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ABSTRACT 

PERCEPTION OF RELATIVE FREQUENCY AS A FUNCTION OF THE 
NUMBER OF STIMULUS AND RESPONSE CATEGORIES 

OBJECT 

To study multiple-choice behavior by means of a prediction re¬ 
sponse in the case where relative frequency is the only basis for pre¬ 
diction. 

SUMMARY AND CONCLUSIONS 

A prediction response was used to study a form of decision 

behavior. The number of stimulus-event categories that could occur 
was varied from two to eight. Each stimulus-event category was 
associated with one of the available response categories. The only 
property of the stimulus-event that could be used for prediction 
was relative frequency. The relative frequency of response to the 
most frequent stimulus-event category was a function of the number 
of categories. Asymptotic response levels were reached if at all, 
only very late in the series of 420 trials. For the last 140 trials 
all groups with more than three categoriew were responding at fre¬ 
quencies significantly different from those of the presented stimulus- 
events. 

RECOMMENDATIONS 

That this research be continued to investigate the separate effects 
of stimulus • event category number and available response category 
number and their interaction. 
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PERCEPTION OF RELATIVE FREQUENCY AS A FUNCTION OF THE 
NUMBER OF STIMULUS AND RESPONSE CATEGORIES 

I. INTRODUCTION 

Thi» experiment it concerned with behavior as a function of the re¬ 
lative frequency of stimulus-events in a aeries. Specifically, the response 
consists of successive predictions of stimulus-events when a relative (re 
quency is the only basis for predictions. The condition where two cate¬ 
gories of response are available has been extensively studied (2, 4, 5, 
and 7). The data of these studies indicate that the relative frequencies 
of response in such situations are e direct function of the relative fre¬ 
quencies of the stimulus-event categories. Furthermore, many authors 
have concluded that the relative frequencies of response are asymptotic 
at levels which tend to match the presented frequencies. This last phe¬ 
nomenon will be referred to here as matching behavior. 

As yet, conditions in which more than two response categories are 
available to Shave received little experimental attention. The present 
experiment was designed to study the average relative frequency of re¬ 
sponse to the most frequent stimulus-event category as a function of 
the number of choices; where a choice is defined a* a discrete response 
category which consists of the prediction of a discrete stimulus-event 
category. 

H. EXPERIMENTAL 

A. Apparatus 

lhe b*,IC unit of apparatus consisted of an aluminum panel. 
X in, set in a three-sided wooden cabinet at an angle of 30° to the 

*"e o the cabinet. The base edge of the panel was 32 in from the floor 

inn\V1UmÍnttm panel Ät l-5-in intervals in an arc of radius 12-in 
were . -in telephone jacks. The number of exposed jacks varied with 
the conditions of the experiment. All jack holes that were not used 
uring a condition of the experiment were firmly sealed with brass cap 

" \ exP°*ed J»ck was labeled with 0. 75-in high block letter of 
the alphabet. Anchored to the cabinet was a 0. 25-ir telephone plug. 

we ve suen cabinets were used in each experimental session. They 
were arranged in two row. of six cabinets with 9 ft between row, and 

i ^acent cab‘n<,t*. The stimulus categories consisted of 
-J X 5 ft block letters corresponding to those labeling the exposed jacks 
These were projected individually on a screen placed 6 ft in front of th~ 
ccr.tci U» the first ro .' ot cabinets. 
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Rtapona«« «rara recordad electrically on Correi end Corro! 
Electre» chartini paper. The projector and the recording unit wer« 
situated 3 ft behind the second row of cabinets. The experimental room 
was air conditioned, partially sound-proofed, and dimly lighted by two, 
100-watt lamps reflected off the walls of the room. The lamps wr ' # 
located halfway betwe Lie two rows at each end of the aisle between 
them 

B. Procedure 

The block letters were presented v series ootamed from a 
table of random numbers. The series was leu trials long. The relative 
frequency of each letter was fixed for each 140 trials by the design of 
the experiment for that condition. The relative frequencies for groups 
of trials shorter than 140 were permitted to vary randomly. The sequence 
used for the first 140 trials was reversed for the second 140 trials and 
then presented forward again for the third 140 trials, making 420 trials 
in all. 

The Ss were seated before the caoinets facing the projection 
screen in groups of 12. No S served in more than one condition. Each 
condition was administered at two sessions so that N for each condition 
was 24. Half of those receiving a given condition received it before 
noon and half after noon. They were instructed to predict on each trial 
the letter which would appear on the screen next. Instructions ur^.-f 
them to make as many correct predictions as possible, and to mah* ’ their 
choices as rapidly as possible. The darken* : g of the screen betweer. 
presentations indicated the beginning of each trial. Each S then indicated 
his bv inserting his telephone plug into the jack labeled with the 
ätpproöT^fcö letter. Each S held his response pt ¿g in his right ha.icl. It»* 
telepho«.. and jack arrangement prevented ' ' -'r» maHnr more thav 
one choice * > » ->.1. With the appearance of tae on the screen, 
.each S withu.**' .»is plug and prepared for the b<t£inri' v -- ^ '> trial 
A bank of 12 lampe located near the rr.’cordinr, apparatus mdirate «c ^ 
when each S had made a choice and when eAch S had withdrawn h*r¡ ‘^ug. 

An attempt was made to maintain a uniform pace of 4 eec per 
trial, and such a pace wae well within the capacity of the individual js. 
In practice this wae not poeeible frr groupe of 12, ae it was necessary 
for all 12 plugs to be inserted together b*ío». ¿ «-*ch presentation, and 
for all to be withdrawn before a new trial ecu'd begin. The bulk of the 
time loases occurred during the /ery early > » during wn^ch E was 
setting the pace. Most groups 'tell into th? J *** rhythm very soon and 
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approximated it vary clorely during the greater part oí each experi¬ 
mental session. 

C. Design 

The basic design consisted of presenting one stimulus-event 
category. A, for a fixed proportion of the trials while varying the number 
of alternative categories. For each of these, one response category 
was available to S and suitably labeled on the response panel. Two A 
proportions were employed, .70 and .60. In Experiment I the noi*-A 
trials were divided equally among the other stimulus-event categories. 
There were four .70 conditions and four .60 conditions. For the .70 
groups these were two, three, four, or sever* choices. For the .60 
groups these were two, three, five, or eight choices. 

In Experiment II there were two groups under three-choice 
conditions and these h«d unequal proportions for all three stimulus- 
event categories. For one of these groups, the presented proportions 
were .70, .20, and .10. For the othe* group they were .60, .30, and 
. 10. For convenience these groups * ill be referred to as the 70-20-10 
and 60-30-10 groups, respectively. 

D. Subjects 

The Ss wer». 240 young men engaged in basic infantry training 
at the US Army Training Center, Armor, Fort Knox, Kentucky. Their 
ages ranged from 17 to 26 years, with 58% reporting themselves as just 
22, and 10% as older than 22. The reported education ranged from five 
years of elementary school to four years of college, with 46% reporting 
themselves as completing four years of higl. school only, and 10% as 
completing at least one year of college. Group to group variation in 
age or education was slight. 

E. C<hmterba lancing 

Ths letters which served as stimulus-event categories were 
partUlly counterbalanced in the following manner. In Experiment I 
the letter L served as category A and the letter^S as one of the non-A 
categoriee for half of the .70 groups, while L and S were interchanged 
for the other half. The letter* T and H were alternated in the same 
manner for the . 60 groups. In Experiment II, L and S were alternated 
• a *va 70 aaU ,20 categories for the 70-20-10 groupe, while the let**1’ 
N served as the . 10 category for both halves of the group. The letters 
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T *nd H wer« »IternAted ae lhe . 60 and . 30 caiegoriee for the 60-30-10 
group and the letter £ eerved aa the . 10 category for both halve« of thi« 

group. 

The apatial arrangement of the ¿¿.ck* on the reaponee panela waa 
partially counterbalanced in the following manner. Imagine that the 
poaitiona of nine jacka are nur.abered from left to right; 8, 6, 4,2, 1, 3, 
5, 7, and 9 with poaition 1 at the center of the arc. For the .70 groupa, 
L, S, and N occupied the three center poaitiona; 1, 2, and 3, and each 
of their «ix""poa«ibl e spatial arrangement« appeared on an equal number 
of reapodae panela. For the .60 groupa, T, H, and D replaced L, Si, 
and N, respectively. For thrce-choice groupa, only these three center 
positions were employed. For two-choice groups, only the ant S or 
T and H jacka were employed. For half of the four-choice -70 group, 
D appeared in poaition 4, and for the other half in position 5. For half 
of the «even-choice .70 group, D, H, T, and B appeared m poaitiona 4, 
5, 6, and 7, respectively, and for the other half in positions S, 4, 7, and 
6, respectively. For the five-choice . 60 group, N and L were alternated 
in poaitiona 4 and 5. For half of the eight-choice . 60 group, N, L, S, 
B, and F appeared in positions 4, 5, 6, 7, and 8, respectively, and for 
the other half in octitior.« V 4, 7, 6, and 9, respectively. 

HI. -<TS 

A. Experiment _1 

For each S the number of choices of the moat frequently pre¬ 
sented atimulua-event category, A, waa tabulated in blocks of 20 trials. 
The means for each condition were converted to fractions representing 
the average relative frequency of response to category A. Theae value« 
will be referred to as P(A). Figure 1 represents P(A) fer the 70 groups 
in blocks of 20 trials and Figure 2 repreaents the aame information fer 
the .60 groups. The relative frequencies demanded by the design were 
only maintained precisely for block« of 140 trial«. For thia reason the 
data were pooled in three periods of 140 trials each for further analysia 
Data for the . 70 groups for the three periods are presented in Figure 3 
and Table 1 and for the . 60 groups in Figure 4 and Table 2. The first 
block of 20 trials has been omitted from the means for the first period 
because S tends to distribute his initial responses equally among the 
available choices, .egardless of the conditions. This may be seen for 
block 1’ in Fiourea 1 and 2. Thus, the trend of these first trials is 
opposite to that of all subsea ‘¿ .¡a's. 
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NUMBER OF CHOICES 

Fig. 3. P(A) «corea of . 70 group« for the three periods of 
Experiment I. 
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TAÜIJ í 

»'(A K» ix» yo a amnwx: i 

1 Nusfcar of Choteas 

h»r i ad Trtala 1 3 1 « 
1 1 

1 21 ' 14 0 . 592 . 59 J j . C 09 .721 4.7 9** 

2 141 - 280 .705 .719 .767 .903 2 .35 

3 281 * 420 . 72 • .746 . til .829 3.04* 

t ( P»r . 2 *• fVr. 3 ) 2.09* 2.20* Í.74* 2.15* 

• p < .05 

• • P ^ .005 

TABI£ 2 

P(A) FOB TUT .CO GROUPS CT EXPERIICNT I 

Nua^tr of Choteas 

Pa r t od Tr tala 2 3 5 8 r 

1 21 - 140 .523 .452 .532 .621 5.20** 

2 141 - 280 .570 . 524 .06 0 .789 15.AC* * 

3 281 * 420 .011 .608 .6*2 .871 20.70** 

t (Psr. 2 P*«" . 3) 4. S3* * 4.96* * 2.37* 4.25** 

* P_< .025 

•• P < .005 

A separate analysis of variance was computed for each period 
f°r each of the two presented proportions. Each of the six analyses 
which resulted was based on a 4 x 2 factorial analysis of variance with 
the number of choices and the letters employed as category A (L vs S 
far the ?0 groups and T vs H for the .60 groups) as variables. The 
efii cte oi ihe different letter, ' ere evaluated ae fellows. For the .70 
¿o' ' >s, ail of the Fs calculated for L vs_S or their interaction with the 
numoer of choices variable were less than 1.0. For the .60 groups, 
all Fs for T vs H were less than 1.0 and all of the interactions were less 
than 2.0. Thus, the effects of this variable appear to have been negli¬ 
gible and linearly related to the number of choices. 

The Fs computed tor number of choices appear in Tables 1 and 
2. The null hypothesis of Bartlett'g test for heterogeneity of variance 



1

1^ vr»t untenable with P < . 05 «or the flret period of the . 60 group* and the 
“tcond period at tVie . 70 group*. Howev*". T for the fir*t of the** w** 
high enough and for the eecond, low enough, not to require an alteration 

^ la decieion as to the reliability of the difference* strong mean* (b, p. 
7t-t8).

The ri*e between ihe eecond period, trial* 141 to 2S0, and the 
third period, trial* 201 to 420, wa* evaluated a* foliow*. For each S 
a difference *core wa* obtained by • jbtracti- * hi* P(A) for the eecond 
period froir hi* P(A) for the third period. Separate U were computed 
for each group and theae appear in Table* I and 2.

All eight group* reached oi exceeded matching behavior by the 
third period. For the two* and three-choice .70 group*, P(A) slightly 
exceeded . lO by the laet period, but neither^ was oif'.ificant. For the 
four* and seven-choice . 70 group*, P(A) was significantly higher than 
. 70 for both the eecond ana third periods with P <- . 02. The two* and 

I?} three-choice .60 group* barely reached P(A) score* of . 60 bv the laet 
period with t < I. 0 in both case*. For the five-choice . 60 group. ^(A) 
wa* aignificrntly greater than .60 by the last period with P * .01. For 
the eight-choice .60 group, P(A) wa* significantly greater than .60 with 
P<. 001 for both the second third period*.

In a previous article (3) the hypothesis was advanced that th* 
matching behavior of the two-choice group* repress its a special case 
so that P(A) for all multiple-choice group* should exceed that for the 
two-choice group*. When the P(A) score* of the two-choice grr p* wero 
compared with those of the corresponding three-choice groups, £ value* 
were least -n 1.0 even during the last period. However, the P(A) score 
for each group having more than three choices was greater than that of 
the corresponding two-choice group Auring both the second and third 
periods with P< , 05 with one exception. This was the five-choice . 60 
group during the second period (t this comparison wa* I. 92). In the 
case* of th* seven-choice . 70 group and th* five-choice 60 group th* 
assumption that variance* were equal to those of corresponding two- 
choice group* was not tenable at th* . 05 level of confidence. Th* P value* 
for these comparison* were arrived at a* suggested by Lindquist (7, p.
98) with 22 degree* of freedom rather than 46. It should be noted also 
that each P value quoted here refer* to a two-taiied test.

B. Eimriment 11

For th* 70-20-10 group of Experiment 11, P(A) for period* I,
2, and 1 wa* . 612, . 744, and . 758. Wh.le these v*l-?»* are consistently ^ 
higher <han those shown in Table I for ih* three-chrice . 70 group of
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E«p«riment I, «11 three value* w». re leaa than 1.0. When compared 
with a hypothetical P(A) o! . 70. for the aecond period t I. 9*> fP >.05) 
and for the third period _t * ¿. 47 (P * .025). When compared with P(A) 
for the two-choice . 70 group of Experiment I, t did not approach aTgJi/i- 
canee for any period. The rise from the second to the third period was 
not significant. For the 60-30-10 group of Experiment n,’P(A) for periods 
1, Z, and 3 were . 509, . 639, and . 665. While theae values are con¬ 
sistently higher than those shown in Table 2 for the three-choice . 60 
group of Experiment I, only that for the second period is significant with 
^ * 2. 90, P <. 01, When these values were compared with a hypothetical 
P(A) of . (TO for the last two periods or with P(A) for the two-choice . 60 
group of Experiment I, no_t waa significant at the . 05 level of confidence. 
For the 60-30-10 group also, the rise from the second to the third period 
v.as not significant. 

IV. DISCUSSION 

These data se :m to indicate that response frequencies in this situation 
are a function of the number of choices. After a sufficient number of 
trials, all groups under conditions of more than three choices responded 
to the most frequent stimulus-event category with a relative frequency 
higher than the presented frequency. Whether or not the terminal values 
found in this experiment do in fact represent asymptotic performance 
cannot be determined in a precise manner. When_P(A) for the second 
block of 140 triala is compared with^(A) for the third block of KO trials, 
all ten groups show increments and these increments are significant be¬ 
yond the . 05 level for eight of the ten groups. Comparisons between ad¬ 
jacent blocks of fewer trials were net made because frequencies were 
not fixed for blocks of less than 140 trials. Thus, fluctuations between 
adjacent blocks of fewer trials were apt to reflect random fluctuations 
in the presented frequencies. Even if this were not the case, it would be 
difficult to determine asymptotes because the increments in P(A) were 
very small. The mean rise from the second to the third block of 140 
trials was only . 03 for the . 70 groups of Experiment I and . 06 for the 
.60 groups of Experiment I. The error variance for 140-trial blocks 
was small enough to demonstrate the reliability of this rise, but this 
might not be the case with the error variance for blocks of fewer trials. 
The present experiment was rot designed tovieida direct answer to this 
question. Such evidence as it provides indicates that^(A) continued to 
rise for a considerable number of trials, possibly for the whole series 
of 420 trials. 

The matching behavior commonly foundwi»h two choices has attracted 
« certain amount of theorcticcl interest. For the most part, theoretical 
treatments have either assumed that the terminal P(A) will be independent 
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:>í the number of alternative retpontes, or have implied thi* by omiaaion 

of that variable when defining .he problem. Crr.nt, Hake, and Hornseth 
(4) have shown *hat in the two-choice situation the proportions of negative 
feedback associated with the tv'o alternatives w;!» be e^ual to each other 
in matching behavior. In a previous ’irticle (3/ the present author has 
shown that, if we assume that £ will attempt tc maintain a similar equi¬ 
librium amrng the different sources of negative feedback, than multiple- 
choice situations should not yield matching behavior. Instead, if the re¬ 
lative frequency of category A is fixed, P(A)should rise as a function of 
the number of choices. The derivation of an algebraic model /rom this 
is given ir detail elsewhere (3). This model gives the average proba¬ 

bility of an A -response, P(A>, from the following formula: 

P » A ) = 1 - _n ( 1 - A)_ 

i . , . A (n^ -1)+1 
where A is the relative frequency of the most frequent category and n 
is the number of non-A categoi ies in the case where all of the non-A~ 
category events occur with equi.1 frequency. It should be noted that”the 
numoer of choices as defined by the operations of this experiment is 
equal to n + 1. 

With A = .70, and two, three, four, and sever, choices, this formula 
predicts that P(a; will be .70, .81, .86, and .93, respectively. With 
A = .60, and two, three, five, and eight choices, it predicts P(A) scores 
of . 60, . 71, .84, and. 91, respectively. Except for the two-choice 
groups, these predictions overestimate the data considerably when the 
unit of comparison is a 140-trial block. In addition, this negative feed¬ 
back model differentiates between combinaüon» of stimulus-event fre¬ 
quencies when the non-A frequencies are unequal. Specifically, for 70- 
20-10 conditions and 60-30-10 conditions, it predicts that the average 
frequency of response tc the . 10 categories will approach zero. The 
groups of Experiment II, tes* this prediction. They responded to the 
. 10 category with relative frequencies slighti/ higher than . 10 even during 
the last 140 trials. (t^< 1. 0 for both cases). Thus, the data of this ex¬ 
periment do not seem to confirm the pi ¿diction., of this model. Neverthe - 
less, the ntion that the relative distribution ( responsei in this situation 
is governed by relative amounts of negative ffedback might still furnish 
a solutir-n. albeit with some more fortunate mathematical expression. 

Schipper (7) presents a possible alternative noti in. He points out 
that, as the number of non-A alternatives increases, each non-A pro¬ 
portion must become smaller and smaller. If we assume that P"ÏA) is 

Kir m -at- - a .. . • • • ““ 
«-» - ***— -/ -w.-.w ww**«g*%*« a*»waj is«,tw«,«,«* -pi i/pi/i Lion .inu ific tiverage 

proportion of the alternatives, then we would expect it to increase with 
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incieajjn«: number* oí non-A *tiiTiuiu* - ev ent categorie*. Stated af tí i* 
level of precision. Schipper'* hypothesis does agree with the rank order 
of the grocp* of this experiment. But, at this level of precision, the 
negative feedback hypotheses outlined above also agrees with the rank 
order of this experiment. The procedure employed here does not permit 
us to differentiate between the two hypotheses. In ' is study (7), Schipper 
presents data obtained under a procedure which mignt be expected to 
separate the two. Unfortunately, he ran his groups for only 120 trials, 
which was, perhaps, too soon to expect statistically reliable differences 
to appear. 

The paucity of theoretical attention to the major variable of this ex¬ 
periment and the lack of appreciation for the number of trials over which 
P(A) may be erpected to rise, are reflected in the paucity of comparable 
data. In a previous study (3), data were presented for trials 286 to 450 
for two- and three -choice conditions with . 70 and . 60 proportions. The 
procedure was comparable with certain exceptions whie*. «:.' be noted 
presently. The P(A) values for the two-choice group« ¢... not sigmi>- 
cantiy different from the presented proportions. Wit* ♦hree choice'' and 
equal non-A frequencies, P(A) wts . 802 for the . 70 vioup and .676 for 
the .60 group. Both were significantly higher than the presented pro¬ 
portions and the P(A) for corresponding two-choice groups. Cotton and 
Rechtschaffen (1) were able to replicate six conditions of that study and 
found no discrepancies greater than .026 and no significant discrepancies. 
Only the two-choice groups of the Cotton and Rechtshaffen study failed 
to reach a P(A) significantly higher than presented proportions. Their 
P(A ) values for three -choic-? . 70 and . 60 groups with equal non -A fre¬ 
quencies were .805 and .660, respectively. The procedure of the re¬ 
plication s .ad y was nearly identical to that of the original. Noting the 
high degree of agreement between the two earlier studies and the disa¬ 
greement of both with the three-choice data of the experiment, w< might 
expect to discover the source of this disagreement in procedural dif¬ 
ferences. There were three major differences in technique: 1) Subject 
populations: the earlier studies used university undergraduates of both 
sexes the present sMdy used basic trainees in the U. S, Army; 2) Indi¬ 
vidual vs. group techniques; the earlier studies tested Ss individually, 
the present study tested them in groups of 12; 3) Stimulus differentia¬ 
tion; the stimulus-event categories of the earlier studies consisted of 
three identical signal lamps. The present study employed differmt 
letters of the alphabet. 

There are some data relevant to trie third point in Eapeiiment III 

of the Gardner study. In that part of the study, stimulus differentiation 
(different colored vs. identical lamps) and intertrial interval (4-sec vs. 
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I O-sec) were manipulated in a 2 x 2 factorial design for 70-20-10 pro¬ 
portions. A significant interaction effect was obtained when P(A) for a 
grouo „with different colored lights and a 4-sec intertrial interval fell 
to . 755. In the present experiment the 70-20-10 group with different 
letters of the alphabet and a 4-sec intertriai interval reached a P(A) of 
. 758. The similarity is certainly striking. If it could be reproduced 
with th<; remaining procedural differences controlled, this would suggest 
that P(A) is sensitive to variations in stimulus differentiation and inter- 
triallnTervtfL A confirmation of this effect could open up a fruitful 
means oí studying these two significant behavioral variables. 

• 

V. SUMMARY AND CONCLUSIONS 

A prediction response was used to study a form of decision behavior. 
Categories of stimulus -events represented by block letters of the alphabet 
were presented in a series of 420 trials. The number of prediction re¬ 
sponses which were available was the same as the number of stimulus - 
event categories and this number ranged from two to eighi. The only 
property of the stimulus-event series that could be used for prediction 
was relative frequency. The relative frequency of the most frequent 
stimulus-event category was fixed at either . 70 or . 60. It was found 
that the relative frequency of response to the most frequently presented cate - 
gory was a function of the number of categories. With more than three choices 
the relative response frequencies were significantly different from the pre- 
sented stimulus-event frequencies. The data indicated that asymptotic 
levels of response, if they do exist, occur after a much greater number 
of trials than that assumed in the design of most work in this ares. 

VI. RECOMMENDATIONS 

That this research be continued to investigate the separate effects 
of stimulus-event category number and available response category 
number and their interactions. 
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