 
othe r  programmin g language s becaus e o f  th e comple x 
natur e o f  th e underlyin g mechanism s o f  thi s language . 

'Thi s wor k wa s supporte d b y a  gran t  fro m th e U K Join t 
Researc h Counci l  Initiativ e i n Cognitiv e Science/HCI .  Th e 
experimenta l  wor k wa s conducte d usin g th e P O P L OG pro -
grammin g environment . 

Importan t  aspect s o f  an y trace r  ar e (i )  wha t  informa -
tio n abou t  interna l  mechanism s an d transien t  state s i t 
i s  designe d t o show ,  (ii )  th e notatio n o r  forma t  i n whic h 
th e informatio n i s shown ,  (iii )  th e metho d o f  control -
lin g th e trace r  i.e .  it s  interface ,  an d (iv )  th e intende d 
user s an d expecte d task s fo r  whic h i t  wil l  b e employe d 
(Taylor ,  d u Boula y &  Patel ,  1991) . 

I n orde r  t o b e full y conversan t  wit h Prolo g i t  i s nec -
essar y t o understan d it s complex ,  interna l  an d largel y 
hidde n mechanisms .  Thes e operation s ca n b e de -
scribe d and/o r  explaine d i n mor e tha n on e wa y (Pai n 
& Bundy ,  1987 )  wit h differen t  perspectiv e emphasisin g 
differen t  aspects ,  suc h a s variabl e binding ,  flow  o f  con -
trol ,  recursion ,  searc h space ,  etc. ,  thoug h mos t  tracer s 
usuall y provid e th e minimu m informatio n necessar y fo r 
reconstructin g th e whol e 'story '  o f  a  program' s execu -
tion .  Tracer s ar e typicall y evaluate d i n term s o f  vari -
anc e i n explici t  informatio n abou t  thes e aspects ,  an d 
not  whethe r  suc h informatio n i s presen t  o r  absent .  Th e 
explicitnes s o f  informatio n i s partl y affecte d b y format , 
and tha t  interactio n wa s take n int o accoun t  i n design -
in g thi s study . 

Differences between Prolog Tracers 

Thi s stud y concentrate s o n investigatin g tw o dimen -
sion s o n whic h Prolo g tracer s vary ;  th e overal l  amoun t 
of  explici t  information ,  and ,  th e forma t  o f  presentatio n 
of  th e information .  Thre e tracer s wer e evaluated .  Th e 
first  tracer ,  Sp y (o r  Byr d Box )  i s rathe r  basi c wit h lim -
ite d explici t  informatio n presente d i n a  textua l  forma t 
whic h i s no t  alway s eas y t o comprehen d (Byr d 1980) . 
The secon d one .  Enhance d Prolo g Trace r  fo r  Beginner s 
(EPTB) ,  als o textual ,  wa s develope d b y Diche v an d d u 
Boula y (1989 )  t o overcom e som e o f  th e obviou s short -
coming s o f  Spy .  Th e thir d tracer .  Transparen t  Prolo g 
Machin e (TPM) ,  i s a n jrfeo/ise d versio n o f  a  commercia l 
produc t  base d o n wor k b y Eisenstad t  an d Braysha w 
(1988 )  whic h display s certai n informatio n suc h a s flow 
of  contro l  an d backtrackin g i n graphica l  representa -
tion s o f  A N D / O R trees . 

How d o tracer s var y i n term s o f  explici t  information ? 
I n thi s context ,  th e ter m informatio n refer s t o informa -
tio n abou t  when ,  ho w an d whic h clause s ar e matched . 
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ho w variable s ar e boun d t o (an d unboun d from )  partic -
ula r  value s a t  certai n point s i n th e runnin g o f  th e pro -
gram ,  an d th e overal l  flo w o f  control ,  includin g back -
tracking ,  togethe r  wit h th e succes s o r  failur e o f  goals . 
Tracer s provid e suc h informatio n mor e o r  les s exi)licitl y 
i n differen t  ways .  Fo r  example ,  Sp y doe s no t  explicitl y 
indicat e whic h claus e o f  a  predicat e i s bein g use d a t  an y 
point ,  wherea s E P T B an d T P M do .  And ,  Sp y refer s 
t o progra m variable s b y thei r  interna l  name s suc h a s 
'.405 '  while ,  T P M systematicall y label s variable s wit h 
letters ,  an d unlik e both ,  E P T B use s th e name s chose n 
by th e programme r  appende d wit h a  numerica l  sub -
scrip t  t o distinguis h betwee n copies .  Thoug h al l  thre e 
method s serv e th e sam e function ,  the y ar e no t  equall y 
useful . 

So tracer s ca n provid e usefu l  informatio n i n differen t 
ways dependin g o n emphasi s o n particula r  perspectiv e 
of  Prolog ,  whic h affect s thei r  relativ e informativeness . 
Becaus e informatio n i s partl y implici t  (e.g. ,  dow n th e 
scree n ordering )  an d partl y explici t  (numerica l  goa l 
numbers )  i t  i s  har d t o determin e th e unavailabilit y  o f 
information .  I n orde r  t o avoi d confusio n du e t o thi s 
i t  wa s assume d that ,  a s fa r  a s th e experimenta l  tas k 
was concerned ,  al l  thre e tracer s provid e th e sam e sor t 
of  information ,  an d tha t  an y mai n difference s i n thei r 
usefulnes s i s du e t o format .  Mor e realistically ,  i t  i s  ob -
viou s tha t  i n mos t  case s ther e woul d b e som e interac -
tio n betwee n forma t  an d informatio n content ,  an d s o 
any explanatio n o f  helpfulnes s o f  tracer s woul d hav e 
t o giv e a n accoun t  o f  suc h a n interaction .  Bu t  ou r 
stron g assumptio n o f  informatio n equivalenc e i s justi -
fied  becaus e th e stimul i  problem s wer e designe d an d 
teste d t o ensur e a  fai r  evaluatio n o f  simila r  feature s o f 
eac h tracer .  Further ,  th e sam e rigou r  i n designin g th e 
tas k materia l  enable d u s t o determin e mor e clearl y th e 
sourc e o f  suc h interaction . 

So assumin g tha t  th e informatio n conten t  o f  tracer s 
i s fixed  fo r  al l  relevan t  aspect s o f  Prolog ,  ho w ca n the y 
var y i n term s o f  format ? Tracer s ca n presen t  informa -
tio n i n a  mainl y graphi c o r  tex t  format .  Asid e fro m 
trivia l  cases ,  th e distinctio n betwee n graphi c an d tex -
tua l  forma t  i s rarel y clea r  cut ;  eve n i n a  full y  textua l 
forma t  th e seria l  orderin g o f  informatio n abou t  state s 
at  eac h ste p i n a  progra m ru n reflect s a n implici t  no -
tio n o f  tempora l  ordering ;  informatio n a t  an y ste p n 
i s partl y dependen t  o n informatio n a t  ste p n- 1 an d 
wil l  itsel f  determin e th e informatio n conten t  o f  ste p 
n+l .  Seria l  orderin g informatio n i s suc h a  cas e i s no t 
textua l  bu t  graphical .  Conversely ,  a  graphica l  trace r 
woul d b e o f  limite d valu e withou t  textua l  informatio n 
suc h a s th e valu e o f  boun d variable s a t  particula r  step s 
i n th e run .  However ,  fo r  ou r  purpose s a  crud e distinc -
tio n betwee n th e tw o categorie s o f  tracer s i s sufficien t 
becaus e ou r  ai m i s t o concentrat e o n difference s i n use -
fulnes s du e t o ver y broa d parameters ;  fo r  example ,  th e 
differenc e du e t o th e representatio n o f  flo w contro l  a s 
graphica l  A N D / O R tree s o r  a s linea r  orderin g o f  tex -
tua l  information . 

Th e followin g lis t  o f  genera l  advantage s o f  graphi c 
forma t  als o serve s t o highligh t  th e disadvantage s o f 

tex t  format .  I t  i s  include d t o ancho r  som e o f  th e basi c 
difference s betwee n graphi c an d tex t  formats .  S o m e o f 
th e advantage s suc h a s item s 7  an d 8  ar e dependen t  o n 
th e extr a degree s o f  freedo m provide d b y computer s 
and bit-mappe d screens . 

1.  Impact . 

2.  Proportiona l  spatia l  displa y ca n represen t  degre e o f 
relatedness . 

3.  Clarit y i n displa y o f  non-linearl y ordere d informa -
tio n suc h a s loop s an d backtracking . 

4.  A  degre e o f  abstractio n ca n hel p overcom e ambiguit y 
i n information . 

5.  Ca n displa y mor e tha n on e perspective ,  i f  informji -
tio n point s ar e relate d betwee n dimensions .  Als o 
possibl e i n textua l  format . 

6.  Enable s zoomin g i n an d ou t  t o acces s essentia l  rela -
tionshi p betwee n informatio n points . 

7.  Greate r  possibilit y  o f  displayin g dynami c proces s 
(animation )  wit h rea l  tim e updates .  Thoug h pos -
sibl e i n tex t  format s the y woul d lac k clarity . 

8.  Mor e direc t  acces s t o informatio n thoug h thi s de -
pend s o n th e versatilit y  o f  th e displa y method . 

Not e tha t  som e advantage s ar e no t  exclusiv e t o graphi c 
formats ,  an d other s ar e o f  limite d valu e unles s aug -
mente d wit h textua l  information .  Aestheti c aspect s 
of  graphi c representation s ca n improv e communicatio n 
efficienc y (Sh u 1988) ,  bu t  suc h improvemen t  ofte n de -
pend s o n th e natur e o f  informatio n bein g displayed .  I n 
th e cas e o f  Prolo g program s ther e i s a  limite d numbe r 
of  way s i n whic h informatio n abou t  flow  o f  contro l  an d 
backtrackin g ca n b e graphicall y displayed .  Fo r  exam -
ple ,  flow  o f  contro l  ca n b e represente d a s A N D / O R 
trees ,  OR-tree s (Hook ,  Taylo r  an d d u Boulay ,  1990 ) 
or  i n term s o f  flow  o f  satisfactio n arrow s (Clocksi n k 
Mellis h 1981) .  I n suc h case s th e spatia l  arrangemen t 
of  certai n aspect s o f  informatio n play s a  crucia l  rol e 
i n capturin g essentia l  an d importan t  relationship s be -
twee n differen t  part s o f  a  program .  Thi s woul d b e ex -
pecte d t o b e mor e helpfu l  i n solvin g problem s relate d 
t o flow  o f  contro l  an d backtracking .  However ,  majo r 
advantage s o f  graphi c format s combine d wit h graphi c 
terminals ,  m a y b e adversel y affecte d b y modalit y  mis -
matc h betwee n textua l  sourc e cod e an d graphi c trace , 
whic h i s a  possibl e sourc e o f  ambiguit y tha t  coul d af -
fec t  eas e o f  acces s t o information .  Ou r  result s indi -
cat e tha t  modalit y mismatc h ha s som e advers e effec t 
on subjects '  proble m solvin g performance .  Thu s ad -
vantage s o f  graphi c forma t  shoul d no t  b e regarde d a s 
uniforml y beneficial . 

Details of tracers 

Whil e i t  seem s tha t  a  graphi c forma t  ha s certai n ad -
vantage s ove r  mor e conventiona l  textua l  format ,  othe r 
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factor s ca n affec t  thei r  usefulnes s fo r  particula r  tasks . 
Tracer s use d i n thi s evaluatio n stud y ar e briefl y de -
scribe d t o illustrat e majo r  difference s betwee n them . 
Most  o f  th e emphasi s i s o n highlightin g th e effec t  o f 
forma t  o n informatio n abou t  certai n aspect s o f  Pro -
log ,  because ,  thoug h th e degre e o f  difference s betwee n 
tracer s i s partl y influence d b y ho w explici t  a n aspec t 
of  Prolo g i s presente d i n a  trac e output ,  solution s t o 
problem s use d i n thi s stud y depen d t o a  ver y larg e 
exten t  o n th e effec t  o f  forma t  o n eas e o f  acces s t o in -
formation .  Not e tha t  th e tracer s wer e no t  use d trul y a s 
tracer s i n a  dynami c way .  I n eac h cas e a n appropriat e 
scree n dum p o f  th e relevan t  trac e outpu t  wa s show n i n 
it s entirety ,  s o user s coul d no t  'grow '  th e trac e no r  ad d 
or  delet e informatio n fro m it .  Thus ,  variatio n betwee n 
metho d o f  contro l  betwee n tracer s wa s eliminated .  Ou r 
intentio n wa s no t  t o examin e th e tracer s 'i n th e round ' 
but  t o focu s o n th e influenc e o f  forma t  o n clarit y an d 
accessibilit y  o f  information . 

Spy 

Spy is a very basic textual (linear) tool and is included 
i n thi s stud y becaus e subject s wer e familia r  wit h it . 
The versio n use d i n thi s stud y di d no t  sho w syste m 
goals .  Thi s trace r  provide s mos t  o f  th e basi c informa -
tio n necessar y fo r  programmin g o r  debuggin g i n Pro -
log ,  bu t  muc h o f  i t  i s  implicit .  I n particular ,  th e rela -
tionshi p betwee n th e sourc e cod e an d th e trac e outpu t 
i s  no t  a s clearl y displaye d a s i t  i s  i n T P M an d E P T B , 
whic h ar e bot h designe d t o overcom e som e o f  th e obvi -
ous shortcoming s o f  Spy .  Give n th e basi c lac k o f  clarit y 
i n informatio n presentation ,  Sp y wa s no t  expecte d t o 
perfor m bette r  tha n T P M an d E P T B . 

Transparen t  Prolo g M a c h i n e 

TPM tracer makes use of a modified and extended 
A N D / OR tre e representation ,  an d i s a n interestin g il -
lustratio n o f  ho w graphica l  technique s ca n b e utilised . 
The trac e output s use d i n thi s stud y wer e modifie d 
t o includ e al l  th e relevan t  detail s whic h ar e normall y 
optionall y selecte d b y th e user .  Th e spatia l  layou t  o f 
T P M provide s a  grea t  dea l  o f  informatio n a t  a  glance , 
particularl y o n th e flow  o f  contro l  an d searc h space . 
The trac e als o seem s a  lo t  les s cluttere d tha n Sp y o r 
E P T B;  i t  gain s i n clarit y b y exploitin g som e o f  th e 
advantage s o f  graphi c forma t  outline d above .  How -
ever ,  th e us e o f  a  graphica l  representatio n o f  A N D / O R 
tree s restrict s th e scree n spac e availabl e fo r  informatio n 
abou t  predicate s wit h a  larg e numbe r  o f  argument s 
and/o r  lon g lists ,  o r  variable s wit h lon g names .  Thi s 
constrain t  i s  a  consequenc e o f  th e trace r  format .  Thi s 
proble m ca n b e overcom e b y includin g a  scrollin g facil -
it y  bu t  th e displa y o f  essentiall y  textua l  informatio n i s 
stil l  poo r  compare d t o mor e conventiona l  textua l  trac -
er s suc h a s E P T B an d Spy . 

E n h a n c e d Prolo g Trace r  fo r  Beginner s 

E P TB i s a  textua l  (linear )  trace r  (Diche v an d d u 
Boulay ,  1989 )  wit h a  stron g emphasi s o n givin g in -
formatio n abou t  dat a structure s an d variabl e bindin g 
i n th e trac e output .  I t  als o ha s som e othe r  feature s 
not  presen t  i n Spy ,  suc h a s informatio n o n reason s fo r 
failur e o f  goals .  Th e trace r  generall y make s mor e us e 
of  label s an d symbol s t o describ e differen t  section s o f 
a trac e output ,  an d a  wid e rang e o f  option s fo r  adju.st -
in g th e degre e o f  detai l  shown .  I t  i s  expecte d t o b e 
more helpfu l  (tha n Sp y o r  T P M )  fo r  solvin g problem s 
involvin g dat a structure s an d variabl e binding . 

Task and Motivation 

The tas k wa s designe d t o evaluat e difference s i n per -
formanc e du e t o trace r  type .  Problem s use d i n thi s 
stud y ca n b e roughl y divide d int o tw o distinc t  groups . 
Thei r  groupin g wa s crudel y determine d b y ho w th e so -
lutio n depende d o n certai n aspect s o f  Prolog .  Solutio n 
t o thre e problem s depende d o n informatio n relate d t o 
backtracking ,  clause s trie d an d undefine d predicates . 
And solutio n t o tw o mor e problem s depende d o n as -
pect s o f  informatio n abou t  recursion ,  syste m goals , 
goal s wit h variables ,  an d lis t  manipulation .  Th e reade r 
need no t  b e full y conversan t  wit h thes e aspect s o f  Pro -
log .  I t  wil l  suffic e t o comprehen d tha t  thes e categorie s 
refe r  t o distinc t  aspect s o f  Prolo g an d tha t  eas e o f  ac -
cess t o informatio n abou t  the m i s helpfu l  i n program -
min g an d debuggin g task s i n Prolog .  Th e experimen t 
examine d difference s i n performanc e du e t o trace r  (o r 
format )  type .  Sinc e informatio n abou t  certai n aspect s 
of  Prolo g varie d acros s tracers ,  a s fa r  a s possibl e prob -
lem s wer e designe d t o addres s informatio n abou t  as -
pect s o f  Prolo g whic h wer e commo n t o al l  thre e trac -
ers .  So ,  fo r  example ,  n o problem s directl y involvin g 
cut s wer e include d becaus e th e bi g differenc e betwee n 
th e informatio n provide d b y Sp y (whic h i s implicit ) 
and T P M (whic h i s ver y clear) .  Similarl y solution s t o 
problem s tha t  depende d o n explici t  informatio n abou t 
syste m goal s wer e exclude d becaus e Sp y an d EPTB , 
unlik e T P M ,  d o no t  provid e explici t  informatio n abou t 
them .  Problem s relate d t o suc h obviou s difference s i n 
th e exten t  an d qualit y o f  informatio n wer e avoided . 
Referenc e t o qualit y i s importan t  becaus e ofte n wha t 
i s no t  explicitl y  state d i n a  trace r  ca n ofte n b e de -
rive d fro m availabl e informatio n o n othe r  aspect s o f 
th e trace .  Thi s make s i t  mor e difficul t  t o distinguis h 
clearl y betwee n explici t  an d implici t  informatio n i n 
trac e outputs ,  whic h i s als o affecte d b y format . 

The nul l  hypothesi s i s tha t  ther e wil l  b e n o differ -
ence i n tim e o r  respons e du e t o trac e output .  I n othe r 
words ,  forma t  i s expecte d t o hav e n o effec t  o n eithe r 
th e spee d o r  accurac y o f  performance .  If ,  however ,  a 
significan t  differenc e i n subjects '  performanc e i s evi -
dent  the n i t  wa s assume d tha t  thi s woul d b e du e t o 
forma t  an d it s effec t  o n accessibilit y  t o information . 
Thi s follow s fro m th e £issumptio n outline d abov e tha t 
none o f  th e problem s wer e biase d i n favou r  o f  a  partic -
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Proble m 
Trace r 
T PM 
Spy 
EPTB 
Mean 

Grou p 1 
1 2 

55. 2 87. 1 
63. 8 102. 7 
70. 4 75. 8 
63. 1 88. 6 

3 
60. 2 
77. 3 
81. 7 
73. 1 

Grou p 2 
4 5 

75. 3 131. 9 
107. 4 163. 9 
69. 7 112. 4 
84. 2 136. 1 

Mean 
81. 9 

103. 1 
82. 0 

Tabl e 1 :  ST' s (sees. )  o f  Proble m b y Trace r  (n=43 ) 

ular type of tracer. The preliminary results presented 
her e sugges t  a n interestin g interactio n betwee n forma t 
and information . 

Metho d 

Al l  subject s ha d bee n expose d t o th e Sp y trace r  an d 
were give n a  computer-base d tutoria l  designe d t o ex -
plai n T P M an d EPTB .  O n reachin g a  require d leve l  o f 
competenc e i n usin g thes e tracer s subject s ha d t o solv e 
15 Prolo g problem s wit h th e ai d o f  trac e outputs .  Th e 
same problem ,  suitabl y disguised ,  wei s presente d thre e 
times ;  eac h tim e wit h a  differen t  trac e output .  Prob -
lems wer e presente d i n a  pseudo-rando m order .  Al l 
problem s ha d multipl e choic e responses .  Subject s wer e 
aske d t o solv e th e problem s b y referrin g t o th e accom -
panyin g trac e outpu t  an d t o d o s o a s accuratel y an d 
as quickl y a s possible .  Forty-thre e subject s complete d 
thi s task ,  whic h togethe r  wit h th e initia l  tutoria l  too k 
abou t  on e hour .  Dat a o n tim e spen t  o n solvin g eac h 
proble m an d correc t  respons e wer e collected . 

Results 

Solutio n time s (ST )  A N O VA wa s carrie d ou t  wit h sub -
ject s a s th e rando m facto r  an d Trace r  ( 3 levels )  an d 
Proble m ( 5 levels )  a s fixe d factors .  Al l  th e dat a wa s 
include d i n th e analyses .  Ther e wa s a  significan t  mai n 
effec t  o f  tracers ,  F(2,84 )  =  11.32 ,  p  <  0.001 ,  indicat -
in g tha t  S T i s dependen t  o n trace r  type .  Overall ,  sub -
ject s spen t  significantl y mor e tim e o n attempt s t o solv e 
problem s wit h Spy ,  tha n T P M o r  EPTB .  Ther e wa s a 
significan t  mai n effec t  o f  problems ,  F(4,168 )  =  42.14 , 
p <  0.001 .  Varianc e i n problem s difficult y woul d b e 
expecte d t o hav e thi s effec t  o n ST .  Broadl y speaking . 
Grou p 1  problem s (1 ,  2  an d 3 )  wer e easie r  t o solv e 
tha n Grou p 2  problem s ( 4 an d 5) ,  a s i s eviden t  fro m 
ST' s i n Tabl e 1 .  However ,  fa r  mor e interestin g i s th e 
significan t  interactio n betwee n tracer s an d problems , 
F(8,336 )  =  3.53 ,  p  <  0.001 .  ST' s var y accordin g t o 
tracer s fo r  eac h problem ,  an d thes e difference s ar e no t 
consisten t  acros s tracers .  Fo r  example ,  T P M aide d so -
lution s t o problem s 1  an d 3  requir e les s tim e E P T B . 
The revers e i s th e cas e fo r  th e remainin g 3  problems . 
Subject s ar e particularl y slo w a t  solvin g problem s 2 , 
4 an d 5  wit h Spy .  Thes e sort s o f  difference s i n mea n 
ST' s reflec t  difference s i n format ,  an d therefore ,  eas e i n 
acces s t o informatio n necessar y t o solv e problems .  Fo r 
instance ,  subjects '  faste r  solution s t o problem s 1  an d 3 
wit h T P M i s probabl y du e t o thei r  superio r  displa y o f 

Proble m 
Trace r 
T PM 
Spy 
EPTB 
Mean 

Grou p 1 
1 2  3 

90. 7 88. 4 72. 1 
93. 0 58. 1 76. 7 
86. 1 76. 7 79. 1 
89. 9 74. 4 76. 0 

Grou p 2 
4 5 

34. 9 41. 9 
11. 6 27. 9 
81. 4 72. 1 
42. 6 47. 3 

Mean 
66. 6 
53. 5 
79. 1 

-

Tabl e 2 :  % Correc t  Respons e o f  Proble m (n=43 ) 

informatio n whic h ca n b e take n i n 'a t  a  glance '  whic h 
i s particularl y usefu l  fo r  solvin g thos e problems . 

Difference s i n ST' s ar e mor e interestin g whe n jointl y 
considere d wit h respons e data .  A n A N O VA simila r  t o 
tha t  o f  S T dat a wa s carrie d ou t  o n responses .  Ther e 
was a  significan t  mai n eflFec t  o f  problems ,  F(4,8 )  = 
32.89 ,  p  <  0.001 ,  whic h reflect s th e varyin g leve l  o f  dif -
ficulty  o f  problems .  O n averag e subject s foun d Grou p 
1 problem s easie r  t o solve .  Ther e wa s als o a  signifi -
can t  mai n effec t  o f  tracers ,  F(2,8 )  =  23.06 ,  p  <  0.001 . 
Overal l  subject s performe d bes t  wit h E P T B an d wors t 
wit h Spy ,  a s illustrate d i n Tabl e 2 .  Ther e wa s a  signifi -
can t  interactio n betwee n trace r  an d problem ,  F(8,336 ) 
= 8.92 ,  p  <  0.001 .  Subject s performe d les s wel l  i n solv -
in g Grou p 2  problem s wit h wit h T P M an d Sp y tha n 
the y di d wit h EPTB .  Takin g int o accoun t  th e ST' s fo r 
EPTB,  th e correc t  respons e dat a indicate s tha t  th e ex -
tr a tim e wa s wel l  spent .  Fo r  Spy ,  th e result s sho w a n 
invers e relationship ;  highe r  ST' s fo r  problem s 2 ,  4  an d 
5 ar e reflecte d i n fa r  fewe r  correc t  responses .  Eve n 
when tryin g har d subject s wer e encounterin g sever e 
difficultie s i n solvin g problem s (particularly ,  proble m 
4)  wit h Spy .  Similarly ,  T P M wa s les s helpfu l  tha n 
E P TB fo r  solvin g problem s 4  an d 5 ,  thoug h ther e i s 
no consisten t  correlatio n (invers e o r  otherwise )  wit h 
ST's . 

Apar t  fro m Sp y accompanie d wit h proble m 2 ,  al l 
tracer s see m t o b e equall y usefu l  fo r  solvin g Grou p 1 
problems .  Bu t  the y tak e differen t  ST's ,  whic h indi -
cate s tha t  thoug h al l  thre e trace s hav e th e informa -
tio n necessar y t o solv e thes e problems ,  acces s t o i t  i s 
significantl y affecte d b y format .  Give n tha t  Grou p 1 
problem s ar e les s difficul t  t o solv e tha n Grou p 2  prob -
lems ,  thi s indicate s E P T B i s particularl y helpfu l  whe n 
solvin g mor e difficul t  o r  intricat e problem s i n Prolog . 

Discussion 

The result s sho w a  majo r  effec t  o f  trace r  forma t  o n sub -
jects '  abilit y  t o solv e Prolo g problems .  Overall ,  an d a s 
expecte d Sp y ha d th e mos t  shortcomings .  I t  doe s no t 
provid e informatio n o n syste m goals ,  an d th e simple , 
linea r  tex t  forma t  i s no t  goo d a t  conveyin g informatio n 
abou t  backtracking ,  mor e complicate d retr y clauses , 
and informatio n abou t  variable s involvin g lis t  manipu -
lations .  T P M i s goo d a t  givin g informatio n abou t  sys -
te m goal s an d provide s lis t  manipulations '  informatio n 
tha t  look s les s cluttere d tha n Sp y o r  E P T B .  However , 
E P TB i s bette r  a t  displayin g informatio n abou t  retr y 
clause s whic h explain s th e hig h frequencie s o f  correc t 
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solution s t o Grou p 2  problems .  EPTB' s goo d perfor -
mance acros s al l  problem s reflect s th e benefit s o f  a  for -

mat  tha t  ease s acces s t o a  rang e o f  usefu l  information . 
Thi s result s i n a  modes t  increas e i n ST' s a s user s hav e 
t o wor k throug h a  linea r  presentatio n o f  information , 
not  allowin g the m t o b e a s selectiv e abou t  focusin g o n 
specifi c  chunk s a s i n T P M .  E P T B canno t  exploi t  th e 
advantage s o f  spatia l  representation s fo r  thos e aspect s 
of  Prolo g whic h ca n b e bette r  presente d i n graphi c for -
mat s suc h a s T P M .  However ,  thi s shortcomin g i s offse t 
by othe r  advantage s suc h a s bette r  displa y o f  informa -
tio n o n lis t  manipulation s an d retr y clauses ,  bot h o f 
whic h d o no t  suffe r  fro m th e constraint s o f  graphi c 
forma t  -  thi s i s particularl y tru e fo r  lon g lis t  manip -
ulations . 

The linea r  natur e o f  textua l  format s impose s fewe r 
constraint s whic h partl y explain s EPTB' s bette r  per -
formance ,  an d th e remarkabl e differenc e i n TPM' s per -
formanc e betwee n Grou p 1  an d Grou p 2 .  Preliminar y 
analyse s o f  ST' s an d response s highligh t  tw o majo r 
effect s o f  forma t  o n informatio n accessibility .  First , 
graphi c format s benefi t  fro m greate r  impac t  an d clar -
ity ,  an d perfor m bes t  fo r  solvin g problem s associate d 
wit h th e relationshi p wit h variou s clause s i n a  Prolo g 
program .  Second ,  thi s advantag e onl y hold s fo r  simpl e 
program s wit h shor t  lis t  manipulation s an d relativel y 
fe w retr y clauses ;  program s wit h lon g lis t  manipula -
tion s o r  man y retr y clause s severel y tes t  th e limitation s 
of  graphi c tracer s suc h a s T P M versio n evaluate d i n 
thi s study .  Graphi c format s ar e fa r  mor e constraine d 
by a  lac k o f  spac e tha n linea r  textua l  formats .  I n th e 
latte r  mor e spac e i s create d b y simpl y addin g anothe r 
line ;  thing s ar e rarel y tha t  eas y t o fix  i n a  graphi c for -
mat  tracers ,  particularl y those ,  lik e T P M ,  whic h rep -
resen t  certai n basi c informatio n i n a n A N D / O R trees . 
Augmentin g A N D / O R tree s wit h textua l  informatio n 
can hel p overcom e som e o f  thes e constraint s t o a  lim -
ite d extent .  Howeve r  i t  i s  no t  clea r  tha t  thi s differenc e 
woul d scal e u p t o larg e program s writte n b y expert s 
wher e i t  ha s bee n argue d (e.g. ,  Eisenstad t  &  Braysha w 
1988 )  tha t  informatio n abou t  th e overal l  shap e o f  th e 
Prolo g executio n tre e i s advantageous . 

Give n th e findings  reporte d her e i t  seem s tha t  fo r  th e 
presentatio n o f  informatio n abou t  Prolo g program s ex -
ecutions ,  a  textua l  forma t  trace r  woul d b e adequat e 
fo r  novic e programmers .  Thi s doe s no t  impl y tha t 
graphi c format s ar e inherentl y unsuitable ,  bu t  th e re -
sult s indicat e tha t  advantage s o f  graphi c forma t  var y 
betwee n differen t  aspect s o f  Prolog .  Fo r  complicate d 
and inter-relate d informatio n suc h a s tha t  o f  a  Prolo g 
progra m execution ,  gain s i n clarit y o f  graphi c forma t 
resul t  i n les s tha n adequat e treatmen t  o f  relate d as -
pect s (thoug h a  graphi c base d approac h i s probabl y 
fa r  mor e effectiv e fo r  teachin g Prolog) .  Linea r  textua l 
format s ar e no t  similarl y constrained ;  mor e tha n on e 
aspec t  o f  a  comple x piec e o f  informatio n ca n b e simul -
taneousl y presented. ^  W e ar e a t  presen t  workin g o n a 

^This approach could increase the time required to as-

prototyp e (mainl y textual )  trace r  too l  whic h incorpo -
rate s th e relativ e advantage s o f  eac h forma t  typ e (Tay -
lor ,  d u Boula y k  Pate l  1991) .  I t  seem s tha t  thoug h 
forma t  ha s a  significan t  effec t  o n eas e o f  acces s t o in -
formatio n fo r  proble m solving ,  muc h o f  thi s effec t  i s 
modifie d b y othe r  variable s suc h a s th e amoun t  an d 
qualit y o f  informatio n an d it s relevanc e t o proble m so -
lutions ,  an d unti l  w e hav e a  muc h bette r  understandin g 
of  thi s comple x interaction ,  linea r  textua l  tracer s suc h 
as E P T B ar e mor e effectiv e i n helpin g Prolo g program -
mers solv e programmin g problems . 
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