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Departmen t  o f  Cognitiv e Scienc e 

Universit y o f  California ,  Sa n Dieg o 
L a J o U a , C A 92093-051 5 

f l o r @ c o g s c i . u c s d . e d u 

Abstrac t 

The argumentative discourse of computer programmers 
engage d i n a  collaborativ e programmin g tas k wer e analyze d 
as instance s o f  ecologicall y vali d reasonin g behavior . 
Teams o f  exper t  programmer s wer e brough t  int o a 
laborator y settin g t o wor k cooperativel y o n a  softwar e 
maintenanc e task .  Argument s whic h occurre d 
spontaneousl y i n th e cours e o f  th e tas k wer e examine d wit h 
respec t  to :  (a )  thei r  effec t  o n tas k performance ;  an d (b )  t o 
revea l  th e sort s o f  inferentia l  machiner y programmer s us e 
when the y reaso n wit h on e another .  Argument s wer e foun d 
t o b e importan t  i n th e formulatio n o f  plan s a s wel l  a s th e 
negotiatio n o f  strategi c prioritie s wit h respec t  t o th e task . 
Pragmati c feature s o f  th e programmers '  discours e reveale d 
extensiv e us e o f  framin g device s whos e efficac y depende d 
upon interpretatio n i n th e contex t  o f  linke d pragmati c 
scales . 

Introduction 

Traditiona l  approache s t o reasonin g i n cognitiv e scienc e 
involv e th e us e o f  prescriptiv e formalism s t o guid e 
research .  Thi s approac h involve s comparin g people' s 
actua l  behavio r  i n th e performanc e o f  deductiv e an d 
inductiv e inferenc e wit h tha t  predicte d b y forma l  theorie s 
of  logica l  an d statistica l  inference .  Classi c example s 
includ e studie s b y Tversk y an d Kahnema n (1981) ,  w h o 
demonstrat e th e inadequac y o f  thei r  huma n subject s t o 
make decision s i n accordanc e wit h Bayesia n probabilit y 
theory ,  an d W a s o n an d Johnson-Lair d (1966) ,  w h o 
demonstrat e a  simila r  disparit y betwee n th e characte r  o f 
thei r  subjects '  capacit y fo r  deductiv e inferenc e an d tha t 
dictate d b y firs t  orde r  predicat e calculus . 

Althoug h ih c traditiona l  approac h ha s succeede d i n 
generatin g a  productiv e researc h program ,  i t  i s  problemati c 
i n tw o respects .  First ,  th e us e o f  prescriptiv e formalism s i s 
at  odd s wit h th e goa l  o f  a  descriptiv e accoun t  o f  rationa l 
behavior .  Rathe r  tha n startin g wit h a  prescriptiv e forma l 
system ,  a  mor e empirica l  approac h t o th e investigatio n o f 
rationa l  behavio r  woul d star t  wit h observation s o f  people' s 
behavio r  i n situation s whic h paradigmaticall y requir e 
rationa l  thought .  Second ,  becaus e th e traditiona l  approac h 
has relie d upo n carefull y controlle d experimentation , 
consideration s o f  ecologica l  validit y hav e ofte n bee n 
lacking . 

Recen t  researc h indicate s tha t  intelligen t  behavio r  i s 
largel y th e resul t  o f  th e exploitatio n o f  historicall y 
establishe d knowledg e base s (e.g .  physics) ,  culturall y 
establishe d symbo l  system s (e.g .  calculus) ,  an d sociall y 
manufacture d tool s (e.g .  computers )  (Hutcbins ,  1994) . 
Further ,  th e pare d d o w n settin g o f  experimenta l  studie s 
ofte n lack s th e sort s o f  contextua l  clue s whic h enabl e 
cognitiv e activit y i n natura l  settings .  A  ful l  accoun t  o f 
rationa l  inferenc e require s supplementatio n o f  traditiona l 
studie s wit h observationa l  analyse s o f  ecologicall y vali d 
reasonin g behavio r  whic h occur s i n th e cours e o f  other , 
goal-oriente d behavior . 

O ne resourc e whic h ha s bee n underutilize d b y cognitiv e 
scientist s intereste d i n huma n reasonin g abilit y i s 
pragmatics .  Th e ga p betwee n th e litera l  conten t  o f 
speakers '  utterances ,  and ,  th e representatio n whic h th e 
heare r  eventuall y construct s o n th e basi s o f  tha t 
information ,  give s testimon y t o th e huma n capacit y fo r 
inference .  Moreover ,  pragmati c phenomen a whic h operat e 
i n rationa l  argumentatio n ar e particularl y german e t o th e 
stud y o f  reasoning . 

Becaus e th e defmin g characteristi c o f  rationa l  argumen t 
i s tha t  i t  appeal s t o one' s opponents '  reason ,  argumentatio n 
ca n b e see n a s a  paradigmati c exempla r  o f  rationa l 
behavior .  Consequently ,  w e propos e rhetorica l  theor y a s 
an alternativ e guid e t o reasonin g research .  Rhetori c i s a 
traditio n wit h ove r  200 0 year s o f  developmen t  whic h 
catalogue s th e us e o f  persuasiv e language .  I n contras t  t o 
formalism s whos e appea l  mus t  b e enforce d b y a n externa l 
authority ,  rhetorica l  theor y point s t o technique s whic h hav e 
prove n t o b e inuinsicall y compelling . 

Argument s tha t  occu r  betwee n programmer s i n th e 
performanc e o f  a  collaborativ e progranmiin g tas k thu s 
presen t  a n idea l  opportunit y fo r  th e stud y o f  ecologicall y 
vali d reasonin g behavior .  First ,  compute r  us e i s a  good , 
real-worl d applicatio n domai n i n whic h t o stud y comple x 
behavio r  (Norman ,  1986 ,  1987) .  Softwar e developmen t 
clearl y involve s cognitiv e activit y i n th e pursui t  o f  well -
define d goals .  Moreover ,  softwar e developmen t  ca n als o 
be a  highl y socia l  activit y involvin g frequen t  interaction s 
betwee n progranuner s an d wit h thei r  developmen t  tools . 
Th e argument s discusse d i n thi s pape r  ar e thos e whic h 
occurre d spontaneousl y i n th e coiu-s e o f  th e performanc e o f 
a comple x cognitiv e task . 
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Th e goa l  o f  thi s stud y wa s first ,  t o uncove r  th e way s i n 
whic h argumentativ e discours e affect s programmers ' 
performanc e o f  th e task ;  and ,  second ,  t o examin e th e 
pragmati c feature s o f  th e progranmiers '  argumentativ e 
discours e t o revea l  th e sort s o f  inferentia l  machiner y whic h 
the y exploi t  whe n the y reaso n wit h eac h other .  W e 
conside r  h o w sociall y share d representation s develo p ove r 
th e cours e o f  th e tas k an d h o w the y functio n t o organiz e 
and direc t  actions .  W e begi n b y reportin g som e genera l 
findings  an d procee d t o examin e on e exampl e i n detail . 

The Functional Role of Argument 

T o investigat e th e interaction s o f  programmer s a t  work ,  w e 
brough t  6  team s o f  2- 3 exper t  programmer s int o th e 
laborator y t o wor k togethe r  t o ad d ne w command s t o a n 
existin g compute r  gam e program .  Al l  subject s ha d ha d 
prio r  experienc e workin g togethe r  i n industr y o r  o n 
programmin g project s fo r  compute r  scienc e classes .  I n 
orde r  t o complet e th e task ,  programmin g team s ha d t o 
figure  ou t  h o w th e existin g progra m worke d an d the n t o 
figure  ou t  h o w t o modif y i t  t o mee t  th e tas k demands . 
Fro m a  maintenanc e perspective ,  th e progra m wa s fairl y 
complex ,  involvin g tw o module s o f  approximatel y 150 0 
line s each ,  sprea d ou t  ove r  1 4 sourc e files  i n tw o 
subdirectories .  Durin g th e session ,  bot h subject s ha d thei r 
o wn compute r  termina l  an d wer e seate d nex t  t o on e 
another .  T w o vide o camera s wer e se t  u p i n sigh t  o f  th e 
subjects .  O n e recorde d th e programmers '  displays ,  whil e 
th e othe r  wa s positione d t o recor d change s i n bod y 
positions . 
Transcriptio n an d coding .  Afte r  eac h session ,  a  complet e 
transcriptio n o f  th e sessio n wa s prepare d an d incident s o f 
argumentativ e discours e wer e code d independentl y b y tw o 
coders .  Argumentativ e discours e i s define d a s discours e 
whic h contain s a n expresse d disagreemen t  betwee n parties . 
I n a n argument ,  then ,  on e member  o f  th e programmin g 
tea m espouse s a  belie f  o r  pla n o f  actio n wit h whic h th e 
othe r  programme r  expresse s doub t  o r  disapproval . 
Intercode r  agreemen t  wa s 9 0 % .  Afte r  coding,  instance s o f 
intercode r  discrepanc y wer e the n evaluate d jointl y b y th e 
coder s t o determin e whethe r  particula r  instance s o f 
discours e fulfille d th e criteri a o f  th e definition .  Thi s 
discussio n resulte d i n th e labelin g o f  severa l  section s o f 
discours e a s pseudoarguments ,  discours e initiall y  code d a s 
an argumen t  b y on e o f  th e coders ,  an d subsequentl y 
discarded . 

When do arguments occur? 

I t  wa s initiall y  hypothesize d tha t  arguments ,  whe n the y 
occurred ,  woul d occu r  a t  Uransitio n point s i n th e 
programmin g task .  Althoug h ther e are ,  theoretically ,  a n 
infinit e numbe r  o f  algorithm s on e ca n deplo y t o solv e a 
programmin g problem ,  realisticall y speakin g th e choic e o f 
a particula r  algorith m i s quit e consu-ained .  O n e migh t 
gues s tha t  argument s functio n t o constrai n th e choic e o f 
algorithms .  Becaus e th e tas k involve d modificatio n o f  a n 
existin g program ,  transitio n point s wer e define d a s period s 
i n whic h th e tea m wa s activel y editin g th e code . 
Additions ,  modifications ,  an d deletion s o f  th e cod e a s 

reveale d b y scrip t  ( a U N I X routin e whic h exhaustivel y 
record s al l  character s displaye d o n th e compute r  screen ) 
wer e marke d i n th e verba l  transcrip t  an d thei r  positio n wa s 
compare d t o th e positio n o f  argumentativ e incident s i n th e 
transcript .  Whil e argument s occasionall y occu r  a t  point s 
of  transition ,  thi s  i s no t  necessaril y  th e case . 

Thu s th e hypothesi s tha t  th e functiona l  rol e o f  argumen t 
lie s chiefl y i n th e plannin g phas e tas k wa s disprove d i n it s 
stronges t  form .  However ,  argumentativ e discours e clearl y 
play s som e rol e i n th e team' s pla n formatio n process . 
Argument s frequentl y occu r  becaus e o f  contradictor y plan s 
abou t  h o w t o procee d an d thu s involv e discours e ove r  tw o 
or  mor e competin g plans .  O n e suc h exampl e i s discusse d 
i n detai l  i n th e sectio n labelle d th e Righ t  W a y versu s th e 
Not  S o Righ t  W a y . 

Why do arguments occur? 

Coder s divide d th e argument s int o si x categories : 
implementatio n details ,  responsibility ,  environment , 
completion ,  divisio n o f  labor ,  an d strategy .  Th e relativ e 
proportio n o f  eac h typ e o f  argumen t  i n th e fou r  two-perso n 
programmin g team s i s displaye d i n Char t  1 .  B y fa r  th e 
most  frequen t  sor t  o f  argumen t  concerne d implementatio n 
details ,  whic h comprise d 4 5 % o f  th e dispute s amon g two -
perso n teams .  Implementatio n detail s concer n 
contradictor y proposal s b y th e programmer s abou t  ho w t o 
writ e specifi c  element s o f  th e code .  Thi s include s thing s 
suc h a s h o w t o implemen t  a  specifi c  idea ,  wher e t o ad d a 
specifi c  subroutine ,  whethe r  o r  no t  t o implemen t  a 
particula r  way ,  an d argument s abou t  th e interpretatio n o f 
existin g code . 

Envronraen I 
13 % 

ImplenienlBio n 
B e ) * 

4 5 % 

Cotnpleb o 

Drvisio n o f 
Labor 
15% Ist ^ 

Char t  1 .  Distributio n o f  argumen t  topics . 

Environment disputes included arguments concerning the 
computationa l  environment ,  suc h a s th e locatio n i n th e 
code ,  o r  th e wa y cUent-serve r  works .  The y comprise d 
1 3 % o f  th e arguments .  Argument s abou t  bot h th e 
environmen t  an d abou t  unplementatio n detail s hel p th e 
programmin g team s construc t  share d menta l  model s o f  th e 
program' s structur e whic h ultimatel y serv e t o determin e 
thei r  cours e o f  action .  W e discus s th e detail s o f  ho w 
argument s ai d th e establishmen t  o f  share d menta l  model s 
i n forthcomin g wor k (Coulso n &  Flor ,  i n progress) . 

Responsibilit y  dispute s involv e disagreemen t  ove r  whic h 
programme r  wa s t o receiv e credi t  o r  blam e fo r  a  give n 
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piec e o f  th e code ,  an d issue s suc h a s wh o wa s doin g mor e 
work .  Onl y 6 % o f  th e argument s wer e specificall y abou t 
responsibility .  However ,  1 5 % o f  th e argument s concerne d 
th e divisio n o f  labor .  Divisio n o f  labo r  involve s dispute s 
concernin g whic h programme r  shoul d perfor m whic h task . 
Becaus e o f  th e constraint s o f  th e computin g environment ,  a 
goo d wa y t o divid e th e labo r  i s t o hav e on e participan t 
dictat e change s whil e th e othe r  implement s them .  Analysi s 
reveal s tha t  bot h responsibilit y  dispute s an d explici t 
dispute s ove r  th e divisio n o f  labo r  affec t  wh o occupie s th e 
dictator' s role .  However ,  i t  i s  no t  th e cas e tha t  th e perso n 
who win s th e mos t  argument s get s t o dictat e th e changes . 
Rather ,  i t  i s  th e perso n whos e argument s tur n ou t  t o b e th e 
most  well-founded .  Responsibilit y  disputes ,  becaus e the y 
can hel p establis h th e relativ e validit y o f  th e programmers ' 
competin g strategies ,  see m t o pla y a n importan t  rol e i n th e 
socia l  organizatio n o f  th e team . 

Argumentativ e discours e i s als o involve d i n th e 
establishmen t  o f  share d goa l  structure s wiU i  respec t  t o th e 
task .  Normativ e aspect s o f  progranmiin g wer e discusse d 
chiefl y i n th e contex t  o f  completio n arguments ,  whic h 
comprise d 6 % o f  th e arguments ,  an d strateg y disputes , 
whic h comprise d 1 5 % o f  th e arguments .  Completio n 
argument s concer n whethe r  a  particula r  piec e o f  code ,  o r 
th e endeavou r  a s a  whole ,  shoul d coun t  a s finished. 
Strateg y dispute s involv e th e programmers '  genera l 
approac h t o di e task .  Whil e argument s code d a s strateg y 
argument s frequentl y bega n a s dispute s regardin g 
implementatio n details ,  the y ar e no t  necessaril y 
implementatio n related .  Strateg y argument s frequentl y 
concer n issue s o f  time-managemen t  an d involv e discussio n 
about  th e relativ e merit s o f  top-dow n versu s bottom-u p 
approaches ,  understandin g th e tas k versu s actin g t o 
complet e th e task ,  an d th e eleganc e versu s th e eas e o f  a 
particula r  implementation .  Th e upsho t  o f  thes e argument s 
frequentl y ha s direc t  ramification s fo r  th e completio n o f 
th e programmin g task . 

Moreover ,  analysi s o f  th e argument s examine d i n thi s 
stud y uncovere d severa l  persisten t  trend s i n th e natur e o f 
th e appeal s th e programmer s mad e i n th e cours e o f  thei r 
arguments .  Thi s agreemen t  i n th e fac e o f  disagreemen t 
suggest s tha t  th e programmer s wh o participate d i n dii s 
stud y shar e certai n fundamenta l  assumption s an d values . 
Thes e includ e th e virtu e o f  simplicity ,  minima l  standard s 
fo r  code ,  an d th e necessit y o f  a  speed/eleganc e trade-off : 

•  Simplicit y i s a  virtue :  othe r  thing s bein g equal ,  cod e 
whic h i s easies t  fo r  th e programmer s t o implemen t  i s th e 
preferre d solution . 

•  Minima l  standard s fo r  code :  whe n modifyin g cod e 
writte n b y othe r  programmers ,  i t  i s  unacceptabl e t o writ e 
cod e whic h i s o f  a  lowe r  standar d tha n th e existin g code . 

•  Speed/Eleganc e trade-off :  i t  i s  permissibl e t o sacrific e 
th e eleganc e o f  you r  cod e i f  th e spee d o f  implementatio n i s 
more important . 

The Right Way vs. the Not-so-right Way 

The exampl e examine d i n thi s sectio n concern s a 
strategi c argument ,  a n argumen t  whic h turn s o n a  decisio n 
about  wha t  sor t  o f  strategi c emphasi s th e tea m shoul d 

employ .  I n th e followin g example ,  th e issu e concern s 
whethe r  t o emplo y a  'quic k an d dirty '  versu s a  mor e 
elegan t  solutio n t o a  particula r  programmin g problem .  Th e 
programmer s ar e implementin g a  c o m m a n d tha t  allow s 
player s o f  th e gam e t o eavesdro p o n on e another .  T o d o 
this ,  the y hav e t o find a  wa y t o stor e th e name s o f  th e 
player s wh o ar e eavesdroppers .  Thei r  ensuin g argumen t 
ca n b e foun d i n Tabl e 1 . 

Tabl e 1 .  Transcrip t  o f  argumen t  betwee n R ,  L ,  an d A . 
1/ R 

2/ 

3/ L 
4/ R 
5/ 

6/ 
7/ A 

8/ R 
9/ 
10/ A 
11/ R 

12/ 
13/ L 
14/ R 

15/ A 
16/ L 

17/ A 
18/ L 

19/ A 
20/ L 
21/ R 

22/ 
23/ L 

24/ A 

25/ R 

26/ A 
27/ L 
28/ A 
29/ R 
30/ A 

31/ R 
32/ L 
33/ A 
34/ 
35/ R 

36/ A 

We don' t  wai t  w e don' t  nee d t o mak e a  lis t  o r 
anythin g d o we ? 
Al l  w e nee d i s a  characte r  arra y t o stor e th e 
name o f  th e perso n who' s eavesdroppin g o n thi s 
person . 

But  what ,  w e nee d a  lis t  o f  w e nee d a  lis t  o f  th e 

Oh,  i n cas e a  lo t  o f  peopl e ar e eavesdroppin g 
[whispers ]  n o n o righ t  n o w thi s onl y support s 
tw o people . 
let' s  onl y mak e i t  wor k fo r  tw o flaughs l 

[laughs ]  H e didn' t  g o throug h th e troubl e t o pu t 
down mor e user s 
Yeah,  s o let' s  no t  let' s  worr y abou t  tha t 
that' s a  futur e enhancemen t 
That' s fo r  th e nex t  re v 
Yeah,  s o let' s  jus t  d o i t  th e simpl e wa y 

Let' s g o bac k t o 
Noo that' s 
my globa l  variabl e wa y 
Wait ,  wait ,  wait ,  wait ,  wait ,  well ,  well ,  se e 
No,  let' s  no t  d o i t  tha t  way ,  let' s  d o i t  th e righ t 
way. 
Ar e yo u guy s hungr y o r  not ? [laughs ] 
C'mo n 

[look s a t  Laura ]  twent y dl l  eigh t 
It' s  no t  tha t  hard . 
Ther e ar e thre e o f  u s her e becaus e we'r e 
suppose d t o vot e o n things . 
The quic k wa y 
[pushe s A' s hea d down ,  A  laughs ]  She' s ou t  o f 
th e pictur e 
[laughs ] 
or  th e Laur a wa y [pause ]  th e quic k wa y [raise s 
hand ] 
Whatever . 
You mea n th e righ t  wa y o r  th e wron g way . 
[laughs ] 
Defin e those . 
There' s th e righ t  wa y an d th e semi-righ t  way , 
yeah ? 
The fas t  wa y an d th e Laur a way . 
You'r e no t  starving . 
Kind a sorta . 
I' m unemploye d remembe r  [laughs] . 
Okay ,  okay ,  okay ,  we'l l  mak e a  lis t  i f  yo u 
wanna,  list s ar e easy . 
Okay s o let' s  let' s  d o i t  [pause ]  chec k ou t  do t  h . 
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Th e tea m consider s tw o differen t  way s i n whic h th e 
eavesdro p c o m m a n d coul d b e implemented .  R' s 
suggestio n i s t o us e a  characte r  array ,  a  dat a structur e 
capabl e o f  representin g th e n a m e o f  a  singl e eavesdropper . 
L,  however ,  insist s tha t  wha t  i s neede d i s actuall y a  linke d 
lis t  o f  characte r  arrays .  Th e differenc e betwee n th e tw o 
suggestion s i s tha t  a  characte r  arra y ca n stor e th e nam e o f 
on e eavesdropper ,  whil e a  linke d lis t  ca n stor e a n indeflnit e 
number  o f  eavesdroppers '  names . 

R' s comment s i n line s 4  an d 5 ,  bi s whispering ,  an d bi s 
laughte r  al l  sugges t  tha t  h e i s awar e o f  thi s differenc e an d 
tha t  h e consider s bi s o w n suggestio n t o b e les s tha n 
optimal .  However ,  R  point s ou t  tha t  th e progra m i s 
currentl y se t  u p s o tha t  a  m a x i m u m o f  2  player s ca n pla y 
th e game .  Becaus e ther e wil l  neve r  b e mor e tha n on e 
eavesdroppe r  i n a  2-playe r  game ,  al l  tha t  i s  reall y neede d 
t o mak e th e functio n wor k i s a  dat a structur e t o stor e a 
singl e player' s name .  A  characte r  arra y an d a  linke d lis t 
wil l  thu s functio n equall y well .  Whil e th e characte r  arra y 
i s easie r  t o implement ,  th e linke d lis t  i s  preferabl e fro m a 
maintenanc e perspectiv e becaus e i t  ca n remai n unchange d 
i f  an d w h e n th e gam e i s modifie d t o suppor t  mor e users . 

R' s pro]X)sa l  meet s wit h immediat e suppor t  fro m A . 
Further ,  A' s justificatio n i n lin e 7  appeal s t o th e sentimen t 
tha t  th e standar d o f  th e n e w cod e nee d no t  excee d th e 
standar d o f  th e existin g code .  Thi s justificatio n occurre d 
frequentl y i n programmer s argument s t o justif y suboptima l 
programmin g procedures ,  suc h a s th e failur e t o commen t 
cod e o r  t o provid e warning s t o user s t o aler t  the m whe n 
the y doin g somethin g illegal . 

Eve n th e mos t  cursor y inspectio n o f  th e transcrip t  point s 
t o th e exten t  t o whic h th e programmers '  argument s rel y o n 
th e particula r  wa y i n whic h the y describ e th e tw o 
suggeste d solutions .  Thes e description s serv e t o fram e th e 
suggestion s i n way s whic h hav e definit e implication s fo r 
th e choic e o f  whic h solutio n t o adop t  Fo r  instance , 
conu-as t  th e term s use d b y L  wit h thos e use d b y R  t o refe r 
t o th e tw o candidat e solutions .  Wherea s L  refer s t o th e 
linke d lis t  a s th e righ t  wa y (lin e 16) ,  R  frame s th e linke d 
lis t  suggestio n a s a  futur e enhancemen t  (lin e 9) .  Bot h 
phrase s (th e righ t  wa y an d a  futur e enhancement )  cas t  th e 
linke d lis t  suggestio n i n a  favorabl e light .  However ,  whil e 
R an d A  impl y tha t  th e linke d lis t  suggestio n shoul d b e 
implemente d b y a  futur e team ,  L  implie s tha t  i t  i s  she ,  R , 
an d A  w h o shoul d implemen t  th e linke d list . 

R' s argumen t  i n favo r  o f  th e characte r  arra y solutio n i s 
base d o n a n appea l  t o simplicity :  th e characte r  arra y i s 
easie r  fo r  th e progranmiin g tea m t o implemen t  tha n th e 
linke d list .  Appea l  t o simplicity ,  lik e th e appea l  t o th e 
standar d o f  th e existin g code ,  i s anothe r  justificatio n whic h 
occur s repeatedl y i n programmers '  arguments .  Th e 
programmer s w h o participate d i n thi s stud y clearl y 
conside r  simplicit y t o b e a  virtue ,  especiall y whe n i t  refer s 
t o th e complexit y o f  th e task s fo r  whic h the y ar e 
responsible .  So ,  b y framin g hi s o w n solutio n (i n lin e 11 ) 
as th e simpl e way ,  R  implie s tha t  th e characte r  arra y i s th e 
preferabl e cours e o f  action . 

I n line s 1 2 an d 16 ,  L  object s t o R  an d A' s join t  proposa l 
and offer s he r  o w n w a y o f  framin g th e tw o solutions .  L 

refers ,  i n lin e 16 ,  t o th e characte r  arra y solutio n a s tha t 
way,  an d t o th e linke d lis t  solutio n a s th e righ t  way .  L' s 
us e o f  th e dista l  deicti c i n tha t  wa y (lin e 16) ,  (a s oppose d 
t o th e proxima l  deicti c i n thi s way )  suggest s tha t  sh e i s 
distancin g hersel f  fro m th e characte r  arra y solution . 
Moreover ,  he r  us e o f  th e definit e rather  tha n th e indefinit e 
determine r  i n th e righ t  wa y (a s compare d t o a  righ t  way ) 
emphasize s L' s conunitmen t  t o th e linke d lis t  suggestio n a s 
th e uniqu e solutio n t o th e proble m a t  band . 

Change over time 

Table s 2 a an d 2 b contai n th e word s whic h eac h o f  th e thre e 
programmer s use s t o refe r  t o th e linke d lis t  solutio n (2a ) 
and th e characte r  arra y solutio n (2b) .  Th e wa y i n whic h 
eac h programmer' s characterizatio n o f  th e tw o solution s 
change s ove r  th e cours e o f  th e argumen t  i s instructiv e a s t o 
thei r  changin g commitment s t o th e respectiv e solutions . 
As note d above ,  L  initiall y  refer s t o th e characte r  arra y a s 
tha t  wa y (lin e 16) ,  an d late r  a s th e wron g wa y (lin e 27) .  R , 
on th e othe r  hand ,  initiall y  characterize s thi s suggestio n 
wit h th e relativel y neutra l  phrase ,  a  characte r  arra y (lin e 
2) ,  late r  shiftin g t o a  characterizatio n consonan t  wit h hi s 
appea l  t o simplicity .  R  refer s t o th e characte r  arra y 
solutio n a s th e singl e wa y i n lin e \l ,  th e quic k wa y i n line s 
2 2 an d 25 ,  an d th e fas t  wa y i n lin e 31 . 

Similarly ,  L  shift s fro m a  relativel y neutra l 
characterizatio n o f  th e linke d lis t  a s simpl y a  lis t  (lin e 3) , 
t o on e whic h strongl y suggest s he r  commitmen t  t o it .  B y 
lin e 1 6 th e linke d lis t  solutio n ha s becom e th e righ t  way ,  i s 
describe d a s bein g no t  tha t  har d (lin e 20) ,  an d i s referre d t o 
agai n i n lin e 2 7 a s th e righ t  way .  Furthermore ,  R' s 
characterizatio n o f  th e linke d lis t  solutio n undergoe s a 
paralle l  shif t  i n th e opposit e direction .  H e initiall y  refer s 
t o th e linke d lis t  solutio n wit h th e neutra l  phras e a  lis t  (lin e 
1) .  However ,  b y lin e 9 ,  i t  ha s becom e a  futur e 
enhancement .  And ,  i n line s 2 5 an d 31 ,  R  call s th e linke d 
lis t  solutio n th e Laur a way .  Referrin g t o th e solutio n i n 
thi s wa y uniquel y identifie s L  a s responsibl e fo r  th e 
possibl e cost s an d benefit s o f  th e propose d solutio n an d 
underscore s th e fac t  tha t  sh e (a t  leas t  a t  lin e 25 )  i s it s sol e 
proponent . 

Table 2a. Linked list solution. 
L 

3/  a  lis t 

16/th e right  wa y 
20/  no t  tha t  har d 

27/  th e right  wa y 

R 
1/  a  lis t 

9/  a  futur e 
enhancemen t 

25/  th e Laur a wa y 

31/th e Laur a wa y 
35/eas y 

A 

10/  fo r  th e nex t  re v 

30/  th e right  wa y 

Tabl e 2a .  Eac h colum n contain s phrase s use d b y programmer s L , 
R,  an d A  t o refe r  t o th e linke d lis t  solution .  Eac h phras e i s 
tagge d wit h it s lin e numbe r  fro m th e transcrip t  i n Tabl e 1 . 
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I n thi s discourse ,  A  emerge s a s th e leas t  firmly 
committed .  He r  onl y explici t  referenc e t o th e character -
arra y solutio n occur s quit e lat e i n th e excerpt ,  a s th e semi -
righ t  wa y i n lin e 30 .  Thi s descriptio n contrast s bot h wi( h 
R' s phras e th e quic k wa y an d wit h L' s phras e th e wron g 
way i n a  wa y whic h mark s A  a s occupyin g a  positio n 
intermediat e t o thos e o f  th e othe r  2  programmers . 
Moreover ,  A' s utterance s wit h respec t  t o th e linke d lis t 
solutio n indicat e he r  initia l  allianc e wit h R  (fo r  th e nex t  re v 
i n lin e 10) ,  an d late r  capitulatio n t o L' s positio n {th e righ t 
way i n lin e 30) . 

Table 2b. Character Array Solution 

16/  tha t  wa y 

27/ the wrong 
way 

R 
2/  a  characte r 

arra y 
11/  th e simpl e wa y 

22/ the quick way 
25/  th e quic k wa y 

31/  th e fas t  wa y 

30/  th e semi-righ t 
way 

Tabl e 2b .  Eac h colum n contain s th e phrase s use d b y 
programmer s L ,  R ,  an d A  t o refe r  t o th e characte r  arra y solution . 

I n spit e o f  hi s appea l  t o th e democrati c process ,  R 
eventuall y accede s t o L' s manne r  o f  framin g th e linke d lis t 
solution .  Th e conu^ t  betwee n R' s earl y implicatio n tha t 
th e linke d lis t  solutio n i s mor e difficul t  tha n th e situatio n 
warrant s an d bi s characterizatio n o f  list s a s eas y i n lin e 3 5 
clearl y signa l  R' s capitulatio n t o L' s framin g o f  th e 
solution . 

Linked Pragmatic Scales 

Severa l  o f  th e programmers '  utterance s poin t  t o thei r  us e o f 
pragmati c scale s a s th e contex t  agains t  whic h thei r 
statement s shoul d b e interpreted .  A  pragmati c scal e 
consist s o f  object s o r  scenario s ordere d alon g relevan t 
semanti c dimension s (se e Levinson ,  198 3 fo r  review) . 
Once ordered ,  statement s whic h concer n on e m e m b er  o f 
th e scal e entai l  proposition s abou t  othe r  member s o f  th e 
scale .  Th e progranmiers '  discours e contain s referenc e t o 
(i )  varyin g degree s o f  th e eas e o f  eac h implementatio n 
{simpl e versu s no t  tha t  hard) ,  (ii )  th e expecte d spee d o f 
completin g eac h implementatio n {quic k way ,  fas t  way) , 
(iii )  th e normativ e correcmes s o f  eac h implementatio n {th e 
righ t  way ,  th e semi-righ t  way ,  an d th e wron g way) ,  an d 
(iv )  th e degre e o f  thei r  o w n hunge r  {hungr y versu s no t 
starving) . 

I t  i s  th e interpretatio n o f  A' s utterance s i n th e contex t  o f 
linke d pragmati c scale s whic h lend s the m impor t  extendin g 
beyon d thei r  litera l  content .  A' s rhetorica l  question .  Ar e 
yo u guy s hungr y o r  not ? (lin e 17) ,  a s wel l  a s he r  mentio n 
of  th e tim e (i n lin e 19 )  sugges t  tha t  sh e favor s th e characte r 
arra y solutio n becaus e i t  wil l  tak e les s tim e t o implement . 
Al l  thre e o f  th e programmer s k n o w tha t  th e faste r  the y 
finish  th e program ,  th e soone r  the y ca n g o ou t  t o dinner . 
The admissio n o f  hunge r  b y an y on e o f  th e programmers . 

then ,  ca n b e interprete d a s th e expressio n o f  th e desir e t o 
finish  th e programmin g tas k quickly .  Moreover ,  becaus e i t 
i s  usuall y faste r  t o implemen t  a  simpl e solutio n tha n a 
mor e complicate d solution ,  th e goa l  o f  finishing  th e tas k 
quickl y i s bes t  accomplishe d b y implementin g th e simples t 
solution . 

Th e logi c behin d A' s mentio n o f  hunge r  (i n lin e 17 )  an d 
her  statemen t  o f  th e tim e relie s o n th e existenc e o f  linke d 
pragmati c scales .  Fo r  example .  Figur e A  depict s scale s 
linke d b y th e assumptio n tha t  th e eas e o f  implementin g a 
particula r  piec e o f  cod e i s relate d t o h o w quickl y i t  ca n b e 
implemented .  Thu s eac h poin t  o n th e Eas e o f 
Implementatio n scal e ha s a  correspondin g poin t  o n th e 
Speed o f  Implementatio n scale .  W h e n scale s ar e linke d i n 
thi s manner ,  locatin g a n objec t  o n on e scal e carrie s th e 
implicatio n tha t  i t  occupie s th e correspondin g poin t  o n th e 
linke d scale .  Thi s make s i t  possibl e t o implicat e h o w 
quickl y a  solutio n ca n b e unplemente d b y makin g 
referenc e t o th e perceive d eas e o f  implementation . 
Similarly ,  statin g tha t  i t  wil l  tak e a  lon g tim e t o implemen t 
a particula r  functio n implicate s th e difficult y o f  th e task . 

Ease o f  Implementatio n 
—simpl e 
—moderat e 

—difficul t 

Speed o f  Implementatio n 
— fas t 

quic k 

slo w 

Figur e A .  Quic k an d easy .  Figur e A  depict s tw o linke d scales : 
th e scal e o f  th e eas e o f  implementatio n an d th e scal e o f  th e spee d 
of  implementation .  Onc e linked ,  statement s whic h locat e a n 
objec t  o n on e scal e implicat e a  correspondin g locatio n o n th e 
adjacen t  scale .  Fo r  example ,  statin g tha t  a  functio n wil l  b e 
implemente d quickly ,  implicate s tha t  i t  wil l  b e relativel y simpl e 
t o implement . 
Figures B and C depict scales linked by the knowledge 
of  th e specifi c  situatio n o f  th e progranunin g tea m 
comprise d o f  R ,  L ,  an d A  tha t  th e soone r  the y finish  th e 
progranmiin g task ,  th e soone r  the y ca n ea t  dinner .  Thu s 
A' s utterance s i n line s 1 7 an d 1 9 implicat e spee d a s a n 
importan t  facto r  i n th e decisio n o f  whic h solutio n t o adopt . 
Th e combinatio n o f  th e lin k betwee n spee d an d eas e o f 
implementation ,  R' s framin g o f  th e characte r  arra y solutio n 
as th e simpl e way ,  an d th e link s betwee n lateness ,  hunge r 
and th e importanc e o f  speed ,  al l  conspir e t o promot e th e 
characte r  arra y a s possessin g a  qualit y whic h ha s bee n 
contextuall y establishe d a s th e relevan t  qualit y o n whic h 
th e group' s decisio n i s t o b e based . 

Viewe d agains t  th e backdro p o f  th e scale s linke d i n 
Figure s A ,  B ,  an d C ,  L' s statemen t  abou t  th e linke d lis t 
solution ,  {It' s  no t  tha t  har d i n lin e 20 )  ca n b e construe d a s 
an attemp t  t o relocat e th e linke d lis t  solutio n o n th e eas e 
scale .  Becaus e th e eas e o f  implementatio n i s linke d t o th e 
spee d scale ,  L  implicate s tha t  he r  solutio n wil l  no t  tak e a n 
inordinat e amoun t  o f  tim e t o implement .  Not e that ,  a t  leas t 
i n lin e 20 ,  L  ha s no t  take n issu e wit h an y o f  th e genera l 
principles .  Sh e doe s no t  argu e agains t  th e principl e tha t 
spee d i s relate d t o difficult y (i n fact ,  sh e relie s o n it) .  Sh e 
doe s no t  argu e agains t  th e notio n tha t  spee d i s a  virtue ,  tha t 
simplicit y i s a  virtue .  A n d neithe r  doe s sh e argu e tha t 
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eatin g i s a n importan t  goal .  Instea d sh e stay s withi n th e 
framewor k o f  th e linke d scale s establishe d b y A . 

Latenes s 

extremel y 

fairly 

early 

Degre e o f  Hunge r 

— starving 

— moderate 

— not hungry 

Figur e B .  Latenes s an d Hunger .  Figur e B  depict s th e linke d 
scale s o f  Latenes s an d th e E>egre e o f  Hunger . 

Degre e o f  Hunge r  -

— starving 

— moderate 

— not hungry 

Importanc e o f  Spee d 

utmos t 

moderate 

unimportant 

Figur e C .  Hunge r  =  Importanc e o f  Speed .  Figur e C  depict s th e 
linke d scale s o f  Hunge r  an d th e Importanc e o f  Speed . 

However, in the face of the alliance between A and R, L 
change s th e characte r  o f  th e debate .  Rathe r  tha n tryin g t o 
relocat e th e linke d lis t  solutio n o n th e scale s o f  simplicit y 
an d speed ,  L  reformulate s th e contras t  betwee n th e tw o 
candidat e solutions .  Wherea s R  ha s frame d th e contras t  a s 
th e quic k wa y versu s th e Laur a wa y (lin e 2 2 an d 25) ,  L 
frame s th e contras t  a s tha t  betwee n th e righ t  wa y an d th e 
wron g wa y (lin e 27) .  Righ t  versu s wron g i s a  bivalen t 
distinctio n whic h clearl y implicate s th e linke d lis t  solutio n 
as th e onl y reasonabl e choice .  A' s respons e t o thi s m o v e 
by L  i s particularl y interestin g becaus e i t  introduce s a 
scala r  readin g o f  a  categorica l  distinction .  Callin g th e 
characte r  arra y solutio n th e wron g wa y implicate s tha t  i t  i s 
not  a  viabl e candidat e fo r  implementation.  However ,  a 
semi-righ t  solutio n m a y b e permissibl e i f  it s 
implementatio n i s sufficientl y fast ,  easy ,  an d warrante d b y 
th e speed/qualit y trade-off . 

Althoug h th e specifi c  issu e o f  debat e concern s whic h o f 
tw o possibl e way s th e tea m shoul d implemen t  a  particula r 
face t  o f  th e eavesdro p command ,  th e large r  issu e involve s 
th e negotiatio n o f  a  speed/qualit y tradeoff .  Anothe r 
prevailin g tren d amon g th e programmer s w h o participate d 
i n thi s study ,  wa s fu-st ,  th e belie f  tha t  writin g high  qualit y 
cod e (i n general )  take s longe r  tha n writin g lo w qualit y 
cod e does ;  an d second ,  a  willingnes s t o implemen t  cod e 
whic h wa s ~  i n thei r  o w n estimatio n -  les s elegant ,  o r 
suboptima l  whe n tim e constraint s wer e stringent . 

Th e existenc e o f  a  genera l  mode l  linkin g th e importanc e 
of  spee d t o th e importanc e o f  qualit y couple d wit h th e 
situation-particula r  mode l  i n whic h th e degre e o f  hunge r  i s 
linke d t o th e importanc e o f  speed ,  yield s a  lin k betwee n th e 
degre e o f  hunge r  an d th e importanc e o f  quality .  Becaus e 
th e genera l  mode l  dictate s tha t  th e importanc e o f  spee d i s 
inversel y proportiona l  t o th e importanc e o f  quality ,  th e 
programmer s ar e abl e t o lin k scale s such  tha t  th e degre e o f 

thei r  hunge r  i s inversel y proportiona l  t o th e importanc e o f 
quality . 

Conclusion 

The abov e exampl e show s h o w argument s abou t  strateg y 
wor k b y successiv e framing s an d reframing s o f  a  particula r 
tas k unti l  th e grou p settle s ont o one .  Not e h o w negotiatio n 
of  genera l  prioritie s i s integrall y connecte d wit h arguin g 
abou t  specifi c  facet s o f  th e tas k itself .  Thu s bot h genera l 
prioritie s an d subtas k prioritie s fal l  ou t  o f  thes e sort s o f 
arguments .  Th e dat a examine d her e sugges t  tha t  strateg y 
argument s d o no t  generall y concer n th e valu e o f  competin g 
solutions .  Tha t  i s t o say ,  al l  o f  th e programmer s agre e o n 
th e attribute s o f  eac h o f  th e suggeste d solutions . 
Moreover ,  ther e i s agreemen t  a s t o whic h o f  thos e 
attribution s ar e t o coun t  a s favorable .  Th e issu e i n th e 
programmers '  strategi c argumen t  i s h o w thei r  agree d upo n 
value s ar e t o b e brough t  t o bea r  o n th e particula r  situatio n 
at  hand . 

Whil e Tversk y an d Kahnema n (1981 )  poin t  t o thei r 
discover y tha t  people' s decisio n wa s affecte d b y 
differentia l  framin g a s irrationa l  behavior ,  w e demonstrat e 
h o w th e abilit y  t o differentiall y  fram e situation s i s a 
componen t  o f  rationa l  behavior ,  wher e rationalit y i s 
empiricall y construed .  Fro m th e dat a examine d herein ,  i t 
woul d see m tha t  Kahnema n an d Tversky' s finding s woul d 
come a s n o surpris e t o th e participant s i n ou r  study .  Th e 
fac t  tha t  the y utiliz e framin g technique s i n thei r  argument s 
concernin g th e choic e betwee n tw o programmin g solution s 
suggests ,  first ,  tha t  the y posses s a  taci t  awarenes s o f  th e 
influenc e o f  differentia l  framin g o n decisio n making ;  and , 
second ,  tha t  the y ar e abl e t o exploi t  thi s knowledg e i n thei r 
attempt s t o influenc e on e another' s behavio r  wit h respec t 
t o th e tas k a t  hand . 
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