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Abstrac t 

This study compares the performance of Pairs with 
Singl e subject s i n discoverin g scientifi c  law s wit h th e 
ai d o f  experiments ;  describe s difference s betwee n 
discover y processe s o f  Pair s an d Singles ;  an d identifie s 
th e importan t  contributin g variables .  3 6 mal e 
undergraduat e scienc e major s solve d a  molecula r  genetic s 
tas k i n a  compute r  micro-worl d calle d th e Simulate d 
Molecula r  Genetic s Laborator y (Dunbar ,  1993) .  Pair s 
wer e mor e successfu l  i n discover y tha n Single s an d 
participate d mor e activel y i n explanator y activitie s (i.e. , 
entertainin g hypotheses ,  considerin g alternativ e idea s 
and justifications) .  Explanator y activitie s wer e effectiv e 
onl y whe n th e subject s als o conducte d crucia l 
experiments .  Explanator y activitie s wer e facilitate d 
when paire d subject s requeste d explanation s fro m eac h 
othe r  an d carefull y attende d t o them . 

Scientifi c  discover y throug h collaboratio n i s a  c o m m o n 
practic e i n moder n science ,  bu t  th e processe s o f 
collaboratio n hav e no t  bee n wel l  studied .  Ther e ar e 
severa l  potentia l  approache s t o studyin g collaborativ e 
discover y processes ,  includin g historica l  cas e studies , 
psychologica l  experiment s i n th e lab ,  participator y fiel d 
observation ,  an d interview s wit h researcher s activel y 
involve d i n collaborativ e research .  Eac h approac h ha s it s 
o wn advantage s an d limitations .  A s a  result ,  combinin g 
severa l  approache s seem s mos t  likel y t o produc e a 
complet e an d accurat e descriptio n o f  th e processe s o f 
coU^orativ e scientifi c  discovery .  I n thi s paper ,  w e wil l 
repo n experimenta l  dat a base d o n th e Dua l  Spac e Searc h 

Model  o f  scientifi c  discover y originate d b y Simo n an d Le a 

(1974 )  an d develope d b y Klah r  &  Dunba r  (1988) .  Ou r 
mai n focu s i s o n th e difference s betwee n Singles '  an d 
Pairs '  discover y processes .  W e wil l  answe r  th e followin g 
questions :  (1 )  D o Pair s perfor m bette r  tha n Single s i n a 
scientifi c  discover y task ? (2 )  W h a t  ar e th e difference s 
betwee n thei r  discover y processes ? (3 )  Wha t  variable s ar e 
mainl y responsibl e fo r  success ? 

Method 

Design 

The experiment has a between-subjects factorial design 
(Pair s conditio n vs .  Single-subject s condition) . 

Subjects 

Subjects were 27 male science major undergraduates at 
Carnegi e Mello n University .  Subject s wer e randoml y 

assigne d t o on e o f  th e tw o conditions .  Eac h subjec t  ha d 
t o brin g a  friend ,  w h o wa s als o a  mal e scienc e 
undergraduate . 

Apparatus and task 

A Macintosh computer running the Simulated Molecular 
Genetic s Laborator y (Dunbar ,  1993 ;  Dunba r  &  Schunn , 
1990 )  wa s used .  Usin g thi s Laboratory ,  subject s ca n lear n 
basi c concept s an d technique s i n molecula r  genetics ,  an d 
conduc t  experiment s t o discove r  a  scientifi c  mechanism . 
Th e detaile d explanatio n o f  th e mechanis m t o b e 
discovere d ca n b e foun d i n Dunba r  (1993) .  A  vide o an d 
tw o audi o tap e recorder s wer e use d t o recor d th e verba l 
protocol s an d th e compute r  display . 

Procedure 

(1) A warm up task was administered to familiarize 
subject s wit h givin g verba l  protocols . 

(2 )  Subject s followe d th e instruction s o n th e 
compute r  displa y t o acquir e basi c knowledg e an d 
technique s i n molecula r  genetic s an d t o d o a  practic e task . 

(i )  Discover y phas e Subjects '  goa l  wa s t o find  ou t 
ho w 1 ,  O ,  an d P  gene s wor k t o contro l  th e bet a gen e t o 
produc e th e bet a enzym e i n a  cell .  Afte r  th e first  tw o 
experiment s (conducte d a s par t  o f  th e instruction )  th e 
experimente r  aske d th e subject s t o repor t  an d writ e dow n 
thei r  initia l  hypotheses .  Then ,  i n th e Pair s condition , 
subject s wer e tol d t o reac h a  consensu s o n th e mechanis m 
by conductin g experiment s wit h discussion .  I n th e 
Single s condition ,  the y wer e tol d t o fin d th e mechanis m 
by conductin g experiment s whil e talkin g aloud .  Bot h 
Pair s an d Single s wer e aske d t o repor t  th e discovery ,  whe n 
reached ,  befor e th e camera ,  s o tha t  othe r  peopl e coul d 
revie w th e findings .  Eac h tim e the y conducte d a n 
experiment ,  th e compute r  scree n displaye d informatio n 
abou t  thei r  previou s experiments .  W h e n subject s 
discovere d th e mechanism ,  the y reporte d thei r  conclusion s 
i n fron t  o f  th e vide o camer a an d the n wrot e dow n thei r 
conclusions . 

Results and Discussion 

Quality of performance 

To measure outcomes in terms of discovery, we rated 
performanc e (i.e. ,  subjects '  final  hypothesis )  o n a  5-point -
scale .  A s Tabl e 1  shows .  Pair s outperforme d Single s 
(t(16)=2.69 ,  p<.05) ,  wit h mea n score s o f  2.8 9 an d 1.67 , 
respectively . 
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Tabl e 1  Difference s betwee n Pair s an d Single s i n term s o f  performanc e an d tim e measure s 

Measure s 

Discover y scor e (ful l  time ) 
Hypothetica l  Pairs '  (se e Singles '  column ) 

discover y scor e 

Reporte d Mat h S A T score s (Pair s =  averag e score ) 

Reporte d S A T score s (Mat h +  Verbal ) 
(Pair s =  averag e score ) 

Solutio n tim e (min. ) 

means &  (SDs ) 
Pair s 

2.8 9 
2.8 9 

706.2 5 
1253.0 0 

29.3 3 

(0.93 ) 
(0.93 ) 

(30.38 ) 
(23.87 ) 

(14.85 ) 

means &  (SDs ) 
Single s 

1.6 7 
2.1 7 

663.3 3 
1246.6 7 

23.0 2 

(1.00 ) 
(1.08 ) 

(97.97 ) 
(127.85 ) 

(10.98 ) 

pof t 
test s 
<.0 5 
= .0 6 

= .4 3 
= .9 2 

= .3 2 

Tabl e 2  T h e difference s betwee n Pair s an d Single s i n experimentatio n measure s 

A m o u nt 

Breadt h o f  E-spac e searc h 

Cnjcia l  experiment s 
VOTAT 

Measure s 

Number o f  experiment s 
Dimensio n searc h scor e 
% o f  type s o f  cnjcia l  experiment s 
Mean featur e differenc e scor e 

Pairs '  mea n an d 
(SD) 
13.8 9 (7.54 ) 
11.7 8 (2.33 ) 
88.8 9 (10.54 ) 

1.8 3 (.14 ) 

Singles '  mea n 
and (SD ) 
13.8 9 (6.92 ) 
11.4 4 (2.55 ) 
86.6 7 (14.14 ) 

1.7 0 (.29 ) 

poft -
test s 
N.S . 
N.S . 
N.S . 
N.S . 

Reasons fo r  superiorit y  o f  Pair s ove r  Single s 

In this section, we will list plausible hypotheses to 
explai n th e superio r  performanc e o f  Pair s ove r  Singles , 
and tes t  eac h hypothesi s wit h ou r  data . 

Hypothesis a-D: Members of Pairs happened to 

hav g highe r  intglUggncg . 

To test this possibility, we asked subjects to report 
thei r  Mat h an d Verba l  S A T scores ,  an d foun d n o 
significan t  difference s betwee n th e Singles '  score s an d th e 
averag e score s fo r  tw o member s i n eac h Pai r  (Se e Tabl e 

1) . 

HypQthgsis (1-2); Pairs had better initial 

hypQthgge g tha n Singles , 

This hypothesis was not supported by the data. All 
Single s an d al l  excep t  on e Pair s reporte d a n incorrec t 
initia l  hypothesis . 

Hypothesis (1-3): Pairs had twice as great a 
probabilit v a s Single s o f  gettin g th e righ t  final 

hypothesis ,  eve n withou t  interaction . 

We paired all combinations of Singles subjects 
(9x8/ 2 =  7 2 cases) .  I n eac h cas e w e picke d th e highe r 
scor e o f  th e tw o a s th e scor e fo r  a  hypothetica l  pair . 
Then ,  w e compare d th e hypothetica l  pairs '  wit h th e rea l 
Pairs '  mea n an d S D (Se e Tabl e 1) .  Contrar y t o th e 
hypothesis ,  th e scor e o f  th e rea l  Pair s (2.89 )  wa s bette r 
tha n tha t  o f  th e hypothetica l  pair s (2.17 )  ( t  (43)=1.84 , 
p=.06) .  Therefore ,  th e superio r  performanc e o f  Pair s 
seems t o depen d o n th e members '  interaction s instea d o f 
jus t  th e intelligence ,  initia l  ideas ,  o r  performanc e o f  th e 
able r  member . 

Hypothesi s (1-4) : 

Singles . 

Pair s spen t  mor e tim e tha n 

Pair s migh t  hav e bee n mor e motivate d an d spen t 
more time  tha n Singles .  However ,  th e differenc e betwee n 
the m i s no t  statisticall y significan t  ( t  (16)=1.03 ,  p=.32 ) 
(Se e Tabl e I) . 

Hypothesis (1-5): Pairs searched the experiment 

spac e mor e effectively . 

We investigated subjects' experiment space search 
processe s usin g variou s measure s adapte d fro m Schun n & 
Dunbar  (i n preparation) .  Tabl e 2  show s th e mean s an d 
SDs fo r  eac h measure .  Ther e wer e n o significan t 
difference s betwee n Pair s an d Singles . 

HypQthegig (1-^); P^irg talked more than Singles, 

(See Table 3). Pairs talked, on average, twice as 
much a s Single s throughou t  th e solvin g proces s ( t 
(16)=2.73 ,  p<.05) .  W e wil l  discus s belo w wha t  the y 
talke d about . 

Hypothesis (1-7); Pair? entertained hypotheses 

more ofte n tha n Singles . 

Science aims at explaining phenomena. Therefore, 
ho w muc h subject s talke d abou t  hypothese s shoul d b e a 
usefu l  measur e o f  scientifi c  discovery .  W e create d tw o 

measures :  th e percen t  o f  units ^  i n whic h subject s 

^  W e defin e a  uni t  a s th e perio d betwee n tw o adjacen t 
experiment s an d als o th e discussio n perio d followin g 
completio n o f  th e fina l  experiment . 
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Tabl e 3  Difference s betwee n Pair s an d Single s i n term s o f  protoco l  measure s 

Measure s 

Number  o f  word s 

Number  o f  hypothese s 
firs t  hal f 
secon d hal f 

Hypothetica l  Pairs '  n u m b e r  o f  hypothese s 
(se e Singles ) 

N u m b er  o f  differen t  type s o f  hypothese s 
firs t  hal f 
secon d hal f 

Hypothetica l  Pairs '  n u m b e r  o f  type s o f 
hypothese s (se e Singles ) 

% o f  unit s wit h summarizin g dat a 
% o f  unit s wit h hypothese s 
% o f  unit s wit h predictio n 
% o f  unit s wit h critiqu e 
% o f  unit s wit h alternativ e hypothese s 
% o f  unit s wit h combined-justificatio n 

% o f  unit s wit h justificatio n throug h 
experimenta l  result s 

% o f  unit s wit h pla n fo r  n e w experiment s 
t o tes t  hypothese s 

% o f  unit s wit h testabilit y o f  hypothese s 

% o f  unit s wit h justificatio n usin g severa l 
experimenta l  result s 

% o f  unit s wit h argumen t  abou t  justificatio n 

Hypothetica l  Pairs '  (se e Singles '  co lumn )  % 
of  unit s wit h hypothese s 

Hypothetica l  Pairs '  % o f  unit s wit h 
alternativ e hypothese s 

Hypothetica l  Pairs '  % o f  unit s wit h 
combined-justificatio n 

Hypothetica l  Pairs '  % o f  unit s wit h 
justificatio n throug h experimenta l  result s 

Hypothetica l  Pairs '  % o f  unit s wit h pla n fo r 
n e w experiment s 

Hypothetica l  Pairs '  % o f  unit s wit h 
testabilit y  o f  hypothese s 

Hypothetica l  Pairs '  % o f  unit s wit h 
justificatio n usin g severa l  result s 

Hypothetica l  Pairs '  % o f  unit s wit h argumen t 
abou t  justificatio n 

means 

2216.2 2 

29.5 6 
14.5 6 
15.0 0 
29.5 6 

10.4 4 
7.1 1 
6.1 1 

10.4 4 

48 
74 
31 
33 
25 
58 
41 

37 

9 

35 

24 

74 

25 

58 

41 

37 

9 

35 

24 

and (SDs ) 
Pair s 

(1135.41 ) 

(13.45 ) 
(5.59 ) 
(9.27 ) 

(13.45 ) 

(3.24 ) 
(2.76 ) 
(3.55 ) 
(3.24 ) 

(21 ) 
(21 ) 
(19 ) 
(21 ) 
(26 ) 
(29 ) 
(19 ) 

(24 ) 

(8 ) 

(19 ) 

(16 ) 

(21 ) 

(26 ) 

(29 ) 

(19 ) 

(24 ) 

(8 ) 

(19 ) 

(16 ) 

means and (SDs ) 
Single s 

1090.6 7 

14.0 0 
4.6 7 
9.3 3 

28.0 0 

7.7 8 
2.8 9 
6.2 2 

13.1 1 

47 
56 
14 
2 
6 

39 
24 

17 

2 

19 

9 

70 

11 

52 

31 

26 

4 

26 

15 

(489.90 ) 

(5.10 ) 
(2.60 ) 
(3.43 ) 
(6.45 ) 

(2.28 ) 
(1.36 ) 
(1.72 ) 
(2.69 ) 

(13 ) 
(24 ) 
(13 ) 
(4 ) 

(10 ) 
(24 ) 

(11 ) 

(16 ) 

(6 ) 

(13 ) 

(10 ) 

(21 ) 

(11 ) 

(22 ) 

(9 ) 

(14 ) 

(7 ) 

(14 ) 

(10 ) 

pof t 
test s 

<.0 5 

<.0 1 
<.0 1 
= .1 0 
= .6 1 

= .0 6 
<.0 1 
= .9 3 
<.0 5 

= .8 9 
= .1 0 
<.0 5 
<.0 1 
= .0 5 
= .1 5 
<.0 5 

= .0 5 

<.0 5 

= .0 5 

<.0 5 

= .5 8 

<.0 5 

= .4 9 

<.0 5 

= .0 8 

= .0 6 

= .1 1 

<.0 5 

entertaine d a t  leas t  on e hypothesi s an d th e absolut e 

number  o f  hypothese s tha t  subject s entertaine d throughou t 

th e entir e process .  Hypothesi s (1-7 )  wa s supporte d b y 
thes e analyses . 

Pair s entertaine d hypothese s mor e ofte n tha n Single s 
(Se e Tabl e 3) .  Althoug h th e differenc e (74 % versu s 56% ) 
was no t  significant ,  i t  approache d th e 1 0 percen t  leve l  ( t 
(16) = 1.74 ,  p=.10) .  Pair s entertaine d abou t  twic e a s man y 
hypothese s a s Single s (29.5 6 versu s 14.00 ;  t  (16)=3.25 , 
p<.01) .  Th e differenc e wa s mos t  salien t  i n th e firs t  hal f 
perio d (14.5 6 versu s 4.67 ;  t  (16)=4.81 ,  p<.001) . 

Hypothesi s (1-8) :  Pair s entertaine d alternativ e 

hypothese s mor e ofte n tha n Singles . 

To conyince other members of the scientific 
community ,  scientist s hav e t o conside r  alternativ e 
plausibl e hypotheses .  Therefore ,  talkin g abou t 
alternative s ma y als o b e importan t  fo r  discovery .  (1 )  W e 
measure d th e percen t  o f  unit s i n whic h subject s entertaine d 

alternativ e hypotheses .  (2 )  W e measure d th e numbe r  o f 
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Tabl e 4  M e a n s (SDs )  o f  performanc e score s 
accordin g t o occurrenc e o f  crucia l  experiment s an d 
explanator y activitie s 

Crucia l 

experiment s 

Hig h 

Low 

Total s 

Explanator y activitie s 

Hia h 

3.7 5 
(0.50 ) 

1.7 5 
(0.50 ) 

2 .7 5 

Low 
2.0 0 

(1.41 ) 

1.8 3 
(0.75 ) 

1.9 0 

Total s 

2.8 8 

1.8 0 

differen t  type s o f  hypothese s tha t  subject s entertaine d 

throughou t  th e entir e discover y process . 
As Tabl e 3  shows ,  Pair s entertaine d alternatiy e 

hypothese s mor e ofte n tha n Single s (2 5 versu s 6 ; 
t(16)=2.09 ,  p=.05) ,  an d also ,  a  greate r  variet y o f 
hypothese s (i n total ,  10.4 4 versu s 7.78 ;  t(16)=2.02 , 
p=.06) .  Th e differenc e betwee n Single s an d Pair s i n 
variet y o f  hypothese s wa s especiall y dramati c i n th e first 
hal f  o f  th e sessio n (7.1 1 versu s 2.89 ;  t  (16)=4.12 , 
p<.001) . 

HypQth^is (1-9): Pair? tflUcgd abPtit jugttfipatiQn 
mprg pftg n tha n ginglgg , 

As scientific claims are accepted or rejected on the 
basi s o f  evidence ,  tal k abou t  justificatio n ma y predic t 
succes s i n discovery .  On e measur e o f  justificatio n i s th e 
percentag e o f  unit s i n whic h subject s talke d abou t 

iustificatio n b y experimenta l  results .  Anothe r  i s th e 

pgrpgntag g Q f  unit s i n whic h subject s mgntigng d mqr g 

tha n on e experimenta l  resul t  t o justif y thei r  hypotheses . 

A thir d measur e i s th e percentag e o f  unit s i n whic h 

subject s planne d a  ne w experimen t  t o tes t  a  hypothesis . 

A fourt h measur e i s th e percentag e o f  unit s i n whic h 

subject s talke d abou t  th e testabilit y  o f  hypotheses .  A 

fifth  i s th e percentag e o f  unit s i n whic h subject s argue d 

agains t  a  justificatio n (partner' s o r  own) .  A s Tabl e 3 

shows ,  al l  o f  th e measure s jus t  describe d indicat e tha t 
Pair s considere d justificatio n o f  thei r  hypothese s mor e 
ofte n tha n Single s (1 .  Justificatio n wit h results :  4 1 versu s 
24;  t  (16)=1.89 ,  p<.05 ;  2 .  Justificatio n wit h severa l 
results :  3 5 versu s 10 ;  t  (16)=2.08 ,  p=.05 ;  3 .  Experimen t 
t o tes t  a  hypothesis :  3 7 versu s 17 ;  t  (16)=2.07 ,  p=.05 ;  4 . 
Testability :  9  versu s 2 ;  t  (16)=2.21 ,  p<.05 ;  5 . 
Justificatio n wit h arguments :  2 4 versu s 15 ;  t  (16)=2.37 , 
p<.05) .  W e als o combine d thre e mai n measures ,  1 ,  3  an d 
4,  t o for m a  summar y measur e o f  justification .  Althoug h 
th e differenc e wa s no t  statisticall y significant .  Pair s 
considere d justificatio n mor e ofte n tha n Single s (5 8 unit s 
versus39;t(16)=1.60,p=.13) . 

Overall ,  dat a sugges t  tha t  a n importan t  reaso n wh y 
Pair s performe d bette r  i s becaus e the y participate d i n 
explanator y activitie s suc h a s entertainin g hypothese s 
(hypothesi s 2.7) ,  talkin g abou t  alternativ e idea s 
(hypothesi s 2.8) ,  an d considerin g justificatio n (hypothesi s 
2.7 )  mor e ofte n tha n Singles . 

Variable s tha t  affec t  performanc e 

To determine whether the differences in behavior we 
hav e identifie d betwee n Pair s an d Single s caus e th e 
difference s i n performance ,  w e shoul d inquir e ho w wel l 
suc h measure s a s entertainin g hypothese s an d thinkin g 
abou t  justificatio n predic t  performance .  Althoug h th e 
number  o f  subject s i n eac h conditio n wa s to o smal l  fo r 
muUipl e regressio n analysi s wit h man y measures , 
explorator y regressio n analyse s coul d sugges t  whic h 
variable s wer e importan t  fo r  discovery .  Therefore ,  w e 
compute d simpl e regression s betwee n performanc e an d 
eac h measur e i n Tabl e 1 ,  Tabl e 2 ,  an d Tabl e 3  i n eac h 
conditio n separately . 

Althoug h th e previou s analyse s woul d sugges t  tha t 
entertainin g hypotheses ,  considerin g alternatives ,  an d 
thinkin g abou t  justificatio n woul d predic t  performanc e 
well ,  ther e wer e n o significan t  correlation s betwee n 
performanc e an d th e verba l  protoco l  measure s (hypotheses , 
alternatives ,  an d justification) .  Instead ,  th e experimen t 
spac e searc h measure s wer e stron g predictor s o f  Pairs ' 
performance ,  bu t  di d no t  predic t  Singles '  performanc e a t 
all .  Th e stronges t  predicto r  fo r  Pairs '  performanc e wa s 
percentag e o f  crucia l  experiments ,  whic h accounte d fo r  7 8 
% o f  th e varianc e i n Pairs '  performanc e ( F (1 ,  7 )  =  24.11 , 
p<.01) ,  bu t  onl y 3  % o f  th e varianc e i n Singles ' 
performanc e ( F (1 ,  7 )  =  0.23 ,  p=.65) . 

We propos e th e followin g interpretatio n o f  thes e 
findings: 

Hypothesis (1-10): Due to their active 

participatio n i n explanator y activities .  Pair s coul d 

use informatio n fro m experimen t  spac e searc h 

effectivel y i n orde r  t o mak e discoveries .  O n th e 

Qthg r  hand ,  Singlg ? CQul d nQ t  d p s p bepaug e the y 

di d nQ t  activel y participat e i n explanator y 

activities. ^ 

In order to check this possibility, we divided subjects 
accordin g t o thei r  score s fo r  percentag e o f  crucia l 
experiments ,  an d thei r  mea n score s fo r  explanator y 
acfivitie s (i.e. ,  th e combine d scor e o f  entertainin g 
hypothesi s an d thinkin g abou t  justification) .  Du e t o th e 
smal l  numbe r  o f  th e subjects .  Pair s an d Single s wer e 
combine d fo r  thi s analysis .  Tabl e 4  show s tha t  th e Pair s 
and Single s w h o bot h conducte d al l  o f  th e crucia l 
experiment s an d activel y participate d i n explanator y 

activitie s outperforme d th e subject s wh o di d onl y crucia l 
experiments ,  onl y explanator y activities ,  o r  neither .  A n 
A N O VA show s significan t  mai n effect s (crucia l 
experiments :  F(l ,  14)=6.94 ,  p<.05 ;  explanator y activities : 
F(l,14)=4.11 ,  p=.06 )  an d interactio n (F(l,14)=4.97 , 
p<.05) .  I t  appear s tha t  neithe r  crucia l  experiment s no r 

2 Remember  tha t  Pairs '  an d Single' s percentage s o f 
crucia l  experiment s wer e nearl y equa l  (89 % versu s 
87%) . 
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Tabl e 5  Difference s betwee n Pair s an d Single s i n term s o f  request s fo r  explanatio n 

Measure s 

% o f  unit s wit h request s fo r  explanatio n 
wit h request s fo r  descriptio n an d summar y 
wit h request s fo r  hypothesi s 
wit h request s fo r  justification s 

% o f  unit s wit h answer s t o request s fo r 
explanatio n (A/S ) 

wit h answer s t o request s fo r  descriptio n an d 
summary (A/S ) 

wit h answer s t o request s fo r  hypothesi s (A/S ) 

wit h answer s t o request s fo r  justificatio n (A/S ) 

means and (SDs ) 
Pair s 

38 
5 

24 
11 
80 

(n=9 ) 
100 

(n=9 ) 
73 

(n=8 ) 
78 

(n=7 ) 

(21 ) 
(7 ) 

(22 ) 
(8 ) 

(19 ) 

(0 ) 

(20 ) 

(40 ) 

means an d (SDs ) 
Single s 

20 (21 ) 
2 (3 ) 
17 (19 ) 
1 (3 ) 

44 (37 ) 
(n=7 ) 
100 (0 ) 

(n=7 ) 
48 (43 ) 

(n=7 ) 
65 (21 ) 

(n=2 ) 

pot t 
test s 

= .1 0 
= .3 2 
= .4 6 
<.0 1 

<.0 5 

-

= .1 5 

— 

explanator y activities ,  b y themselves ,  wer e enoug h t o lea d 
t o discovery . 

Thes e dat a sho w clearl y tha t  entertainin g hypothese s 
and thinkin g abou t  thei r  justificatio n pla y importan t  role s 
i n discovery ,  especiall y whe n th e experiment s ar e 
informative .  However ,  befor e readin g a  final  conclusio n 
about  th e rol e o f  explanator y activities ,  w e shoul d 
conside r  whethe r  merel y participatin g i n explanator y 
activitie s i s sufficien t  o r  whethe r  collaborativ e explanator y 
activitie s ar e necessary ,  fo r  tw o Single s coul d produc e a s 
much explanator y activit y  a s on e Pair . 

To tes t  thi s possibility ,  w e agai n examine d th e 
discussio n processe s o f  rea l  Pair s an d Hypothetica l  Pairs . 
As Tabl e 3  shows ,  w e ha d foun d n o differenc e betwee n 
thos e tw o group s i n th e numbe r  o f  hypothese s generated . 
I n th e cas e o f  th e numbe r  o f  type s o f  hypotheses ,  th e 
Hypothetica l  Pair s wer e eve n bette r  tha n th e rea l  Pairs . 
We als o checke d othe r  discussio n measures ,  usin g th e 
highe r  scor e o f  tw o Single s a s a  Hypothetica l  Pair' s  score . 
As Tabl e 3  shows ,  i n general ,  th e rea l  Pair s entertaine d 
alternativ e hypothese s an d participate d i n justification s 
more ofte n tha n th e Hypothetica l  Pairs .  A s th e 
performanc e o f  th e rea l  Pair s wa s bette r  tha n tha t  o f  th e 
Hypothetica l  Pairs ,  thes e dat a sugges t  tha t  interactiv e o r 

collaborativ e explanator y activitie s ar e important . 

Reasons for differences in explanatory activity 

Why M Pair? gntgrtain hypQthg§Q$ and jggtifigatipng 

more ofte n tha n Singles ? 

In this section, we will list some plausible 
hypothese s t o accoun t  fo r  thi s difference .  Scientifi c 
explanation s mov e fro m a  mer e descriptio n o f  results , 
whic h doesn' t  generaliz e beyon d th e specifi c  case ;  t o a 
summary o f  results ;  t o causa l  explanatio n o f  a 
phenomenon ;  t o justificatio n o f  th e causa l  explanation . 
Each leve l  o f  explanatio n coul d b e regarde d a s a n answe r 
t o a  specifi c  question .  A  descriptio n o f  result s coul d 
answer :  "Wha t  wa s goin g on? "  A  summar y o f  result s 
coul d answer :  "Ho w di d i t  happen? "  A  causa l  explanatio n 
coul d answer :  "Wh y di d i t  h^pen? "  A  justificatio n o f 
explanatio n coul d answer :  "Wha t  evidenc e support s th e 

explanation? "  Whe n peopl e ask s themselve s thes e 
questions ,  the y ofte n utte r  metacognitiv e statement s suc h 
as " I  a m no t  sur e wha t  i t  means "  an d " I  wonde r  ho w i t 
happened. "  Whe n w e spea k o f  request s fo r  explanatio n i n 
thi s paper ,  w e includ e suc h metacognitiv e statement s i n 
additio n t o explici t  questions . 

Not  al l  explanation s ar e response s t o request s fo r 
explanation ,  bu t  suc h request s ma y indicat e importan t 
decisio n point s requirin g conscious ,  reflectiv e thinking . 
Therefore ,  w e teste d th e followin g tw o hypotheses . 

Hypothesis (2-1): Pairs requested explanations 

more ofte n tha n Singles . 

Table 5 shows that Pairs made more requests for 
explanatio n tha n Single s (3 8 versu s 20 ;  t  (16)=1.77 , 
p=.10) .  Th e mai n differenc e wa s foun d i n th e request s fo r 
justificatio n (1 1 versu s 1 ;  t  (16)=3.12 ,  p<.01) ;  Pair s 
sometime s questione d whethe r  thei r  hypothese s wer e 
justified ,  whil e Single s rarel y di d so . 

Hvpothesis (2-2): Pairs answered such requests 

more ofte n tha n Singles . 

Table 5 shows that Pairs answered requests for 
explanatio n mor e ofte n tha n Single s (8 0 versu s 44 ;  t 
(16)=2.59 ,  p<.05) .  Th e mai n differenc e wa s foun d i n th e 
answer s t o request s fo r  hypotheses ,  althoug h thi s 
differenc e di d no t  reac h statistica l  significanc e (7 3 versu s 
48;t(13)=1.53,p=.15) . 

Thes e dat a sugges t  tha t  request s fo r  explanatio n pla y 
an importan t  rol e i n producin g explanations .  Pair s 
participate d i n suc h activitie s mor e ofte n tha n Singles . 

General Discussion 

Recent  studie s i n cognitiv e psycholog y hav e show n 
tha t  explanatio n play s a n importan t  rol e i n proble m 
solvin g an d learnin g (Chi ,  Bassok ,  Lewis ,  Reimann ,  & 
Glaser ,  1989 ;  Chi ,  d e Leeuw ,  Chiu ,  &  LaVancher ,  1944) . 
Chi  an d he r  colleague s pointe d ou t  tha t  self-explanatio n i s 
an importan t  activit y whe n learnin g fro m example s an d 
fro m text s i n scientifi c  domains .  Goo d learners ,  i n 
contras t  t o poo r  learners ,  explaine d t o themselve s th e 
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meanin g o f  exampl e procedures ,  o r  th e conten t  o f  th e text , 
and relate d th e procedure s o r  th e conten t  t o proble m 
solvin g goal s an d highe r  leve l  conten t  knowledge .  Th e 
simpl e interventio n o f  promptin g self-explanatio n 
improve d students '  learnin g dramatically .  Althoug h thes e 
studie s focuse d o n individua l  learnin g situations ,  suc h 
explanator y processe s see m t o b e eve n mor e importan t  fo r 
collaborativ e learnin g situations . 

Studie s o f  collaborativ e learnin g an d proble m solvin g 
i n developmenta l  psycholog y hav e als o foun d tha t 
participatio n i n explanator y activitie s make s student s lear n 
successfull y throug h collaboratio n (e.g. ,  Brow n & 
Palincsar ,  1989 ;  Kruger ,  1993 ;  Teasley ,  1995) .  Fo r 
example .  Brown ,  Palincsa r  an d thei r  colleague s hav e 
develope d a  teachin g strateg y calle d "reciproca l  teaching " 
i n orde r  t o improv e students '  comprehensio n skills .  Th e 
reciproca l  teachin g strategy ,  whic h include s explanator y 
activities ,  dramaticall y improve d th e students ' 
comprehensio n a s wel l  a s monitorin g skills .  Thes e 
studie s sugges t  tha t  participatin g i n explanator y activitie s 
i n socia l  situation s als o improve s students '  learning . 

Al l  o f  th e recen t  studie s o n explanator y activitie s 
includin g th e presen t  stud y converg e t o tel l  u s tha t  thes e 
activitie s ar e a  crucia l  componen t  o f  successfu l  intellectua l 
behavior .  Explanator y activitie s hel p peopl e t o connec t 
piece s o f  informatio n int o a n organize d theory .  Havin g 
other s a s monitor s encourage s peopl e t o participat e i n 
suc h activity ,  an d help s the m t o construc t  thei r  theorie s 
more activel y an d mor e deepl y (Miyake ,  1986) . 

Conclusion 

Scientific discoveries often are made in social 
situations ,  an d collaborativ e researc h ha s bee n emergin g 
rapidl y a s th e predominat e for m o f  scientifi c  activit y i n 
many domains ,  bu t  mos t  previou s studie s i n th e 
psycholog y o f  scienc e hav e focuse d o n individua l 
discover y processes .  O n th e othe r  hand ,  a  fe w recen t 
studie s i n developmenta l  psycholog y (se e Azmiti a & 
Perlmutter ,  1989 )  an d grou p proble m solvin g (se e Hill , 
1982 ;  Levin e an d Resnick ,  1993 )  hav e examine d th e 
processe s o f  collaboration .  Ou r  stud y identifie s specifi c 
proble m solvin g processes ,  notabl y explanator y activitie s 
and appropriat e dat a collection ,  tha t  ar e importan t  t o 
successfu l  discovery ,  describe s ho w thes e processe s ar e 
accomplished ,  an d show s ho w the y ar e facilitate d b y 
collaboration .  I t  thereb y take s a n essentia l  firs t  ste p 
towar d integratin g wor k o n th e psycholog y o f  scienc e 
wit h wor k o n th e psycholog y o f  collaboratio n i n orde r  t o 
captur e a  broade r  vie w o f  scientifi c  discovery . 
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