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Abstract

In a series of six experiments, prediction of exam
performance from information about motivation and ability
as well as about motivation alone or ability alone of
students was studied. The factorial plot of the Motivation
X Ability effect always ylelded the parallelism pattern
with‘subjects from both student and nonstudent populations.
Manipulation of difficulty of exam did not alter this paral-
lelism pattern. Results agreed with the hypothesis of cul-
tural difference between India and America but disagreed
with the hypothesisnof task difficulty. Distinguishing
tests between the édding and constant-welght averaging rufés
disclosed a developmental trend: High school and undérgra-
:duaﬁe college students followed the averaging rule; poste
graduate students followed the adding rule, Establishment
of these rules allowed analyses of imputations about missiﬁg
information. The conventional d}stinguishing tests which
rely on just one 9f the two heterogeneous types of informae
tion were found to be more useful 1n analyses of imputation
rules than in diagnosis of cognitive algebra., Manipulation. -
of Information reliability disclosed presence of two initial
opinions, one about motivation and another about ability,
contrary.to the finding of one initial opinion in American

students .
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Cognitive Algebra of Exam Performance:
Tests of Hypotheses of Cultural Differernce,

Task Difficulty, and Imputations

How do people integrate information about motivation
and ability of a person when they predict his or her future
performance? Heider (1958) suggested the multiplying rule:
Performance = Motivation x Ability. In Anderson's (1981,
1982) theory of information integration,“such a multiplying
rule implies a 1ineaf fan pattern in the factorial plot of

the Motivation x Ability effect.

Experimental tests of this prediction of fan pattern
have vielded equivocal evidence. Some studies cbtained
-evidence for the linear fan pattern (Anderson, 1983, pp. 73-
76: Anderson & Butzin, 1974; Kun, Parsons, & Ruble, 1974;
Surber, 1980); others found support for a pattern of near-
parallelism (Gupta & Singh, 1981;‘Singh, Gupta, & Dalal,
1979; Surber, 1981la). Two hypotheses, cultural difference
(Gupta & Singh, 1981; Singh et al., 1979) and task difficulty .
(Surber, 1981a, 1981b), have been advanced to account for
the emergence of the parallelism and fan patterns in the
factorial plot of the Motivation x Ability effeét. The first
purpose of the present research was to test plausibility of

these two rival hypotheses,



Cognitive Algebra
4

Hypotheses of Cultural Difference

and Task Difficultz

Since the prediction, Performance = Motivation x
Abiliﬁy, was clearly supported in the United States
(Anderson & Butzin, 1974; Kun et al., 1974) but not in
India (Gupta & Singh, 1981; Singh et al., 1979), a hypo-
thesls of cultural difference between America and India
Seemed reasonable, Singh and his associates proposed,
therefore, that_the two cultures differ_in thelir outloock
on how motivation and ability determine performance.
Americans follow the multiplying rule because of their
cultural belief that effort will be more effective with
persons of high than of low ability. In contrast, the
adding-type rule with Indians reflects on their equalitaw
rian belief that effort will be equally effective with

persons of low as well as of high ability.

Surber (1981a) studied pfediction of exam performance
by American college students and obtained results ldentica,;
to those of Singh et al, (1979). In her experiment, the
exam was described to be of medium difficulty. She sugges-
ted, therefore, that task difficulty may determine the ruie
for combination of information about motivation and ability

In a subsequent study, Surber (1981b) demonstrated that con-



verging, parallelism, and diverging patterns in the Motiva-
tion x Ability effect are indeed characteristicc of exams
described as easy, moderately difficult, and very difficult,

respectively.

If the hypothesis of task difficulty can indeed account
for the fallures of the linear fan pattern in Indian studies,
then different patterns in the Motivation x Ability effect
should be engendered by specifying the difficulty of exam,
More specifically, exams described as very easy, OK, and very
difficult should produce converging, parallelism, and fan
patterns just as in Surber's (1981b) experiment. On the coﬁ-
trary, if the hypothesis of cultural difference has any me;it,
then Motivation x Ability effect should yield a pattern of
parallelism across .all levels of exam difficulty. Experiments

1, 2, and 6 tested the plausibility of these two competing

hypotheses,

Diagnosis of Co nitivé Algebra
and Trputations o

At the overt level, the parallelism and fan patterng
are reflective of the adding and multiplying rules, respec~
tively. But an averaging rule can also account for both
- patterns. If the weight or importance of the two types~6f
information remain constant in all possible combinations,

~ then averaging rule yields the parallelism pattern, But when
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lower values of the factors have greater weight or impor-
tance, then the very averaging operation produces a fan
pattern. So the parallelism and fan patterns are always

subject to alternative interpretations.

Distinguishing test based on one type of information.

Singh et al. (1979), Gupta and Singh (1981), and Surber
(1980, 1981b) tried to distinguish between alternative
rules by asking for judgments based on information about
motivation alone or abillty alone. They reasoned that the
curve based on just one-factor should form part of the
parallelism pattern i1f the adding rule were operative and
of the fan pattern if the multiplying rule were operative.
But if the averaging rule holds, then the single-factor’
curve should have slope steeper than that of the two-factor
curves. This prediction of the averaging model was suppor-
ted in most cases, Only the adults in Surber's‘(1980) study

-

followed the multiplying rule. -

The distinguishing test described above rests on the
assumption that only the available pieces of information
control the judgment, This assumption may not be valid for
the present task; for a prediction of performance cannot be
made on the basis of information about motivation alone or

ability alone. Since information about both motivation and
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ability are necessary, subjects may impute some value to
the missing information to arrive at their judgment. When
such imputations are allowed, the distinguishing test
based on just one type of information turns out to be

ambiguous.

Imputations have in fact been found in a number of
informaticn integration tasks (Lane & Anderson, 1976; Leon,
1980;.Yamagishi & Hill, 1981), including prediction 6f per-
formance (Anderson, 1983, pp. 73-76: Gupta & Singh, 1981;
Singh et al.,, 1979; Surber, 1980). In a detailed study of
imputations, Singh (in press) obtained judgments of gift
size from information about generosity and income of the
donors. He found clear evidence for the multiplying rule:
Gift Size = Generosity x Income. By showing that the cogni-
tive algebra was indeed multiplying, it was possible to
detect precise forms of imputations about missing information.-
Missing generosity information was imputed a constant, average
value, whereas the missing inCOme information was imputed a
value equal to that of the given information about generosity.
As different types of informatlion engender different forms of
imputations, the averaging or multiplying intexrpretation of
the data reported in previous work (Gupta & Singh, 1981; Singh

et al., 1979; Surber, 1980, 1981b) may not be quite correct.



Distinguishing test based on information relisbility.

The problems connected with imputations about missing infor-
mation may be avolded by employing test which includes both
types of information. Surber (198la) has performed one such
test based on information reliability in order to distingulsh
averaging rule from multiplying rule. According to Anderson's
(1981) averaging model, which was employed by Surber, the
judgment of performance should be

EM M+ w, A +w I

Performance = ‘ . (1)
My t ¥yt Y,

where M, A, and I0 are the scale values of motivation, ability,
: ;]

and initial opinion, and w, w and w_ are their respective
M, -A, o

weights, Reliability of information is assumed to affect

weight parameters (Anderson, 1971). If the value of Wy is

increased by varying the reliability of motivation informat@pg,

then the relative weight and the relative effect of the ability

information should be reduced. If motivation and ability are

multiplied, however, then

Performance = Mxw, A, (2)

™M A

In this case, an increase in w, will also increase the effect

=M
of ability information. The two models thus make sharply con-

tradictory predictions,
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For judgment of exam performance (Surber, 19sia),
this test yielded evidence for the averaging rule: The
greater the reliability of one type of information, the
less the effect of the other type of information. In
Singh's (in press) study of judgment of gift size, how-
ever, the prediction of the multiplying rule was upheld:
- The greater the reliability of one type of information,

the greater the effect of the other type of information,

While the two studies cited above bear upon the
.potential of this distinguishing test between rules, its
utility is father restricted for at least three reasons, y
Pirst, it is of no use at all in study of imputations
which seem to be pervasive in judgments., Second, it can-
not distinguish an adding rule from a constant~weight
averaging rule, both of which predict a parallelism pat-
tern, As will be shown later, this test did nbt distin-
guish between adding and constant~weight averaging rules

in Experiments 2 and 3 of the pPresent research also,
Finally, Anderson (1981, Note 4.4,3a, P. 315) has suggested
that subjects may have two initial opinions, one for motiva-
tion and another for ability. With such a processing flow,
reliability manipulation will affect respective initial

opinion alone; weight of one type of information will have
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no bearing on the value of another type of information,
Thus, model diagnosis will not be posgible through mani--

pulation of information reliability.

Distinguishing test based on two~operation model.

A general way to attack the problem of diagnosing imputa-
tions and cognitive algebra is to use the two-operation
model (Anderson, 1981), in which two pieces of information
are given about mot%yation and one about ability. One of
the motivation cues can then be omitted without creating
any problem of missing information. To study imputations,
judgments based on information about motivation alone and’h
ability alone can also be obtained, ‘

This task leads to a two-operaﬁion, averaging=-multi-
plying model. Since the two motivation cues are qualita-
tively similar, previous work on person cogn;tion implies = .°
that they will be‘averaged (Anderson, 1981; Singh, in
press). But if Heider's (1958) multiplying hypothesis is
correct, then motivation and abiiity should multiply. The
judgment of performance would thus obey the following com-
pound averaging-multiplying model,

Performance = (Motivation~l + Motivation-2) (3)
x Ability.
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The factorial graph of the two motivation cues should _
exhibit the parallelism pattern, at least if the constant-
weighting condition holds. However, both motivation-
ability'graphs (i.e., Motivation~l x Ability and Motivationw

2 X Ability)} should exhibit the linear fan pattern.

The critic;l discrimination between the multiplying
‘and averaging rules would come from the pattern in the com-
bined factorial plot of the Motivation x Ability déta.from
the three-~ and two-cue designs. If the multiplying ruie is
correét, then data from the three- and two-cue designs
should form a common linear fan pattern. But if the one-
operation, three-cue averaging rule is operative, then the
two—cue curves would have slope steeper than the three-cue

curves.

The position of the single~cue curve in the combined
plot of data would further disclose the forms of imputations
about missing information. If ih; three- and two-cue data
form a common pattern, parallelism or linear fan, and the
single~cue data also conform to the very pattern, then miss-
ing information was imputed a single, constant value. In
contrast, if the single-cue curve crosses over the two-~ or

three-cue curve(s), then missing information was imputed a

value equal to that of the given information.
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The usefulness of this two-operation model in diag-
nosis of cognitive algebra and imputations in causal.attri—
bution is well=documented (Singh, in press). In prediction
of éxam performance which has been a subject of controversy
in recent years (Singh, 1981; Surber, 1981la, 1981b), how-
ever, doubt exists about the real operative rule for the
reasons mentioned earlier, The second purpose of the pre~
sent research was thus to assess the diagnostic power of
different methods of detecting cognitive algebra, imputa-

tions, and initial opinions in predictioh of performance,

Experiments 1, 2, and 3

Experiments 1, 2, and 3 had three main purposes. The
first was to explicate the previous finding of parallelism
pattern in the Motivation x Ability effect (Gupta & singh, -
1981; Singh et al., 1979). The second was to‘assess the
plausibility of the hypotheses:of cultural difference and
taSk difficulty for the emergence of the parallelism and
fan patterns in the Motivation x Ability effect. The final
was to determine the real cognitive algebra underlying pre-
diction of exam performance by varying reliability of infor-
mation just as in the experiment by Surber (198la) and by

Singh (in press}.
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Method

Stimuli and designs. Experiment 1 through 3 hagd

descriptions of high school (i.e., Standard X) students
who were to take the final exam conducted by the aAll
India Examination Board, Description of each student
was typed on separate index card, and cards were presen-

ted to subjects in different shuffled orders.

In Experiments 1 and 2, student descriptions con-
tained information about difficulty of the exam as well
as motivation and ability (i.e., IQ) of the student. Exam

was described as extremely gifficult, very difficult,

'“difficult, QK, easy, very easy, or extremely easvy. Motiva-

tion was defined by one's willingness and seriousness to

do well in the exam, and was described as not at all moti-

vated, little bit motivated, below average, average, above

average, very much motivated, or extremely motivated. Abi-

lity was indicated by IQ which.ranged from 85 to 140,

In Experiment 1, stimulus descriptions were prepared
according to a 3 x 3 x 3 (Exam difficulty x Motivation x
IQ) factorial design. The three levels of exam difficulty

were very difficult (VD), OK, and very easy (VE); the

three levels of motivation were little bit motivated (10),

average (AV), and very much motivated (HI); and the three

levels of IQ were 90, 112, and 135,
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The design of Experiment 2 was a 3 x 3 x 3 x 3 (Exam
aifficulty ¥ Motivation x IQ x Reliability of IQ estimate)
factorial. The three levels of the first three factors
were the same as in Experiment 1. Reliabilitf of IQ esti~
mate was manipulated by specifying the duration of the
intelligence test. Tests were described to be of 1~ , 5~ ,
~or 10-hour dQuration. This information was typed immediate-

ly below the IQ information,

Experiment 3 described the exam as 0K, that is,
medium in difficulty, and manipulated information about
motivation, IR, and reliability of both types of informa-
tion. The first design was a 4 x 2 x 4 x 2 (Motivation x
Reliability of motivation information x IQ x Reliability
of 1Q estimate) factorial which produced descriptions of
64 two-cue students. The motivation scale had 9 verbal

labels of not at all motivated, very very low, a little

bit of, some, a moderate amount of, fairly much, a good
deal of, a great deal of, and extremely motivated. The

four levels of motivation Ffactor were very very low (VVL},

some (SM), fairly much (M), and a qreat deal of (GRT);
' the four IQ levels were 90, 105, 120, and 135. The motiva-

tion information came from a classmate who had known the

student for 1 month (low reliability) or 5 years {high
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reliability). The IQ estimate was from a test of l-hour

{low reliability) or 10-hour (high reliability) duration.

The second and third designs of Experiment 3 were
4 x 2 factorials, one for Motivation x Reliability of
motivation information and one for IQ x Reliability of IQ
estimate. The levels of the factors of these two designs
were identical to those in the main design. The designs |
generated descriptions of sixteen students, eight described

with respect to motivation alone and the remaining eight

with respect to IQ alone.

There were nine filler descriptions in Experiments
1 and 2 and 10 filler descriptions in Experiment 3. These
were based on levels other than those used in the regular
descriptions. Four of these descriptions had levels more
extreme than those used in main stimuli and so they served
as end anchors. In each experiment, there were 15 practice
examples. These descriptions were intended to érient the
subjects to use the response scale in a uniform way and to

serve as end anchors {(Anderson, 1982).

Procedure. Subjects, gathered in groups of four to
six, received a typed sheet of instructions that described

the nature of the task and their role as subjects. The task
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was introduced as dealing with prediction of performance
of some Standard X students in their forthcoming final
Board examination. It was emphasized that prediction of
exam performance would be based on difficulty of the paper

as well as motivation and ability of the students.

In all three experiments, basis of deciding diffi-
culty of the test paper was a distribution of scores
obtained by a random sample of 10,000 students at a pre-
vious exam, In Experiments 1 and 2, the source of motiva-
tion information was a classmate who had known the student
closely for at least 5 years., In Experiment 3, the class-
mate had known the student for 1 month or 5 years., The IQ
estimates of Experiment 1 were from a test of 10-hour dura-
tion; those of Experiment 2 were from tests of 1- , 5- or
10~hour duration; and those of Experiment 3 were from tests
of l-hour or 10-hour duration. Subjects were urged to
regard IQ estimates from tests of 1: , 5~ , and 10=hour
durations as low (10), moderate (MOD), and high (HI) in

reliability and validity.

Experiment 3 had some descriptions based on informa-
tion about motivation alone or IQ alone. Subjects were
told that it was not practically possible to get both types

of information in all the cases. One of the two types of
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information would thus be missing. In those cases, judg-
ments were to be made on the basis of whatever information

was available.

After reading the insitruction sheet twice, each sub-
ject worked with 15 practice examples. He read the infor-
mation about each student and then Ilndicated how that
stimulus would perform at the Board exam. Prediction of
exam performance was made along a 2l-step ladder which had

digits 1-21 written on the corresponding step.

After the practice session, the main points of the
instructicns were summarized to the subjects by the experi-’
menter. All queries about the task were answered. To fami-
liarize themselves with the nature and distribution of the
descriptions, the subjects read description of at least 12
stimulus students randomly drawn from the main set of c¢ards,
Finally, each subject shuffled the main set of cards tho=-
roughly and rated them two timesain different shuffled orders,
In each case, he wrote the code number of the student and his
judgment of the student's performance on a response sheet
supplied for this purpose, Data from both trials of judg-

ments were coded and analyzed.
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After all subjects of the group completed the task,
general purpose of the research was described by the
experimenter. Subjects were thanked for their cooperation
in the research. In additicon, each subject received 5

Rupees for his service.

Subjects. There were 20, 32, and 42 subjects in
Experiments 1, 2, and 3, respectively. Subjects of Experi-
ment 1 were second—yéar engineering students from the Indian
Institute of Technology, Kanpur, India. They were used to
replicate and extend the earlier findings from their popula-

tion (Gupta & Singh, 1981; Singh et al., 1979).

Subjects of Experiments 2 and 3 were filrst-year students
enrclled in the 2-year post graduate program in management of
the Indian Institute of Management, Ahmedabad, India. These
subjects were older than those in Experiment 1 by at least

three years.

Results and Discussicn

Parallelism pattern. The first point of interest in

the data concerns the pattern in the factorial plot of the
Motivation x Ability effect. Figure 1 presents such plots
from the three experiments. According to the previous results

{Gupta & Singh, 1981; Singh et al., 1979), the factorial plot
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of the Motivation x Ability effect zhcould yield a pattern of
parallelism., This is what was obtained in all three experi-

ments,

Figure 1 about here

Statistical test of the parallelism pattern is obtained
from the two-way, Motivation x Ability interaction in analysis
of varlance. Parallelism corresponds to statistically nonsig-
nificant interaction. Experiments 1, 2, and 3 yielded F (4,76
= 0.69, F(4,124) = 0.70, and E (9,369) = 1.16 in order. Since
all three F ratios are negligible, statistical support for the
parallelism pattern in the Motivation X Ability effect shown

in Figure 1 can be adjudged as quite good.

The finding of parallelism pattern indicates that sub-
jects followed a simple integration model, adding or averaging
This provides a replication of the previous finding fram engi-
neering students (Singh, et al,, 1979). In additdon, it shows
generality of the very simple model to management students of

slightly older age group,

Hypotheses of cultural difference and task difficulty.

The second point of interest is in the plausibility of the
hypotheses of cultural difference (Gupta & Singh, 1981; Singh

1981; Singh et al., 1979) and task difficulty (Surber, 198ls,
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1981b) for the emergence of parallelism pattern. aAccording
to the fommer, parallelism pattern 1is characteristic of
Tndian students. In contrast, the latter hypothesis attri-~
butes parallelism to low and moderate difficult level of
the task. More specifically, it specifies that tasks
described as very difficult, OK, and very easy should yield
linear fan, parallelism, and converging patterns, respec-

tively.

Pigure 2 plots profiles of Exam difficulty x Motiva-
tion x Ability effect from Experiments 1 and 2. The three
graphs on the left have the very pattern of parallelism even
though the exams were specified as very aifficult, 0K, and’
very easy. The three graphs on the right also display a
similar picture. Although the fourth graph exhibits minor
deviation from parallelism, there is a prevailing pattern of"
parallelism across all the three levels of exam difficulty.
So it can be said that even expl}cit specification of task

difficulty does not alter the parallelism pattern in India.

Figure 2 about here

Tt deserves mention that the hypothesis of task diffi-
culty requires at least the first and fourth graphs to have
the linear fan pattern. But the first graph has near-paral-
lelism and the fourth one has slight convergence. Thus, there

is no support for the hypothesis of task difficulty at all.
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The hypothesis of task difficulty implies a three-
factor interaction, Exam difficulty x Motivation x Ability
in analysis of variance. This interaction was not signifi-
cant in Experiment 1, F (8,152) = 0.88. Although it was
statistically significant in Experiment 2, F (8,248) = 2.13,
p < .08, the locus of this effect was strong end effect on
the lower left point of the fourth graph in Figure 1. In
fact, partition of the Motivation x Ability effect depicted
in the fourth graph into its various trend components of
Linear x Linear, Linear x Quadratic, Quadratic x Linear, and
Quadratic x Quadratic by Shanteau's (1977) POLYLIN program -
did not yield any significant F ratio. The end effect intéf-
pretation for the triple interaction is thus reasonable.
Resulis from these statistical tests are alsc contrary to

the specifications of the hypothesis of task difficulty.

It should be noted that the failure of tﬁe exam diffi-
culty £0 moderate the pattern in ‘the Motivation x Ability
effect cannot be attributed to the failure of the manipula~
tion itself. In both experiments, the main effect of exam
difficulty was substantial, F (2,38) = 62,74 ard E (2,62) =
125.17. Tt seems that integration of infomation about task
difficulty with information about motivation and ability of

the students is also susceptible to cultural influence.
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Figure 3 presents factorial plots of the Exam Aiffi-
culty x Motivation and Exam difficulty x Ability effects
from Experiments 1 and 2. The two graphs on the left are
parallel, ¥ (4,76) = 0.69 and E (4,124) = 1.14, so are the
two graphs on the right, F (4,76) = 2.16 and I (4,124) =
1.44., This prevalling pattern of parallelism in the four
graphs of Pigure 3 as well as in the three Motivation x
Ability plots of Figure 1 suggests that prediction of exam

performance was made according to an additive model,

Performance = Exam Easiness + Motivation (4)
+ Ability.

Figure 3 about here

This model i1s in sharp contrast with the suggestions
made by Kun and Weiner (1973) and by Surber (198la, 1981b).
Furthermore, it .indicates that Indian college studentslinte-
grate information about task difficulty, motivation, and
ability in a way different than that of thelr American
counterparts. This confirms the hypothesis of cultural

difference.
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Effects of information religbility. Figure 4 pre-

sents mean judgment of exam performance as a function of
exam difficulty, motivation, IQ,and reliability of intel-
ligence information. The main point of interest in the
data centers around the relationship between motivation
(curve parameter) and ability (listed on horizontal axis)
under the three conditions of reliability of intelligence
information. The effect of motivation appears to be about
the same across all the three levels of intelligence reli-
ability, for the vertical spread of curves is the same.
The effect of reliability of intelligence information 1s
on the slope of the IQ curves. The curve on the right
side have steeper slope than those on the left side. This
trend is present at each level of exam difficulty also,
This means that reliability of intelligence information

had impact on the effectiveness of IQ information alcne.

Figure 4 about hele

The same result emerges from the granhs of Figure 5
which presents mean judgment of exam performance as a
function of motivation, IQ, and their reliability from
Experiment 3. Look at the two graphs at any level of IQ

reliability, The four curves have greater spread when
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motivation reliability was high {(right panel) than when it
was low (left panel). Also, the slope of the IQ curves is
constant across the two levels of motivation reliability.
This means that effect of mctivatlon reliability was c¢on-

fined to the motivation cue alcne.

Figure 5 about here

Comparison of the upper and lower graphs of the left
and right panels of Figure 5 also disclosesthe same trend.
Although the vertical spread of the curves in the upper and
lower graphs is about the same, the curves of the lower
graph have steeper slope than those of the upper graph. This
is because IQ reliability was high with lower graphs than
with upper graphs. This comparison discloses that IQ reli-
ability did not alter effectiveness of motivation informa-
tion at all., Its effectiveness was restricted to just the

IQ0 information.

The foregoing results are more evident from the two-
way plots of Figures 6 and 7. Figure 6 presents relation-
ship between reliability and value of an information. Con-
sider the second graph which shows Rellability x Value of
motivation information. Motivation information produced

greater effect when it came from a classmate with 5-year
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contact (high reliability) than when it came from a classe
mate with just l-month contact (low reliability). The other
‘four graphs have the same trend: As the reliability of the
information increased, the effect of the information also

ihcreaSed .

Figures 6 and 7 about here

That the effect of the reliability of an information
ﬁas restricted to the very information alone can be seen
from the parallelism pattern in the four graphs of Figure 7..
These graphs display relationship between reliability of |
information of one type (curve parameter) and effectiveness
of information of another type (on horizontal axis). All |
the four graphs have nice pattern of parallelism; F (4,124)
= 0,97 and 0,28 and F (3,123) = 1,23 and 0,58 in order.

According to the relative-we}ght averaging model, the
greater the weight of IQ informa£ion, the less the effect
' of the information about motivation. Thus, the slope of the
' two curves of the third graph from left of Figure 7 should
have the crossover with gpposit ordering of curves in the
second graph of Figure 6. There is no sign for this predic-
téd pattern at all. The pattern in the other three graphs
does not confbnn to the requirement of tﬁe relative welght

averaging model either., On this basis, it can be said that
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the relative-weight averaging model cannot account fofr the
parallelism pattern present in Figures 1 through 5. This
finding casts doubt on the generality of Surber's (198la)

model for prediction of exam performance,

Evidence for two initial opinions. Results of Experi~

ment 3 suggest a new model for the prediction of exam perfor-

mance;
M+ M A+ A
o o ™ nh il (5)
Performance = < + s .
H, v ¥ u, + 1

The M and A refer to scale values of motivation and ability
information, M, and A refer to lnitial opinlon of motiva-
tion and ability, and w and u are welghts for information
about motivation and ability. According to this model, reli-
ability of an information affects the effectiveness of the
initial opinion about that very information alone. The infbr-.
mation about motivation and ability are integrated by an add-

ing-type rule at the second state of integration.

Equation 5 makes four precise predictions. Filrst, pre-
diction of exam performance involves subjective initial opi-
nion of the judges. The role of such initial opinion can be
seen by considering the upper-left graph and lower-right
graphs of Figure 5 in which both types of information have
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equal relisbility. The vertical separation between curves
and the lepe of the curves are greater in the lower-right
than upper~left graph. This means that reliability of
information operates on the initial opinion of the judges:
Initial opinion plays greater role when information reliabi-

lity is low than high.

Second, there are separate initial opinions of motiva=-
tion and ability. This is illustrated by the lower-left and
upper-right graphs of Figure 5. In the lower~left graph, IQ
information haé high reliability but motivation information
has low reliability. In the upper-right graph, the reverse®
is true. The slope of the curves is thus steeper in the
lower-left than in upper-right graph. In contrast, vertical
spread of the curves ismore in the upper-right than in lower-
left graph. Since the vertical spread of curve is constant
over two levels of IQ reliability and slope of the curves is
constant across two levels of mofi;ation reliability, it is
reasonable to state that judges had separate initial opinions
of motivation and ability. This confirms Anderson's (1981)

suggestion that different types of information are processed

separately.
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Third, although the relationship between scale wvalue
and weight is multiplicative in Equation 5, integration of
sourcé and information may follow either a multiplying rule
or a semilinear rule, depending upon the value of the ini-
tial opinion. For example, if MO = 0 and W # 0, then the

left part of Equation 5 reduces to the multiplying rule

Performance = / w/ (W, + E)_7 M, (6)

Thus, interaction between reliability and value of motiva=-
tion information will reside in just the Linear x Linear
trend. However, if Mo # 0, then some higher-order trends
will also be present. Trend analyses of the data shown in
the first three graphs of Figure 6 from left ylelded good
evidence for the third prediction. fThe Reliability x IQ
effects had semilinear trends in both Experimepts 2 and 3;
the Reliability x Motivation effect had only Linear x Linear
trend. These results suggest that initial opinions of

motivation and ability had different values.

Finally, Equation 5 predicts parallelism pattern in the
Motivation x Ability effect. This was clearly supported in

all three experiments (see Figure 1).
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Considered together, results from the manipulations
of information reliability in Experiments 2 and 3 disclose
an altogether different mammer of information processing
in Indian subjects. Furthermore, they illustrate weakness
in diagnostic power of this test between integration rules.
The parallelism pattern shown in Figure 1 may be due to an

adding rule or a constant=weight averaging rule.

Distinguishing test based on one type of information.

A distinguishing test between the adding rule and the con-
stant-weight averaging rule can be made by comparing the
slope of the motivation-only or ability-only curve with that
of curves based on information about both motivation and
ability. If the adding rule is correct, the motivation-only
and IQ-only curves would form part of the parallelism pat-
tern. But if.the constant-weight averaging rule is correct,
then both the motivation-only and IQ-only curves would cross

over the two-cue curves.

Figure 8 displays four graphs from Experiment 3. The
two-cue daté from the main four-way design have been plotted
in both IQ x Motivation and Motivation x IQ formats to pro=-
vide a clear comparison between slopes of two-cue (solid)
and single-cue (dashed) curves, The motivation~only curves

of the two graphs on left have slope steeper than that of
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two~-cue curves, This is consistent with the constani-
welght averaging rule. However, the IQ-cnly curves in
the two graphs on right plet close to the two-cue curve
based on some motivation. This agrees with the adding
rule but infirms the constant weight averaging rule.
Considered together, the single-cue distinguishing tests
do not provide clear diagnosis of the cognitive algebra

of exam performance.

Flgure 8 about here

Imputation hypothesis. The inconsistency in results

yvielded by the motivation~only and ability-only tests may
be resolved by assuming that subjects imputed some value
to the missing information. The equivalence of the dashed
curve and the second solid curve from below in the two
graphs on right of Pigure 6 reflects that subjects imputed
a single, constant value of some motivation when ID alone
was given. However, the steeper slope of the motivation-
only curve suggests that subjects imputed value to the
missing IQ information as a positive function of the value
of the information given about motivation. When sucﬁ
imputations are allowed, the results do not seem contradic-

tory. Nevertheless, the possibility of imputations casts
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doubt on the diagncstic power of distinguishing tests based
on just one type of information (Gupta & Singh, 1981; Singh

et al., 1979; Surber, 1980, 1981b}.

Experiment 4

The chief purpose of Experiment 4 was to resolve the
ambiguity just noted in the diagnosis of cognitive algebra.
This was done by pairing the ability information with eilther
one or three similar pieces of information about motivation,
This avoided the problem of missing information. If the
averaging rule hclds, then the curves from the two-cue design
will cross over those from the four-cue design. But if
motivation and ability are added together, then prediction
of performance will obey the two-operation, averaging-adding
model. The various pieces of motivation information will
first be averaged and then the averaged motivation will be
added to ability. In this case, therefore, the curves from
the two-cue and four-cue designs will form a common paralle-—

lism pattern.

A second purpose of Experiment 4 was to obtain further
evidence of the operation of imputations. Accordingly, judg-
ments of performance were taken from information about moti-

vation alone as well as ability alone.
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rMethod

Stimuli and designs. Descriptions of stimulus stu-

dents were prepared in much the same way as in the previ-
ous experiments. Motivation and ability were specified

by verbal lavels of extremely low, very much below average,

below average, average, above average, very much above

average, and extremely high. This allowed use of compar-

able levels for the two factors.

Stimulus descriptions were prepared according to
‘three designs., Design 1 was a 2 x 3 x 3 (Set size of moti-
vation information x Motivation x Ability) factorial. The
three levels of motivation and ability factors were extreme-

ly low (EL), average (AV), and extremely high (EH). The size

of the descriptive sets was manipulated by including one (1)
403 three (3) similar pieces of motivation information. This
design generated 18 descriptions -~ nine two-~cue and nine

four-cue,

Designs 2 and 3 had information about motivation alone
and ability alone, respectively. Each design had the same
three levels as of the motivation and ability factors in

Design 1.
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There were 12 end anchor and filler descriptions,
The end anchor descriptions had motivation information
from four sources; the filler sets had levels from the
entire 7-point information scale cdescribed earlier. The
12 practice examples included two end anchors, five
single-cue descriptions, three four-cue descriptions, and
two two-cue descriptions., A total of 49 (37 main and 12

practice) descriptions were thus prepared.

Procedure. The general procedure was the same as in
the previous experiments. Subjects were told that informa-
tion about motivation and ability of the stimulus students
came from teachers who had known them for at least five
years. PFurthermore, information about motivation came from
one to four teachers and sco opinions from two or more tea-
chers were to be treated as equally important and valid. In
cases where either motivation or ability information was
not known, subjectswere asked to rely their ratings on only
the given information. The main set of 37 cards were rated
over three separate trials of judgments in different shuffled

orders. Data from all three replications were analyzed.

Subjects. The subeects were 20 male and four female
students from the same population as in Experiments 2 and 3,
Each subjects spent around one hour on the experimental task

and received 5 Rupees for his or her service.
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Results and Discussion

Two--operation model. Design 1 paired one or three

similar pieces of motivation information with one piece

of ability information. If all pieces of information
available for judgment are averaged simultaneously as
Equation 1 implies, then impact of the number of pieces

of motivation informétion would be identical on the effec-
tiveness of motivatiOn as well as ability factor. Moreover,
curves from the two-cue descriptions would cross over those
from the four-cue descriptions in the combined factorial

graph of the Motivation x Ability effect.

According to the hypothesized two~operation model,
prediction of performance of a stimulus student of Design 1
‘would follow the compound averaging~adding model. The moti-
vation cues will be averaged first and then averaged Motiva-
tion will be added to ability information, Judgment of
expected performance would thus be

kw M+ M (1-w)

Performance = + uA, (7)
kw + (1-w)

where M, A, and Mo are motivation, ability,and initial opi-~
nion about motivation, w, l-w, and u are weight of motiva-

tion, initial opinion, and ability, respectively, and k is
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the number of pieces of motivation information of equal
value. The first part of Eguaticn 5 is identiczl to
Anderson's (1967) set~size equation which predicts that
adding more information of equal value makes a more pola-

rized responsa.

Like Equation 1, this model predicts impact of set-
size of motivation information on effectiveness of motiva-
tion factor. But unlike Equation 1, this model predicts
no impact of set~size of motivation information on effec-
tiveness of ability information. 1In the combined facto-
rial plot of Motivation x Ability data, therefore, the
expected pattern is parallelism, not the crossover inter-

action.

Flgure 9 presents three two-way factorial plots of
Set-size x Motivation, Set-size x Ability, and Motivation
X Ability effects. The left graph illustrates the standard
set-size effect: Sets having three similar pieces of moti-
vation information produced much stronger effect than those
having one motivation informatlion. This agrees with previ-
ous findings of set~size effect in person cognition
(Anderson, 1981, 2.4), and further extends its generality

to integration of cues about motivation of a person,

Figure 9 about here
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The center graph of Figure 9 provides a distinguish-

. ing test between one~operation and two-operation model., The
two set-size curves are parallel; they do not exhibit a
crossgover pattern as in the left graph. Parallelism reflects
that effect of ability information is independent of the
effect of the set-size of motivation information. This agrees
with the two-~operation, averaging-adding model but rejects

the one-operation averaging model.

Further evidence for the two-operation model comes from
the right graph of Figure 10 which plots data from both set-
sizes in the Ability x Motivation format. At each level of
ability, similar set-~size .effect is present. Thizs indicates
that motivation cues were averaged in line with the first part

of Egquation 7.

Figure 10 about here

Both the adding and averaging fuies require the right
graph of Figure 10 to have a pattern of parallelism. The
three graphs are nearly parallel, although there is an end
effect on the upper right point. This deviation is minor;

hence, the parallelism pattern can be accepted.
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The left graph of Figure 10 shows the common factorial
ploﬁ_for_Motivation X Ability effect. What is interesting
is that the pair of two set=size curves is almost parallel
at each level of motivation. This disagrees with the averag-
ing ruie but agrees with the adding rule, Although end
effects are noticeable in this graph also, tﬁe overall picture
that emerges from this combined factorial plot is parallelism,
It may be said, therefore, that information about motivation

and ability were added together.

A striking evidence for adding and against averaging .
rule is present in the pattern displayed by the pair of middle
solid curves in the left graph. The solid curve with open-
circle and with filled-circle are based on the three levels
of ability listed on the horizontal axis plus one or three
pleces of average motivation information, respectively,
According to the averaging rule, the solid curve with open~
circle should cross over the curve with filled-circle. This
would happen because averaging of three moderate pieces of
motivation information with the levels of ability factor
would reduce the difference between ability levels much more
than the averaging of just one moderate piece of motivation
information (Anderson, 1965, 1981, 2.3.2). Contrary to the

prediction of the averaging rule, the two curves are parallel.
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This parallelism supports the adding rule. It should be
emphasized that these two curves are free from the pro-
blans connected with missing information. Nevertheless,
they yield clear evidence for adding rule. Tﬁe graphs
of Figures 9 and 10 are thus in excellent agreement with

the prescriptions of the compound averaging-adding model.

Detailed statistical analyses basically collaborated
the above interpretations., The Set-size x Motivation
effect was statistically significant, p (2,46) = 10,32,
but the Set-size x Ability effect was nonsignificant, F
(2,46) =.O.76. This establishes the crossover effects in
the left graph and the parallelism pattern in the center
graph of Figure 7. The Motivation x Ability effect which
is required to be nonsignificant was significant, F (4,92)
= 4,26, due to the end effects noted earlier. However,
the Set-size x Motivation x Ability effect was absent, F
(4,92) = 0.43, which indicates that the effect of ability
information was independent of the set-size of motivation
information. In other words, the slope of the curves for
two set-sizes was identical.1 It may be concluded, there-
fore, that subjects indeed obeyed the compound averaging-

adding model in prediction of exam performance,
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Imputations. Because the adding rule has been esta-

blished, it is possible to show that subjects made imputa-
tions about missing information. Two rules of imputations
must be considered, cone for ability, the other for motiva-

tion.

When information about motivation alone was given,
subjects iMputed a fixed value to the missing ability
information and added the given motivation and imputed
abillity values together. This interpretation comes from
the dashed curve of the right graph in Figure 8. The dashed
curve which 1s based on information about motivation alone
plots similar to the solid curve with filled-circle, F 2,46)
= 0.95, as well as with open~circle, F (2,46) = 1,05. Since
the solid curves have the same average level of ability, it
is reasonable to say that subjects imputed average value to -

the missing ability information.

If subjects made no imputatiog at éll, then the slope
and elevation of the dashed curve would be hard to understand.
On the other hand, if subjects imputed a nonconstant value of
ability, one that depended on the given value of motivation
information, then the dashed curve would have had variable

slope and crossed over the solid curves.
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A different imputation rule seems to have been uti-
lized when information about motivaticn was missing. In
this case, subjects imputed a motivation value that i1s
direct function of the given ability information. Evidence
for this interpretation is present in the left graph of
Figure 10, which plots the data from the two set-sizes in
the form of two-way, Motivation x Ability format. The two
s0lid curves are perfectly parallel, P (2,46) = 0.01, which
was the basis of accepting the adding rule and rejecting
the averaging rule earlier. But the dashed curve based on
information about ability alone clearly crosses over the
solid curves, F (4,92) = 11.37. This crossover does not
establish the averaging rule, for the distinguishing test
which avoided the problems connected with imputations. sup-

ported the adding rule.

The steeper slope of the dashed curve based on ability
information can be explained by the imputation hypothesis.
It seems that subjects assumed a direct correspondence bet-
ween ability and motivation: Students who are more capable
have more motivation also. In other words, subjects imputed
a value to the missing information in direct relation to the
given ability information and added the imputed and given

values to arrive at their judgments.
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The foregoing results of imputations indicate that
there is an assymmetry in the imputation rules for the
two types of information. Although the levels used in
the description of motivation and ability factors were
identical, the two types of information resulted in dif-
ferent patterns of imputations. Statistical test of the
interaction between type and value of given information

was thus significant, F (2,46) = 6.45.

Considered together, data‘from the single-cue sets
clearly 1llustrate the operation of imputations in predic-
tion of exam performance. In addition, they demonstrate
an asymmetry in the imputation rules for the two types of
information. An unambiguous test between rules has,
therefore, to avoid the problems associated with missing
information just as Design 1 of the present experiment

did.

-

Experiment S

Experiment 5 had two intents. One was to check on
the generality of the two-~operation, averaging—adding
model evinced by post~graduate students to high school
and undergraduate college students who have been found to

follow the one-operation averaging rule (Gupta & Singh,
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1981; Singh, et al,, 1979). Another was to examine whether
the asymmetry iﬁ imputations about missing informatioh per-
taining to ﬁotivation and ability could be eliminated by
asking subjects to develop their "own strategy of dealing

with missing information”,

Method

Stimulil and designs. There were nine stimulus designs.

The first was a four-way factorial with three motivation fac-
tors and one ability factor. Each motivation factor was

defined by the opinion of a different teacher: Teacher 1

(bottom most, average, and top most); Teacher 2 (very much

below average, and very much above average):; and Teacher 3

(quite below average and gquite above average)., The ability

information came from a teacher and the three levels were

very much below average, average, and very much above average

These levels of the two factors of motivation and ability

were taken from a ll-point scale: Top most, very much above

average, quite above average, fairly above average, little

bit above average, average, little bit below average, falrly

below average, quite below average, very much below average,

and bottom most.
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Thé second design was a three-way factorial using
the three motivation factors already mentioned. Designs
3, 4, and 5 were two-way factorials that palred one of
three motivation factors with the ability factor, Designs
6, 7, and 8 had information about motivation alone. Their
levels were identical to those of three motivation factors.
Design 9 had information about ability alone wilth the same

levels as in the four-way design.

These nine designs yielded descriptions of 79 stimunhs
students. In addition, 11 end anchor and filler descrip-
tions were prepared. They were based on extreme levels an@
on levels different than those used in the construction of
79 stimulus students. Of these 11 descriptions, four had
four cueg, one had three cues, two had two cues, and the
remaining four had only one cue. There were 15 practice
examples taken from the set of 90 descriptions‘already men-

tioned. - *

Procedure. The general procedure was the same as in
the previous experiments. Subjects were told that informa-
tion about motivation and ability (i.e., intelligence) of
the stimulus students came from teachers who had known them
for at least two years, Furthermore, motivation information

came from one to three teachers. Whenever more than one
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piece of motivation information were available, they were
to be treated as equally important and valid., When infor-
mation about either motivation or ability wag not known,
subjects were urged to develop their “own strategy of deal-
ing with missing information®™, After practice session, the
main set of 90 cards were rated over two trialsof judgment
in different shuffled orders. Data from both trials were

analyzed.

Subjects. Forty-eight high school and 24 undergraduate
college étudents who came from populations comparable to
those studied eparlier (Gupta & Singh, 1981; Singl. et al., ’
1979), served as subjects. School students were from Stan-
dards IX and XI of the Central School, Shahibaugh, Ahmedabad,
India. The college students were in the second year of thelir
4-year bachelor of technology program at the Indian Institute
of Technology, Bombay, India. Th?re were 12 males and 12
females in each group of school‘students. The college stu=-
dents were all male. The age ranges for the three groups of
subjects were 13 years and 6 months to 14 years and 8 months,

15 years and 7 months to 16 years and 8 months, and 18 years

and 4 months to 19 years and 7 months, respectively.
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Results and Discussion

ITwo~operation versus one-operation model. To esta-

blish the two-operation model, it is first necessary to
demonstrate a pattern of parallelism in the Motivation x
Ability effect from the two-cue and four-cue designs sepa-
rately. Figure 11 presents factorial plots of these
effects. In the left panel, three solid curves with open-
circle are from the two-cue, Motivation-1 x Ability design,
The corresponding curves in the center and right panels are
from the similar two~-cue designs, Motivation=2 x Ability
and Motivation-3 x Ability, respectively. All three sets

of curves show the parallelism pattern.

Similar parallelism pattern is also present in the
data from the four-cue design. The two-way graphs of these
data are shown in each panel of Figure 11 by the solid
curves with filled-circle. A1l three sets of these curves
also show perfect parallelism, The first requirement of

the two-operation model is thus satisfied.

The critical discrimination between the two~operation,
averaging-adding mocdel and the cone-operation averaging model
comes from comparison of the curves from the two-cue and
four-cue designs. The two-operation model reguires a paral-
lelism pattern in the common factorial plot of the two-cue
and four-cue data; the oné-operation model, in contrast,

requires serilous violations of the parallelism pattern,
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Figure 11 about here

The three graphs of Figure 11 have no lndication
for the parallelism pattern in the common factorial plot.
All the s0lid curves with open-circle have markedly
steeper slope than those with filled-circle. This result
casts serious doubt on the generality of the two-operation
model followed by postgraduate students. However, it esta-
blishes the one-operation model in which all pieces of
information available about the stimulus students were
averaged simultaneously. It may be concluded, therefore,
that the two-operation model is not applicable with high

school and undergraduate college students.

For ..ompleteness, the statistical analyses are given
in Table 1, which presents tests of interaction effects
from separate analyses of variance of the two-cue and four-
cue data as well as from the combined analyses of variance
for the two corresponding factors, " The nonsignificance of
the two-way interaction tests in separate analyses confims

the earlier interpretation of parallelism in the graphs.,

The three highly significant F ratios listed in the
last column of Table 1 show that the common factorial plot
of the data from the two-cue and four~cue designs differ

‘significantly from the parallelism pattern predicted by the
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adding rule. Since the two-cue curves have slope steeper
than the four-cue ones, this deviation is in excellent
agreement with the one-operation averaging rule. These
gquantitative tests provide strong support for the averaging
rule but eliminates the adding rule. It may be concluded,
therefore, that high school and undergraduate college stu-
dents indeed follow the constant-weight averaging rule

found by Gupta and Singh (1981) and Singh et al. (1979).

Table 1 about here

Imputations. When information about motivation ox

ability of the stimulus students was not known, subjects
were urged to develop their "own strategy of dealing with
missing information". This allowed them to handle the miss-
ing information in any way they wished. The dashed curves

of Figures 9 and 10 indicate that subjects followed one
imputation rules Missing information was assigned value in
direct relation to the value of given information. This
interpretation comes from the positive slope of the ability-
only curve in the left panel of Figure 11 and the motivation-

only curves in the three panels of Figure 12.

Figﬁre 12 about here
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The single-cue curves cCross over the four-cue curves
(i.e., solid curve with filled-circle) convincingly and
show a steeper slope than the two-cue curves (i.e., solid
curve with open-circle). An averaging inﬁerpretation which
does not allow any imputation (Anderson, 1981) is also
possible. But if subjects rendered théir judgments on the
basis of only given information, then the averaging rule
would make the dashed curves cross over the middle solid
curve with open-c¢ircle, There is no indication of such
crossover in Figure 11 or 12, All the four dashed curves
end at the average level of the missing information, This
means that the maximum value imputed to the missing informa-

tion was average.

Purther evidence for the interpretation just made is
present in Figure 13 which presents data from the four-way
design in the Ability x Motivation format. The 12 condim
tions of the three motivation factors were reduced to eight
by virtue of identical functional values; hence, there are
only eight levels on the horizontal axis. The dashed curve
is based on data from the three-way, Motivation-1 x Motiva-
tion-2 x Motivation-3 design. Since this design did not
have any information about ability, its slope is as useful
in diagnosing the imputation rule as were the slopes of the

three motivation-only curves in Figure 12.
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Figure 13 about here

Although the dashed curve of Figure 13 has slope
steeper than the middle solid curve, there is no indica-
tion for any crossover at all. In fact, the dashed curve
ends at the average level of ability similar to the three
motivation~only curves of Figure 12, This irdicatesg that
the missing information was indeed handled in precisely

the same way in both the single-cue and three-cue designs.

The foregoing results show that missing information
is not ignored while rendering judgments. When subjects
are asked to develop a way of dealing with missing informa-
tion they impute value to the missing information in direct
relation to the value of known information. The highest
imputed value does not exceed the average level. These
results cannot be accounted for by the averaging rule which
does not allow imputations. However, if imputations are
allowed, the averaging rule can givé é good account for the
crosgover interaction between two-cue and four~cue curves

as well as for the failure of the single-cue curve to cross

over the two-cue curves,

It should also be noted that the asymmetry in imputa-
tion rules for missing ability and motivation information

found in Experiments 3 and 4 as well as in the experiments
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by Singh et al. (1979) and Gupta and Singh (1981) seems
to be attributable to their requirement that judgments
be made on the basis of only the given information, When
subjects are instructed to develop a method of dealing

with missing information, they use one imputation rule.

Developmental differences. There was not any deve-

lopmental differences in integration or imputation rule

in the overall analyses of variance of the various designs.
However, perceived effectiveness of ability steadily
jncreased over the three age levels. The Age group X Abi-
lity effect was thus statistically significant in Designs

i, 3, and 4, F (4,138) = 7.79, 3.81, 2.67.

Experiment 6

Experiment 1 through 5 clearly showed that prediction
of ?erformance in high school exam}nation by school and
college students obeys the parallelism pattern prescribed
by the cultural difference hypothesis (Gupta & singh, 1981;
Singh, 1981:; Singh et al., 1979) . The chief purpose of the
sixth and final experiment was to assess the generality of
the parallelism pattern to prediction of performance in
college examination, using subjects from student and non-

student populations,
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Method

Stimuli and design. Descriptions of stimulus students

were prepared according to a four-way, 2 x 2 % 3 x 3 (Motiva-
tion-1 x Motivation-2 x Motivation-3 x ID) factorial design.
Each motivation factor was defined by the copinion of a diffe-

rent teacher: Teacher 1 (very much below average and very

much above average); Teacher 2 (guite below average and quite

above average): and Teacher 3 (little bit below average,

average, and little bit above average). These levels were

taken from the ll-point scale of motivation used in Experi~-
ment. 5. The three IQ levels were 90, 105, and 135. There

were thus 36 main stimulus persons.

There were 15 filler and 15 practice descriptions as
well, The filler descriptions had levels more extreme and
different than those used in the main descriptions. The
practice descriptions were taken from the set of 51 descrip-

tions already listed.

Procedure. The general procedure was similar to that
in the previous experiments. Subjects read information about
motivation and IQ of each student and predicted his perfor-
mance in a bachelor of science examination in chemistry
honors at a major university. It was emphasized that the

chemistry department of the university is well-known for its
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standard and rigor in the nation, that chemistry honors pro-
gram uses recent textbooks of highest quality, and that gett-
ing honogs degree from the department is extremely difficult.
These specifications were made to present the exam as extreme-
ly difficult. After practice session, subjects rated the set
of 51 cards over two trials of judgment in different shuffled

orders,

Subjects. There were four groups of subjects. The
first group consisted of 18 students from the same population
as in Experiment 1. The second group of 16 male and 2 female
students were enrolled in a course on research methods at the
Tndian Institute of Management, Ahmedabad. Nine were college
teachers attending the faculty development program; the re-
maining nine were in the first year of their 4-year fellow
program in management. The third group of 13 male and 5
female college lecturers in psychology were attending a work-
shop on instrumentation in psychology at the Gujarat Univer-
sity, Ahmedabad. The fourth and final group consisted of 18
male executive engineers who were attending a course on pro-
ject implementation at the Staff Training College, Gandhi=-
nagar, Gujarat, India. The age ranges for the four groups
of subjects were 18 years and 5 months to 20 years and 2

months, 23 years and 8 months to 38 years and 4 months, 28
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years and 5 months to 49 years and 3 months, and 45 years

and 7 months to 52 vears and 9 months.

Subjects, who were run in small groups of 6=9 at a
time, spent 70-=90 minutes on the judgmental task. =rach
subject of the first group received 5 Rupees for his ser-
vice. Subjects from the other three groups volunteered
.to participate in the experiment at the request of the

course coordinator.

Results and Discussion

Parallelism pattern. The main goal of Experiment 6

was to yield evidence for the parallelism pattern in
Motivation x Ability effect on prediction of performance
in an extremely difficult college exam. Figure 14 presents
six two-way factorial plots for the four factors of the
design. According to the cultural difference hypothesis,
the three right graphs, which.are for Motivatiénul x IQ,
Motivation-2 x IQ, and Motivation=3 x IQ effects, should
be parallel, as in fact they are. This shows that predic-
tion of performance in college exam also conforms to the
same parallelism pattern, which characterized prediction
of performance in high school exam. This provides greater

generality of the cultural difference hypothesis.

Figure 14 asbout here
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It deserves emphasis that Surber (198lb), who de-
scribed college exam as most difficult in much the same
way as in the present experiment, obtained the linear fan
pattern in the Motivation x Ability effect. While her
result agrees with results from previous American studies
(Anderson, 1983, pp. 73-76; Anderson & Butzin, 1974), it
ié-not generalizable to the present groups of subjects.
Even though the college exam was introducéd as extremely
difficult, the pattern of parallelism emerged in the
Motivation x Ability effect similar to the result of
Experiments 1 and 2 described earlier. This finding con-
firms the hypothesis of cultural difference but questions
the applicability of Surber's hypothesis of task diffi-

culty with Indian subjects.

On the basis of the results of Experiment 5, the
three pieces of information about motivation were expected
to be integrated by the constaqtfweight averaging rule.
Thus, the three left graphs of Figure 14 were expected to
have a pattern of parallelism. While the first two graphs
have the parallelism pattern, the third one has mild con-
vergence. This means that opinion of the second teacher
carried less weight when opinion of the third teacher was

high than low. The deviation from the parallelism is minor,
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however. Accordingly, success of the equal-weight averag-
ing rule for integration of information about motivation

can be accepted,

Statistical analvses. Tests of two-way interaction

between factors shown in the six graphs of Figure 12
yielded F (1,68) = 0.18, F (2,136} = 1.93, 3.02, 1.92,

1.10, and F (4,272)

0.61 in order. Of the six F ratios,

only the third for the third graph is statistically signi-

ficant for the reason already mentioned. These statistical
"tests thus provide strong support to the interpretations

made earlier.

The results were readily generalizable to all groups
of subjects., Tests of interacﬁion between subject groups
and the two factors listed in each of the six graphs of
Figure 14 yielded only one triple interaction effect: Sub-
ject groups x Motivation-l x IQ effect, F (6,136) = 2,16,

P <« .05. Examination of the Motivation—lkx IQ0 effect in
each of the four groups of subjects disclosed that the sub-
jects of the second and third groups had mild divergence in
their Motivation-1 x Ability effect, F (2,34) = 2,91 and
3.43. Partitioning of these two interaction effects in
their Linear x Linear and Linear x Quadratic trends did not,

however, yield significant F ratio for the Linear x Linear
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trend, F (1,17) = 2,38 and 1.92, contrary to the require-
ment of the linear fan pattern (Anderson, 1982). It can

be concluded, therefore, that subjects from all four

groups followed the same integration rule.

General Discussion

Cultural Difference
in Cognitive Algebra

Cultural-difference hypothesis. Results of the pre-

sent set of six experiments show that prediction of exam
performance from information about motivation and ability
of stimulus students obeys the parallelism prediction of
the cultural-difference hypothesis. Singh et al. (1979)
and Gupta and Singh (1981}, who studied prediction of per-
formance in engineering institute exam and in elementary
school exam, respectively, suggested that Indian students
believe that effort is equally effective with sfudents of
low and of high ability. In the present research, exams
were of high school (Experiments 1 through 5) and college
(Experiment 6) levels and subjects were from both the stu-
dent and nonstudent populations. Nevertheless, the results
are identical to those obtained by Singh and his associates.
This indicates that the parallelism pattern in the Motiva-
tion x Ability effect is indeed robust across types of exam

and subject populations.
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At a more micro level, the parallelism pattern
appears to have been caused by the constant-weight
averaging rule or by adding rule, High school angd
undergraduate college students followed the constant-
welght averaging rule (Experiment 5): the rostgraduate
gtudents of management followed the adding rule (Experi-
‘ment 4). Perhaps the adding rule develops out of the

averaging rule in this task in India.

In the United States, the developmental trend
noted in prediction of performance is different. Predic-
tion of exam performance has been found to conform to
the requirements of the multiplying rule (Anderson,1983;
Anderson & Butzin, 1974}, relative-weight averaging rule
(Surber, 198la}, and differential-weight averaging rule
(Surber, 1981b) at the level of adults. In addition,
multiplying rule has been found to develop out of the
adding rule (Kun et al,, 1974) or constant-weight averag-
ing rule (Surber, 1980) at a quite early age (e.g., Stan-
dard II). These differences between students of India and
the United States suggest that prediction of performance
is indeed a powerful cognitive task for analyses of cross-

cultural differences.
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Gupta and Singh (1981) had enphasized that the cone-
stant weight averaging rule for India and the multiplying
rule for the United States were not unicuely restricted
to each culture. Some subcultures or subgroups within
each country would be expected to obey these rules, for
rules people use reflect on their causal schemata. Evidence
for the relative~weight averaging rule, differential=weight
averaging rule, and multiplying rule in the United States
and the present finding of constant-weight averaging rule
and adding rule in India suggest that the two cultures
differ in the variety of rules they employ in prediction of
performance. In addition, origin of the rule and develop-
mental trends in utilization of rules also seem to be cul-

ture-Jlinked,

Considered together, it mav be said that the hypothe~
sls that Indian and American cultures differ in their outlook
on how motivation and ability deterpine exam performance is
indeed correct. Whereas Indian subjects follow the parall-
lism pattérn; American subjects follow the fan, parallelism,
and converging patterns. Thus, there is a greater homogeneity
in the causal conceptions of Indians than of Americans. This
difference calls attention to the importance of cultural fac—

tors in social cognition.
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Hypothesis of task difficulty. According to Surber

(1981a, 1981b), the linear €£an pattern in the Motivation x
Ability effect is characteristic of an extremely difficult
task. Tasks of low and medium difficulty vield the paralle-
lism pattern. Hence, the hypothesis of cultural difference

can be replaced by the hypothesis of task difficulty,

One of the goals of the present research was to
assess the plausibility of Surber's explanation for the
failure of the linear fan pattern in Indian studies (Gupta
& Singh, 1981; Singh et al,, 1979). Thus, Experiments 1
and 2 had exams of low, medium, and high difficulty; Experi-
ments 3 and 6 had exam of medium and extremely high diffi-
culty, respectively; and Experiments 4 and 5 did not expli-
citly specify the difficulty of exam. Inspite of these
variations across the six exXxperiments, the result from each
experiment was basically the same as in the experiments by
Singh et al. and by Gupta and Singh, Tt may be concluded,
therefore, that Surber's hypothesis of task difficulty is

not applicable in India,

In Experiments 1 and 2, difficulty of exam affected
the origin of the scale. In other words, subjects predic-
ted higher performance on an €asy examthan on a difficult

exam. Moreover, factorial plots of Task difficulty x Moti-
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vation and Task gifficulty x Ability effects also conformed to
the parallelism pattern. This means that task difficulty played
an additive role in prediction of performance, This finding also

emphasizes importance of cultural variables in social cognition.

Other alternative hypotheses. Can the parallelism pattern

in the Motivation x Ability effect of the Indian studies be ex-
plained in ways other than the cultural difference hypothesis?
At least two other hypotheses may be suggested. First, the add-
ing and constant-weight averaging rules are perhaps used to pre-
dict performance on tasks which are familiar to the subjects.
Second, the parallelism pattern is characteristic of academic
tasks. Prediction of performance on nonacademic tasks may yleld
the linear fan pattern just as in the American studies. Let us
examine the plausibility of these alternatives to the cultural

difference hypothesis.

There is no doubt that all subjects of the present work hac
some familiarity with exam situations. But the levels of femilie
rity were not the same for all su?jects. In Experiment 5, for
example, subjects from Standard XI and college had successfully
passed the Board exam of Standard X but those from Standard IX
were to take the exam after two 