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ABSTRACT

This study is a laboratory test of a proposed 
behavior modification technique of switching reinforce
ment to a continuous schedule to decrease resistance to 
extinction. Twenty-four first graders were reinforced 
with candy for bar-pressing on one Of four acquisition 
reinforcement scheduless CRFS VR5/CRF9 CRF/VR5$ or VR5, 
The dependent variable was the number of responses during 
extinction. Extinction was defined as complete whenever 
a child indicated he wanted to stop playing the game or 
at the end of 15 minutes in the extinction phase, which
ever came first. There were no significant differences 
among the four groups„ A logarithmic transformation of 
the data also yielded no significant differences in the 
number of responses to extinction across the four groups. 
The trend of the data, however, does support the investi
gation of this technique in the natural environment.
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INTRODUCTION

Control of human operant behavior® in part® en
tails knowledge and.control of the schedule of reinforce
ment by which behavior is maintained® Every reinforeer 
is delivered according to some schedule8 although vast 
differences exist in schedules'6- complexity and obtru
siveness e Knowledge of the schedule of reinforcement is 
an Important variable in controlling the. rate of operant 
responding®

The fact that various schedules produce typical 
and predictable patterns of acquisition and extinction 
of operant behavior with infrahuman subjects has been 
well established experimentally (Perster and Skinner® 
1957$ Catania and Reynolds® 1968)® Various studies with 
different species and tasks generally produce similar 
results for the five simple reinforcement schedules® A 
continuous reinforcement schedule is one In which every 
occurrence of a response is followed by reinforcement® 
With positive reinforcement® this schedule typically pro
duces a regular pattern of responding and a rapid return 
to operant level of responding during extinction* On a 
ratio.schedule, the first response after a certain num
ber of responses is reinforced. With positive reinforce
ment® both fixed and variable ratio schedules generate a
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high rate of responding,. Howevere the extinction rate of 
responding Is much higher after a variable ratio schedule 
than after a fixed ratio or a continuous reinforcement 
schedulee In an interval schedule„ the first response 
after a certain number of minutes or seconds is re
inforced e With positive reinforcement® both fixed and 
variable interval schedules of reinforcement produce 
moderate but stable rates of responding and can maintain 
operant behavior for long periods of time with relatively 
few reinforcerse Variable interval, schedules result in 
extremely durable response patterns which are very resist 
tant to extinctions Investigations of children8s response 
patterns to various reinforcement schedules have been 
neither as extensive nor as conclusive as the research 
with infrahuman subjectse

The classic study in the area of control of 
children9s acquisition of a free operant task by manipu
lation of reinforcement schedules was done by Long® 
Hammaek® May® and Campbell (1958)® Approximately 200 
children ranging in age from 4' to 8 years participated 
in this research. In brief® the results indicate that 
fixed ratio (PR) schedule control is possible and pat
terns of responding resemble those of infrahumans0 The 
initial ratio must be neither too low (2 to 10) nor too 
high (above 60) to achieve a ratlo-like pattern of 
responding with children. The establishment of typical



fixed interval (FI) responding is difficult and entails 
either the initial use of a variable Interval (VI) e05 
minute schedule followed by a shift to FI 1 minutee or the 
Initial use of FI 1 minute with no previous experience 
of intermittent reinforcement. Like the FB patternse 
children acquiring an operant behavior on VI schedules 
of e05 or 1 minute performed in a way similar to other 
organ!sms o

Laboratory studies of reinforcement schedules 
with retarded children (Spradline Girardeau and Corte, 
1965$ Orlando and Bijous i960) generally agree with the 
Infrahuman response data. Children8s responding on the 
fixed interval schedule appears to be the major exception. 
Spradlin, et al„ (1965) noted some difficulty in attaining 
control over children8s behavior with this schedule and 
Long, et al» (1958) found that some children's response 
rates were never controlled by the FI schedule. A fixed 
or variable ratio schedule generated a high rate of re
sponding as long as the ratio was not in excess of 650 
(Spradlin, et al., 1965)0 Variable ratio schedules re
sult in fairly high and constant rates of responding in 
both retardates (Orlando and Bijou, i960) and normals 
(Long, et al6, 1958). These laboratory studies of 
schedule control of a free operant task Indicate that 
behavior control through schedule manipulation is an 
effective technique of behavior change @



The importance of the schedule by which behavior . 
is maintained and/or by which behavior is to be reinforced 
is frequently stressed in applied literature (Ayllon and 
Azring 1968$ Gardner and Stamm, 1971) e, Manipulation of 
the ratio of a fixed ratio reinforcement schedule 
(Winkler, 1970) or of the interval of a variable interval 
schedule (Henderson, 1968) are frequently used techniques 
in token economy systems.

In conjunction with the positive reinforcement of • 
incompatible behavior, two techniques for the modifica
tion of inappropriate behavior are punishment-and extinc
tion. Punishment may involve either the presentation of a 
negatively reinforcing stimulus contingent on the inappro
priate behavior of the removal of a positive reinforcer 
contingent on the inappropriate behavior. Punishment has 
been found to result in only temporary suppression of be
havior (Reynolds, 1968), and may produce interfering 
emotional responses (Solomon, 1964). Although punishment 
has been used successfully in therapeutic settings to 
control self-destructive behavior (Bucher and Lovaas, 
1970), it Is generally not the recommended technique to 
control inappropriate behavior (Tharp and Wetzel, 1969)0

Extinction Involves the cessation of the rein
forcement that is maintaining the inappropriate behavior 
and has proven to be a more desirable behavioral tool for 
the modification of inappropriate behavior* Williams



(1959) determined that an infantfs crying was maintained 
by parental attention* The procedure of Ignoring the cry~ 
ing resulted in rapid extinction® Hart, Allen, Buell, 
Harris, and Wolf (1964) successfully eliminated operant 
crying in two preschool males* During baseline, the cry
ing appeared to be reinforced by teacher attention® The 
treatment of ignoring the crying and positively reinforc
ing constructive behavior resulted in extinction of the 
crying response® A third experimental phase in which the 
teacher returned to her baseline behavior confirmed that 
crying was maintained by teacher attention® Boer and 
Sipprelle (1970) used extinction procedures to modify the 
avoidance behavior of a four-year-old female® Treatment 
consisted of ignoring the child8s anxiety in the presence 
of M®De8s and positive reinforcement of her cooperative 
behavior with M.D® *s. Conger (1970) determined thatthe 
soiling behavior of an otherwise normal nine-year-old 
eneopretlc male was maintained by the mother8s attention® 
Extinction procedures of consistently ignoring the soil
ing behavior were rapid and successful in modifying this 
inappropriate behavior® A three-month follow-up revealed 
that no symptom substitution or relapse had occurred® 
Extinction procedures have also proven successful with 
mentally retarded (Wolf, Bimbrauer, Williams and Lawler, 
1965) and psychotic children (Wolf, Rlsley, and Mees,
1964)® .



A laboratory^established pattern of behavior with 
potential application in applied settings is the greater 
resistance to extinction evidenced after the organism has 
been maintained on an intermittent reinforcement schedulee 
This partial reinforcement effect (PEE) is strongest if 
the intermittent schedule is a variable ratio or a 
variable interval schedule (Reynolds, 1968)*

The PRE is not consistently found in relatively 
primitive subhuman species, such as turtles and fish® 
Comparing earlier, conflicting studies, Gonzales, Eskin, 
and Bltterman (1962) conclude that the ERE can be found in 
fish if the number of reinforcers rather than the number 
of trials were equated® Studies which equate the number 
of trials across groups (Modinsky and Bltterman, i960) 
did not find that the resistance to extinction was in
creased following an intermittent schedule®

Jenkins and Rigby (1950) rewarded rats with water 
for responding on a bar-press according to a fixed inter
val 1 minute, or a fixed interval 2 minutes, or a con
tinuous reinforcement schedule® During the three-hour 
extinction period there was an average of more re
sponding by the rats who had acquired the behavior on one 
of the intermittent schedules® In an extensive literature 
review, Jenkins and Stanley (1950) did find evidence of 
the PRE in various species and with such varying tasks as



eyelid conditioning9 bar»press8 escape-avoldance learning 
mazes, and verbal responses e They concluded $ ?,A11 other
things equal„ resistance to extinction after partial re
inforcement is greater than after continuous reinforcement 
when behavior strength is measured in terms of single 
responses8* (p® 222). A more recent literature review 
(Lewis, i960) provides further support for this conclusion 

In general9 research with adult humans does pro
vide evidence of a partial reinforcement effect® Fattu 
and Meeh (1955) found that college students extinguished 
saying numbers more slowly after an intermittent schedule 
than after continuous reinforcement« Hekmat (1971) used 
a quasi-therapeutic interview situation with adult sub
jects, The number of affective self references was the 
dependent variable and the extinction data reveals a par
tial reinforcement effect, Kerpelman and Himmelfarb 
(I97I) investigated partial reinforcement effects in atti
tude acquisition and subsequent counterconditioning. Sub
jects were presented with evaluative traits and asked if 
the trait was characteristic of "a recently discovered 
group of primitive people81. Subjects were divided into 
four groups and received either 100$, 80%, 70%, or 50% 
reinforcement. The dependent variable was the number of 
positive traits the subjects attributed to the primitive 
people and reinforcement was positive feedback. For 
example, in the 100% reinforcement group, for every



positive trait they assigned to the primitive people, they 
were told by the examiner that they were correct. The 
three groups were significantly more resistant to counter- 
conditioning than was the continuously reinforced group, 
Hargrave (1971) used both verbalized expectancy of success 
and task performance during 30 extinction trials over 100$ 
and 50$ reinforcement to study partial reinforcement ef
fects, By both extinction measures on chance tasks 
(guessing numbers) subjects were more resistant to extinc
tion after partial reinforcement than after continuous 
reinforcement. However, on skill tasks (solving anagrams) 
subjects were more resistant to extinction after 100$ 
reinforcement.

Partial reinforcement effects have also been 
demonstrated in vicarious learning situations (Hamilton, 
1970; Borden, in press). Subjects who observed a model 
rewarded on a partial reinforcement schedule showed greater 
resistance to extinction than subjects who observed a model 
reinforced on a continuous basis.

The partial reinforcement effect has not been con
sistently found with children. Warren and Brown (194-3) 
found that extinction of a lever-pressing response was 
more rapid following intermittent reinforcement than fol
lowing continuous reinforcement. A within-subjects design 
was used and each subject experienced four extinction 
phases. The extinction phases following intermittent



reinforcement were the" third and fourth extinction ex
perienced by the subjects, whereas the extinctions follow
ing continuous reinforcement were the first and second® 
Bumroy and Pumroy (1961) support this finding that CKP 
during acquisition leads to greater resistance to extinc
tion® A ball-dropping task and a repeated measures, 
within-subjects design were employed® Reinforcement and 
extinction periods followed one another until each child 
was reinforced three times under four schedules: 16-2/3,
33-1/3e 50 and 100 percent reinforced® The difference in 
the number of responses during extinction among the four 
acquisition schedules was statistically significant® Of 
the four reinforcement schedules, the GRP schedule re
sulted in the greatest'number of responses during extinc
tion and the 16-2/3$ Intermittent reinforcement resulted 
in the least number of extinction responses®

Both Warren and Brown, and Pumroy and Pumroy pre
sent data on extinction responses which differ from the 
previously cited studies in the infrahuman and adult 
human subjects® Methodological issues may account for 
this incongruity® The use of multiple extinction sessions 
have been found to result in increasingly faster extinc
tion sessions (Pumroy and Pumroy, 1961? Baumeister and 
Forehand, 1971)„ This constitutes a major shortcoming in 
the Warren and Brown study® In the Pumroy and Pumroy 
study, the extinction period was only two minutes long®
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Different results may have been obtained with a longer ex
tinction period, or by allowing the subjects to respond 
until they stopped voluntarily®

Several experiments using between-subjects designs 
present evidence of a partial reinforcement effect® 
Brackbill (1958) reinforced smiling in eight infants ac
cording to either a continuous or a variable ratio schedule 
of reinforcement® Subjects were matched for the total • 
number of trials during the conditioning phase of the ex
periment® Subjects who had been reinforced on an inter
mittent schedule of reinforcement were significantly more 
resistant to extinction than were the continuously re
inforced subjects® Comparing the effects of GRP schedules 
with intermittent schedules on extinction. Bijou (1957) 
found that with a free operant task, preschoolers on a 20$ 
VR schedule made significantly more extinction responses 
than did subjects who were on a 100$ reinforcement schedule« 
The total number of reinforcements were equated in this 
experiment® Kass (1962)̂  equated the number of trials in a 
study of the effects of chronological age of 216 pre
schoolers and five percentages of reinforcement during ac
quisition on resistance to extinctione There was a sig
nificant and consistent decrease in the number of responses 
to extinction as the percentage of reinforcement during 
acquisition increased® The interaction between age and 
percentage of reinforcement was insignificant. Kass and



Wilson (1966)9 comparing VR and CRF schedule effects on 
extinction® also equated for the number of trials@ A 
2 x 2 x 5 factorial design was employed analyzing two per
centages of reinforcement (100$ and 33"1/3$)» the presence 
and absence of secondary reinforcement (a light)„ and five 
amounts of training trials (3» 9® 21® 45* and 60)e Neither 
the equation of number of trials nor the presence of the 
light had significant effect on extinction performancee 
Resistance to extinction was inversely related to the 
number of acquisition trials for both continuous and inter
mittent trainings Extinction was more rapid in the 100$ 
group than in the 33-1/3$ group regardless of the number of 
training trials® Similar results were obtained in Cowan 
and Walter8 s (1963) comparison of the effects of CRF and 
FS schedules on resistance to extinction®

In the natural environment behavior is frequently 
under the control of aperiodic schedules of reinforcement„ 
Theoretically® the shifting of the schedule of reinforce
ment of undesirable behavior to a continuous reinforcement 
schedule should reduce the number of responses to 
extinction®

Animal data on shifting schedules of reinforcement 
are inconclusivec Likely (1958) established bar-press 
responding in four groups of rats under one of the follow
ing reinforcement schedules; CRF; VI 1 .second; CRF then 
VI 1 second; and VI 1 second then CRF® The mean number of
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responses during the four-»hour extinction period did not 
differ significantly among the groupse The data was re
analyzed using a ratio of initial extinction pattern of 
responding to later extinction pattern of responding.
This analysis procedure revealed that aperiodic reinforce*, 
ment either early or late in training resulted in greater 
resistance to extinction than did CEP alone® Hotherall 
(1966) found a significant reduction in resistance to ex
tinction when large numbers of continuous reinforcements 
are used prior to a partial reinforcement schedule® This 
suggests that pretraining on CEP may confound effects of 
schedules of reinforcement given during training on re
sistance to extinction® The typical animal training pro
cedure includes the initial use of CEP®

LeJBlanc (1970) compared four rats on a bar-press 
task® The subjects received primary reinforcement ac
cording to one of the following schedules?

CEP, VI, Extinction, VI, CEP, Extinction 
CEP1 VI, Extinction, VI, Extinction 
VI,‘CBFt Extinction, CEP, VI, Extinction 
VI, CEP, Extinction, VI, Extinction®

She found that the first two subjects had greater resis
tance to extinction than did the last two subjects® This 
pattern, however, did not hold up across successive ex
tinction sessions® -

Only a single study on shifts in reinforcement 
schedules with children was revealed in a literature
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search» Spradlin (1959)e working with severely mentally- 
retarded children ranging In age from 8 to 18 years8 did 
not find that a series of GRP trials, following partial 
reinforcement schedules, reduced resistance to extinction® 
The 20 subjects were divided into groups and equal number 
(24) of training trials on the Lindsley man!pulandum were. 
administered according to one of the following scheduless

100$ reinforcement
75$ reinforcement 
50$ reinforcement
50$ reinforcement, then 100$ reinforcement 
100$ reinforcement, then 50$ reinforcement.

Extinction was considered to be complete at the end of 30 
seconds of nonresponding, or after a total extinction time 
of 10 minutese There were no significant differences be
tween the groups on the number of responses to extinction. 
This lack of significant differences may be attributable 
to the age range of the subject, to the small number of 
subjects in each group and/or to the mental ability of the 
subjecta. Responding on other operant tasks by institu
tionalized retarded children (eeg0, Barrett and Lindsley,
1965) has been found to be deviant from response patterns 
of normal .children, Spradlin’s failure to find a PRE with 
severely mentally retarded children is not supported by 
more recent evidence (Baumeister and Hawkins, 19565,

In the study described here, a comparison of four 
groups (CRFs VR? VR then CRF| and CRF then VR) was a test . 
of the hypothesis that continuous reinforcement of
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children prior to extinction will reduce resistance to 
extinction. It was predicted that the subjects6 detec
tion of a change in reinforcement contingencies would be 
facilitated by a prior continuous reinforcement schedule 
and would be debilitated by a prior intermittent re
inforcement schedule e It was expected that continuous 
reinforcement immediately prior to extinction would reduce 
resistance to extinction®



METHOD

Subjects: The subjects were 24 experimentally
naive first grade children who ranged in age from 5»5 to 
6e5 yearse

Apparatus: The apparatus was a brightly colored
wooden box, measuring approximately 60 x 40 x 20 centi
meters . A small, silver bar press and cup were mounted 
on the front of the box* The apparatus automatically 
dispensed M & M candies In accordance with the programmed 
schedule of reinforcement * Responses on the bar were 
automatically recorded* This equipment and the control 
panel for the reinforcement dispenser were located out 
of the subject's sight beneath a nearby tablee

Procedures The subjects were brought individually 
to a small room adjacent to the school library* The 
teacher had told the children that each of them would be 
going to play a game e After the child was shown the 
apparatus, the following instructions were givens

In this game you try to get as many candies 
out of the machine as you can. Sometimes when 
you press this bar, candies will.fall into this 
cup. You can play the game as long as you like.
You don't have to hurry, Just tell me when you 
want to stop. Remember, try to get as many
candies as you can,■ ■

15 '
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After giving the Instructions» the experimenter sat 
quietly in a comer of the room reading. Questions were 
answered by repeating all or part of the instructions.
There was no distinction between the acquisition and ex
tinction phases of the experiment except for the cessation 
of reinforcers.

The four acquisition schedules of reinforcement 
were: CRF; VR5; VR5 then CRF; and CRF then VR5, A total
of twenty relnforcers were administered to each subject in 
each group. Subjects in the first group received a candy 
each time they pressed the bar until twenty reinforcers had 
been delivered. The second group received a candy on a 
VR5 schedule until twenty reinforcers had been delivered. 
The two shifting-schedule groups received half of their 
total number of reinforcers on each schedule. Subjects 
in the third group experienced a VR5 schedule until ten 
relnforcers had been delivered. The remaining ten 
relnforcers were delivered on a 100$ schedule. The fourth 
group received ten reinforcers on a CEP schedule followed 
by ten relnforcers on a VR5 schedule.

In order to equate the amount of reinforcement 
across groups, the number of training trials across groups 
differed: the CRF group had 20 acquisition trials, the
VR5 group had 100 trials, and the two shifting-schedule 
groups had 60 trials.
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For all groupsextinction was defined as com

plete whenever a child indicated he wanted to stop playing 
the game or at the end of 15 minutes in the extinction 
phasee whichever came first®



RESULTS

Table 1 presents the number of responses to ex
tinction, group means, and group means by sex of subjects 
for the four groups. An analysis of variance was per
formed with schedules of reinforcement during acquisition 
and sex of subjects as the independent variables and num
ber of responses to extinction as the dependent variable. 
The sex effect was significant (2 < •°5) with the males 
emitting more extinction responses than the females.

Table 1. Number of extinction responses following four 
acquisition reinforcement schedules.

Acquisition Reinforcement Schedule:
VR5 CHF/VR5 VR5/CRF CRF
1252 551 146 20
1634 523 267 14

15 418 272 7
283 223 50 12
38 26 42 695
3 184 46 5

Means:
Group 537.50 320.83 137.17 125.50Males 967.00 497.33 228.33 10.33Females 108.00 144.33 46.00 237.33

An Fm x  test (Kirk, 1969) was done to determine if 
the homogenity of variance assumption of the analysis of

18
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variance had been violated. The results of this test 
(Fmax = 477,472.67) clearly indicated that the scores did 
not exhibit homogeneity of variance.

Consequently, a logarithmic transformation of the 
data was performed. The transformed data is presented in 
Table 2, and Figure 1 graphically presents the means for 
males and females by the four reinforcement schedules.
The results of the analysis of variance with the trans
formed data are presented in Table 3* None of the 
analyzed effects were significant. A homogeneity of 
variance test with the transformed data (Fmax = 871*70) 
indicated that the logarithmic transformation did reduce 
the heterogeneity of variance of the scores.

Table 2. Logarithmic transformation of the number of 
extinction responses.

Acquisition Reinforcement Schedule;
VR5 CRF/VR5 VB5/CRF :. CRF

3.0976 2.7412 2.1644 1.3010
3.2133 2.7185 2.4265 1.1461
1.1761 2.6212 2.5705 .8451
.4771 2.2648 1.6990 1.07922.4518 2.3483 1.6232 2.8420

Means:

1.5798 1.4150 1.6628 .6990

Male s 2.4956 2.6936 2.3418 1.0974Females 1.5029 2.0094 1.6617 1.5400
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Table 3* Analysis of variance summary table on the 
logarithmic data*

Source
Degrees of 
Freedom

MeanSquare F P

Schedules of Reinforcement 3 1.1277 1.86 N.S.
Sex of Subject 1 1.3936 2.30 N.S.
Interaction of 
Schedules with 
Sex of Subject 3 .5916 .98 N.S.

Error Term 16 .6059
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Results of the Duncan New Multiple Range Test 

(Klrk$- 1969) revealed one significant .05) cell mean 
comparison® Male subjects under a CRF/VR5 acquisition 
schedule made significantly more extinction responses than 
did males who experienced a CRP acquisition schedules

Of the 24 subjects, 21 terminated the extinction 
phase by indicating they were ready to stop before the end 
of the maximum time of 15 minutese Of the three subjects 
who did respond during the entire 15 minutes, two had ex
perienced acquisition under the variable ratio schedule®



DISCUSSION

Analysis, of behavior problems frequently indicates 
that inappropriate behavior is maintained on an inter
mittent reinforcement schedule. This study proposed 
switching to a continuous reinforcement schedule as a 
behavioral technique to lessen the strength of partial 
reinforcement effects and consequently shorten the length 
of extinction.

The number of extinction responses across the four 
groups who had experienced different acquisition reinforce
ment schedules was not significant. Evidence of a partial 
reinforcement effect can be seen in the result that of the 
three subjects who responded during the entire fifteen 
minute extinction period, two had experienced an inter
mittent acquisition reinforcement schedule.

Some support for the use of switching reinforcement 
schedules as a behavioral technique to facilitate extinc
tion was revealed, in the Duncan New Multiple Range Test. 
There was a significant difference between extinction re
sponse cell means, with male subjects in the CRF/VR5 
group making significantly more extinction responses than 
did males in the CRF group. This between-group comparison 
indicates that extinction is shorter when a CRF schedule 
precedes extinction.

23
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Reinforcement in this study served as a motivator 

since none of the subjects were actually learning a new 
motor behavior. It was noted anecdotically that the male 
subjects were much more interested in the mechanics of the 
apparatus than were the female subjects. -This anecdotal 
but not quantified difference in behavior may largely 
account for the response differences evidenced by the 
sexes. -

The trend of the data lends support to the 
hypothesis that switching schedules to continuous rein- . 
forcement can reduce resistance to extinction. This 
study provides preliminary support ftir the investigation 
of this technique in the natural environment.
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