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TWO PROBLEMS. IN COGNI®IVE ALGEBRA

IMPUTATIONS AND  AVERAGING VERSUS MULTIPLYLEG

Ramadhar Singh

Two problems in cognitive algebrs ave studied in this chepler. Uue i3 8

problem of model diagnosie, distinguisnhing between tvo integration rules,

averaging and multipliying, in causal attribubion. This was the initial
focus of the experimeﬁts.repdrted here. Sindy of this dimgnesis problem,
however, 1lad 1o a further problem concerning imputations, that  is,
'inferences about missing informatiaﬁ.

Imputations are important, but %shey heve received  only  scatiered
attentibn‘ \ant studies of information integration present apecific -picces.
of informetion thet control the judgment. Tﬁe wiée éucceag af cugnitiée
algebra testifiés to the usefulness of this tactic. 4 |

In soma aituationa. however, needed iﬁformation mey be miesing. Subjects
may then impute some value to the wissing informétian'to arrive at their
Judgments. .Sﬁch imputations are important in cognitive anaiysie if, &s may

~ be expected, they play a substantisl role in procesaing information.
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Iindeed, as this éhapter will show, imputations are central in cognitive
algedbra.  Conversely, cognitive algebra provides a unique and powerful

approach to the study of imputations.

THEORBTICAL BACKGROUND

IMPUTATIONS

The problem of imputations mey be illustrated with the cognitive algebra

of the equation
- *
G4ft size = Generosity x lacome, : (1)

vhich is the chua'of‘the later experiments. (Given inforﬁafian sbout a
‘perascn's generosity and income, mubjects réadiiy judge bow much the person
might give ﬁé & charitéble cause. The hypothesized multiplying rule follows
the rationale that generoslty acts as a motivational factor, or ad@ion
_tendency, that operatas on 2 capability poterntisl. Application of the

ﬁ_ﬁffan ~theorem showed that these Judgmqnts appear to obey the

hypotheslzed mﬂ1+1p1ying rule \Gra@saer & Anderson, 1974).

But suppose that sthects receive informstion about only\ one. stimulus
variablg, either generosity by itself or income b& itself. Thi$ is%
logically insufficient for making o judgment. If subjects do make Judgments
sbout" gift size, that suggests ihey have imputed zome value to the missing
information, for examplé, that it had an sverage value.

This rational grgument_does not, of course, contrel subjects‘ behevior.
‘Experimental. evi&ence is necessary to demonstrate imputations. ' And beyond
demonstration lie problems of detailed analysia of how imputations depend on

what information ig given and on the subiect’'s background knowledga.
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The theoretical logic is straightforward, and the experimental studies
reach;& a definitive conclusiana The path to the conclusion was somewhat
oomplex, howpver, so it may be useful to surmsyize *t here.

Two d1fferent 1nf«grat10nlrules can account for the resulfs of the initiail

exper1ments: an gveraging rule and a2 multivlying rule. The two rules lead

to. different conclusions sbout the impitstions. The purpose oé the
axperiments, thgrefore, was 4o distinguish betwsen these two integration
rule#.

The fesults showed that the atimulue integration obeys the mu;tiplying
rule, mnot the averaging rule. If oﬁly one pigce of stimulus information is
given, subjects impute a value for ﬁhe missing information and multiply it
with the given informatiog. Misming generosity informaticn is impﬁted ]
single fixed vaiua; regérdl&ss_ of the given iﬁcome informatiqn.- In
féantraét, the imputed value of aissing income information varies directly

with the given gensrosity infofmatios.

AVERAGING VERSUS MULTIPLYING

»

bvidence for 'ﬁultiplying.- The present research began ~with ;pe".tﬁc
experimentsf summarized in ?;guré 1. Subjects received information about.
annual income and gan&rogity of pypothe%ica} persons and esiimated the' size
of .gift they thight have sent te & family whome house had burned down,
exactly ae in the experiments of Graesser and Anderson (1974). . Figure ;
plots moan judgment of gifi size a3 a functicn.of generosity, ;isted_on‘fhel
horizontel axis, and znnual income, &isted M2 curve parameter.

The four solid curves in-eaéh axperiment show the Judements when bothr

: , o : ; _
stimulus varisbles, income and generoasity, were specified. ‘These four

curves form a lirear fan pattern, evidence for the operation of 'a

multiplying rule. Theso data raplicate those of Graesser and Anderson and,
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at face value, supporit their interpretation  ia terms of the

equa.tion of Ee. (1),

Evidence for Averaging. But anoiher interpretation of the data

gift  sige

is also

posgible-Fin  terms of an aversging model. With differential weighting, the

sveragi model can vield an approximate linear fan ttern (Anderson, 1971,
£ K e

pe 85)e If lower values of income have greater importance or weight in the

judgment of gift size, then the corresponding curves will heve lower slope
‘ % ¥

in Fegure 1, in w=greement with the cbiained resulta. The poseibility of

this interpretﬁtiwn_was noted by Anderzon snd Butzin (1974) in. s
the analogous squation, Perfafmance = Motivation ; Ability,
question was not pursued furiher until the present experinments.

Tg test vetween the svorsging end multiplying rules, the

experiments added another condition, represented by the dashed

stady of

but  this

present

curves in

Figure 1, which corresponds to judgments based o2 inforwation only about

genercsity. in  esch experiment, the dashsd, generosity-only curve crossss

over one of the zolid curves. Thiz crossover viclates the linesr fan

pattern and thersby seems 10 rule oul the multiplying model.

Juch crogsover effects are, of course, well imown as evidence

for tne

avereging rule (e.g., Lampel & Anderson, 1968; Oden & Anderson, 1971).

Although the logis of ihe crossover test is well Ynown, it may be useful to

summarige it here, for it is important in the later theoretical

analyses.

Rupees 12,000 is & noderate income; when this information is added to the

lowest levels of geperosity, their average is higher than the value of the

generoaity alone. At the 1eft side of the graph, therefore, the solid curve'

lies above the dashed curve. in contrast, when the moderate income

infermation is added to the highest level of generosity, . their average is

‘lower than the value of the géneresity alone. At the right side of the
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graph, therefore, the z0lid curve lies below the deshed curve. A similar

pattern appears in the right pansel of Figure 1. At face value, thess

+ g

) ~
results infirm the Urassser snd Anderson interpretation in terms of the

aultiplying rule. Instesd, the repults seem 10 favor the averaging rule.

Problems of Imputations. The foregoing intevyretations of Figure 1 - ignored

the possibility thal seubjects might  make iasputations sbout the missing
incone informatiqn. Thiis probiem wes pointed out by Norman Anderson
{psraonal cemmunicatién, Auguat, 1977}, and his suggesticn seamed_éa have
merit inasmoch as subjects logicelly cannot  Judge gift; sizre without
infarmation about  income. ﬁccar&ingly, & more systemetis apalysis of this
problem was undertaken.

There are two natural patterns of imputétiana First, subjects may impute
a single fixed value, nresumably sround the aversge of the spenified values
in the sxperiment. But then the generosity~only condition is essentially
the same a5 the éther coﬁditiogs; the imputed income infarmatinn operaies
Just like the explicitly specified income informstion. Enl this ca#se, the
dashed curvé ghould form part of the linsar fan defined by the sdlid
curves-¥for toth rules. With this pattern of imputstion, neither rule can
explain the results.
. The imputation may, however, dapend on the valus of the given information.
An  ungenerous person woiuld be cozumed to have lower income than a genéroﬁs
person. Similerly, a rich persen woull be sssumed to be more generous than
a yoor person. In this case, the Gashed curve should cross over the medium
ineome curve-¥for both rules. Such crossover would result because, with
this imputation ruis, ihe imputed value of income is net constant, but

increases as generosity increases on the horizontal arxis.
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¥ith this second patisrn of imputetion, therefore, both rules can explain
the results. If impuistions are allowed, then this crosgsover teat doea not
discriminate Ddetween the two rTules. The following experiments  wers

conducted to resclve this iasie.

EXPERIMENTS 1%3

ANALYSIS WITH A TWO-OPERATION MUDEL

A generai way to ettack the predlem of imputations is to use 8  two-
operation model, in which two pieces of information are given about
genarosity and coe about income. One of the generosity cues can then be
omittgd without creating any probiem of missing information.

This task legds to = two-cpsration, av&fagingﬁmultiplying model. Bince
the two generosity cues are gualitatively similar, ﬁrevious work 6n person
cogpition implies that they will e averaged (Anderson, 1981 ). In line with
Bq. (1), genercsity and income should multiply. This lesds to the following

- aversging®unltiplying rule
s . » . bl - i
Gift size = (ueﬂeroaxty1 + Generoaity,} x Income. i2)

The factorial graph of the +twe generosity cues ghould exhibit the
parallelism pattern, at lsast if the squal-weighting condition holds. " Both

income®gonerogity grephs, however, should exhibit the linear fan pattern.

METHOD

Experiments 1335 were similar in purpose and design. Tneir first purpose
was t0 tes%t the averaging¥multiplying model of Eq. (2).. Their second
‘purpose was to study the associated problem of imputations by using stimulus

sonditions with only one or two of the three piéces of informetion.
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Stimuli and Designs.  There were two main stimulus designs. The first was s

'4 ; b § Z, ;ﬁcame §_ _Genarﬁsityi i Qenerosityz f&gtufial ‘that yielded
deseriptiona of 36 sﬁigulﬁs ﬁersons.' The four levels of incoms2 were , 12,
19, and 26 Rs. thousenfa, juzt ze in the firet initial'experimentrsheug in
‘fhelleft panei cf Figurse 1; Jine three levels .of‘ the -generésity faétbr
'difféféd BoTORs ‘the’ three éxgeriments. In Ekperiment i, generosity was

defined by coniributions to the Flood Relief Pund for 1974 and 1976, The

three contribution ievels were none, moderste, and lsrge. In Expsriment 2,

generasityrwas defined by the opinicns of two friemds. The three levels af

Friend 1 were slightiy generous, fairly genercus, and quite genercuy; the

three levels of Friﬁnd 2 were gcmewhat genercus, preity generous, and very
generous. These levels were specified . in  terms of labels on au S2step

opinion scele that alse included the twé end ateps, not at all‘generous and

‘exiremely  genercus. In Experiment %, the ranges were increased Dby
dac?easing the lowast level for Friend ! and increasiﬁg- the Thighest -ievsi
fbr.Ffiend 2. ) |
The secend design éas a $en&rﬂsity1 ; Generoaity2 factorisl. The levels
of  beth feciors Awere he sa e ‘as  in the main design of the rezpective
experisent. Iﬁ addition, each level of both generoaity faétora _wgs_-éivén
alone., Thue, there were 5! experiamental stimulus peréons altogethar. o
éHina practice exramples were also constructed, includieg 4 with’-all:‘thre?
cues, 3 with just fwo gensrosity cues, snd 2 with e gingle genarosit& cﬁe.
The levels of the prsctice descriptiona were chozen more extreme than - for
“the regular sxperimental stimuli, s  they served also _as'endianchqfs
{Anderson, 1962, Sechion f.1.4). “ ' . |
Procedure. In Phase 1, subjecis mede judgments ahout ganerosity based on
“one or two generosity cues. A writteh sheet of instructions described the
nature of the stiwuli, the task, and thg'r959onsﬁ meagure. rFive précff@e
sxamples were given to make the task cleer. Following practice, the deck of.
cardahﬁescribjng the 15 experimaﬁta] stimulqs_persané Wwas presented po " the

aphjecta, who réad-thraugh them o gain fgmiliarity with the pérsoha-to be
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judged;___-' Each .subjec;t ther shuffled the deek rof_ 15 cards amj - rated
Benerosity of the petgéh described by each cawd -in two successive
- -replicationa. For each cézﬂ, the suﬁject-entergd the code 7namber of thé
stimulus éard' on 8§ Yesponse shéet,ltogether with‘his fafiﬁg af'genérosity.
‘Hatiﬁgs-ware msde on a O¥20 scale printed st the';op,df the response sheet

 and anchored by the phrases not at =11 genercus and exiremely generocus.

-In Phage Z, subjects eptimated how large s gift ezch stimulus pefson_hight
have given fo' = fémily shose house had burned dowﬁ; The suﬁject réad the -
typed gheet of instructidnsltwioe, listened to the dsscriﬁtion of the task
by the - experimenter, worked oﬁ 3 pra¢tice exsmples ﬁescribed_e&rlier;-and
then read +hrowgh all 51 sxperimental descriptions. The deck of 51  cards
was thén shuffled and the subject rsted gift size of each stimulus peraon.oh
2 1¥21 acele. In Reperiment {, the 51 stimulus persona. were rated tﬁiée‘ in
diffe}an;' shuffled orders. In Eyperviments 2 and 3, thers were three such

replications. Data from all replications were inciuded in the analyses.

Subjeéts. There were 20, 12, 'and 12 subjects in Expérimenta "ji-ﬁ,
reapeciively. All were asecond-yesr engineering 3tmﬂenﬁs'_a{ the Indian ]
Institute of Technology, Kanpuﬁ, India, whe were fuifilling a course
'fequirement in‘iﬁtreductory psychoiagy. Thay were ruﬁ twe at &8 tiﬁe inlthE'

I

paychology lsboratory.

RESULTS

kveiégigg Kule for Juagmente of Genefasé&x‘ The firat theoretic@i qﬁéstioﬁ
concerns‘ the integretion ruls for ~the +4wo pieces of information ébqu%
generosity in Phase 1 of éﬁé experiments;‘ The factorial graphs fof theéé'
data_&re shown in-Figure Ze Thé three solid curves for sach experimant show
a'pattern of nearwparallélism, erxeept for a siﬁg}e &eviapt- pﬁiﬁtrrat,'the
1ouer- left for Experiment"1¢ This pattern suppcrté a simpfe intégration

model, either adding or averaging.
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T atatistical analysis wirrored the viaible patterns. Ther;interacticn‘

" i

tern - in the analyﬁla of variance, whinsh tesis for deviations from
panal*elxsn. WG E nops;gnzflcant in Exp¢?1mentb 2 and 3, F(4 44) “.'-96 and
-,96,' respectively. ‘For Exner*mert 1;'. the int rdCulUﬂ was statistlcally
axgnificant, i(4p 767 = 5.49, hut the onnwpu11+ discrspancy in the grzph may[
be interpretabﬂe a8 an endfeffect'in the ratiug scale thet ¢id. not reappﬂar
in the two aubsequent exnerlmanta;

4 crl*zeal test betwszen ths ai**n& an; averag;np rules i3 providéd by7 the.
dashed curve in sach panel, Hﬁsuh represents the Judgments baped on & sihgle
generosity cue. Sy the jogic outlined in the 1ntrc&uﬂ on, thias crossovers
Anfirms fhe adding rule and supportﬁ the sveraging rple. | |

‘Purther suﬁpsrt_for hhe feregoing auelyses is available fro# the osin
deaig&: . The solid.curves in Pigure 3 present 4+ne factorial graphs;fﬁf the
two genepoaily cges; 3;er&ge§ over the‘iﬁcsme oue . Thesé selid curves 'giso
exhibit near-parallelisw. Thse dashed' QUrves  HTE bagea on the_siugle
genercsity cue listed on the. herlzontai arin.. ip Lhe same. #ay %] beibfe,

thié crosmover infirms the aaﬂ*ug rule and supports the °v9rag1ng rule for

the integration of infermation about generosity.

" Linear Fan Pattern for Judgments f G #y Size. The ond theo*e ical

’

queation concerns the integration rule Jor in nformation abouf 1ncome ang

M +

genercsity. Bvidence en this rule comes from the 'two«fictor graphs, uf

Figure 4, each of which represcnts the income = 2ue and one of the two

B -~

generosity cues from the main deaign. Alllsix grapha'shou a.similar paﬁtefg
df' a diverging linear fan. This replicétes the results &lfeadyiéeaﬁgiﬂ
Fipuie 1 even though two generGSiif QURS ALE invhlvéd. Statist ;ual evzdence
for “the linear fan pattarn is prenzd bg the- Linear X Linear “omponenfa of

the interaction, which were aignificent for all 8ix - graphs, nhergaa" the
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Linear x Quadratic compsnents wers small and generally nonsgigniflicant.

rl

A different view of this liasear fsn petizrn i3 sghown by the solid curves

of Figure 5. This figwre ticats the main design as z iwe-#sy, Income g

_Generésity désign with nine levels of generosity, aopresponding 'to the nine
pairs ror'-genéraaiiy informaticn. These nine_ generoeity conditiéns are
spaced'on ihe-ioziéoatal axis a:curdinglta their funetionsl _scale #alﬁ;s,
derived frqm\ the'mdrginal meané of ihe apeéifieé 4 §.9 éesigh. This shous

thet the linesr fan paiterns of Pigure 4 were not an aryifact of averaging

over one generosity factor.

1=

The dsshed curves in Figure®S come from the UGenerosity, Generosity?
design, in vhich income was not specified. These deshed curves show clear
crossovers, at lemst for Experiments | and .3, similar to those eeen in

Figure 1,  ‘This violates ‘the linear fan psttern and st fsce value argues

againgt the multiplying mile.

- DISCUSSION

The first theoretical 1mp£icatian of the {oregoing resultis is thét
generosity  oues are averaged o arvive at  judganents of ‘ggnerésiﬁy;
-rreo?er, ths para}léljsm—mwans: et the equal weightiﬁg coﬁdition,-wag
gatisfisd. As far as gen?rositf iz concerned, therefore, the ﬁosaibiiihy of
d;ffa;entﬁal-weighted averaging can bs'ruled putek | )
The second thecreticeal implicgticé concerns the linear fon p&ttern'in the
'Generﬁsity i Income g%sphs; The pref&rreﬁ innerpgé:atzanfis_that'thiﬁ
suprorts the two«aperatién model of 3. (2): the iwe generosity cqgsi-are
averaged ahﬁ’thia avér&ge is'multiplied int&iﬁhé income ate. | :
Unfortunately, the problam of imputations dlacussed i the dntroduction

hes not been entirsly eliminated in thess experiments. The crosspvers of

the dashed curves in Figure 5 viclate' the Zinsar fan pattern and  so. might
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aeem to Lnfirm the multlylying rule &nd support the averaglng rule. VTne‘
multipiyzng rule ocould be saved, however. by psauniag that’ subjects impute a
valug to the mzss;ng income informetion that ‘is positively cocrelated wi+h‘
the given genercsity information. This impuled incoms would =set as &
mnltipiiar for the genercsityﬂoniy uﬁrve that increases &= geﬁé}osiﬁy
linbreéses. Henca the slope of the- generosity~only cu;ée would increaée,
'bauaiﬁg it to  creasm ov@f the eolid ourves for which income is a given.

gonstant. Against this 1mputaxxon “u;e, thﬁrefore, the Crossovers 1n annre

b gre smbiguous.

EXFERIMENT 4

TEST FOR IMPUTATIONS

The cain purpose of Expar:mea* 4 was to resoelve the ambiguity -iﬁst noted_
in the ‘inte:pretation of Bxperimanis 1~,; This wes qone by pa;rlng the
income iﬁfo;matian_wi%h gither one or three pieces ‘of informstion ”gboux
generosity. 1If the multipiying rile noids, then ﬁge curves frém.the.twdfcué
and fbur*cuefdeeigns will form & common linemr fan. If the averaging crule
holds, howevef;'then the curves from the two-cue design will croas over the
curves from the four-cue design. |
4 second purpose of Experiment 4 wos to obrain further information about
‘tga operation of. imputations. Accor&ingly, judgmentsrpf gift size were

obtained from informetion about either iocome slone or generosity alone.

METHOD

Stimuli end Désign « 'There were 11 atimulus dpslgns. - The first was A

four-way factorial with three generoszty fartora and ome income factor.

Each generosity facter was defined by the GP?Qlﬂn of a dxfferent frlend.
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Frlend 1 (very fuch below average in_geﬁerasltv. average in gener051tv, and

very much- above average 1n generosxty}, Fricnd 2 {not at all generoas and

very generous); and Friend 3 (low 1h_§§ﬂ€”0%14§ ard high in genercuity).

The three levels of ¢nnual incoma wers 5, 15 and 2% HBs. thousands,

The gecond design was a three—way fnctor:sx ugsing the three ééne*osity
factors aIready listed. Demigna 339 were two-way f&QbOsldlS using each of
the three p&lrs of generosity facltors. Depigns 6*& were also twu-way
factorials that used one of the generssity factors w*tb the 1n\ome factor.
Deaigns 9211 had.oniy one factor, sither the second or third generosity cue
or the income che, reqpactzve]y.

Altogether, these d331gn3 yielded 12 stimulus PETIONE . in aéditioﬁ§ H
practice  examples ware conatructed._ Fouz had 4 cues, Iwo had_ﬁ cues, six
had 2 . cues, and the renaining tour hed a singie cue. The practice eiamﬁles
included Lnformatzon more axtreme than the regular atIMHlds peraana and so
gerved as end anchors. The four 4-cue praauace_axamplea wvere aiso prasented

glong with the main 92 experimental gtimuli.

Procedure. Subjects weve 14 mecond-year enginsering students from the same
population as  the preced ing exyeriﬁents, who received Rupees 10 for their
services. fThey wers run iﬁd}vi&uﬁl;y over tec osuccessive evenings in
seassions of eﬁgr@ximately'e.ﬁ and ? haurs. Genersl grocedure was #hé same
gs in the second phase'ﬁf the prece&ing grperinents. ‘Eack aubjent rated the

36 stimulus persons ifwo times in differsnt ahuffled crdera on each avening.

Data from sll four replications were analyzed.

‘RESULTS AND DISCUSSION

Multip%ying VEIr8sus Avera;&gﬁﬁ T&,establish the multiplying rule, two kinds
of  evidence ére needed. First . is the linear fan pattérn illustréted in
Figure 6. In the left panel, the three sclid’curves.with filigd circles aré
from the two~cue, uéneremtyi x Income deﬂzgn‘ The corraspondzng gurves in

the center gnd right panels are . frem the sxm1lar two-cue’ deqigns,
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Gener031ty2 x Ipcamp and nerosity3 x Income reap&ct valy. All three aet§
af eurves show the linear fan pattern. |

" T‘he linaar fan pattern is siso fownmd in the dats from the full fou;--f'actor
',dgsign. ) The two-factor graphs of these dats are shown in each panel of
:?iguré 6 by the sélid curves with opan circles. A1l thrse - sets of thgée
cﬁrvea aleo show the linear fan pattérn4 |

The criticel discrimination between the multiplying and verag;ng rules
' comes from cqmpgriéon of the filled~circle and op&a—ai:ala vurvws in Flgure
| &, If thé multiplying mile Hoids, theun each curve'aheuld ﬁe a‘straight»line'
fuuction. of income w1ﬁh s;ope equ&l to the value of generosity. 'Hence'thﬁ-
fillad~ cirele and Gpea-c&rclP curves of. Figure 6 should form & commnn ilnear .
‘fan« as £ndaed they de. _ )
| Fnrther %uupert for the m¢1t1plyzng rule comes fham compar*ng a&npea far
. the _openuclrcla and . Tilled-cirele  curves.  The slopes of the-cpenwcircle
- ocurves, since they ars-averaged Tover the‘ ather'rtwb _genérosity gfé;tofs.i
should 11& between the alopes for the low anﬁ‘h;éh generosity cﬁf?g# ffom‘
.the two-nua de51gns« T%is predicﬁion glso is well sugéorteﬁ- in”'ali Tihree

panels of Figure 5,

_ ?h&laveragzng rule, in coatrast, vequires that the _filiéé-circ;e ourves
~ghould croas over the nnenncirgle surves ia sach panel.  This ?rédictiqn
3followa the laglc of the C”QESJVGJ ﬁaut #lready preﬁ@n ted. Littlé er-”no

sign of such crosso;&r hén be asen. The ﬂ]ight ecreasover in Ve 1eft p4n91,
‘4id nc%'approach gtatistical significance. "This test av01d5 the prablem dfi
m1381ng irfbrmat;an because some genethivv 1ﬂformat10n, either one or three;_
piecss, is always presgnt. These resulta_demonstrate, therefqre, that #hé

aversging rule is not applicabls and thet the multiplying rule iszl
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For completeness, ihe atatisticsl analyses are giveﬁ ié‘iTablet_i, which
presents  trend analyses fo;_ the wuix seis of data just considered. The
multig;ying model require# that the Limear X Linear ;omponent bf the
iﬂtéraction he aignificant and that the higher-order componsenta be
: ppnsignifiéanf. The ﬁable shows  that tﬁa Linesr § Linear campénenté ha;ef
very high.lg retios, and all are - highly significant. The hiéhef-ordef
components sre generslly small and ﬁoneignificant, except for- the case .éf

the iwo-wsy design _iﬁ the left éunei ot Figuré 6., Howevear, insﬁection-af
the graph shows no ;eriOUS'dévistiqna from the lingar fan pattern.
Alsa'includeé«at the hotitom of Taﬁle 1.are the statistical tests for the
two-factor and fbpr;facton designs combined. These combingd data ehould
also form a_line&r fan, as slready note&ilandrthe gﬁﬁtietical\téstsr AUpport
this. In short, the siatistic&l“analysés agrée completely?#ith the'visual

inspaction of .Figure 6. Thus, the averaging rule can be eliminnted, whereas

the wultiplying rule
e . : S
Gift sime = éenerosaty X Income

receives very strong support.

Imputations. Becsuse the multiplying ruls haz been eatabliéhe@, ’it iis
 p0aaih1e to ghow that subjects made- imputaiions about missing-infdrmatiﬁn.
" Two miles of imputatiqg must ba ceﬂsidar&d, eng for generasity,' thé; othar
‘fdr]incomg._ o
 When ouly information aboud inéome‘is given, subjects iumpute a ﬁiied val ue
to generosity and ‘multiply that inte she given income informati;n. The
evidence for thisrcbnclusion is éhown in Figufe- 6, in which. the dasheﬁ‘
curves~'repreaént judgﬁénté based bn‘ineome alone. Thqse dashed curve; férl

into the linear fun pattern defined by the solid curves in ea;ﬂ_ﬁanel. ~ The
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‘natural interpretation ims that subjects impute a fixed value fo generoaitj,
appreximateiy'average in value, ané multiply it with_ income. This wiil

‘ jield.é straight line with slope and elevation approximsiely the sams aa:fcr
the a;lid curves for giver generogity information of sversze value, in liné

~with the observed reszults. |

If.subjecta nads no iﬁputatien, then the 3lope ané elavation of the dasﬂed

curves would be hard to underatend. On the other hand, Lf subjects imputed
a noncenstant valuve of genercsity; one that depended on the given incoue
iﬁfarmatibnmnthen the dashed curves would have variable slepe ahd cross over
the selid curve. |

A different imputation ruie spplies when only generosity information is
given. In thie case, subjects impute an income value that is g direct
functicn of the given generosity information. One cluair to © this
interpretation is shown in Figure 7, which plots the data from the four-way
deslign in ihe form;of a two-way, Genaroaity % Incone design in thé game wWay
_as indiuated for Figuce 5. Figures S'and T both show the same pattern: the
80lid curves form & linear fan, but the dashed cﬁrves havg steepsr slope and
viclate the linear fsn. The ateeper slope can te explained if subjects
aseume that psopls who are more generous have greater income. In other
wo:ds, they impute & value to the'miaaﬁﬂg iﬂcome'informatien in direct
relation to the given genercsity information and multiply the imputed and
given informatipn to argive at their judgments. |

Much stronger evidence for this interpretation is givsen in Pigure 8, which

rlots the three ‘Income ¥ Generoalty graphs for both the two-cue and the
four-cue designa. For the issué at hand, what is impﬂrfant is that the
dashed curves for generosity-only ipformation are staéper and ;rcss over the

open-circle solid eurves from the four-factor design. By the _reg:;ﬁﬁiﬁg
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slready given, this supperts the conclusion that the imputatior ebout
missing income information depends on the value of the given generoaity

informatidn.

Avereging Rule for Cererosity Information. %hen more than one piecs of

generoaity . information i3 given, ithese are averaged;. This averaging rule
was suﬁported in Experiments 1¥%2. and the present expeviment provides even
stronger support.

dne line of evidenca fer averaéing iz shown by the parelielism pétternﬁ in
Figure 9. The soiid, filled-circle cuﬁvéa in the three panels represent the
thres two-way designe with .tws gzmerogity cues; the solid, open-circle
curves represent the"carreapnnéing facturial grapns  from the four-way
deaign, averaged aﬁer the other two design fsctors. ALl six sets of cﬁrves
exhibit near-parallelism, and none of the cbrreapnndimg interaction terms in
the analysis of variancs approuched significance.

‘Furtherﬁora, thé' slopena of the curves égree with averaging theory;
Theoretically, the slope représents the relafive weight of the generosity
cue listed on the horizontal sxis. This cus has higher relative weiéhi when
i1t is one of twﬁ than when it is one of three ge;erosity cues. Hénce the
filled-cirele cﬁrvea should have stsepsr alepe then the open~circla curués.
as in fact they do.

To -complete the slope pattérn, the dashed ocurve, which represents fh%
response ﬁo a singie generosiﬁy,cue iz alao included. It hes the sieepest
slepe of all, a2s it theoretically shogld,(anﬁ indeed shows the crossovers
thet eliminate the adding rule.,

Additianallevidance of the mams kiand Is presentadl in PFigure 10, which
replots  the two-cue gensrosity deta ofi Figure 9, together with ‘the

COrrespohding data from the design with three generosity cues. Here again
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-thg ‘two-cue data show the ateeper slope. It is also worth naiing‘that the
threewcuer cufvég of Figure 10 “have easentialiy equ;I - 8lope to © the
corresponding four-cue curves of Figure ‘9. This sgrees ﬁifh'the two-
opération model of Eq. (2), for the fourth cue is income, which is n;t

averaged, but mult plied.

Configural Effect. One'complication srose in the statistical gnalysis. ‘The‘
three-cue gsnerosity iﬁteraéticn was gtatistically signific#nt in both'tﬂe
three~cue and the four-cue designs, ¥{2, 26) = 5.59 and 11.60, respectively.
Theae two inte;actians are profiled in Figure it. ‘ .
‘Ingpection of Figure .11 shows a simple pattern for fhe three-way
interaction. From left to fight, the three panels exhibit divergence,
parallelism,_and convergence. Theae paéterns have a simple explanation:
wnen two {friends hsve similér‘bpiniqna sbﬁut‘the persor'a gensrosity, the:
opinion of the thiré friend is discounted; when iwo friends differ in their
Opinlons, the oplnlon of the Thlrd friend is given higher woight. , . ‘f 
This 1nterpratatlon reats on detailed ressoning that deserves aptentlon BS
en illustratiqn of the analytical power of cognitive algebrs. kHach 2 * é
design represenﬁs.the generosity infarmat;on given by Frignds 2 and 3} Qﬁich'
has either high or low wvalues. The two middle p&nalg sarraagoné'to thé_
average value of the geﬁeroaity information given by Frieand 1. sThese two
patiels exhibit parallelism, and are taken 3§-the n#-inter;ction reference.
H%ﬁce those curves in the left and right penels that are parallel ‘to those
;n the center panel also preaumebly show no interaction. fgking‘into
account the verticai separation nf‘the pairs of cuv#es, the interaction ;éy ’
be localizgd at single pbints: the fop right point in both léft panels, and
tﬁe bottom left point in both right panels; It thus‘tfollows that the

éjinioﬁ of Friend !} is discounted when and snly when Friends 2 énd 3‘agree.{
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4 .
but Friend 1 ;Asagr s with thes. Sclstantively, not  toe wmueh should he
mede -of ome incideiusl reauli. This ansirsis, nowev e or, doee illusirase, wow
integration thesry can gprovide incisive  iufermation about  interscotion

procenses.

BEPRRLHENT 5
VERIFICATION OF AVERAGINGIAULIIPLYLRG RULE

wrn g T T
Hir BEP-ZI2E BRERGT

Tnis experviment was sun shiefly as & verifization check on  the two-
operation, averagngmmultipiﬁing mod sl A% slse provided inforastion op
imputations atout misving genevosity ;nr,*upticn. the maln change wag o

base the thaoreiical iﬁtérpretﬁtiou on the spu-sivs afleds, in which sdding

mere infermation of equal vslve cavees 2 more Lolerized respouse (Anderson,
1965, 1967).

Within averaging thecry, the set-aize efirci ia handlef ip terms of tho

n:t &l state, which is sveraged in wizh the given stimalus intorm u*anna' i

terms of the present sveraging®multiplying moder, the inteu4au1¢n ruele for
multipie piecas of genercsity informatier and one piece of income

infornatiog is

'
S L S %
Gift mize .= L. — lncame, {3,
;

X

yhere k is thé mmber of pieces of generesiity information of equel velwe, 3
IO is the initial stete; and w and 1 F v oare the weights for e givern pgecé'
of gensrosity informstion and the inigial OTIILGY rﬁspe:ﬁiveﬁyo_ Thia model
predicts érﬁsﬁbvers whsn zeh size is varied, but a liuear fzn patﬁer- in the

. . ‘ . . B
factorisi graph for Generomity x Income.
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METHOD

. . . M
Stimuli and Designs. The {first¥ desfgn wsz 8 fRumser of opinicns x

; * R : o ik ’
Genercsity x Income fsctorigi. The number of opinjons about generosity was

t or 5, ell of equal valus. The valuea of the opiriens were not a4t =il

Py s Pttt

genercus, okay, and very enerouvs. The levels of insdte were ‘We same four
vélueszﬁsad in Experimenis 14,
‘ : 3 Y %
The second design was an Order of pressntaiion ¥ Numbsr of opinicns X
Incone fa&iorial¢ There wore tuo orders of presertation of iae genarosity
irformation:  positivefnegetive and . negaiiveZyosmitive. The number  of
epinions w#as 2 or Y. ‘The 1evels of incoms Were the same as in the first
design, Setrs with twe opinjons had:ohe @ositive sud one nagatvive; sels with
five opinions haﬁ two - posiiive, ﬂﬁe neutrel, and teo ﬂegativalt Bach set
‘thus had g mig ~soale or neutral value {Bdwsrds & Ostrom, 1971 Singh &
Byrne, 197%),
in addition, tne four levels of incone weve presented slene o ?e?licate
the imputation rule for missing geheresifty information. The complete set of
sxperimental stimuli iseluded the roregoing 44 deseriplions, plus  two  end
anchore and four fiilérs. : ‘ ,

J

Eigggggég._.ﬁeneral provedure was the same as in Expariment 4. Theve were
12 subjecie from ihe same populstion, each of whom ryeceived Rupees 5 for his
services. Subjects were run individusily, and ageh rehed the  50°
descriptions ‘thrae tizmes in différent spufflal orders. Data from all theee

repiicetions were inclvded in the analysis.

RESE uTS AND DISCUSSIOR

Averaging versus Muitiplyirg. Tie first guestion is whether gererosity and
income - information are sveraged or muelfiviied. The three curves in the
right panel of PFigure i2 pravide cisny evide.ce against averaging snd  far

multiplying., . The +two sslid curves are frem the second design, and they

reprssent Jjudgments based on the one piecs of income information. listed on



5  RAMADHAR SINGH

the hori#ontalg and either two  av five pieces of infbrmation about
generosity. The- averéging medel  requires that the cﬁrve with fmore

eeneroaitj iﬁformatjon have shallowér slopa- than the curve with legp-

generoaity information, because the slope is an 1ndex of the relastive weight

' of-.the income information. Sinee the tws curves are v*ftually identica‘
' the aversging hypothesis is inadequate.

The muléipljing model, in contrast, predicts equal slope for-the two s0lid
cufves ‘hecause the @eaﬁ velue of the generosity information is the same for |
boih, by virtug of the chpice of stimulus values in the second design}
.Kulfipiication of this same value of genevority with the givén.incéme
information will produce curves of egual elbpe, The same result th;t‘causés
gifficulty for the averagiﬁg‘ model thus prbvides strong support fo; the

. . -
multiplying rule, Gift size = Henercaity z [ucome.

ﬁgéragiqgiﬂultiplyiﬂg Model. According to  the averaging®multiplying

hypothesis, ths informétion about'generosity is averaged =nd %ﬁen mu;tiplied
witf the income informétion.' Suppert for this p*edlutzon ig ahown in- the
middle panel of Figure 12, in which the six solid curves represent the data
from the first‘design, with one curve far esch combinatian of generoaity
information. These six sclid curves form a linesr fan, in agreemeni'ﬁith
"the wultiplying model. | o
~ The curves for five pieces of generosity informuation are more exrireme than
the dorresponding curyes for one plece uf'geuefoaity informatior. This aisq
agrees with the multiplying model. By virtue of the éet-siza effect, the
effective value of' generocity is more extreme when ,haged - on more
informétion. Hence the curves labeled 5 shonld have more extfémg siopeA and
moreQ extremg. elevation -tﬁén the ceorresponding curves ldabeled 1. \Tﬁe two

lowest curves are no sxception; not at all gensrous hae a near-zero value so
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the S-curve has lower value snd lower slope than the corrésponding fécurve,
by virtué of theractian ef the initisl aéate in Eq‘ (3).
étatistié#l support‘fbr the graphical trends evident in the middlé‘ panel
of Figure 12 Vcomes from the trend' &nalyﬁe%. The model requiras &
sisniflcant linear ; Linsar component and nonsigni ficant Linear x %uaﬂratic.
Quad"atir x Lineaxf and Quad ratau x Quadzarzc comnoneﬁts.' The correapond;ng
tests yielded R(1, l¢) = 2y, 55 .02, .29, and .02, respactively, in
excellent agreament with the theery. |
The preceding experiments showed th&t generosity inforhaticn is a#eraged,
.and tﬁe éresent resulis agree with this. This msy be seen in the left nanel
of Figure 12, which plots the data of the center panel averaged over income.
The crossover of the two curves repreSﬂnfa the standard set~s1ze effeﬂt-
“Fur the highest and lowest valuas of generosity, the curve for five p*eces

of 1nfbrmation is more extreme than the curve with one pisce of 1nfbrmation,

a3 required by Eq. (2).

Imputations. Previous experiments had Véhown ‘that: missing  generosity
infbfﬁatian is imputed an average value,  snd further 5up§or§ for ﬁhis‘i
intarpratatiﬁﬂ/ia present in Figure 12. In the -fight panel, the daéhed,
-income~only 'curvé is esssutislly fidentical to the tﬂ§ solid curves.
Although there is =2 hint of atesporr slope, the intéraction did not ‘épppqach
aignificance, F(6, 66) = 1.55. The natursl interpretstion is that subiects
limputed a fixed, a&erag§ value to the misaing generosiiy infafmatian. and
multiﬁiied this with the given incofe infﬁrmation.

h Sié&lar evidence for imputagigns iz provided by the daszhed curve in the.
éentér péﬂels ﬁlfhéﬁgh fhe dgshed gurve croases over the i-ékay cﬁrve? the
difference between them did not approach significance, either iﬁ thé ovérali

interaction or in its bilinesr somponent. This suggests, therefore, that
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" the imputation is equivalent 1o ons‘piecé of geﬁercsity information of okay

vélug.

EXPERIMENT &

TEST WITH SOURCE RELIABILITY

At the time the pveredzng experimenta were being wrltten uy, test of the
7 analogoua model Performancp ® Motivntion ¥ Abzlxty, wag published by Surher
7(19815) who found evzﬁence for averaging rather than multzplying Since‘
"this seemeﬂ 1ncons;stent with tha pfeceﬁing results, it was dac1ded “to
'replicate'Surber s method and qesmgn un@er the condjtions used in the
pfecéding'akperimentsk' |

“Ecéofding 0 Anderson's ﬁv@raging'model,‘which was employed by Surber, the,
sudgment of gift size should be . | |

wGu twlot "OIO

Gift sige = —p—T (4
' ¢tV T Yo

it

vhere G, I, and IO are the scale values .of generosity, income, . and the
1ﬂitiﬁl state. and w,, Wy, anﬁ W are the1r respective weights..

Reliabxlitv ‘of information iz agsumed to affect  the weisht paramerera
(Anderaon, 197)., If the vaiue of ’wr ig 1ncreased by varying thb
‘reiiability of the generosity 1nformation, as’ 1n Surber 3 experhnent, théﬁ
the relative welght and relative effect of the income’ information shoﬁld be

reduced. This property pTOJidPB a strcng test of the averaging model.

CIf ganeroaity and 1ncome are multiplaed howewer, ‘then

Gift aize = WG : EII.. : {5}
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1n this case, as. Surben, pointed out, an increase in W will " jncreass  the
effect of the income informaiion. The two models thus make sharply
contradictory préaictionS; and these predictions were tested in  the

fcllowing experiment.

METHOD

Stimuli and Design. The deaign had four factors: Generosity; Reliablility

of . generasity information; Incame; and Reliability of income information.

The three }evels of generosity were not at all gererous, okay, and very

5 generoua. The three 1evels of incoms were 5, 15, znd 25 Rs. thousands.
Reliability of the 1nformat10n was manxpu}ated by specifying the source of

. the 1nformataon.' For generosity. the thres sources Were 2 person of of one

hour acquaintance, a fant friend for five "aara, und the local flood relief

officer. For incems, the three sources weve a casual visitor to the home of

the sgtimslus person, g fast friend for five years, snd ihe incoms tex file.
f_Thssé 1evels were sslected in consultation with two pilet subjecta who ﬁiao
helped in the ﬁreparatien of detailed instructions.

In addition to the 81 persom descriptions from the foregoing design, 9.
‘filier descriptions were included. Four used extrome levels of geaeroaity'
and income and served as end sanchors. The remain1ng five ha¥ stimulus
levels different from those in the main d931gn. The 1nit1al praca;ce

included these nine descriptions together with giz from the regular design.

Procedure. General procedure wes the seqe as in the prevxgus Experiments.
Kritter instructions helped estabiish the reliability manipulatvion bj
stating that the most credible source of‘generoaity informatian would he_ﬁhe
local flood relief officer, whe maintainé& recorda of previons dopnations.
When this was not available, a frirnd or acquaLntance waa approached fer &
opinion. Ana‘ogoas instructiens were used fbr reliability'nf the income
information. It wae: emphas1zed that thase 1ﬁf0rmat10n sources varied w1dely

'1n credibility and this ahould be taken into account in making juigments of
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.expecte& gift size.

Suhjects were 28 fl*at-year studenus enrolled in = cours§~on personal  and
intarpersonal dynamics at the Indian Institute of Hanagement. Ahmedabad , whoi
.receivgd Rupeea % for the apnreximately 1.5 houra spent on the expermental
-fasﬁ.- after each gubgect completed the prsct;ce and indicated hia:
underptanding of the task, he received the coumplete deck of 90 persbnﬁ
dés;riptioﬁs and rafed then twice in different shuffled crders. Pata from

Loth replications were included in the anelysis.

RESULTS AND DISCUSSION

Liinear Fan Pattern. A complete overview of the data ig given in Figure 15,

which plots the mean Judgments from all B} cells of the romplete deszgn.
‘Each panel shows the resulis for omne Generos;ty i Income design, with
generonity as curve param&ﬁer and incoms on the horiéonﬁal.siis. EBvery
panel shows the linear fan forn depanded bv ihe mgit;p!ylng ncdel . |

‘Phese reaults provide sirong support sz ths wmultiplyving model, and they
ars supported by the trend analyses._.Pa@txtlon of the oveygll Generasxtyi§'
Income gffect into Linear ; Linear, ﬁinear ; Quadratic, Quadratic § Liﬁeur;
and Quadratic X Quadretic compﬂnanté vieldad ?(1 27) = 7%.40, .16, .04, and
X, respectively. The linwar x Linear componant is highly signlfxcann' and
the 1in_§ar§c;‘uadratzc components are nengignif icant, guqt &8s prad icted by the
multiplying mgdei. -

‘The averaging model, however, mighi give an ﬂapproximate account of the
linéar fan pettern if different;al weighting were ellowed for ihe incone
varisble. The previous experiments show that generosity is squally .
weighted, a8 the model would have the semilinear form {Anderson, 1985)'
which predicts a set of straight }inea of varied slope. Thls predicted

;pattern is- not a lipear fan, however, because the straight 1ines do not in
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principle intersect at a siagle point. In principle, therefura; ofie -of the
1iHBﬂr!qundratic ‘components would be real, but in practice the power of the

fest:could be low. Accordingly, acme better way is needed %o discriminate

' Beiwsep the two modeis, as in the following subgention.
o . :

-Raeliability Manipulation:, 'ﬁuitipiying versus ﬁyér&ging. The sffects of thei
-reiiability manipulation ate straightfcrﬁar&z ali support the,ﬁyﬁothéaia .
that generosity and income are multipiied; nene support the hypothesis t&atf_
generosity "and inéome are averaged. Th? 1fgéc of theée.tests.has éiregdf
been indicated. it the mqltiplyiﬁg ‘rule helds, then increasing éhe,-
reliébilit?..of the generosity information will increase the efféct of the
iﬁcome iﬁfbrmatiqn, and. vice verss. BPut ths spposité ‘uillr happen if the
averaging rulé holda: | iucreaai&g 'th& reliahility fuf thé _gené%asity-z
'information'wililéecre&se the effoct of the income information. .and?';ioe
versa. | | |
The first testfbetween the t¥d ruleé “in  given in the; tep lggar. of _
Figure 14, Eéch.panel ﬁl&ts the Generosity T income graph_fér one 1a¢eliof
reliability of generosity information: low, medivm, and high, from left to
vight. As the relianility of the'genernsjzy iﬂformati¢n incréaaes.ﬁfrbm
- left to rignht, the three curves bazrome steeper and more spread coul. =:IQ
other words, the éffec; of the income Information increases as. iﬁa

re}iaﬁilitj of the gemerosity inforwation incressea. This supfcrts{.ttg
mﬁltiplyiﬁg‘rulé 34 éontraﬁicts the gsversaing :&ulew

A similar reeult is seen in the widdle layer of Figﬁre 4. Eaokh paaél
Sho WS %he Generosity i Incoms grapk for #ﬁé level of relisbilisy-of inebme
information. és'this.re$iabiiity jaoreases, frbm left to_right; thie curvéé
become steeper and more spread oub. Is other words, the -effect of the

asnerosity informatton, which is represented bty the gtespnees of the curves,
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lhcreaaes"as tﬁe reliabiiity of.tﬁg income information increases. By the
s;@e logic as before, this cupperts the multiplying rule amd contradicts thes
'#veraging rule. a |

K third test betweer the two rules is shown in the bottom 'iayer of
Figure'14, uhlch plﬂta factorial grephs for generns1ty and rellability of
generoelty informationa The multiplying and the avgruglng ‘rules can both
accqunt for tne c¢rosgover, but they make differsat pr@dictioﬁé about its
trend. The mégnitude of this croéscve; should inéseage 88 the income
information becamea acre reliable, from 12ft toe right, according_tbtthe
multiplying rule, whereaa it should decranqa acﬁording to 'tha averaéing-
rule. The observed crossover 1ncreases, which supports the mult1p]y3ng rule
and contradiets the averapxng TRie. Tnle three-way lnteractlon was
stat1stlcally'aigniflcant, 88 were +hose in the ather tvo paneis.

& dlfferant test petween the twc wodels. . 31W11ar to thsi used by Surber,
is shown in Pigure 15, The two left panels show ihe fuctoriai plobs for the
reliability and value of the two kinds of jaformgiion.. Both panels show the
crossover 1nteracﬁian requi: red by the mul biplying modei; Although ﬁhis
crossover seems less clear in the sacan& panel, -the trenl analyses aupporte&

‘thé7 model in bvoth cases. The bilinear F's were 34.76 and 17 23 far the
.ganerog;ty and incote gfaphs,_respectiv%ly, whﬁrea% none of the linear® .
quadratic compnnéﬂta spproached significance. The averag;ng modal, hewaverf
sl 50 acc&ﬁnts for fhia éroasover.

A discrimiﬂative'iesf between the ftwo medels is provided by the two right

_ graphs, which show 'the factorial plcts'for.the reliability pf one kiﬁd of‘
information and the vaida of the other kind of inforwation. “the averaginé}
model requires that generoslty information have g?eater effect when income

relxabllity is lower. Hence the curve 1abwled hlg& should have lower s]ope'
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than the curve labeled low and lie below it at the rigﬁt end. Just th§
opposite is the vape, &8 may be seen in the asecond panel from the right. . A-
sxmilar ‘prediction Iholds for the rightmest panel, and here sgain thb data
-digagree with tng gverag;ngrmodel.

Iﬁ contrasﬁ, the bfdering of the three curves agrees with the multiplying
model; .One discfap&ncﬁ from the multiplying model is that it reQuires a
linear fan pattern in toth right panels. Although this iz weak in.the pangi
‘second  from ;right, it was high1y~significnnt? with s bilinear F of 10.52.
I&“tﬁE‘right‘p&nel however,‘ii did not approsch .significance. | With this
exception, the data of Figures 13*?5 prov1de remarkably good support fbr the

hwpothsais that gener031ty and income are 3ntegrated by -3 multlplying rule..
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GENERAL DISCUSSICH

The results of this expevimentsl investigation can be summsrized under the

two - issues consicdered in the introducstien: cognitive algebra and

imputations. fThe daia provide ﬁtriking evidence for cegnitive élgebrg, but
this interpretation requires that sllowance be made for imputations about
missing information. At the  esme tiwme, cognitive wlgebra provides an
incisiVe’diagnastia for ihe impatation rules. Following discuasion of these
w0 isagea, therefore, the approach develapeé in thege experiments will be

spplisd te other Lemks.

COGNITIVE ALGEBRA AND IMPUTATIONS

Two-Operation Integration Rule. 4 major finding of the pregsent series of
experiments concerns the operation of the two-operation, averaging®

multiplying rule. Given two pieves of inforsmation shout generosity and one

about income, judgments of gift size cheyed the rule
&) . y - * -~
Gift sige = (Generosny1 + Ganerosity,) z [ncome.

Information sbout generosity was averaged, snd this aversge was multiplied
with  the income information. This rule accounted for the reéults of aix
experiments in remarksbie detail.

Evidence for ths averaging sveration wez sesn iﬁ the parallelism patterus
and in the crossover tests. Theue analyses agrze with nuch previous work on
averaging processea for cues that have thessame infdrmatianai quality.

Evidence for the multiplyiﬁg operation was seen in the linear fan
patterns. This replicates the fesalts obtsined by Graesser and Anderson
(1974),. but with additional conditiﬂna that rule qut -altefnative‘

interpretations of their data. Iﬁdeed. the fullitheoretical-analysis of the
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present data takes scoount ot three alternative hypothesass

Weignted Averaging Hypothesis. One aliernative explanatior of the linéat.
fan p;ttsrn ia ﬁhat generésity and income, iastﬂéd of being multiplied, are
. gveoraged with diffe?ential weighting., 1F wéighting is greater for 1ow§r
generosity or for lower lacome, a8 would seem ressonable with judgments of
gift size, then %he rveraging medel would produce an spproximaie ]inear_fén‘

The generesity variable, however, must be ogually weighied because af the
parallelism pat%grnﬁ for the designs with twe geaeresity cuss, aa in
Experimants 1%, Similsr dssigns might nave Been inciuvded to test for equal
wéiéhting ef the income va?iaﬁie. Yowever, the Gesigns of the later
experiments allowsd a wore direct $est of the multiplying rals.

5ne,spegif1c result may ve cited to jliuetrate the thesretical logic.
Experiment 4 compared s two-ous ané s foor-cue deeign, witir ong piece of
income informetion snd sither one or thres piesss of generosiiy ieformation.
1f geﬁerosity and Income sre sversged, ihe iwo-cus ourves will ba markedly
stegpeé than the four-cue  curvop. But  i{ gensiosity and iaconme ere
“multiplied, the two sets of nucves will form a co6Emon linéar fan. As Figure

multiplying rule. - Different

&

6 showed, the results clearly supporied Ehs
experiventzl manipulstions in Experiments o and & guve furither suppoit w0

the wultiplyinz rule.

Imputations. & second tkecredicsl complicaties conterned  the possibiiity
that ‘ahbjects ispute? vaiues ¢ missipng informsbion end integrated these
imputed vaives. .Thié p?ébiem of imputetions appeared in interpgreting the
cresgovers in Exéefimenta 155, With guelitatively similar informstion,
CrOoSsQvVers are ordinarily taken as'.evidence for averaging, ag with the

present degigns ihet uased one and two gonorosity cues.
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The matter is éifferent; hewever, with qualitatively different
information, as with generosity and income. Since both cues are logically

neqﬁasary to judge gift size, the impuiation hypothesis must be t&keﬂ :

S

seriously. Indeed, if missing income infermation is -imputed .a value

pos;tive]y related to the given generos;ty information, then the crosaouers'
' observed in Fxperiments 1¥3 can be expiained by both the aversging and’ the

‘multiplying rules. A

mhts matter was alad resclved by Bxperimeni 4, by virtue of the ‘ioint
two-cue and four-cue de&igns_mentiened in the preceding subsectizn. :Becauée
the curves from these two designs forusl = commen linesr xan, tha averag? ing
rule csn be rejeﬂted. Furtharmore, the maltlpiyzng ruls provzded'an ‘
exce1lent quantitative scceunt of nil the wegulis.

The existence and nmture of-thsq}mputatisns iz the prasent tés& were made’
ménifest %hrﬂugh ¢ﬂgnitive algebra= Establighment of the twoe- operation,
averaglhs!multiplylng mle of Ey., (2) provided the basis  for diagnosis ef

x;he rimputations. Thede d;agnaaes were atra:gttforw&rd but it is nntable
that two different imputation rules wore operstive, depending on which glgd
of infermation was m;sﬂing. |

Thé imﬁutation rule for generosiiy was simpla. When genarasity- wag  adt
specified, it was jmputed an average value. This constani impufed value #as
multipligd with the gi#en'inecme information.

The im;utation rule for income was alsc simpie. When income was not
gpecified, it was imputed & value directly related %o the value.of thé'givén
generosiﬁy_infarmaﬁian. 'Tﬁe gvidence for these two rules was $ummafiaed in
Exp&rimenfs 4% aad will nbtk_he vepaated hers. It deaqrves emphasis..
howaver, that the dikgnesis Gf these impﬁtatidﬁ rulés was hound up with the

cognitive algebra of the task.
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‘The asymmetry in.tée impatatioﬁ pules for the two lkinds of information
refiects fhe subjscts’ implicit theory of pzreonality. _Thé.résultﬁ iﬁp@y
thet subiects did not consider that ea?ning ‘more makes a\ person more
gensrous. Thgy 3id, however, expect & more generous pershn to havngﬁéa{er
income. This agymmeiry in the imputation rules WEY reflect =& ‘twpmfbld‘
megning of generous. _One weuning refera 0 2 motivationsl traitp the‘otnei'
t3 & behaviorsl descviption. 7o BaY that a peréan iy generous cannotéa- not
oply a disposition to future actian,fbut alac.past a:ti@ns of generogity-2
© for which income is prﬂreqﬁigiﬁef | u
Respenge Scaje Valigity. Finelly. there is an.£lxernative ihtér?retatiq;_af
the linear fan pattern that way peed hrief conment . Inthis'ihterpret%tien,
the 1inear.faa is an artifect of & viasged, or ‘non11ne&é,_ respduéé ;caié.\
Instead of the raticge being & tpae linear (equal iatervel} scele, the true
.goale might e e leogarithmin fun;tiuﬁ ¢f the watings. The trﬁe p&tteré
wouid noﬁ. 59-_3 '1inear fan, thersfore, Dot ome of paralieliam, and the
multiplying rule weuld &e_incorréct,

" The data on ﬁﬁe-éwamaperatibﬁ aodel aveid this difficulty because Iney
'-simultanenusly eutiefisd the pavallelism patsern and the linear fan pattern,
deﬁending‘aﬁ the integration giage. Bﬁﬁh paﬁﬁerns suppurt'an&;butifess eacﬁ_
other. .This foliows the twoﬁéperation login discuaaedlby'&raesger and

inderson {1974: see alsc Andevsen, 1981, 1962 ).

InconﬁistenQX‘EE Cognivive Algebra. In their study of the gift slze

eguation, Graesser ead An&eraou {1974, found an agpﬂrénp mathematical’
insonsistency. They used three vonditions, in which .aubjécta received
infornation apout two of the variables apd made judgments about the third.

'Thgy claimed that ons judgment oboyed & gultiplﬁing rule,
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Gift size = _Generosity % Income,
.hqt phat the other itwo judgments obeyed subiraciing rules,
Income = Gift size - Generosity,
and
Generosity = Gift size - Income.

Tme evidence was the linear fan pattern - for the firast equgtion and the
parallelism fbr the second and third squations. |

Mathematically, of course, the second and third equationa should obey &
dividing rule, not ths aubtracting rule, if they are to be consistent with
the first equation. Accordingly, Oraesser and Anderaon concluded = that
cogn1*1Ve algetira is riot a mirror of mathematical algebra. A similar
conciusion was reached by Anderson and Butzin {1974) in their study of the
analogous equation, Performence = Motivation z Ability (see Andarspn,'isal,
Section 1.5.6). |

Neither e’xperimént however, ruled out the possibility that the linear fan
pattern might have been produced by averaging with differential weighting.
ﬁnderson and Butein mentianed ihig possibility but did not pursue it. Their
resulta, therefore, allaw the possibility that =all three Judgments are
conslstent manifestatlcns of the same und#rlying process of averasins

The pregent  experiments clear up this amb1gu1ty, for they clearly
démonstr&ie ‘thgt generosity and income are integrated by the multiplylng
rule. This apoﬁa that the inconsistancg-ln cognitive algebra claimed by

Graesser and Anderson is correct.



IMPUTATLUNS

PURTHER WORK

Aé'the' present experimenta have wade .cléar,.lrule diagnoqis qan;-béi
conplicatea when 1mputatzons are present. Pre&ious evidence indicates that:
1mputations are altuat10n sensitive, but that tnay may be expeuted when the
‘infarmat1on' yarxables are qualitatively dztferent, aa_witn,gencrositx ang.
income. 1In ﬁhia case, the methods used in previous work may - be aﬁbigu@ua:
about - the operat1ve rule. This appllea to tests between mul*iplylng and
idiffersntzal welghted aVer¢ging &8s welx -8 to besta between ad&ing and aqual-
welght avqraglhg. Four such cases will be considarea here and iv w111 be
snown how.the ambiguities ¢an'bg removed using the ﬁesign__ggd :Approach

developed in this research program.

Consumer- Productsa. Yamagishi and Hill {19&1} obta:ned judgments - of

de;irability of oconsumer groducts  described by pr*ce alane, by quallty

alona, and by price and quality togetner . lmpu ations about 33331ng

-informatiou are expasted 1n shis t&sx because prxve and quality appear to be

distinct cognitive unlts, both necessary f01 the ‘judgment. Since prlGE and

qualitv are poeitively correlated, misaing 1nformanicu about one shonld b93
imputed & valus preportional tc the other. Product dealrab111ty, hoiever,

depends directly on guality but inversely on price. Hence; if iﬁpﬂtﬁtion&

Aarg present, the price?only.curve should have redﬁsed alope, _shpwing ‘H

¢ros§¢vér- pattern opposite 'ta that usually obtained in taét§ het#een.
‘averaging and‘adﬁihg. This prediction helds for both averﬁéing' and addifig

‘rules. |

Indeed, their_pficénoniy curve had =& 'near-zero_ slope. This cin \be
accounted for by an  agding rule with imputations {their path‘éﬁalftic
model}; It cunnot be acﬁountea 1or hy an averaging wodel ﬂ{thout

‘imputgtions. Uaing tnis dauble standard Yamag;shl and Hill reaected the
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averaging rule ana claimed.suppcrt for the adding rule.

Yamegiani und Hill were wrong to disalloﬁ inputations in averaging tneory.
The paper - by Siumgh et al. (1979), which they ¢ited in iheir Footnote 1,
explicitly discussue evidence for.‘inferences acout missing information
witnin the averaging model. Onoce imputations are allowed, the.design of
.Yamagisni sod Hill does not distinguish between adding and aversging.

An unambiguous and'péwerful test between adaing and averaging in  their
tagr cen be obtainad vaing the design %that was developed in Experiments 4
and 5. ' 'the essential ides is w0 use three pieces ¢f information about one
of the variables, say, praduét guality, with prive specified by orne piece of
information. The thrae quality cues would be combined cindividualiy end
Jointiy with. the price zue 2 yield three two-cue deeigkg and one -four-cue:
design.  The adding ruie implies tnai the compon plov for the  two-cus  ard
fﬁurwcue déeigns wiii genibit pmrallelism. 'The averaging rulé, ﬁj.cﬁnff&si;
implies. a arossover.

Thﬂ,preaanzlapprmgch-alaoApravides information about the imputation  rule
‘Ltself, . kpplied - 5o the da;uifepor%ed by Iamagishiuanduﬂili,‘this anslyais
Points to saymmetric impuvasion rikes for price and. . qualiby, analogois-~$o
the  present  asymmetry for jucoms acd generosity. First, their:priqerbnly
Burve was negrlyfflaz:‘prpduct,#ttrauaivanQSHafaileémﬁoﬁ;incrﬁaae,ﬁgs pfice
debreuaau. - This implies an dwputaution of-iqw (hlgh)'quaiity-whenAogly.1&1
_'{hign}.prtce iségiven,.as Wag zlso ussuged by Yamagishi and dill. . Aversging
ther. accéunxg..for_-tne flat curve because the attractiveness values of the
glven price snd the imputed quakiiy are cpposite in sign. . Thekr quality-
only curve, on the dtner-hand, vaa almozt. the seume ss the muﬂve for average
Quality, with both having eteep .aio@e ag¢ & function of  price. Thia

disagreed - with their model, which impliss unequal slopes. in the averaging
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mode}l, in coatrast, equal slopes woulc mean thatv the missing price
informetion was impuied & coanstant value. PFurther work is needea to pia

down the cognitive algsbra of this pricefquality task.

Prediction of Performance. Intuitively, the cognitive equation atudied

here, Gift size = Gensrosity ¥ ircome, seems 0 have the same psythological
atructure aa the cquation, Performance = Motivatisn % Abilivy. Income
serves as an ability factor for umaking gifits; génerosity may be viewed as &
form of motivation. This was the reasoning in the original investigsvions
{Anderson & butzin, {974; Oraesser 4 Aanderson, 197€}, both of which fouad
similar results in suppert of the multiplying rule. The present ﬁorK
contfirms and extends the multiplying rule for the Gift size equation.

For the Performance eyuation, howsver, subsequent work has not slways
yielded the linear fan pattern, but more oftven perallelism or approximate
paralielise (Gupta & usingh, 1931; Singh gt al. 19?3;'Surﬁer. 1981a). The
conventionsl dissinguishing tests with single cues of motivation or ability
yielded crogsover interactions that argue for averaging and against adding
or nultiplying. The prezent resultis, however, suggest tnat subjects will
make imputuations when they receive gingle cuee of metivation or ability.
Those ocuea are qualitatively different, so a judgment of performance cannot
logically be nade with oniy on¢ {se¢ 3ingh et al., 1979;. Heﬁce the
crosgovers sre not unsmbigucusly disgnostic of the underiying cognitive
algebra. To Jdiagnose the rule uaderlying these fan and parallelism
- patterns, it is necessary to aveid the problems connected with imputatibns.

‘Anderson (1933, pp. 75%76) has verified the multiplying interpretation for
the fan pattgrn>under conditions that eliminated alternative interpretstions
invelving differencial  weight  averagimg  or  ilmputations. Further

applications of the logic and mewnod of the puesent sxperiments 425 have
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clearly disclosed the operuticn of imputations ir predictions of exam
performance (Singh & Phargava, 1452a) and life performance (Singh &
Bhargava, 1982b}. 1In these studiea,‘tne fan pattern was always due to  the
multipiying rule, whereas the parvsllelism pattern was due to the adding rule
witn adulis but the averaging rule with children. When prabléma gssociated
witn iaputaiiona about missing information are elimineted, therefore,
predictiqns of parformancg obey hading, averaging, or multipiying rules,
éonting&nt on the age and cuiture of the subledts as well &8 ohL the nature
of the taax‘{ﬁnargava, 1989 Srivestava, 10537,

Efidencs for the averaging modal in predicticns of exam performance has
alge begn found in one Aamerican study. Surber (19sta) manipﬁlated
reiiability of information just as in the present experiment & aﬁd found &
aonvérging fan pattern in tne factorial plot for Motivation % Ability. HMore
.import&nt, the ef{foct of the rellability manipulatiou was in accord with the
. averaging rule. In this study, the possibility of imputations can be ruled
out, so the evidence for the aVEngiﬁg rule seems uneguilvocal.

Two other studies by Surber (1960, i9a1b), nowever, ussd the conventional
distinguisning test based on single cues about motivaiion alone or ability
elone, which leaves open the likely possibility of imputations. 'The fan
pattern was present in sone cqnditions in voth studiss, so the cfossdvera
are.ambiguoué about aversging. Fresent methods could be applied io regoive
this amblguity. This would shed light on the plausibility of the several
bypotheses of cultural difference {(Singh, 1981}, naiture of task {Bhargava,
19@5; Singh & Bhargsva, 1%2b; Srivéstava, 19657, ard difficulty of task .
(Surber{ 1931u,b) that nave been offered to scoount for the emBrygence of fan

and paralleliss patierns in predictions of performance.
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Veserved Punishment. in Leon's (1900} developmentsl study, children mude

judgments of deserved punishuent given iﬁfﬂ%mation ahout the intent behind a
harmful ection and the amount of Gamage ceusad by ﬁhe action. Tne factorial
plot for intent anc damage exhibived parallelism, and the intent-only curye
dxd nét erogs 9ver‘hut farmed'part of tne parallelism pattern. If only this
data pattern is considered, 1t argues for an adding rule, Punishment =
Intent + lapage.

Hodever, imputahians vere avident in Leon's date. The relative elevation
of uhe intent-only carve corrcsponsed 1To & moderaie, nonzsrd veéive of
demage. Thie valus muat bave keon impat&é since no damage was specified.
Hence the lack raf erosaover does not distinguish  betwsezn adding and
averaging. Leon preferred the avéraging inﬁefpfetaziaa, wiich  Beens
repsonsble in view of the overwhelming suppori for averaging in many tasks,
bt which may sPill rejuire justificabion. n

This problea ﬁuy be studisd wusing the de=ign of Expuriments 4%,
Information sbout intent would coms from thres independeni sources, for
sxample, fron inree playmates of the c¢hilda who caused the damage. The
ariticsl test comes from the sommen plot of the four-cus and two;cue data.
1f the édding rule holds, then both =mets of éurvea should ézhibit
parallelisn. if Leon's averaging interpretation ig carregt, on the uther
nand, then %he tyo~cue curve saculd srogs over the corresponding  four-cue

curves.

Attractiieneas'gg Dates., Ln Lampel snd Anderson (1968), fomple Bubiscts

judged sttructivensss of dates descTibed by wWwo persenaiity trults and s
— ‘ miel B . ® . L -
photograpn im a Truitp x Trait, x Photograph design. Trage judgments showed
N . ; k] . . .
aeurwparallelxam i the Trait‘ x Trazt? facterial plet, whereas boih Trait

et . _
XPhotograph plots had the linear fan form. if only ‘tnis jata pattern is
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considsred, the data would follow the averaging®multiplying rule
Attractivenzss *° irraitl v Praity) ; Photograpn.

Tnis multiplying interpretation was congidered but reéecte& by Lampei and
Anderaon. One ground for rejection wes thut the attraciive and unaftractive
photographs presumably nud positive and negative valus, respactively. Henﬁe
the wmultiplying rule .uould predici crossovers 1a each Trait ¥ Photogragn
plot, which was not ‘30. Arn  additicnal ground lfor rejection wes that
judgments based on tone photograph alone cressed over ine traittghbzograph
curves. On these grounda, zhé zrait¥pnotograph integration was interp;eted
as averaging, but with’ differentiﬁl weighting ‘for the photograph. The .
pasiars af dats indlcatsd that leass attractivexﬁhotographs rgceived greater
waight, a negativity efféct,

This interprntut}on uight need recopsiderasion if imputatioﬁs are present
in this tesk. Foilowing the steveotype that “"what is veautiful is good”
{ Berscheid ‘& ‘Walstér, 1974, it is possible ihat imputations  about
peraonality traits vere made when only the pnotograpn was pregented. This

question could be stuiied using the design miremdy descrived.
CONCLUDING COMMENTE

in their paper on cognitive algetra of gift aize, Graesser znd  Andsrson

(1974) atate

Tp establish as algebraic model is only a first step in the analysis of

the Judgment process. The model is only a murface farm, and more than
i

one underlyving meciaanise of ‘integration  ocaxn produce the same dats

pattern | p. 697 ).
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There car nardly be any disagrisment with Graesser ana Anderaon. In  facs,
the prement rosesrch éturtad with the gosl o find out wheiher the
multiplying rule or the differontial-weight aversging rule would give the
better account of the linemr fan pattern in predictions of gift size sud of
performance (Anderson & Butzin, {974). The preéent resilts show that model
diagnoaia cuti  be complisuted nei only by “"mechanisms of integration,” but
slee by the way i; which\given and imputed information are processed. The
operation of ismpulztions in cognitive algebra and ths resultine asmbiguity in
the conventional distinguisning test betwaen ruies Lear wpon this.

In cur sveryday life, we meske inferences about many soccizl variavles,
including meiivation, upility, integrity, and sincerity. Information
available for msking theso inferences is seldom complete. Imputations aboutl
migssing information asre inmheremnt i &)l day¥to¥usy atiribusions; they cennot
simply be ignored merely peczuse they mre net xuown. The pressent series of
experiments showg that jipursiions ebout sassing information can be studied
préaisely_through acgnitive algeﬁra, and that metneds of the theory of
infargation integravion can provide penetrating analysisl I precessss

underlying social cognition.
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FPigure 1. Mean judgments of gifti aiwe a8 a function of income and

voatty of stigulus persons. Tne Tive curves of the left ganal ara

rom the Tirst initial experiment {m = 27J); tne five gurves of the right’

panel are frgm the secony initigl experimert {n ° 15}, The pollid curves

are from 2 4 X i, inpoone fgn-rosity dazign idestical to  that used by

Gragsser and Anderson %1§.33; dained ocurves are based on iaformetion
about generosity only. _

Figure 2. Heun judgment of generosity as a function of ons oF more
Bt informstion about generos:ty of the stimulue perscn. Data from
xperiments t through 5 sre shown {rom left to right.

Pigure 5, Hean judgment of gift size as & function of twe pleces of
i sTion about gensrosity 4of stimulus pgreon. lata averaged over
income fasctor of the lacome X Geaerosity 1 Generoait{. degian og
Experiments 1, 2, and 5, Near-parailellss” of the 20 4 Tarvie an
CROBBOVEr by.tﬁe dashed curves abow thas iwc plsoes af infermaticn abeout
generosity were integrated by an aversging rule #ith aqual waighting.

‘ * . . . . P %

Figure 4. Tug-way, income X Generosity faciorial graphs Irom income X

enerosity; i« Generositya design o7 Exger%meﬂta t through 3. All six
pansla sho¥ the linear fan®patteri pradictsd by the multipiying modal.

#i uregg. Mean judgment ¢f gift sige a5 & function zeof incone ang

Tty of siigulur  parsons. Duta from .income X denerosiiy, x
ga§a§°8&§£3r332%§n-‘fugﬁpari?%nts 1, 2, and 3. The nine levels of Lhe

eneroally. e ~fags i 3y

spaced on the herizﬁntai axis gécggggﬁne%g %ge%¥e ?ﬁgg%igﬁgiormgggﬁ gmgﬁ
valuyea.  The dashed curves ars Pawed ot two-cue, Generosity, X
Generesity, design of tne three res sctivaz experimepty. Crossover by the
dasned curdes regwmaates flnhlngs of ths twol.n;tiag giperiments.

Figure 6. Factoriai plots of Generceity, ¥ Income, Generosity. * Incous

2 g+ ¥ A o X e o X e
EL eBerosiiy, & lInoome effects fro4 the main four-cue design js0.1
curves with o-ga circlea) and from corresponding two-cue designa golid
curves with fiiled cireles). The damhad curve Fepresents judgments baged
on information about inceme only. Data from Bxperimcut 4.

of stimulus perscus. Data Srom Lke main Four-cue design of

Experiment 4. 'The levela of the three generosity cuesd arc sSputed on the
perizontal axis so mccord with their functional values funuticnal. values
wers zesrly squal. for %three pairs at the stimulus levels, so these three
airs were averaged to yield 9 ratner than 12 functional values). The
ashed eurve is bazed on ?udgmenza trom the design with three generosity
cuee, with income unspecilied. . -

Fi ure_%% Mean judgment of gift aize 83 a function of - income and
‘gEEETUs Ly
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g%gyra =B 54;*01 tal piotg of Ancome x uéhﬁ”@alhy fnoogs § depeﬂnﬂ‘iy'
“Infome x Gensrouity ts From the mald four-nue design ;su;ia
curves with open ciccles) 2na® %rnw sorpmepontiug two-utue  designs  (sollc
2Urves  with fﬁ?Led circies). The dashed curves are based on jusn anv
genarosity cue az listed on the horlzontal axig.

igure 9. Factorial plots of &hree Gensrosity b4 Genevoslty designs,

TuEnt 4. Solid ourves with filled circles represent the three Lwi-~
cue man@row1tj designs (Designz 3%5), wolid curves with spen oircles
repregent  the same faniorin nluv~ for the maia four-cug design. Daaned
curves represent the one-cue Usnernslty deaigne with levels listed on tne
gorigontal sxis.

Figure 10. Ehvtarlal plets  of uenﬁ~oaL” i (tenercsity dealens,

mefT 4. 0.id cupves with pilisa circles r eeﬁassnt the itnree two-
cug generoesity dusigns replotisd from *1gu1H 4. Bolid Rrves with open
circles repressat  Ghe  same feciorisad plota for Deasign 2 with ail thrae
gunerogity cues.

Figure 11. Fastorial piet of Lhree~way, denerosity Ggnerosity ?
Genstis E%y; ntergetion ‘?ﬁgt from ine tnrge-cus éﬁ;fgﬁ apper paﬁ,j;
and from tfe Rain four-cus 3351gn JicWwer panel). Dats from Bxpéviment 4.
Figure 12. ZFactorial plots from the msin design of Experiment -.
. * \
FPigure 13. VFactorial piot of Generoeity X inccge sffecs 5 upder each . of
4T witie  conditiens  of ﬁleﬂsllzty of deneropity information ¥
Heliability of I[nceme iaformation. Dats fpon Brperiment o.

” f‘humy intarsction from Exporisgat S. Fautorial grephe. of
Reliebility ol genaros ity inMrmz ﬁ Incgms « Genarossey {bop gmml)
Redubility of insome informetion § Incom § Gonercs ity {meddln panai), un
Reliability of Yrcone inf‘nmatmﬁ ® Relienil ity of gensrueaiby infnmatiﬁﬁ
Gerwest ity (bottom panel}).

Profiles of four bwo-Pastor intepactiors, Exgerisent 6.
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TABLE i
POLYLIN Anal vsis OF DIERERDEITY ARD INCOME INTERALTION
Exvemment 4
‘ ) POLYLIN Companerits
Dusign o bLELs LsQ Qi Q=
Two-Cue desaen
Gennroaily- 1 4 InCome 740 B84 885 434
Generosity- 2 ¥ income 51.919 Be “ -
Genarosity-3 = income A7 2T BO . -
Fovar-ue dhetign '
Gensrosly-t x incoms 3243 246 o1 H1
Genarasity-2 < Intome b v 17 £5 : -
Ganerosity -3 » lecome A5 28 + 48 - -
Combined desirs
Senmosity-1 = ihoome 4207 78 BT 522
Generoaiy-7 « IMCome 2913 54 b 13
Ganerosity-3 x ncome 35ua 161 t 45 o6

MOTE  Leftors L and O nefer 10 ingar sng quadraht components, resgechyely, Each £ rato
hes 1 end 13 40 Ontcel Fs are 487 and 807 at the 05 antd 0 isvals, respachvaly
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