DOCUMENT RESUME

ED 074 767 o iﬂf EM 010 965
AUTHOR Lewis, Richard F.

TITLE Conjugate Reinforcement. '

INSTITUTION Syracuse Univ., N.Y. Computer Based Project.
REPORT NO CBP-SU-RR-7222 S« SR
PUB [ATE Apr 73 -

NOTE 16p.; Paper presented at the Associdtion for

Zducational Communication and Technology Annual
Conference (Las Vegas, Nev., April 1973)

EDR3S PRICE MF-$0.65 HC-$3.29

DESCRIPTORS “*Attention Control; AttentiomJSpeh; Audiovisual Aids;,

computer Assisted Instruction; Experimental
Psychology; #*Measurement Instruments' *Reinforcement;
*Stimulus Behavior ‘

ABSTRACT
' =" conjugate reinforcement is a new attention measure
‘which has emerged from experimental psychology. It can provide
accurate measurement of a subject's attention to-a stimulus. In
conjugate reinforcement, the duration of the stimulus varies directly
and immediately wit., the subject's rate of response. In this process,

the subject must demonstrate his attention continuously by pressing a

small key at.a.required rate to maintain the presentation of the
“stimulus. This paper provides a brief introduction to the techniques.
It discusses the background of the reinforcement system, defines the
concept, and describes a series of procedures in which it:has bheen
used. It also explains applications of the procedures and/describes
~the advantages of the techrique. Thewtechnlque is vseful in helping
to explain how learning from audiovisual aids takes place.
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COHJUGATE REIHFORCEME.T

Learning from audio-visual materials is o complex procedure not

completely understood by researchers. 'iiany learning theories which attempt

to' describe the leerning process have segmented léarning into various steps.

In learning from audio=visual media, one step.which appears to b most
p4) ) 4

important is attention. (Lewis, 1972) Attention is seen as a

behaviorally emitted response which increascs a sul:ject's contact with the

stimulus .and which can bhe fuhctionally related to that stimulus. Many

a~

. measures of attention have heen used by researchers. Some, include eye

movements and bodily orientation responses.
This paper describes a new attention measure which has emerged from

experimental psychology, called conjugate reinforcement. In conjunate

reinforcement, the duration of the stimulus varies directly and immediately

with the subject's rate of response. -In the Eonjﬁgate‘reinforcement procedure
the subject must démonstrate his attention contihuously by pressing a
small key at a required rate to maintain the presentation of the stimulus.

The object of the paper iS to proQide a brief introduction to tbnjuqate
reinforcement,4its vafue and its relationship to the objectives of the
Computer Based Project. The ﬁaper foliéws the following format. At the
butset, tie background of the conjucate reinforcement systemliszdiscﬁssed.
fhen, conjunate reinforcement is defined, and a series of procedures which
have been used‘are‘described,; The‘pqrposé,of this secfion is to give the

reader some idea of "the methods in which the procedure may he used. A review



of related literature shows the application of the procedure. - Then the
relationship of conjunate reinforcement procedure to other measuras of
attention is provided followed by a section on the advantaqges and uses of the

conjugate procedure. Finally, the applications of the procedure to the

project are delineated.
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BACKGROUTD

The conjuqate reinforcenent pr&cedure has its roots in opérant
psyghology, particularly the type fostered by 3. F. Skinner (1953). One of
Skinner's basic principles of learning is that a reinforced resronse has a
higher probability of re*oécurrence than a non-reigforcéd résébnse. in
traditional operant conditioning studies, a specific response such as a bar
press is reinforced by'giVing'the subject a primary reinforcer such as food
or caﬁdy (Reese, 1966). The subject’fs reinforced‘on a definite schedule
of reinforcement, such as Fixed Ratio 3 (FR 3) schedule in which every third
response is reinforced (Ferster ahdrSkinner,’1957).

Lindsley (1956) and fiaer (19€0) using Skinner's techniques shOWea tﬁag
.subjects would regpond to maintain the presence of picturés. In these studies
'no‘prfmary reiﬁforcefs’(fOOd) or secondary reinforcers (bréigg) were uéed.
The only réinfordement‘for mainféining the pjcture vas the pictﬁre itself:

i. e., the pitture served botli as stimulus and reinforcement. Once it was
determined that pictufes had reinforcing value, the conjugate reinforcement
procedure'was déveloped.

DEFIHITION OF CONJUGATE RE!NFORCEHEHT'

In conjugate reinforcement the presentation tihe of thé étimulus varies
directly and immediately with the subject's rate of response. for example;
if the stimﬁlus is a slide and the response is a button press, a number of
pressaE,.e. g. 60 perkmfnute: will keep the stimulus visible all the time.

A rate.of k0 responses per minute will keep the stimulus visible only 662

~of the'time. - Lindsley (I962)Hnotes tt the =Antinuous reinforcement available

with the conjugate reianfcement system permits a finer snalysis than the
. 1Y

former episodic reinforcement schedules e. g., the FR 3 mentioned above.

ont
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o Sfjou and Taer (1965) nofe that the technique may he ideal for measuring.
attentiqn‘since'variatioﬁs in the stimulus may be acconpaniéd by variations
in the resp0n;e rate;

. . - PROCEDURES

In a typical ;onjugate reinforcement: procedure, the subject first enters
a controlled eqvironment which seeks to eliminate extraneous stimuli. tie
sits in a comfortable chéir and the responsgAunit is demonstrated. [esponse
units have varied from a push-button microswitch to 2 foot pedal. The
conjugate programming apparatus is set to the actual number of presscs. that are
required to maintain constant presentation of the stimulus. Fach fjme the
subject presses the button{‘thev§timulus will be présented for the fixed
period of time. ‘The stimuli are now pfeSented and fhe rateéiof response

recorded using a cumulative recorder.

-

After the session, the records‘ére éxamined to determine the stimulj
thch were ac;ohpani?d by hiah attention and those which vere accéﬁpanied bfﬂk'
low attention. A‘high raté indicates high attention wHiIe a low rate’shoﬁs
A]ow attention. {lany studies have sought to validate tﬁe Enformation ob;ained
using conjugate reinforéement procedures bX asking For verbal reports of

preferance from the subject or hy administering tests which seek to measure

the recall of the stimuli.

ey

1 -

Two types of conjugate reinforcement procedures have been reporfed in the
literature: the 'simultaneous and the sequential procedure. In the sequential
systeni, two stimuli are presented successively. Lindsley {1962) used a

sequential system ﬁopévaluate television programs and ccmmercials. lle

compared the effeétiveness of each section of the program by‘comparing,thé
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: They'fouod that stereo was pfeferred by -half of their subjects. ’

response rate to a baseline performance or to other sectfooo‘of o pfooram.
Nathan and Yallace (19%5) compared t@o "elevision commercials usinf a

sequential system. Both commercials were presentec to the subject at different‘
times Tnbthe same program. Response rates to each vere recorded and compared
to determine the effectiveness of each comnercial.

C e

In-a simultaneous system, both stimuli are availainle. This technique -

“is useful where only two items are to be compared. Dy contract the sequential

system can handle two or more items. Morgan and Lindsley (1966) used a

simultaneous procedure to compaie the reinforcing value of sterco of monoplionic

. music. Two response units were provided. {(esponses on one unit produced

»
.-
tw

stereo music uhile responses on the other unit produced mononlionic music.

REVIEY OF RELATED LITERATURE &

Table 1 summarizes'sqme of the tudles tnat have been\conducted using

conjugate reinforcement. ln tHns sectIOn, on!y Studies unth dlrect #\?evance~~—“*—*“—
to medlateo materlals will be reviewed in detail. . ‘~ 

Lindsley (1962) measured the reinforcing effects of the visual and
auditory sections of a televis}on program and commercials. The subject

pushed a-small switch either to illuminate the screen or to hear the soundtrack.
‘ i ‘
Response rates of above 60 per minute kept.the;stimulus at full intensity

vhlle ]ower rates presented the stlmulus at a lower intensity. Subjects'

a

responded dxfferentlally to commercia]s, a television"show“énd a film.
In addition, differential responding to sections of the stimu]i was observed.

Llndsley noted that the response could be - IILened to an artnf:cual pupil which

vr

the squect could open or CIOSe by press:ng ‘the Hutton ----- Other appllcatlons

vof the technique proposad oy Lindsley |nc!ude interprogram comparisons and

R



choices of ‘technical procedures to be used in the desion of rnediated materials.

Mathan and Yallace (T965)Vmod| ied Linsley's conjugate reinforcement

technique in three ways: 1. subjects pushed feot pedals to provide
. J ¥

cumulatIVe records of botH looking and Ilstcntnn responses nade to produce

the stimuli. Locking and listening responses tere collected simultaneously;

e

. LS - . ' 3 . -
2. .the stimulus presentation instrumentation uas re~designed to perrit the

presentation of slides, television programs and- sound motion pictures”-

3. the response rate and force required to respond were adjusted for each
individual by determining his Laseline performance. Stimulus material
presented COnaISted of a football game w:t four comnercugls_in*e* nersed.

Results ahowed that the occurrence of the tooking and 1istening responsea

‘were correlated; i. e., when a sub J ct responded to look, he also responded

.
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* Friedlander usad the PLAYTEST, a simultaneous conjugate system to detei-
mine children's a®d infants' preferences for soeaker identity, voice
lnflectlon, and message redundancy. (1968). In a later experiment (Friedlander,

IDUD) he measured children' S dlScrlmnnatlon of four !oudncss levels of natural

msounds. Other StudIeS by Friedlander lnvesthatec stlmulus degradation (1070a)

Ioudnesg and sound frequency (10700) and word order (1971) on oRerant'preferences

of children.

s

Winters and Wallace (1970) summarize conjugnte studies and conclude that

-the technique“is ”,tl(]) a rellable and valid measure of attention dnd lnterest.

(2) the sensitivity of the technlque can be cnnanced by bua]ulng chotcc

“into" the stlnu]us sntuathn. (3) the technlaue can predict attentlon wearout

wvI
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“and recall. (4) it is not a solution to &ll attitude change problems and
(5) more research is ﬁeed&d...“ %
RELATIONHSHIP TO CTHER i*EASYURES OF A%TEHTIOM
”iﬂany”prqggdureswfor mzasuring attention have bean sucgesfed4i. e. éyc'
‘moveméﬁts, body movements and physiological measures. ‘However, these
procedures merely specify a set of behaviors that accompany attention. The
antecedant conditions are not specified. ilone of these measuras Iiﬂgiﬂg a
subject to emit a response to maintain the presentation of the stimulus.
The problem with this is-that it is difficﬁlt to-ihfer attention from one
of these responses 'such as eye movement. If a ;ﬁbject has his eyes on the
screen is he éttendiﬁg? e may be and4YEt there is no requnse_snecified to
“show that he is attending,vi.e. the stimulus may be reaching his receptors,

....

but the experimenter does not know if it is going any further.

+

The conjucate reinforcement system requires a sghject to cemonstrate
his attention continuously. There is aﬁ empiricél record Qf responses made
in the presence of éertain stimuli. 'Yith the conjugate system the other
sets of behaviors can be relatéd to the stimulys more_readily than if no
empirical measure of responding to the stimulus was available. For‘instance,
if a subject maintains responding to a murder scene on a filn and during that
scene his.pupil§ dilate, his heart rate increases, his Galvanic ‘Skin Sesistahéew

. ¢ . ‘ i e

'decreases, and hi§>respirati¢n_ra§e quickens, it can ke presumed that the sub-
jecthfresponses were mad¢;t§ thaf Stimulué. '”i}hoqt the empirjcal measure
fproy?ped by‘the conjugate system, £he stimulgs be'ing attended fs,difficult
to specify. . ’ ‘ , L

Cormercial broadcasters (Peatman and llallonquist, 1945 and others) have

specified responses uhich a subject can make to dermonstrate liis preference

. _ 47‘ L ‘i‘ -6 - o ' - . .
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, emltted at any time. The response of the subject has no cffect on the prosen-

or likiing for a stimulus. The sulject is asked to cemonstrate his preference

by nushing a button marked "like' or ''dislile. Ither researc hcrs nave asled
. () .

the sutject to turn & kidob in either direction to demonstrate '"1il-" or
"aislike'. o e
These methods have several shortcominas. One is that the experinenter

cannot specify what the response reans.  lle cannut specify the antecedant

conditions. The experimenter does not know whethsr the suiject is responding

to tiie precceding stimulus or to the words Mlike' and ''dislike'. The

_experimenter has an empirical measure, but he cannot specify iat that measure

Is. The_systems described zhove have bean used for many years and have a’
great deal of,validity, i.e. proarans ‘that have tested wall in nre~release
testing using preferencc technuquea hUVe heen recelVed well )
However, in the lonc run, the commercial broadcaster and others usfng
thfe technique want to’ iknow lf the subject will continue to attend or will

¥

switch programs or turn-off the set. The co HJug :te recinforcement system

‘provides an empirical measure of just that = the deqree to which the suhject

will respond to maintain the presentation of t}e stimulus. Thé problem of
interpreting what the subject meant by "like'" is surmounted.
‘The variable,measured by the conjunate reinforcement system can be exactly.

d i. e. the subject responded to maintain this stimulus and did not -

0]

specifi

regpond to maintain that stimulus. Like -the preference techniques, the measure

is continuous and sensitive. fiowever, uniike these techniques the conjugate
system requires the subject to respond in order to maintain the stimulus.

'h the preference techn!ques there is no requlremcnt that a response be

tatlon of the stlmulus as in t;e conJucate system. .

';. | - R -7 -
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ADVAWTACGES AilD USES OF TiE COMJURATE TECHHSQUu

The conjunate reinforcement techinique is useful for several reasons.
s

It provides a continuous, sensitive, behavioral measurs of a subject’s

responses to maintain a stimulus.™ This gives tiie experimenter an index to

1
what is heine perceived by the subject and vhat is uveing accepted by his

cognitive system i. e. /the experimenter can refer to the measure as an

artificial pupil.which the suhject can open or clase by pressina a Lutton.

*

tt has ieen difficult in the past to get any m:asurz con other processes wiieh

\
o

may occur in per¢eption and attentiOn; Tﬁé.conjugate s;stem gives sone
meesure of tiose processes.

In addition? the conjuaate system caun he adjusted for each subject. |If
a subject résbonds at a uniform réte to a stimutlus présgntation, the réSponse

a response.  In

cost can be increased so that more effort is required to emit

this manner an experimenter can empirically determine the value of parts of .the

- ¢

stimulus presentation to the subject.

The effect of-captions on attention and learnina has lona been debated.

QAth a conjugate system, it would be possible to eat an empirical measure of
rgsponding to produce captions. The subject can coqtrol‘the aresentation of
the captions instead of the.picture or-sound. The result is an nmpi}ica] measu:
of not on]y whe%her the caption was produced; but the duration of the respOnding

Thus, an accurate measure of how long .a caption:needs to be presented is

available.

4 s

The conjugate reinforcément system appears to he a valuable method of

determining or measuring tie attention given to any stimulus. |t provides an.

_empirical behavioral external measure ihat @ives an index to the other

r
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processes wihich occur in viewina,
Hith the construction of an experimental enclosure vhich provides a
controlled environment, the possitility of conductine research usine the

“conjugate procedure has become a reality at Corputer “ased Project. The

1
5

next section suggests some studies which may be conﬁuctedf

At VSP, researchers have designed anﬁ pilot-tested a sequential conjunate

reinforcement apparatus which has been used to measure the cffect of several
'stimulus variations (color and degree of realism) on attentign (Levtis, in
preparation); Subjects are traineg to emit the required 4C responses per
ninute. Thén, the-stimuIT are presented and the variations 'n attending
behavior noted. Later analysis shows which stimulilweré attended and to what
degree.

APPLICATIONS TO cpp

The conjuaate fechnique anc apnaratus cer be used for spudieswon the
following: _

1. lioment to homeﬁt evaluation of films used at CBP. Tiiis data could

'be'added to the body of evaluation data on each film or gentbto the producers
of the film. In this application, the varyihglrates of response to each
section of the film would demonstrate that section's ability ‘to maintain the
attention of the subject.

2. Filmstrips can be evaluated. The stfjp vould be brogréﬁmed to"
brocede at its norm&I rate i. e. the gubject would not be able to control the
frame advance apparatus. Hoﬁé@e;j the subject would he able to éontrof the
prgéentution_of the stimulus. Either the audio soundtraci or the picture§
coufd_be placed under the subject's control. The attention-maintaining ability

of the stimuli could thus bé‘déterminéd.

o
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3. Studies on the ef%ect of captfons. The ontimal presentation-time
of captions could be determ’ ng the nresentation of capfions*under
the control of the subjec th ., iication, pushina the button would ‘
present the captions.. Records would show when the captions were uroduced ;nd
for’how lona. - |

L, Studies on complexity of captions couid be‘c0nducted. In fhis
situa;ion,‘fwd captions For the same pictun@ would be presented to two
groups of subjects. The caption eliciting'the’highwr requnse”fate wou Id
be judged superior.

5. Studies on thé effect of otiier stimulus variations are also possible.
Complexity, hovelty, congruity, affective tone and degree of action are some
of the stimulus properties thét could be/evaluated renarding their effect on.
attention.

. The effect of a response set On'atteninn can be deternined. A
typical response set might be knowledge of a post-test or some reward for
emitting the response. | |

$7. Finally, studies on the gffects Qf varying soundtracks on attention
could be conducted. Variations :in the‘mqéic, age level of narrator, natural

i

versus, real sound and sound effects are possible areas of investigation.

SUMMARY ‘
| | |
This paper has provided an introduction to conjugate reinforcement, a

techniqﬁé which can hrovjde accurate measurement of a subject's attending

behavior:;'THe technigue was describéd, some apglicatiqﬁs discussed and some
“implications for fhe‘prOject wefe prqposed. ft is propOSed that the projéct
design and conduct expcrfmenfs-usiﬁg the c0njugéte reihforcemeét procedures.

- 10 -
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