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resided for 6 to 12 days in & contiowusly programmed envlrofment.

Subjects followed a behavioral progreM thet dtotmned the sequential alnd
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positive reinforcement day, each wo rk unit completed by a subject

incremented a group account that was divided evenly among the 3

participants at the study's conclusion. During a negative reinforcement

day, no money was earned, and the group was assigned a s k unit - - -

criterion to accomplish to avoid a reduction in accumulated earnings.

During avoidance days, subjects exhibited aggressive responses, which

differed in magnitude among the 4 groups, as determined from several

distinct behavioral measures that reflected the overall status of the

microsociety. These effects appear to fall within the conceptual and

procedural framework that encompasses analyses of by-products of aversive

control, and they suggest that similar variables are operative
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PSITIVE AND NEGATIVE RZIIFORCMENT EFFECTS

0N BEHAVIOR IN A THR-PEON NICROSMIRTY

Previous studies Indicated the practicality of within-group

investigations of variables that affect the status of a three-person

m1irosociety, and they demonstrate the effectiveness of aprogrimed

environment methodology In undertaking such studies (Muran, Bigelow,

Brady, and aurlan, 1976; EmUrian, Faurian, and Brady, 1978). It Ws

learned, for example, that cooperation contingencies embedded within a

behavioral program had the effect of Increasing the durations of tradic

social episodes. By-products of the cooperation conitingency Included

Increased Intercom communicationsamong subjects, Increased intersubjeot

program synohronization, and the prevention of social Isolation or

withdrmml that wa sometimes associated with degradation in Individual

performance on an arlthmeti calculations task (Biurian and Brady, In

pres). It wra the ase, however, that adverse effects were never so

Intense as to warrant =planned reversals In experimental conditions or

other Intervetions to restore a failing m1orosociety to effective

functioning. In tat, social framentation and subjeot pairing effects

were the primary Lifttor of ohmage In the status of a group.

To furthe the behaio anst ayis or confined mioroacieties under

*pVriOrame eavrent emditIona, the range of variables considered for

investgtien w b aeed to Inlute negative relnfreement procedures.

It was aeaed that the eeampeheseve pWg Wa and meanwt

ealmp litiee dev ele In prelo twork nigh prove equally effective in

_ .,.p•:
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detecting by-products of aversive control and, more Importantly, might show

by comparison the merlts of alternative positive reinforceimet procedures

In maintaining behavior. The present fact-find ing series of studies was

also l ueneod by evidence linking (1) hostility and asgesslon with

aversive control (e.&., Hutchinson, 1976) and (2) dissipation of hostility

to cooperative goals pursued under conditions of positive reinforcement

(.4., Deutach, 1963; Sherif, 1967). The purpose of the research, then,

was to develop a laboratory model for the Identification and analysis of

conditions that may provoke undesirable responses by Inhabitants of a

confined microsoolety.

NMD

Subjects

Zn response to recruitmemt hotioes placed in a local newspaper, four

3-person groups consisting of nline males (01, 02, and G) and three females

(G3) were accepted for participation on the basis of psychological

evaluation, educational background, and availability. The mean age or a

subject was 24.0 years with a rauge between 18 and 34 years. No subject

showed problematical Issues or disruptive dispositions as evidenced by the

results of the Minnesota ulltiphasie Personality Inventory and the 16

Personallty Factors Inventory, respectively. Subjects wre rlly Informed

about prooedures, and they were fmillarled with the laboratory as a group

There wer so slment of dseptom Involved il the rlarb,, and Informed

cnset weblslna, ls1 sesit: e a U W or w,1me
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productivity under conditions descrlbed below.

Acnratus

The programed environment consisted of five rooms and an

Interoonnecting corridor. The floor plan of the laboratory and its

position within the surrounding building shell are presented in Eaurian,

Bigelow, Brady, and burian (1976). Sacb of three private rooms (2.6 1 3.4

x 2.4 .) -s &iLoler to a mall efficiency apartment containing kitchen,

bathroom, bed, desk, and a computer CRT tarolnal. The recreaion area (4.3

x 6.7 x 2.T a) contained a omplete klithen faility along with exercise

equipment sod games. The workshop (2.6 a 4.1 x 2.T a) containd assembly

/ ~pro jects for Groups 1-3 and a oomtr CTl terminal for Group 4l. A ommon

bathroom served the recreation and workshop res&. Descriptions of the

iaboratory have been publIahed elsewhere (Bigelow, harian, and Brady,

1975; Brady, Bigelow, bmurim, and Villims, 1975; huran, Bay, Brady,

Heyerhoff, and Hougey, 1963).

Figure I presents a digramatie rewesNnttou of the behavioral

pr owm tat detemined the sequential ad ostitst reatlshipe within

the Inventor of aetivitite. For 04, Ahysloal kerase (FE) mas located

between Mau gasi Behavior (AS) am Feed be 0 Fl). * etails regarding the

ompstie. et e b averal program and th metheda for stlmls oontrol

or oempeset snevtles hevo bee deasibe previoully (b win, B4elov,

oral, a"n b . 1t ""I ums. morn , 6nne beda, II9?8 ImnPUM,
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Isurian, Schmier, and Brady, 1979). For the present experiment, the

oritleal feature of the program wes the work trip. A work trip me

avallable for selection between any two adjacent activities within the full

behavioral program. Once a work trip had been selected, the subject

completed all performance requirements before resuming the behavioral

progrm from the point of departure. During a work trip, the Intercom

(CON) was not available, and the subject was not permitted access to music,

thereby preserving these reinforcers for other occasions.

The 1multiple Task Performance Bettery (IPB) ws composed of the

following five tasks that vwere displayed simultaneously to an operator via

a CRT terminal: (1) blaliM mt, a dynmio signal detection task, (2)

Warning aa!, a stati signal detection task, (3) Probbiity moltorlu,

an Integrated signal detection task, (4) t Neatfioation, a matching

task, and (5) grtAMeU joalayat~ , a computational task. Accurate

responses prodmed points that were presented on the screen as they were

soomulated. The pameters of the tasks were chosen so that an operator

with 5-10 hours of practiee coud aoemulate 500-600 points per hour, and

the upper limit of performace we approximately 750 points per hour. A

description of tis niliompter-ootrolled performance battery has been

published by muram (197)* and a rationale for this "synthetic work*

methodology has been presented by organ and Alilsi (1972). Group 1 and

03 wre presented with the asilmetie ealculations component or the battery

(Q-j., PAP and AP, am 0 and 0 were presented with Me full battery

(A' ', RPT) .

.... .KTPS-

S_ __ _ __n_ _ 1 -rm emmmmm m•mmm



For groups 1-3, work trips were completed within the privete rooms,

and subjects could seleot them concurrently. For 04, a single CRT terminal

wea located within the workshop that subjects could occupy one-at-s-time on

a self-detenrined rotational basis. For Groups 1-3, the parameters of the

components of a work trip were chosen such that 1 to 2 hours were required

to complete each trip. For 04, the parameters of the HTPB were chosen such

that approximately 600 points per hour could be earned. Per-hour earning

potential uas roughly equivalent among the groups.

Prdr

The consequences of ompletlng a work trip were varied to assess the

effects of positive and negative performane-consequenoe relationships on

the status of the miorosoolety. Under a positive reinforcement schedule

(Appetitive Condition A), each work trip completed by an individual subject

within oroups 1-3 produced a $10 Increment in a group account that was

divided evealy meg the three subjects at the conclusion of the

eperimnt, For 14, eah NTI performance point produced a 1-oent

imramr w to the group aecount. Under a negative reinforcement schedule

(beldamee , GosiItion 3), completion of work trips did not produce

iserememS in a group aOmumt. Under Condition 3, each group ya assigned

a orIatiesm (tripe for oulnm 1-3, points for 04) to acomplish during a

24S-ur period. UOnempleue tripe (or points) below the criterion produced

a O@iSmt Is e group seesuat identiol in magnitude to the increments

pradmeed douriag omedito A. ojaeet were fully apprised ot the two

resiutbremt ashslee, but hey were not told the order and durawlon.

-. I.4
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schedules. During each Health Cheok activity, each subject rated the

Behavioral Program Condition (A or B) on a 4-point scale where I a not

bothered by the program and 4 a extremely bothered by the program. These

scale anchors also apply to rating data presented below. Figure 2

presents mean ratings of the behavioral progra for all subjects in each

group across successive days of the experiment. For all subjects, the

highest rating occurred during avoidance days, and the reversablllty of

this effect was Indicated by comparatively low ratings that occurred during

appetitive days that followed avoidance days. Nine of the 12 subjects

showed a gradual Increase in ratings across successive avoidance days. In

contrast, 31 and 33 in 03, composed of females, showd a decrease In

ratings across successive avoidance days after initially elevated ratings

on the first few days following Introduction of the avoidance condition.

Finally, with the exception of 31 on Day 4, subjects within G3 did not rate

the behavioral program as bothersome during avoidance days as did subjects

within remaining groups, despite 6 successive days within the avoidance

condition.

Rtinms of the Ulum emters. A subject's verbal behavior in

relationship to the experimenters sometimes changed s a function of the

two reinforoement schedules. Figure 3 presents man ratings of the

experimenters for all subjects tn each group across successive days of the

eperimmt. Right of the 12 subjeets expressed greatest annoyance with the

esperlmenters during the avoidamue conditlon, and the overall differences

between the ooadItios were sigaitiaot (tw2.0, p<.02, eel). Two

subjects shomd greatest amayamee durLn the eppetitive oofIton (Si. G3
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NAppolitive

E31 Avoidance
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Figre 2. Henm ratings at the behavioral progrem for all sub jects in each
£roup across suOOesllive dalys Of the experiment. 1 rn not at allbothered by the proglrem, and Jj a extremely bothered.
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amAppetitive

rlAvoidonte
[~iJ

Subject I Subject 2 Subject 3
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2 4 6 0 10 12 4 1'2 24 6 010'12

Successive Days

Figure 3. Mean ratings of the experimenters for all subjects In each
group across successive days of the experiment. 1 a not at all
bothered by the experimenters, and 4 a extremely bothered.
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and 32, 0G), and two Subjects never expressed annoyance (32, G1; 33, G4).

Finally, the greatest degree of annoyance s expressed during the

avoidance condition (...., S1 G2, Day 11; Si, G4, Day 5).

Interpersonal Ratings. a subject's verbal behavior In relationship to

other subjects within a group sometimes changed as a function of the two

reinforcement schedules. Figure 4 presents man Interpersonal ratings

for all subject pairs in each group across successive days of the

experiment. Subject 2 and 53 within G1 and all subjects within G4

expressed greater annoyance with other subjects during avoidance days than

during appetitive days. Subjects within G2 showed infrequent expressions

of annoyance, and subjects within G3, composed of females, showed no

departure from 010 across 12 successive days.

Social Ti.e. Flgure 5 presents social activity durations, both

dyadic and triadic, for all groups across suocesave days of the

experiment. The order of the social episode within a day is Indicated by

successive ordinal positions above the abslss. Group 2 and 03, the

12-day groups, Showed triadic episodes on 10 and 9 experlmental days,

respectively. (Two separate triadic episodes were exhibited by 01 on Day

2.) In contrast, 32 In 01 failed to participate in Social episodes from

Days 7-10, after participating In 6 successive daily triadic episodes.

Subjects in 04 never exhibited a triadic episode, and only 2 dyadic

episodes occurred during that 6-day experiment. These latter dyadic

episodes never involved 31 and 83 together.

r m P Am M Figure 6 presents cumulative records of 4 work

j ,
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Sbect I Subject 2 Sublect 3

LP 41 AV AP APAP V I

r4 F Ia , AAPAV AP AVA
4 FG'2:Av AV AP A.V AVAV P AV

4 4-4 AP AVAP[ AV AP AP: AV AP

2
2 4 6 6 10 12 2 4 1II Z4GI 0 12

Succesive Doys

Figure 4. Mean l terpersonal ratings for al1 obJeot pairs In ch group
across suoesiev dauys of the experlimt. I a not at all
bothered by a sub3ot, and e xtrmely bothered.
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trips omlaeted by 53 in 01. The first and lost work trips completed in

the first appetitive period re denoted by rcords A and 9, respectively.

The last work trip completed in the avoidance period and the last work trip

completed In the second appetitive period are denoted by records C and D,

respectively. Ibis figure graphioaly shows the stability of the fixed

ratio performenoes composing the work trip. Improvement in performance is

Indieated by proGressively shorter tes required to complete the trip

auross records A-C. So record shows evidence of fixed-ratio strain (e.J..,

pauses). Oae the aubject initiated a ratio run, performance ma sustained

at the prevailing steady state until the component was completed.

Fine-grain performance ms not demonstrably changed in relationship to the

two reinforcement schedules. Siamlar processes were observed in the

ouwlative records of 31 and 82. No abject within Groups 1-3 failed to

omplete a trip once it had been initiated.

Figure 7 presents total NM points earned by all subjects within

G4 across four distinct 1-hour segments of the experlment. These segments

were composed of minutes 1-30 ad 61-90 of a work episode. Minutes 31-60

had more stringent performance requirements to be discussed below. Selints

from the first and last work episode& completed in the first appetitive

period are denoted by A ad 3, respectively. epants from the last work

episode completed in te avoidance period and the last work episode

completed I the second appetltive period are demoted by C and D,

respectively. his figure Indieates that performance progressively

Improved for 32 and 53 aros 3egents A-C and for 51 across Segments A, B,

and D. The terminal perfermane preveted In 3egment D was highest for 31

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ --Vm m
n mm ll~ m n mn n nn n n u • n
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G-4
800 SS S2 S3

0-
I- 700-

a.600
0

AB C D A B C D A B C D

I- Hour Segments

Figure 7. Total NTI9 points earned by all sbjeots within 01 aoross 4
1-hour segents of work episode. 3ee text for explanation of
A-D.
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Oen beavior appreached th l1alta of the tak. Despite these

differenees, subjects we clearly more similar in their teak performance

than they were different. Finally, as Indicated by Segment C, In

eomparison to other segments, the transition to asymptotic performnce did

not appear to be dirupted by the avoidance condition.

Table 1 presents flne-grain performance on the components of the NTPB

for S1 within G4. The data represent mean perforaoe across 4 onseoutive

30-ainute intervals for all work episodes completed within sucoessive

reinforoement conditions. One such Interval occurred during the second 30

ulnutes of a work eplsode when a High Performance Probe (HPP) was in effect

such that signal and task misses, false alarms, and errors produced a

reduction In acoumulated points. Throughout the rmaining Intervals of

work, only false alarms diminlshed points. The table entries show that all

tasks wlthin the battery were performed by the subject during any liven

Interval presented. Errorless performance was never observed, showing that

the battery and Its associated parameters continued to challenge the

subject even after many hours of practice. However, performance

effectiveness was demonstrably sensitive only to the dmends of the HPP.

During the HPP, the ubject showed an Increase in false alas on the

Probability Noltorlag task (9), perhaps the most difficult task to

operate. Further, the subject showed a striking Increase In failures to

respond (.., mase) on the Target Identiflatlon task (T) during the

OPP. Sitllar effsets ware observed Is the date of 32 s d 53 although 32

did not sheo misse en the T task durlog the UPP. The performance data for

52 and 53, along wlt gbysiolesgeal retim to the NP, eam be found in a
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Technlcal Report presented elsewere (urian nd rhady, 1979). In

sumary, then, fine-grain HTIS performance accursay was not demonstrably

changed in relationship to the two reinforcement schedules, although its

sensitivity to change, if not disruption, ws revealed by the decrements

observed during the He .

Work Trips. Figure 8 presents total work trips for Groups 1-3 and

total NTPB points for 04 for all subjects across sucoessive days of the

experiment.

For Groups 1-3, the work trip contingency maintained substantial

productivity levels for all subjects irrespective of the program condition,

and none of these groups failed to reach the criterion during avoidance

days. No subject completed fewer than 2 work trips per day (3.j., 82, 02,

Day 1), with a range of 2 to 16 trip (.., 32, Ol, Day 12). Several

subjects showed an Increase in total trips during an avoidance period that

followed an appetitive period (3.., 32, 01; 82, 02; 83, 02; and 32, G3).

Vithin Groups 1-3, total work trips were more evenly distributed within

subjects across days during the avoidance condition then during the

appetitive condition. A oamparison between the two conditions of the

differences between the highest and lowest daily work trip frequency, under

the assuption that such differences approach sero when variability is

absent, showed a significant effect of progrm condition (t2.70, dM28,

p(.05). Finally, all subjects within 01 aNd 03 showed an increase In daily

work trips during the flnal appetItive days of the study.

In 04, betwee- me withim-ssbjeets' ditferemes were *bsred in
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Apeiti;-

Subjet I Subjec 2 Subjec 3

Succesiv Days

Figure 8. 7btal wrk trips for Qroups 1-3 and total NTPD points for G4
for all subjeots aor*ss sucoessive days of the experiment.
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points produced per day on the NTPB, Variability in produitivity among

group members was evident on Day 1 when 33 contributed only 19.B of the

total points earned on that day, in comparison to 41.25 and 40.05 for 31

and 82, respectively, On Day 4, the second day of the avoidance condition,

83 fall behind in his share of work, as agreed upon by group participants,

and the criterion was missed by 56 points. In response, 81 refused to

perform my further work during the avoidance condition, whose duration was

not known by the group, and on Day 5 the group lost heavily in potential

earnings. Subject 2 also showed a markedly diminished output of work on

Day 5. Neither 82 nor 83 showed a compensatory increase in work

productivity on Day 5 that may have otherwise satisfied the criterion that

was missed on that day by 6495 points. Finally, when the appetitive

condition was reintroduced on Day 6, 81 and 82 again contributed to work,

and like GI and G3, all subjects showed the greatest dailly point

aocumulations on that final day of the experiment.

Work Tie. Figures 9-12 present time of day spent working for all

subjects in Groups 1-4, respectively, across successive days of the

experiment.

For Groups 1-3, work tripe typically were completed between 1000 and

0200 hours of a day, and each work trip lasted approximately 1-2 hours.

Figures 9-11 graphically indicate that subjects did not complete a day's

work during a single uninterrupted succession of work trips, Rather, work

tripe were Interspersed throughout waking hours, and other behavioral

program activities were typically interposed betom episodes of 1 or more

: 'm mmlummmnummnn lm m n 1iIl*
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trips. Two groups showed a change in trip distribution when the avoidance

condition was Introduced (GI, Day 5; G3, Day 4). In comparison to trip

distributions during preceding appetitive days, inter-trlp-lntervals

appeared briefer on avoidance Days 5-8 for GI and avoidance Days 4-6 for

G3. Dy comparison, trip distributions by G2 were lrregula;ly spaced across

successive days. On the final appetitive days for GI and 03, a greater

number of sucoessive trips were completed without a pause than was observed

during preceding appetitive and avoidance days.

For G4, Figure 12 shows that subjects Initially adopted an orderly and

alternating sequence of using the single CRT console to operate the MTPB,

with each uninterrupted work episode lasting aproximately 4 hours. A "day"

is bound by arrows on the ordinate, and the ordinate was extended downward

to show work episodes that persisted across the boundary between successi*

days. During the first 3 days, there was almost perfect day-to-day

agreement for the time of day when eaah subject worked. On Day 4, the

second avoidanoe day, 32 and 33 switohed positions from the previously

established pattern, with 33 now working later in the day in comparison on

his work times during the preceding days. On Day 5, S1 failed to work, 32

worked on 1 occasion, and 33 worked on 2 occasions. On Day 6 when the

appetitive condition was reintroduced, subjects adopted an alternating work

sequenoe Identical to that on Day 4. Finally, only 31 maintained a

consistent time of day when he worked across successive days of the

experiment.

AIME 1Jm. Figures 13-16 present time of day spent sleeping for all

. ..... _ J1
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subjects In each group across sucoessive days of the experiment. A "day"

is bound by arrows on the ordinate, and the ordinate was extended dowaward

to show sleep periods that persisted across the boundary between successive

days.

For Groups 1-3, sleep typically occurred during a single daily

episode, and "naps* were Infrequent (e... 1, G2, Day 8). Subjects

differed In stability of wake-sleep cycles over days. Some subjects showed

modest regularity over days (e.&., 52, G3), other subjects showed a drift

In cycles (e.&., 31, G2), and still others showed somewhat erratic cycles

(e4 . 51, 03) across successive days. Almost all sleep periods exoeedlng

6 hours In duration began after 2400 hours.

As shohn In Figure 16, wake-slep cycles for subjects In G wer

broken and unstable across successive days. Slep episodes typically were

less than 8 hours in duration, and more than 1 sleep period occurred per

day for most subjects. Subject 1, however, adopted brief but stable sleep

periods across Days 1-4, In comparison to sleep periods exhiblted by 32 and

53. On Day 5, 31 abandoned his previously established pattern. These

effects are attributable, at least In part, to the style of alternating

work that the subjects Initially adopted to operate the NTPB around the

clock.

Audits. The Audit ativity In the behavioral program was freely

available, and whenever a subject requested an audlt, all three subjects'

oumlatlve performance soores (trips for Groups 1-3, points for 01) for

that day were presented on a CRT. Scores were reset to sero at the

4..
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beginning of each day. Figure 17 presents total audit responses for all

subjects In each group across successive days of the experiment. This

figure show that access to performance scores was a reinforcer for almost

all subjects (31 In G2 was the exception). Host prominent in these data Is

the intersubject variability In audit responses with a range of zero (S,

02) to 2 to 17 audits (32, GI) between subjects across days. Total audit

responses were not demonstrably affected by the two reinforcement

conditions. Intersubject variability In total audits was related to

variability In other response domains as discussed below.

Estimates of Comfortable Residemce. During each Health Check

activity, a subject estimated how many days he or she could live

comfortably in the programmed environment irrespective of the planned

duration of the experiment. Table 2 presents pairs of the highest and

lowest estimates for all subjects In each group across suooesslve days of

the experiment. All subjects showed differences between high and low

estimates on a given day with a range from 1 difference (33, 01, Day 4) to

12 differences (53 G2, Days 1-12). Eight of the 12 subjects ended the

experiment with high estimates equal to (I.e., 33, G) or far exceeding

46-A. 33, 01) the duration of the experiment. All members within two

groups (02 and 04) ended the experiment with high estimates that exceeded

those on Day 1, and embers In 02 showed terminal high estimates that were

lower them those on Day 1. Im 01, 31 showed no change, $2 showed a

raduction, and 53 showed an increae in high estimates between Days 1 and

10. Estimates did not appear demonstrably affected by the two

reinforcement schedules, with the exoeption of the final three avoidance
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TABLE 2

ESTIMATES OF COMFORTABLE RESIDENCE IN DAYS
1

SUCCESSIVE DAYS

1 2 3 4 5 6 7 8 9 10 11 12

S1 * * * * * * * 10 * *
* 30 30 14 / 14 10 0 O/ 3 2

G1 S2 10 10 10 10 128 8 5 4 5 1
10 10 10 9/ 8 1.5 4 31 2 0

S3 30+ 30+ 30+ * * * * * * *
30 30+ 30 30+/ * * * * * *

S1 100 100 100 * * 100 100 100 100 100 100 0
100 100 100/100 100 loot 100 100 100 /100 0 o/

G2 S2 15 12 10 12 10 10 10 9 10 3 0 0
12 10 10/ 9 8 B 6 6 0 0 0 01

S3 20 25 20 20 10 8 7 8500 4 1 1
12 12 10/ 1 8 1/ 4 4 2 /2.3 0 o

S1 30 30 27 26 24 24 23 22 21 19 18 60
30 28 26/25 24 23 22 22 21 2 0 0

G3 S2 60 60 60 120 120 90 120 120 120 120 90 90
60 60 60/60 90 90 90 60 60/ 90 60 30

S3 12 12 15 15 15 20 30 45 30 30 30 60
12 12 12 /12 1 2 12 30 34 35 30 1

S1 * * * 14 14 14
0 /0 10 10, 10

64 S2 * 30 30 30 20 20
30 30 /3 15 - i

S3 10 10 10 10 6 6
10 7 /L.I.J......4/

1. For each pair entry, the top *wkr is the high estinte, and the
bottom ner is the low estiate. Avoidance days are bracketed.v. *-tnftnlty.
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days In 62. Finally, 5 at the 12 subjects ended the experiment with high

estimates equal to or greater than 2 months.

Nood Ratings. During each Health Check activity, each subject

completed a *mood* questionnaire CLorr, Deston. and bnith, 1967).. Jgur.

18 presents mean ratings on the "Dpresslon" factor for ali subjects in

each group across suocessive days of the experiment. Ten of the 12

subjects showed the highest rating during the avoidance condition (32, 02

and S3, 04 were the exceptions), and the overall differences between the

conditions were significant (ta3.22, p<.02), droll).

Urine Free Cote. For subjects In G3 and 01, total urine volumes

were collected and assayed for cortisol by rediolmo ssay ( gey, 1978).

Urine allquots were extracted with ethyl acetate, and allquots of the ethyl

acatate layer were evaporated and assayed for free cortiol by

radioiinunoaSSay using an antibody produced In rabbits against

eortIsol-3-(0-arboxymethyl) oxime: BSA conjugate. This antserum was

collected six months following primary 1mmunizaton and ma used at a

dilution of 1:60,000. Using the addition of S ag of sterlod as a

reference, 11-deozycortlaol aroses reacted 3S$, cortisone 125, testosterone

less than .55 and most other urinary steroids less than 25. Assay

sensitivity was 50 pg. Intra-assay variation a 65, and interassay

variation was 10%. Separation of free from bound steroid was by 3omogyi

reagent precipitation of the antibody bound fraction.

Table 3 presents irogrms of urine free oort iol for all subjects in

03 and 04 mroe swucssilve days of the experiment. tasolastion of Table 3

n i| i i e _ . . . .
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TABLE 3

URINE FREE CORTISOL (MICROGRAMS)

SUCCESSIVE DAYS1

1 2 3 4 5 6 7 8 9 10 11 12 Mean

Si 46 49 65 162 51 67 5 56 80/ 46 49 81 58.9

G3 S2 19 25 21 /21 17 13 27 35 241 30 23 45 25.0

S3 23 32 34 /32 33 35 40 37 29i 36 32 35 33.2

51 76 65 /64 71 65/ 63 65.8

64 S2 29 87 /49 67 61, 63 59.3

S3 31 47 132 IQ 41/ 45 39.3

1. Avoidance days are bracketed.



34

Indicates that cortisol levels were not demonstrably affected by the two

reinforcement conditions, nor was there a demonstrable trend In cortlsol

levels across successive days. Differences are apparent, however, among

the subjects. The two subjects with the highest overall mans per day ere

sales (S1 and 32, G), and the two subjects with the lowest overall means

per day were females (32 and 33, G3). These differences are consistent

with differential responses to the avoidance condition as discussed below.

DISCUSSION

The results of the present experiment show that changing the

consequences of performing a task from an appetitive to an avoidance

schedule of reinforcement produced by-products of averave control. These

latter effects Included non-soolally evoked verbal performances (.4.,

behavioral program and "mood" ratings), socially evoked verbal performances

(.., intersubjeot and experimenter ratings), and work performances (e.A.,

trip distributions between and within subjects). And In the fourth group,

one subject stopped working, and a second subject reduced his productivity

during the avoidance condition. Mrhen the work Incentive was changed from

avoidance to appetitive, such deleterious by-products were eliminated or

reduoed In Intensity despite a group's several-day history of working under

aversive control. These effects suggest that the functional properties of

work (C-.h. oonsequences) were far more significant to the group members'

well-being than were the topographical properties (L4., behaviors required

to perform work).

Althoug effects of an avoidance ashedule were evidenced with only a
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single multiple reversal experimental design (o.. A-B-A-B with G2), the

changes that occurred during a second appetitive condition In all groups,

In contrast to effects observed during prior avoidance days, suggest

control by that negative reinforcement schedule rather than control

attributable to the passage of time within the laborallory environment or to

other processes. In comparison to very long duration studies employing

multiple reversals with a large ample of subjects, the present design was

chosen as a compromise procedure that could nevertheless demonstrate

effects and yield meaningful information with acceptable scientific rigor,

given the realistic constraints and expense of undertaking such research

with human volunteer participants. Indeed, in 62 that ended with the

avoidance condition still in effect, the initial displeasure of the

subjects was sufficiently intense to preclude further experimental analyses

with such an identical multiple reversal of the two reinforcement

schedules.

It should be emphasized, however, that these observations were

conducted under conditions that were never so disturbing to a person as to

warrant termination of a study, and, as indicated by estimates of how long

a subject could remain comfortably within the laboratory, few subjects

expressed the disposition to reduce a study's dration. At the conclusion

of a study, staff end subjects net together for a debriefing session, and a

cordial atmosphere existed wMm subjects departed the laboratory.

The present experiment onsisted of four systematic replications In

which control by the avoidanse schedule was demonstrated by .ffirming the
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consequent (31dmn, 1960), In which case each sucoessive replication

incrementally contributed to an understanding of effrets that can be

reliably attributable to the antecedent condition (i.e., the avoidance

schedule) The generality of the behavioral processes Is Indicated by

showing similar effects across a broad range of circumstanch (e.l.,

subjects, duration of experiment, work tasks, order of experimental

conditions, eta). Although all members within the groups studied shoved at

least some Identical reaction to the avoidance schedule (e.jk., spoken and

written coplaints), the interpersonal confrontations were most prominent

within those groups (G1 and G) having an assertive aember who was at least

unappreciative, if not openly intolerant, of intersubject variability in

work productivity during the avoidance condition. Other human operant

studies have suggested that Inequity (.e., intersubject variability) In

reinforers is a nozious stimulus within a social exchange paradigm

(Nervell and Slmitt, 1975; Shimoff and Hatthews, 1975), and social

psychologists have reported relationships between inequity and hbuan anger

(.j., Adams, 1963, 1965; Ross, Thlbaut, and Zvenb*ok, 1971) and

ufrustrationO and humn anger (I.&., Berkowitz, 1981). This suggests that

an extraneous source of variability In accounting for strong and weak

effects or the avoldanoe schedule is to be found In intesubject

sensitivIty to lnequity In performanoe maintalned under averslve control,

since the present contingency compensated subJeots equally irrespective of

differences In productivity, The extent to which Individual differences

my be oharaoterlsed a behavioral datum mst avat olarification by

further analyses of the Interactions between relnforement schedules and
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personal history variables.

The presence of noxious stimulation within the subjects' environment

wse also Indicated by affirming the consequent. Although the negative

reinforcement schedule had operational parameters (i.e. an avoidance

criterion), it would not be possible to specify and quanti4 the physical

properties of Such stimulation In a moment-to-moment relationship with the

subjects' behavior (Skinner, 1953, p. 171). The extensive conditioning

history of the participants must be Invoked to account for their

sensitivity to an avoidance contingency whose determinants Involved

conditioned reinforcers acting in a distant temporal relationship with the

subjects' behavior. The continuity of behavioral processes, however, is

suggested by subjects' reactions to the avoidance schedule that are sialar

to results of other studies showing aggressive responses In relationship to

precisely quantifiable noxious stimulation within both social (e.&., Azrin,

Hutohinson, and Make, 1963) and non-social paredigms (ee., Azring Rubin,

and lutchinson. 1968). Additionally, flxed-ratio schedule-induoed

aggression has been reported (Cherek and Pickens, 1970; Flory, 1969;

Gentry, 1968; Hutohinson, Azrin, and Bunt, 1968; Lyon and ?urner, 1972;

Vebbe, DeVeese, and Nalagodi, 1974), although recent analyses have

emphasized the temporal patterning of reinforoers as eliciting events

(Deoeese, 1977). Moreover, both fixed-ratio and extinction-induced

aggression has been reported with pigeons (Knutson, 1970), and

extinctlon-induced aggression has been reported with humana (Kelly and

Hake, 1970). All these factors suggest that the present findings may be

Incorporated within the general conoeptual framework that encompasses the

t.. k.
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analysis of by-products of averslve control (Hutchinson, 1976; 1983), and

they suggest that similar variables are operative.

The earliest indication of subjects' sensitivity to the presence of an

aversive reinforcement schedule was In the form of verbal responses.

Recurrent written responses by subjects reflected complaints about the

aversive contingency when It was first Introduced, and such expressions of

discontent usually increased in magnitude across the duration of the

aversive condition. These written responses, along with aneodotally

observed vocal complaints about the aversive contingency, are categorized

by their functional properties as a mand (Sinner, 1957), and they emerge

because similar verbal responses have been effective historically in

eliainating aversive events from one's environment. These data, then,

suggest the importance of frequent and systematic assessment of subjects'

descriptions of their environment so that the necessry adjustments may be

undertaken to prevent a crisis situation such as oceerwe cm Bay S at the

fourth experiment.

Within those groups In whaoh tntermanber temess IutInmated (j-j-.

Gi and G), the interpersomal effects we imeSmled with a Peilatlem or

absence of scoltl Interactios. For eampLew U IWst i1 failed to

participate in either dyadic or trialdle imestal epiesdee free b T threak

10 (See Figure 5). Subjects ulthln S never patleleipated I a triadle

social episode, and neither of the two dyadie eplsdes Involved SI sad 23
who showed mst mutual amoynce. lelatiesips betmm lnteiWr ensel

incoapatability and moetl intermetions bav bae reported Is ether stdies

.. .... .
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of group behavior under conditions of Isolation and confinement (eq.,.

Altman and aythorn, 1967). ith respect to the contingencies for social

episodes In the present experiment, non-oooperation contingencies,

providing access to FD3 and VK3 alone or with one or two other subjects,

were deliberately programmed so that dyadic and triadic episodes could

serve as dependent variables and thereby participate In a funotlonal

analysis in relationship to other observations. It would be of interest,

then, to determine the strength of ooeratlo contlngencles, requiring all

group members to select a recreation area concurrently, In preventing

Interpersonal side-effects that emerged under aversive control. The

effective application of cooperation contingencies to prevent group

fragmentation and social Isolation has been previously demonstrated

(Emurian, Eaurman, Bigelow, and Brady, 1976; Emurlin, Emurlan, and Brady,

1978).

The only local effects of the two reinforcement schedules on the work

performance baseline were reflected In trip distributions. Subjeots within

G1 and G3 sometimes showed more rapid completion of work, in relationship

to the start of a day, during avoidance days than during preceding

appetitive days. These effects are consistent with flxed-ratlo avoidance

performances where the ratio run In a mltiple schedule occurred soon after

component onset (Norse and lleher, 1966). The exoeptions were the

cessation of work (81, 04) and the diainution of work (82, G4) by two

subjects In G4 during the last day of a three-day avolduioe condition.

Vithdrawal from a social exchange relationship has been suggested as a

possible outome when 1nequity cannot be overome (Adema, 1965), and in 01
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and G4, Ohigh productivity" subjects were apparently unaucoessful in

persuading the "low-produtlvity" subject to Increase markedly his output

during both appetitive and avoidance days. That S1 In CA remained

"involved" with the group, however, was Indicated by his audit responses on

Day 5 when he refrained from work. Moreover, at least one,

"low-produtivity" subject (32, G1) Increased his output during the

avoidance condition, and both 52 in G1 and 33 in G4 showed the highest work

output during the final appetitive days, as did all ten remaining subjects.

These latter effects occurred without deleterious by-products, and they

Indicate that performance productivity was not the source of negative

reactions.

The insensitivity of the work performance baseline to disruption once

work was In progress Is consistent with previous analyses of the resillency

of fixed-ratio performances In relationship to reinforcer proximity In a

conditioned suppression paradigm (Lyon, 1964) and to the Intensity of

punishment (Airln, 1959; Dodd, Wll11ams, BLasel, and Wmalmsn, 19M?) and low

values of a DRO (Zeller, 1979) required to disrupt performance. Subjects

exhibited the characteristic flxed-ratlo *break-and-run" pattern (Ferster

and Skinner, 1957): once work was Initiated after a pre-ratio pause

(Griffiths and Thompson, 1973), performance persisted at a high and steady

rate until completion of a trip(s) or several hundred NTPS points.

Diminution In performance productivity, when observed, was attributable to

less frequent work trips or NTPS episodes (n.j., 32, 04, Day 5). Siallar

fixed-ratlo processes with humans have been reported previously (Long,Iedeaok, Nay, and Campbell, 19681 Viner, 1970; Poppen, 1982). The overall

5..
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stability of acourate work performances, in contrast to the development of

deleterious by-products of aversive control, suggests that a fine-grain

analysis of such performanoes could be complemented by other data In

determining the capability of a mlorosociety to sustain such performances

indefinitely without untoward effects (of. Chiles, Alluisi, and Adams,

1967).

The above observations show the importance of obtaining many distinct

measures in the course of a behavior analysis in that intersubject and/or

intrasubjeot variability observed within one response domain may be

interpretable In relationship to variability observed within another

domain. For example, the two subjects (33, G1 and 31, G) iho exhibited

consistent high rates of auditlng, In comparison to other subjects, were

also most prominent in intersubjeot confrontations during avoidance days.

These two response domains may be functionally related: a intlaly high

rate of interpersonal auditing under conditions of positive reinforcement

may Indicate, as a behavioral wtarker* of individual differences,

sensitivity to disruptive reactions when inequity exists under conditions

of negative reinforcement. The Importance of measuring several concurrent

responses has also been demonstrated with human behavior analyses where a

persoa's rate of auditing his sad another's peformanoe Rsoore, produced

within the context of a dyadio eocial relationship, was interpretable In

terms of other observations (Hake, Vukelioh, amd Kapls, 1973; Vukeliob and

fhe, 1974). Sigh rates of sudltlng in both sltu tLons may be functionally

related to a aubjeet'a low level of Ntrustu that an equitable relationship

betumem work and reiaftree will prevail over time (San, snd Sobal., 1961;

IP
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Behmld and hake, 1983). A multidimensional strategy also proved productive

in other studies of group behavior under Isolated conditions (Altman,

Taylor, and t1eeler, 1971).

The group (G3) whose ambers showed weak by-products of averslve

control was composed of females. Nad the avoidance oondit~on for G3

persisted beyond 6 days, perhaps stronger effeots than those observed would

have emerged eventually. The appetitive condition ws reintroduced for the

final 3 days in G3 to maintain procedural comparability with other groups,

to provide the opportunity for a terminal *burst* of responding, and to

provide the opportunity for dissipation of those by-products that were

observed. Although It Is provocative to relate the observed differences in

outcome between the males and females to a "gender effeot," such an

Interpretation In the present analysis is perhaps overly simplistic.

In a recent review of research studying sex differences In anger and

aggressiveness, the similarities between men and women were far more

striking than the differences (Averill, 1982). To interpret the present

findings, it would likely prove revealing to search for potential sources

of variability, other than gender, mong the group members such as

education, vocation, economic need, sociability, personality, and

malevement motivation (Helrelch, Spence, Bene, Luober, and Matthems,

1980), moog many others, Although subjects were selected fro a

relatively homogeneous population, Do attempt was made to control such

extraneous sources of variabllity, some of which have been very carefully

controlled ae Independent variables In larg-I" studies of Individual and

:1
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group adjumtment under conditions of lolation and confinement (Smith and

aythorn, 1972). The very fact that differences In response strength

emerged during the present four systematl replications suggests the

Importance of subject selectlon crlterla (Jones and Annes, 1983) as they

Interact with the functional properties of the behavioral program In

Influencing sensitivity to averslve control conditions. A taotioal

advantage of systematic replication In the developing stages of a research

program, then, is the opportunity afforded to uncover effects over a range

of basically similar cirounstances without risking discouragement by

observing idlosyncratl weak effects across a succession of direct

intersubject replications.

The results of the cortlaol analyses as they relate to other

observations of by-products of aversive control suggest that Interactive

behavioral and biological processes are involved In the Individual

performance adjustments and social adaptations of mall groups In a

confined miorosociety. For example, subjects with higher oortisol levels

(G) tended to display stronger effects of the avoidanoe condition than did

subjects with lower cortisol levels G3). And it was the case that the

subject with the highest man dilly cortisol level (S1, G) was also the

subject uho withdrew from work during the avoldanoe condition. This

suggests that sustained bigh productivity along with prolonged performance

accuracy on a demanding task may render an individual vulnerable to

disruptive emotional reactions such as those provoked by the avoidance
oondltion. finally, these observatlons are generally onsistent with the

catabolle Influence preaned to be eserted by ortiolW on energy metabolia

L __
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(ason, 1968), and cortisol excretion has been Implicated In relationship

to *stressful* events (!-. Ursln, Bmade, and Levine, 1978).

The practical signifloanoe of the present study 18 to be understood In

terms of providing guidelines for the assessment of as mall-scale human

mlorosociety. When untoward effects are observed, It may only be prudent

to treat those effects as "early warning signs" that averslve control

variables are operative (of. Welck, 1977). Under such circumstances,

Interventions could occur to prevent a performance decrement such as

occurred with G when by-products of the avoidance schedule were allowed to

persist unchecked for 3 suoaessive days. Nore signif iantly, perhaps, the

present study shows the Importance and adequacy of Initially Implementing

positive reinforcement contingencies as *human engineering prinoiplesN in

the design of alorosocieties.

hat, then, are the Indicators of the Ohealth" of a confined

microsociety and its members? The present analysis suggests several.

Stability or orderly transitions in wake-sleep cycles are required: people

certainly need proper sleep to functlon effectively during wake periods.

outlne physical exerclse and proper nutrition are required. Recurrent and

amiable soclal relationships aont group mambers and between the group and

external "authority" seem to be Important. The opportunity for personal

privasy and for the pursuit of recreational and Intellectual endeavors

likely maies Its oontributton. Group members should be happy, free from

dysphorle moodo mad 4isposed to remain within their surroundilgs. And of

perhapo permount Importme is the capability ot group members to maintain
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high levels of performance effectiveness on tasks that are essential to the

success of a *mission.* how to maximize the dispositions of mioronauts to

perform In ways that are beneficial to themselves and to a "mission* is of

critical Importance. The behavioral progrm provides one promising

structural and functional solution to the problem of motivating and

monitoring Individual and group behavior for the oontinuous observation and

assessment of the status of a confined miorosociety.

3
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