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Summary—Two experiments on absolute cmmBgﬁ of im.:m_ size were car-
" ried out with variations in stimulus range of size, exposure. n_:_.»:o: and con-
trast.  The results indicate that the effects of all three ﬁ:EEmm are interchange-
-able within limited values of each, in the sense that their effects are simply
additive. Thus they can be considered to form L common clads ‘of energic vari-
‘able within limited conditions. Stimulus range|has an _mam_:o:& effect over
and above these mutual effects, however, in a manner which m:mmoma that it in-
fluences judgmental factors as well as nnmaan ?nnoa in m_umo_:ﬁn judgment.

[

! : _

In an experiment concerned with the mmmmnn of correlated dimensions (re-
%Emmn@v on visual absolute judgment, mzwmmn and Hake prumvv found that
discrimination accuracy, measured in bits of _:mozdmco: ‘transmission, increased
! considerably when one or two dimensions were: varied along with an original one
ih a correlated fashion. - Garner and Lee AGQNV, in an' analogous experiment
equiring judgment of patterns of Xs and Os, found no m.:: due to the addition
of dimensions. In this latter experiment, woimﬁT the stimuli were presented at
_oe contrast; furthermore, stimulus duration was ﬁ:._nm and mo::& to have a
.a..mm effect. . 4 _ I

H_:m Hmm:_n led Garner :@mw p- 209) to m:mmomn that a %ngBS\EOD gain

iksen and Hake m:&_:m _u:n found that the Wroﬁ durations 5@ used had no
swvnmnSEm effect on m_mn:BEmzon accuracy. V.memo mzﬂroa m:mmmmnmm Hrwn the

e to different factors being responsible for | errors in the néo different experi-
ental situations. They specifically distinguished between RnﬁuSH limiting fac-
ﬂsa and EmmBmDS_ or Hmmwo:mm :BEDm factors. :
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spacing between adjacent stimuli (or the total stimulus range) are other vatié
ables governing energy. relations between stimuli. It seems possible, then, tha
whether duration has an effect on absolute judgments should depend on whethe

the total energy limitation is sufficient. Certainly the fact that the only appred Hon, § wrote his respons
able effect of duration in such ex eriments was found by Garner and Lee with iind : _
stimuli presented at low no:c.um% suggests that such n% interrelation between : %HW“MM,M_MWMM“M MMMHMMH,_

energic variables does exist. . . ock of 50 randomly select

iffing bell sounded 3 sec. b

Purpose of Experiments ‘

"The present nx@nnw:a:a investigated further the effect of limited duration
on accuracy of absolute judgment of visual size, specifically by determining the
interrelating effects of duration, contrast, and stimulus range on judgmental ac
curacy. In simplest form, such an interrelation would be manifested by an inter

changeability of these three factors in their effects on discrimination. These ex

{u mb& with a new stimulus ra

33y 340 ‘e N

_gm. stimuli whenever any ¢
19 . .

_mmqn procedures were intend

i,
Jsizos were used per set, and

b ,& “in. on a side in steps of
fom 0.485 in. to 2,100 in,, in

permient were designed to determine whether such an interchangeability exists. ! EXPERIME]
. 1 ) 3
_ GENERAL METHOD : : erimenial Conditions
Two different experiments are reported here, but since the methods for both “Three ranges of size and
are identical in most ‘respects, the common aspects will be described first. Binations. The durations we

'

Stimals , w

Ss made absolute ?mm_ﬂozawom squares differing in area, using response
numbers corresponding to the ordihal size of each square. The stimuli were pro-
jected onto a ground-glass screen, from behind, and appeared as dark squares

against a brighter surround. The range of sizes constitutes one experimental

variable. ”

2 N oy . .
i Each of six Ss received :

tbalanced across Ss by usin;
Durations were randomly
gments under each conditi
arately for each § and each

Apparatus : A . .

The basic apparatus and its dimensions are described in detail by Garner and
Creelman (1964). As before, S viewed the presented stimulus through a 10-ft
runnel and a reduction box, at the back of which the stimulus appeared. Un
like the previous experiment, however, here the stimulus was projected onto 4
ground-glass screen from behind the reduction box, with the duration of the
exposure controlled by a shutter mounted on the projector. Incandescent light
behind the ground-glass screen Eoi%m_p_ constant background illumination on
the screen mm»mn,m.n which the dark squares (with additional surround) were pro-
jected. Stimulus contrast was adjusted by setting the aperture stop on the shuts:
ter of the projector, thus varying the brightness of the additional projected sur-
round. The constant background brightness was approximately 60 apparent foot.

. candles.

shlts and Discussion

iThe average informatio
gndition are given in Tabl
though in the expected dire

INFORMATION TRANS
T

Duration
- (sec.)
.040
.020
M

Subjects .
All Ss were male students, either graduate or undergraduate, at Johns Hop-
kins University. They were paid an hourly rate for participating in the experi-

ment.
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Procedure

who then told him the correct response. |

i
[

ments with a new stimulus range. In add

i

!

Experimental Conditions “

binations. The durations were 0.02 and|
sizes were used per set, and the stimulus

100%.
i

eparately for each § and each condition.

Results and Discussion ot

condition are given in Table 1.

beginning of the experiment, each § was!
- judgments, and he was given another hou

W
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i
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Stimuli were presented at the rate of approximately one every 7.5 sec. A
warning bell sounded 3 sec. before each presentation. After each stimulus pres-
entation, § wrote his response on a sheet of paper and also called it out to E,

wt

. _ b
Each § was used for an approximately 1-ht. session in a day. In a session,
a block of 50 randomly selected sizes was used for. a given experimental condi-

. . . . ] .. .
tion, after which a different experimental condition was introduced. Before the

given 2 hr. practice in making area

r of practice before beginning judg-

ition, § was shown the full set of pos-

i "EXPERIMENT I: RANGE

ize practice effects.

t 4
AND DURATION

i
1
i

. Three ranges of size and two exposure durations were use

sible stimuli whenever any change in experimental conditions was introduced.
! These procedutes were intended to minim

d in all six com-

0.04 sec. Twenty different stimulus

) ,mmnmnm were
1.85 in. on a side in steps of 0.06 in., giving a tot
-+ from 0.485 in. to 2.100 in., in steps of 0.085 in.
and Large, from 0.17 in. to 2.45 in,, in m:_%m o)

'

i
j
i
|

The effect of durat

|

.M though in the expected direction. The effect o

|

|

: Small, from 0.71 in. to
al range of 1.14 in.; Medinm,
, giving a total range of 1.615 in.;

. f 0.12 in,, giving a total range of
.2.28 in. Stimulus contrast (total surround vs darker square) was greater than

. . o ) L
Each of six Ss received all 6 experimental conditions. Ranges were coun-
tetbalanced across Ss by using a different'on

e of the six possible orders for each

i
| 5

§. Durations were randomly selected within §s and ranges. Each § made 600
judgments under each condition. Information transmission in bits was calculated

.. The average information transmissions for the six Ss for each experimental

ion is very small, even
f stimulus range of size is quite

. TABLE | 1! o
"7 INFORMATION TRANSMISSIONS FOR THREE STIMULUS RANGES AND
; TwO DURATIONS IN Exp.'I .| :
Duration Stimulus Range . | M
(sec.) Small Medium Large .
040 - 1.94 221 2.50 222
020 ‘ 1.88 2.16 . 2.48 2.17
M 191 2.18 2.49 2.19

i

i Note—Each information transmission is the mean, in bits, for G Ss.
1
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great, however, with an increase of 058 bit obtained when the stimulus range
is doubled. : g o .

This increase is less tha
come from a doubling of the range
tirely in line with the difference due to siz
(1958). ' On the other hand, it is much greater than the difference found by
Eriksen and Hake (1955a). “The discrepancy in results is almost certainly due
to the method of doubling the rangc of sizes. In the present experiment and in
the Alluisi and Sidorsky nx__unaBnEt%m middle size was kept constant and the
e was doubled around that. In the Eriksen and Hake experiment, the low-
a method which keeps the end-anchoring effect con-

n the theoretical maximum of 1.0 bits which could

of sizes (Garnef, 1962, p- 73), but it is en-
e range found by Alluist and Sidorsky

rang
est size was kept constant,

stant for both ranges at 0n€ end. _
: - . . 1 . .
The, putpose of this particular experiment was o determine whether dura-

tion would have an effect on w:mo:dwnwoa cransmission if the gm._n &MQWB.:SQO:.
. task were made more difficule by decreasing. the range of stimulus sizes. These
results showed that the decreased rahge did makeithe task substantially more dif-
ficult, but that the Joss of information cransmission produced by = decreased
* . _crease in duration. " Thus the
Rather, we needed to know

range could not be offset to any extent by an incr
s not of wa»Q interest.

fficult discrimination, SO that we

g no effect

effect of range per s¢ Wa
that the decreased range did Eo@zmnn a more di
d Creelmad result, showin
condition so €asy that

could be sure that the previous Garner an
of duration, was not due to their ﬁwmm.om w,&mnn:dw:mao:
decreased duration Was irrelevant. | | ’

The next experiment Was design
stimulus degradation by; using st

il | :
EXPERIMENT 1I: RANGE, DURATION, AND CONTRAST
) ! . '

L
ed to nr,w_nw this finding under conditions
imuli of very low contrast.

of extreme

m&u&g«smﬁ& Condirions
This experiment invo

jved combinations of three. mxmnn.:sm:s; variables.

Two ranges of size Were Large and Small from Exp. 1; four exposure durations
were 0.01, 0.0, 0.04, and 0.10 seC.; three contrasts wWere High (10%), Medinm

G.ma\m.v, and Low (3.2%)- Ten different .mﬁ.:dismm.ﬁmméﬁn s%mwoﬂ 89
maB:Emnwsmﬁ vv\Smw , numbered stimuli from Exp. L. Thus the inter

ng the even

stimulus spacing was doubled fot each range.
“Bach of four Ss received all 24 experim
Hmnwﬁmsnmmwous >ww>o&n:3ngn

h S (two Ss each way),
. . | .
counterbalanced within each § {and each range. Durations were randomly ar-
n the other conditions. Two Ss made

ranged withi 400 judgments under each 32
combination of experimental ,,B.n._wzomq and two Ss made 250 judgments under §
each. _,

Calcnlatior

computed separately f

“otal conditions. Range was coun-
and contrast Was

iy . . .. :
» of informalion :.a@EEES?I\HDmoH5»205 transmission Was
or cach §.and each condition. In this experiment, unlike

M
|

ABSOLUTE JUDGM

Exp. I . ,
> Mnrv HMMHM <MQ low A.\m_:@m of infor
o makes w e sampling bias of sor
.QmDmBmmm_.om_.n the Miller-Madow ¢
{ransmissio is zero. ..H_ES is no bia
nnmsmammmmo“w U.Hrmnn is no known cor
bins by won mﬂ.ﬂnob zero and maxi
s by U Ew mm inear relation betwee
:mDmBmmmmo:, s %n.m true transmission ¢
s A=. . his procedure is certa
e _. , since the bias is sizable :
, ,>:MMH:W for example, the bias is
for o 8 gMnMM Mo:%:n.m&o: occurred
sumption that A_wmwwn“wwm E o
Tmp oS 4 actions were z
nmmmm.mow_mmmnnom ?oﬂ the other thr
Salaeine one §, 2*% a correction’
affect the WMMMMNMMMO .::nnmnnon ot
usion of the experi

Results and Discussion

T ,

i A_\M AanM_G of this experiment are
cuan ave Mum ! mQ..omm. %.m. In addition,
ried ouc on Hom Sn.rSm:& corrected i
shve sunn mwm M this analysis is. shown
- y each experimental v:
wong with Wnnnmn.ﬁmmm of variance for i
~§N§m\§n<o?:.gm >

e Aﬂwm&\&.&.& of effects—Th
o m:mr mwzﬁ is d.i:wﬂrmn stimulus
fommon su Sm.ﬂ n.:n: effects are int
prnadon E:.&.Emﬂoz is lowered by :
bk 1o i _.mozm_sp_ level by an increa
.:nno:rn o Mo ask wc:mnrmn all main ef;
et E%Zm major portion of the
ulus <mlmw_mMmmnn_M mmz%mnv%@ o
o ; substantial and to
pacia Dnnm.m while all four interactions i
. or only 3.54% of the variance
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all from Exp. I; four exposure durations
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mannsﬂ stimulus sizes were used for each
ered stimuli from Exp. H Thus the inter-
inge, S

perimental conditions. Range was coun-
1 S (two Ss each way), and contrast was
ch range. Durations were randomly ar-
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, Co

mu% I, some <m€ low values of BmoEdﬁjL Qm:ma_mm_o.o were o_un::&v a fact
which makes the sampling bias of some _Ewonznnm .Hrm sampling bias can be

. estimated with the Miller-Madow noﬁmnnon (Miller,' 1955) when the true
transmission is zero. ‘There is no bias whén the Emo:dm:os trdnsmission is at
its maximum. There is no known correct 4,_:&\ of estimating bias for information
transmissions between zero and maximum,! but for these data we estimated the
“bias by using a linear relation between VSW and true transmission, between the

S_n:_ﬁmm bias for a true transmission of zero and a zero bias for a true maximum
transmission. This procedure is certainly more Annmwnwzm than making no cor-
, rection at all, since the bias is sizable at 82 transmissions. With 25 judgments
per stimulus, for example, the bias is 0.23 ‘v:m for a true transmission of zero.
A further complication occurred in that data records for seven conditions’

for one § were destroyed by vandalism. These values were estimated on the as- .
sumption that all interactions were zero, by using average. experimentally ob-
- tained differences from the other three Ss and applying them to the missing
cases for this one S, with a correction for his average information transmission.
The assumption of no interaction will be seen to lead to little error and does not

affect the basic conclusion of the experiment, -

| : |
Resulss and Discussion . _ : w

- The results of this experiment are mroén in mSw?n& form in m_m 1, with
data averaged across Ss. In addition, a no::&nnm analysis of variance was car-

;. ried out on the individual corrected information transmissions, and a descrip-

' tive summary of this analysis is shown in ufEm 2. The percentage of variance
accounted for by each experimental <Aniv_vm,m:m their interactions are shown,
along with petcentage of variance for individual n::ono:nmm and a pooled inter-
" action term involving Ss. | S
[
~§w§\u§m§v ility of effects—The E,{On n_:mmao: 2_:9 this experiment

mm. attempts to answer is whether stimulus range, duration, E& contrast operate in

common such that their effects are interchangeable, so that, to illustrate, if in-
formation transmission is lowered by a decrease in contrast it can be brought
‘back to its original level by an increase in duration. 'In analysis of variance
terms, this is to ask whether all main effect variances dn important and together
account for the major portion of the variance due | {to expetimental variables.
Table 2 makes clear that they do. The three main mmmnn variances for the stim-
ulus variables are all substantial and an%mn account for 65.41% of the total
variance, while all four interactions S<o_<5m just stimulus variables totally
account for only 3.549% of the variance. Thus to a very' ‘good fitst approxima-
tion these three stimulus factors can be considered ESR:SWQEG in their
effects. b

. 'This result is in clear contrast to the Sm:rm of Exp. I and to the results of
Garner and Creelman. It appears that the previous failures to find interchange-

b
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in Exp. I11.) | | y
&5:.5? were ‘du
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11
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!
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21.51
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0.86
1.85
0.07
. 9.54
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- extent to which simple addjtive SS_n_Ssmn,__u:_Q go@ not omonimv and chey
ANGE are very small in this experiment.- No statistical significance tests for these inter-
S actions are given because there are logical factors which indicate that the inter-
zﬁxvm.ﬂ — actions must be real and larger, with a wider range of stimulus conditions.

Clearly any one of these ma:w:,_:m variables can limit the effectiveness of
either or both of the other two. For example, if there is zero contrast, there can
be no effect of cither duration or stimulus range, and if stimulus range is zero,
bwnrmnn can be no effect of the other two variables. Such limitations mean, in
2 analysis of variance terms, that nrmno must be interactions between all pairs of
experimental variables. A semblance of this type of interaction can be seen in
Fig. 1, where the effect of stimulus' range is least at the shortest duration and
-lowest contrast. t i |
In similar fashion, the triple 58325: must be real at limiting cases, be-
cause if any one of the variables is operating at zero level, it will prevent inter-
action between the other two. | g L

Upper limits to interchangeability—There are upper limitations to infor-
mation transmission which must L_Hom:na interactions as well. ‘There is almost
certainly some over-all limit to information transmission for any given judgmental
ituation, regardless of the number wom stimuli to be judged. In other words, the
concept of a limiting channel n\%\,n_c\ must :AS_w some validity, as many experi-
sments have shown. But the limit wno&:n& by a n_S:s& capacity does mean that
: m_BEn interchangeability of effects Ssnon occur érmu the limit has been reached,
:is0 once again there is a logical. basis for \;me::m that the interactions, though’
mB»= for these data, must be larger. ﬂ,: the general case. v
In effect, in this experiment we found a Bme of values for the three stim-
it tulus variables within which simple additivity' (or interchangeability) does occur,
vS the small interactions we obtained 20:& have been much larger if we had
oﬁanmnm the range of mann::n:ni no:ﬁ::o:m . We did not do so because we
simply wanted to determine that Hrmno is a range within which interchangeability
fdoes occur. It is therefore _Bwhowmh to argue from these limited experimental
,nosm_ao:m that it will occur for all possible values of the stimulus variables.

. Judgmental factors with K\N%mwlﬁrm nature of interaction between con-

owwmﬁ_oz,gmmo.v

-ontrast, »:m duration .on EmonB»:on mn»:mwnwm,m
Am»nr v_o:nm point is the mean, in bits, or 4 S5,

W

:B:o: were mco to the _»nr of sufficient over
_m mnoa:n& in the present nxm.mn:dmnn g %m

1
H

.H>wﬁm 2
nnocz._.mc FOR BY THE DIFFERENT EXP
VARIABLES OF EXP. II

ERIMENTAL |

- i :umﬁ and duration shown in Fig. 1 suggests that these two variables might, with
- . % Variance _»nmﬁ values of contrast, have a common upper :3: for information transmis-
T - 826 w sion, ie., they might have a common channel ' capacity. The stimulus range
. wmww 2 seems to relate to duration m_mmnn:cv\. roégmn; Notice in Fig. 1, to illustrate,
s 151 3 that at high contrast and large range, duration rmmm practically no effect beyond
S 076 3 0.02 sec. If contrast is decreased, however, longer durations do improve per-
. 0.86 . 2 formance up to at least 0.10 sec. Suppose, on the other hand, that we decrease
1.85 M stimulus range instead of contrast. This n_S:mm‘moom not produce an effect of
E WMM 69 wﬂ_snﬁzon, rather, it appears simply to depress the lentire function without chang-
T 100.00 95 ing its shape
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A
out that judgmental factors as well as recep-

Garner and Creelman pointed
with large numbers of stim-

tor-limiting factors affect information nmw:m:immwo:
alus alternatives. It may well be %ﬁb%m stimulus range plays a dual role in
this task. As range (and thus MQB:EM, spacing) is increased, the limits of im-

provement in accuracy Of n:mnmam:ﬁ_no: based on energic aspects could Vn
¢ in judgmental aspects of the

reached, but the assistance provided :the; observe
OB .
crease as range is made even greater. In any case,

problem could continue to in
in the present experiment the stimulus range of judged size appears tO operate

_both as an energic variable (thus having interchangeable effects with duration
and contrast) and also'as a variable affecting judgmental accuracy.

T NATURE OF THE INTERCHANGEABILITY -

term interchangeability to refer to the mutual

n have. We have deliberately

e of the mutual

In this paper we have used the

effects which two or more stimulus variables ca

used a term with such non-specific connotations about the natur

effects to avoid complications temporarily, but also Gnnw:mmnranx»nn:menoom
1t than showing that these variables can

the interchangeability is less. importan
operate as a single common class. “ - :
The analysis of variance model is one-based on linear additive effects, so
with a variance analysis the simplest way to answer our question about mutuality
of effects was to determine how much of the total effect could be predicted by
assuming simple additivity of the main effects of the separate factors. At first
glance, additive interchangeability is a little surprising, because in most sensory
discrimination research multiplicative functions bhave been found rather than
additive. Some caution needs to be expressed concer
either an additive or a multiplicative i
situation.

First, it should be remem

‘information transmission, and it is a logarithmic mea

solute judgment. So additivity
cativity with regard to the underlying variable
changes multiplication to addition.

Second, most laws of sensory discrimina
physical values of the stimu
area, in visual discrimination. But the mu

- to derived values (or weights) for each
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or simple functions of these parameters.

cating a simple underlying multiplicative
meters is not legitimate, sinc
level of each stimulus variable a value which
not show that any particular f

the multipliers.

can be used as a multiplier.

ning the interpretation of
nterchangeability conceptualization in this

bered that the dependent measure we arc using is
sure of discrimination in ab-
of such a measure can be interpreted as multipli-
s, since the taking of logarithms

tion involve multiplication of actual
Jus, such as intensity cimes duration, or duration times
ltiplicative model can be with regard
level of duration, contrast, range, et
cal measures of duration and contrast,
Thus to interpret these results as indi-”
interchangeability of physical para:

e the analysis only shows that there exists for each
It does 155
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tive parameter was estimated for each le
.8&529.5 were then computed from tt
a fit which used only the main effects ‘
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s just as m.umnmmaonmo:m (the same numb
A%B in either case); because there is Do.
_”o ow values of information transmission:
;

e . .
pt of m:m?m_m of variance is more wid

: . CoNcLUst
SMH:.m nnmmmm_Q for distinguishing betwe
. nm,S this type of absolute judgment ex
e S, and Grant AGMMV had shown that di
the accuracy of radial location of a stim:

anﬁ.»n% of localization. Garner and (
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fon, even when increasing the duration
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Third, the multiplicative model may| be only an approximation to a more
. 8eneral model for such processes. Garnér: and Lee actually present a general
model, in which . . o

that judgmental factors as well as recep-

apsmission with large numbers n..m stim-

the stimulus range plays a dual no_m. in

“spacing). is. increased, the limits of im-

on. based on enetgic aspects could be

e obServer in judgmental aspects of the
ange is made even greater. an any Smﬁw
range of judged size appears to operate }
g interchangeable effects with duration

fecting judgmental accuracy.

IT = V5 log: [V!(S) +1].° | , 1]

* IT is information transmission and 1’
- the inherent dis¢riminab
;" normalized error term.

(8) is an hypothetical variance related to
ility of the stimuli. The _N&m& factor of 1 is a unit
The term V' (S) is a multiplicative function of all factors which affect dis-
.timinability in the given situation, of which nrn_nmmmam.,moﬁ in our experiment
. (three experimental factors plus individual mmmnmomnﬂv. ;

If V'(S) is large compared to the un
reduce to simple additivity .of the IT mea

;. Series of multipliers is the same as to add
| compared to the unit normal error, a simple
mission measures is no lon get appropriate.

This general model was used to fit the

1
i .
 data of Exp. II. A single multipli-
cative parameter was estimated for each level of each variable, and information

e transmissions were then computed from %To. The fit to the data is as good
as a fit which used only the main effects from the analysis of variance, and it
seems highly likely that the model described in Eq. [1] is quite acceptable.
Nevertheless, we have presented data m“:mmz»aamm, of varjance form because
it is just as parsimonious (the same number of parameters are estimated from
the data in either case); because there is no

real difference in the models except
at low values of informacion Rmmmﬁmmmhong and because the simple additivity
concept of analysis of variance is more widely understood.

OOZQSLVZ o

hing between judgmental factors and receptor
factors in this type of absolute judgment experiment is quite clear. Leibowitz,
Myers, and Grant (1955) had shown that duration and brightness had no effect

Ly -on-the accuracy of radial location of a stimulus if the stimulus was

‘ seen at all.
3 . 4 o i . .
<% Thus they had shown that factors other H:mﬁ energic properties of the stimulus

limit accuracy of localization, Garner and Creelman (1964) showed that judg-
t mental accuracy could be improved by the addition: of a correlated stimulus di-
w.m mension, even when increasing the duration of the stimulus to be judged had no
1 such effect. And the first experiment reported here showed that increasing the
i range of judged sizes can improve ?n_mBmDS_H accuracy, again under conditions
% ,ernmm duration has no such effect. . ,

" These experiments all suggest that factors which affect the basic visibility
i of the judged stimuli (the energic variables)| function entirely separately from

15 . . . to. . .
% factors such as redundant stimulus dimensions and range of stimulus sizes, which
3 { . i
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affect only the judgmental process. The second exf

that such a simple conclusion is not v
which stimulus range can function interchangeably
tion and contrast. For example, if judgmental monw.w
tion of stimulus range, it can be brought back to its
in duration and contrast, at least :
Lockhead (1966) has shown that the add
can be used to offset a loss in
energy, again within Jimited conditions. |
" 'Thus there are
appear to operate independently of factors which
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two processes are not entirely independent.
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effect. ‘Thus there is a hierarchy of factors af
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