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'WBAK~LIGHT REINFORCEMENT AND RESPONSE FACILITATION

' The purpose of this study was to eliminate an artifact that is
belleved to be present in previous studies of weak-light reinforcement
in rats.. Various experiments (reviewed in Appendix II of this paper)
have. found that rats tend to press a Skinner bar mor.e‘_freq‘uently,when
bar-pressing leads to the onset of a weak light. It has generally been
essumed that the light. exerts the same kind of control over the re-.
..Bponse as would be.exerted by.food or water,. That is,,a..rat.‘ié sup-
posed to learn any. response. that.is:_fo]lowed.qﬁickly by .the light. . .-
It is possible, however, that this apparent reinforcemenf effect is.an
artifact of the Skinner-box technique.  Kling, Horowitz, and Delhagen
(1956) suggest that the flashes of light might ."...somehow result in -
érea.tér,activity which 135 seen as.an increase i;i the measured response,™
To equalize any effect of the sheer occurrence of the flashes on generai '
éctivity; (and indirectiy.on.lever-—pressing_) s Kling, et al. wired a pair
of Skinner boxes.so that whenever an experimental $ received the light, .
g0 did a control S. Here the experimental Ss re'spt;nded more frequently
than did their controls, suggesting that the light had reinforced, and
not merely facilitated, bar-pressing.

It may be. doubted, howe.ver,_that.this tyoked-box" method entirely
controls facilitation, Since the Aexperimen;:a.l S nece;sarily is close -
to the bar whenever the light occurs, and since the control § can be
anywhere in the apparatus, any activity resulting from the ﬁght flashes
would be expected to produce more presses by the experimental Ss than by
their controls even if the light had no reinforeing power. Fo;bunately,



2
the yoked-box technique is not the only way to control facilitation. An
alternative technique is the so-called Uretention® method (Crowder, |
Wilkes, and Crowder, 1960)._;'-' Here .t.he.test....for_bar-prassing'is made some
time after the lever-training sesalon; the §'is returned to the spparatus
on %the -néxt day.and .respégnﬁs are. r.e'c'orded.--: ‘Since the light is never
presented during this tést',- facili‘ba.tion;_is tﬁoughtf’ 1o be ‘eliminated
entirely,

‘The present study included three tests for weak-light reinforcement,
one. of which endeavored to control faci._litation‘i by the ybked-box method
~and another by the retention method; the third did not purport to control
facilitation, Two questions were asked: (a) Do the three tests lead to
the same conclusion regarding the reinforeing power of the light?-
(b) According to the (presumably) more valid retention test, doss weak~
light ouset exhibit reinforcing properties?
| METHOD ,
Subjects" | |
The Ss were 58 naive Holtzmen male albino rats,-approximately 75
days ,Bld,;.t.the, start .‘of,tize experiment, Six additional §s were dis~
carded before the test day: two due to an error on the part of E and
four that failed to respond on the. training day. Three discardéd Ss’
were from the experimental group and three were from control. groups,
This left 29 Ss in the experimental. group, 15 Ss in the "eonventioml“
control group, and 1; Ss in the- “yoked—boz:" control group,
Apﬁratus ‘ _
" The apparatus.consisted of two Skinner boxes and appropriate con-~
trol and recording devices, A Skinner box was a wire-mesh living cage,
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9 in. wide by 14 in, long by 7 in. high. The lever was made of .02-in,
stainless. sheet steel, k in, wide, with one -end rolled into a l-in.
cylinder which extended 1} in. into the cage, 5 in. above the floor. It
was mounted on a ball-bearing. shaft and was équipped with felt stops
limiting the lever travel.to.less than % in. and providing almost noise-
less operation.. A force: of 10 gm. ‘was'_;'equired to actuate the bar., The
reinforcing light came from a 6-w., 115~v. lamp centered 6 in, above the
lever. The Skinner boxes were light- and sound-shielded by large
Masonite cover boxes, lined with l-in, thick Fiberglas and ventilated by
means of a_ blower, . The control and .recording napparatus was iocated in a
separate room,
Procedure: _ _

The Ss were run in pairs, .The members of a.palir were housed to-
gethei-.vd:!;h. food and water a.va.ii::.\ble at all times, The experiment
lasted 2 days: one day ;:f lover training and one day of testing for re-
tent_ibn of the lever training. |

__Igy_e_'a_;; Training--On the first day one melﬁber of each pair was
randomly assigned to the .exﬁérﬂ.ﬁlental grdup. The qthei'..gg" were assigned
approximately equally and at rendom to the "conventional ‘and the "yoked-
box" control groups. The Ss were placed in--tfhe, Skinner boxes for 25 min,

The first 10 min. was a habituation period during which no signals were
ioresented. . Its purpose was to reduce the unconditioned rate of respondé
ing, which_ ténds %o be higher when the animals are first placed in the
apparatus.

Inmediately following the habituation period, 15 min. of lever
training were given, Whenever the experimental S .i'espom:led, a lesec.



4
1ight-flash was presented to it, and, if its control § were a yoked-box

animal, to the latter as well. The conventional control Ss received no _
light at a'ny..time.. A1l responses were recorded -.on. magnetic counters,
Neither food nor. water was a.va.ilable in the Ski.n;;er boxes.

Retention Test~-The 'S were. placed.in the Skimner boxes for 20 min,
All responses were recorded but the light was not présented to any.
animal, | - |

RESULTS AND DISCUSSION |

Table 1 shows the mean number of resporises for each group during
lever training and also during the retention test, Table 2 shows the
resuvlts of 1 tests performed on differences between groups on each day.

TABIE 1

Mean Number of Lever Presses Made on the Training Day
and on the Retention Test Day

. Group. - Training - -Retgnhion
Experimental (N = 29) 65.2 13.2
Yoked~box. cqn;:.rol (Nﬂg 11;) | '3l6.6 13845
Gonventional control (N = 15)  27.8 39.6

Both control groups (N = 29)°  32.0 39,1



TABIE 2

- Group Mean Comparison Between Experimentals, Yoked-box -
Controls, Conventional Controls, and Combined Controls

Group Compared . .
. g p
Training Day . |
Eﬁcpefimentalé vs. yoked~box controls  he05 4 .<.001
Experimentals.vs, conventional controls .5.66_ - 12 <.001
i’bked—bbi.controln vs. conv!l controls _2..06' 27 <05
Retention Test Day

Experimenta.la V8. ynked—box controls 56 41 >;50

| Experimentals V8. conventional controls W48 k2 .60

.,Expermentals va, cqmbined controls 49 56 .50

Yoked-box controls vs. conv'll.l controls W17 2 .80

~ Three measures of rednforcement were taken.. The ﬁ.rat. measure cokie
pared tha exper.i.merrba.l group. wit.h the "conventiona.l" or no-light control
group d_u_:;:l._ng.lever training.as.mst, previous studies have done, The
experimenta.l Ss pressed the bar more than twice as frequently as did the
conventional controls (65.2 vs. 27.8 responses)., This d:Lfference was
highly reliable according to the &.test (p < .001), confirming the |
findings of previous investigations.

The second measure. compared.the ezpe:ﬁmental group with the yoked-

‘box control group, again during lever training. Iike 'IKZL'I.ng,. et al.
(1956), who also used yoked-box controls, the present study found
significantly more responses by the experimental Se than by the yoked-

box controls (65.2.vs. 36,6 responses; p_-(".oci). ‘Hence, by this more



stringent test, the light still appears to have_been'feinforcing.l
The third ("retention®) ﬁeamm- compared the. experimental group
with both control groups on the day after lever training, The light was
absent during this test. If the experimental Se had leaimed to press
the bar, they would be expected to have retained the "habit" for at least
"a day. On the other hand, the light could not have evoked bar-pressing
during the test for re-tention, since at that time the light was never
preserrbled. On the retention test; the experimental éroup pressed
slightly more often than did either control group (43.2 vs. 39.6.anu
38.5 presses fesﬁectivély). :Neither differenca approached statistical
significances. both levels of confidence exceeded .50. The retention .
"scores of all 29 control Ss were then combined and were comparsd with
those of the 29 experimental Ss. | Again, the experimental-control
difference failed to reach significance (;g:; .50), What had seemed %o
'be.a marked reinforcing effect during lever training could not be de-
tected on the retention test, The results of the. presen£ experiment
thus suggest that the light did not reinforce bar-pressing, but only
served to facilitate it. |
A mumber of previous studies have employed the retention measure.

Crowder, et al. (1960), like the present study, gave a single day of
lever training wit.h a.’.retention test on the following day, - Onre

- lrhe yoked-box comtrol group made significantly more presses than
the conventional control group. This could have resulted either from
response facilitation or from ¥chance" occurrences of the light just
after presses by yoked-box Ss.. The absence of any difference on the
retention test points to the first explanat.ion. o



experiment. found. no -retention of the preference. The other found a.
small but significant.preference for the previously rewarded bar
howsver, an unpublished replication of it i‘ai_.led..to,, show. & significant
retention of the lever preference. . 'Kish-:;(l955_')_ _gave mice.é days of
operant level testing, 1 day.of conditioning with light-onset, and.}

days of extinction. A. sig;iificant -difference between the experimental
‘and .control groups was found on the first day of extinction, . Stewart
and Hurwitz (1958) employed an extinction measure to compare two experi~
mental conditions (rather than an. experimentel with a control condition), -
and found & significant difference between the groups. Hurwitz (1956)
found an apparent retention of light reinforcement on the first day of
extinction but did not report any significance tests. Kiing, et al.
(1956) gave 4 days of operant level testing, l’L days of lever training
%,ia light, and 3 days of extinction,. .Altho,ugh‘tha difference between
~the experimental and control groups was not significant during extinction,
it did,appfoach, significance on the .,first,day. Forgays and Levin (1958)
presented 14 days.of lever training and 7 days of extinetion, - During
extinction, significantly more responses were made by the experimental

Ss than by. the controls. Thus theirs was the only study to find un~

' équivoc‘al.‘evid_ence that .weé.k-.-.-ligh’b onset is reinforcing to ra:t_.é.

.. The. discrepancy.between.the..resultsi obtained by Forgays and Levin
and those of other studies suggests that some crucial determiners of weak
1ight reinforcement might be revealed through an:examination of the
uniciue'. features. of their method, .C)_ne Asﬁch feature is their‘inclﬁsion
of female Ss ,(60%), whereas the other rat eocperilgients mentioﬁed above
have used exclusively male animals. While Forgays and Levin did not
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reporf. any sex differences, it is possible that .weak light is more rein-
forcing for female. ra.ts.",. Another difference was the duration.of “the
light. ..In the study by Forgays and Leﬁn, the light . stimlus lasted -

5 secs..‘:'t’pllouing.eachz.résponse.by.at-z‘expeﬁ.menta.l'._S_. In the other
studies the 1ight.remained on for only 1 sec. (present study) or as iong
as the S pressed the lever (Davis, 1958; Kling, et al., 1956). | Perhé.ps
longexr flashes of‘ light are tmore,reinforc:‘i.ng than shart flashes, A
third difference isthe size of the bar in relation to the floor ares of
the Skinn’er.bo:.:.s. Forgays and Levin employed & small lever (2 in, by 1 in,)
and.a mch larger box. (213 m.by]lk in,) than any other weak light
study. The effect pro‘ﬁably. was to r;x'lucep-'bhé operant level, which was
only sbout 5 responses during the first 15 min. that § was in the appa-
ratus, Kling, et al., Davis, and the present study. all found much
higheroi:erant. levels than were shown by the Ss of Forgays and Levin.:
Presumably the. genei‘élly.low.level of responding in the Forgays and
Levin apparatus rasxalted in longer times between flashes, I:E; as some .
writers believe, the light stimlus is réini‘orcing by virtue .of its
novelty, its reinforeing power should diminish with massed preséntations
of it. This speculation might account. for another unusual finding of
Forgays and Levin, namely,.that the response rate increased markedly
over successive lever-training days, Kling, et al., as well as Davis,
found the response rate to be. méx:i.mal;on the first day of lever .fraining _
and to decrease .thereafter. . Thus Forgays and Levin found gradusl im- -
provement during lsver t'radmiﬁg -ami.complete r;atention. In COntraSt s
other studies typically find high response rates on the first training
days, declining rates with further training, and no significant retention.
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These differences could be understood in terms.of the hypothesis stated:

above (weak light onsets are reinforcing only to the extent thatthey
are distributed), together.with the .low,.-initial response rate shown in
the apparatus of Forgé.ys .and Levin, Slow responding produces gradual
development of a strong .Fhabit;“.. while rapid responding. produces'abmpt
development. of.a weak habit," and, with further training, even a decline
in strength.

SUMMARY _

" The purpose of this study was to investigate the reinforeing powef
of . the onset of a .we’ak.li'ght,“ﬁhile-controlling for any direct facili-
iating or evoking effects of the light, Rats were given 15 min, of
lever training in a Skinner box, with each response producing a l-sec,
presentation of light. .Just as in prevﬁ.bus studies, the rats réceiving
the light for responding ’pressad more often than did rats not receiving
the light. This difference could have been due to féinforcement,-
tacilitation, or both.

A partial contr;:l for facilitation was provided by presenting the
light to a third group of Ss ("yoked-box® controls) whenever the experi-
mental Ss responded and received the light. Again, more responses were
made by the experimental Ss.

In an attempt to eliminate all possible facilitation effects, an
additional test for reinforcement was made. This test consisted of
placing all Ss back in.the. Skinner.box on the day following lever train-
ing, and recording the bar-presses but never preseating the light. It
was supposed that the light's reinforcing effects—if anjr--would be
retained for at least one day, but that the light, being absent, could



not Melicit or facilitate the lever response, The combined control
groups (N =.29) made almost as many. responses as did the 29 experimental
animals, The différence between the groups reached only the 0.50 level
of signifiéance.- '

These data do _not appear to support the hypothesis.that the onset
of & weak 1ight acts as a reinforcer with white rats. An alternative
interpretation was suggested, however. The reinforeing power of the
light may depend upon its novelty and hence may weaken if the light is
presented frequently, as in the present. experiment. Indirecﬁ evidence

supporting ,this interpret.ation was presented,



APPENDIX I
RAW SCORES FOR:INDIVIDUALS .AIE,-SU]S;OF SQUARES FOR GROUPS
‘Numbers .of Lever Presses for Each S

Training Day. -Retention Test Day
Experimental: Yoked-box: Experimental - Yoked<box .
95 40 46 35
68 35 28 18
84 38 45 b5
o2 4 18 42
126 - 56 50- 51
78 22 22 34
43 - 23 37 - 63
80 26 72 19
96 31 102 2
418 51 3 58
52 - - 2 k6 - 82
8l 20, 61 17
51 49 : 50 - 36
85 52 55 15
- Conventional I - Conventional
102 2l 69 53
42 15 35 26
86 18 33 26
52 5 36 - 32
68 _ 18 50 36
34 28 20 28
21 39 2l 38
h2 N hl h2
56 32 26 6L
62 29 KO 30
57 A1 W2 Ll
23 29 10 - 76
39 28 19 38
xR 13 34 36
95 47 139 28
Sums of Squares ( x=)

Traiuing Day . Retention Test Day
Experimental 16805 Experimental 20029
Yoked-box . 1869 Yoked-box - 5147
Conventional — 1616. Conventional 2808

- Combined control. - 7964



AFFENDIX II
REVIEW OF PREVIOUS WEAK-LIGHT REINFORCEMENT STUDIES
INTRODUGTION |

The initial work in the field of weak-light reinforcement was done
by Kish in 1955 with mice as Ss. ..About the same time Marx, Henderson,
and Roberts (1955) reported a series of experiments using rats. In both
of these early studies the light appeared to be reinforcing,

Between 1955 and. 1960, some 19 additional studies of weak-light
reinforcement have been. reported.. Many of them attempted to answer
questions concerning the existence of unconditioned reinforcing powers
of the onset (or sometiles offset) of a weak light. Others assumed that
reinforcement had been demonstrated, and sought to discover the specific
variables which affected it, The present review is an attempt ‘o bring
together a description of the %rarious .exper;i.ment.al' methods used and to
mention some. of the results that have been presented,

| METHODS
Subject Variables

Species and Strains—Most of the studies have employed domestic
rats, .v;ith_albi.noQ_and. hooded .rats. about equally divided. Monkeys were
used in one experiment ('Hoon..&,lodahl,. 1956) , and mice in another (Kish,
1955). | |

Ages—The ages. of the Ss ranged. from app_xfoxima.tely' 1 to 6% months,
Levin a.nd: I“.t':arga.ys._(l959).:inves:tigated the relaﬁionship between the age
of. 8s and the response,ra.te.,.when; each.response was followed by a flash
of light. .With high illumination, older Ss responded ‘more frequently
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than did younger animals, .In the case of low illumination, the results
of their two experiments did not -agree; one found more .r_esponsels from
younger Ss and the other from older Ss.

Sex—Both sexes have béen. used, but males have been employed ex-
_.clus_ively in about 2/3 of the studies. - No sex differences are r_epo_rted.‘
Apparatus -

Cages-—All cages used for experimentation were modified Skinner
boxes, Those used with rats varied in size and shape from & by 8 by 8 in.
to 21} in. long. by 11} in..wide by 15% in. high. About half of the

- cages described were constructed-of wood, either unpainted or painted
flat black or flat gray, One box.was made of Plexiglas- (Forgays &
Levin, 1959), one. of brown Masomite (Levin & Forgays, 1959), two of wire
mesh. (Crowder, gt al.,: .-1960:;_.Present study), and one was constructed from
an alumimum ice chest (Segal, 1959).. Most of. the boxes had floors made
of wire mesh,

lighte—

Iype. About half of the'.studies-mnployed some sort of diffusion
plate (frosted glass, plastic,.or white paper) behind which was mounted
a bulb, Of the remaining studi.es,cs_evéral‘__usegi_ Just ‘olear glass bulbs,
and three (Hurwitz, Unpublished mamiscript; Hurwits & Appel, Unpublished

_manuscript; Appel & Hurwitz, 1959) used bulbs covered with red plastic,

Amount, of light. Some investigators reported lamp inbensitieé-
.others -illﬁnﬁ.nations, .and_still others brightnesses, - The source in-

tensities reported varied from 7 to 15 watis, the illuminations from 1
to. 20,7 foot-candles, and the brightnesses from ,Ol to 36 mL, Levin and

Forgays .(1959). investigated the. relationship between brightness (of the
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lever) and rate of responding following .]ight ‘onset, They.fouﬁd that
dim light was a mo_i"e‘.effectivé reinforcer than brj.ghf.‘ -flight -for young
animals, For older Ss the results of their two experiments did mot
agree.' One :t‘dund...th;t-'bright:light was more reinforcing; the other that
dim light was more reinfofcing.' Marx; Hépderson,'-and‘ Roberts (1§55)"‘re-
ported a series of experiments using bﬁghtnesé levels of .02 mL,

1,18 mL, 6.97 ml; and 16.'561:’:1.. - They found significantly positive rein—
foreing effects for all levels,

- - Duration., Ifh about half of the studies the light remained on as
long as the lever -ma’_held ‘down, - In others. the response produced a light-
flash of fixed duration ranging from 3 sec. to 5 sec, in different experi-
ments. Several studies did not report on the duration of the light,

- Iocation, Most of the studies have centered the light source either
diregfl;y above the lev_er. (gdjacent-..to. 7 in. above) or in-the.roof of the
boﬁc.“ Two studies ('Stewar.t & Harwitz, 1958; Hurwitsz & De, '1953).. placed
‘the light source slightly to the left and abave the lever, and one study
(Clayton, 1958) reflected the light. through the floor by mea.ns'éf a |
mirror, Thomas, Appel, and Hurwitz (1958) investigated the effect of the
position of the light with respect to the lever. -No effect was found.

' I_a._@_ onset, _v;g..- light offset. - Four studies have reported informa-
tion concerning light onset vs, light ‘offset as reinforcers.  Moon and -
I.odahl’.(lé56) reporte_d that both .iilumination increase and decrease |
significantly augmented the. rate of responding -in monkeys. Roberts,
Marx, and Collier (1958) reported that light offaet'-prbduced' fewer
responses than light onset. - Robinson: (1959) reported that light onset
significantly increased the response rate in rats bub that light offset
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was not. réinforcing. ~ Hurwitz (1956) also investigated the effects of
light onset wvs, light Bffset‘. bﬁt._ did not.report any ‘Eest;s oi‘-_ significance,

Levers—

~-Size and shape. The sizes a.ﬁd.shapes of levers have varied greatly,

ranging from & 1/8-in, bar extending.l:in. into the cage (Hoberts, et al.,
11958) to. a lever.made of .sheet steel, k4 in, wide, with one end rolled
into & lein. cylinder which extended 1} in, into the cage (Present
study). One study (Marx, et al,, 1955) used an L-shaped bar, and three
(Kling, st al., 1956; Kish, 1955; Forgays & Levin, 1958) have used U-
~shaped bars. . lany of the studies did not describe the levers, Thomas,
Appel,. and Hurwitz (1958) investigated the effects of lever size and of
changes in lever size.. ,.i'hey. reported that a larger lever leads to:a
greater muber of responses than does-a smaller lever during initial
conditioning., They also reported that a shift in lever size, regardless
of the direction,. also produces more responses to light onset than are
found in the Sb first encounter with the experimental- situé;c.ion.__ - However,
their design did not. in fact permit a crucial test of the effect_ of
changing the lever size, | |

Location. In the rat studies, levers were placed from 3/4 in.
(Segal, 1959) to 5% in.. (I-ev:-.n and Forgays, 1959) above the floor. Some .
reports did not specify the location of the lever. -This varisble was
not investigated specifically,

-gg_r_gg_vgg_d_‘_y_aig;.'_._'. ‘Pressures between 2 gn, (Hurwitz, _Unpubli.shed
‘marmscript). and. 30 gm. (Robinson, .1959) were. required for the operation
of the levers. Most of the studies .did not report the extent of travel
“although two .stu&ies.. (-K:liﬁg,,gg al., 1956; Kish, 1955) used f:l.x.ed,
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contact-sensitlve bars.

- Lever sounds, Only.a few reports gave any indication of the quiet~.
ness of their levers, Those reporting indicated that the levers operated
véry quistly.:

Two-lever apparatuses. Two studies.(Crowder, et al., 1960; Forgays.

& Levin, 1959). employed pairs of. levers, with responses to.one qf'qt.he
levers producing the light.. Here, each S.serves as its own control.

. Recording: Devices—Most. of the studies employed magnetic counters.
One study (Kling, et a1, 1956) used also a kymograph, and another
(Forgays & Levin, 1958) used a cummlative recorder.

Procedures -

Food .and Water Deprivation-—-In about half of the.studies Ss were
placed on food deprivation; in two others (Clayton, 1958; Thomas, et al.,
1958), on water deprivaﬁion;._and.in,_one .(Sega_.l, 1959), on food and water
_d_eprivat.ion..'_.clayrbon {1958) found a. significant _intex;action effect
between wat_ei!" &epriva.t-ion and weak-1i.ght -reinforcement; that is, weak.
1ight was more reinforcing for the water-deprived Ss. Davis (1958) and
Segal (1959) found the same to hold for food deprivation, and further
‘that the effect was greater for increased depr:l.vatiqn.-:On the other
haﬁd_ Hurwitz anod De (1958) -and Forgays and Levin (19_58) failed to find .
such an int.eraction between hunger and weak~light reinforcement.

Light Deprivation-~Most of the studies did not indicate the light-
ing conditions of the home cages; presumably no "special® lighting con-
ditions were maintained. .In three studies (Kling, et .a_l_]_._;,“1956;
Hurwitz & Appel, Unpublished mamuseript; Robinson, 1959). _E‘gé were main-
tained in 12-hr, Iight, 12-hr, dark cycles, in one (Clayton, 1958) they
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were always kept in the light, and in one (Marx, et al., 19'55) ‘always in

. ‘fsubdued lighting." ‘..Ii._’ob.erbs, Marx,. and Collier (1958) found that animals
maintained in the dark responded. equally. for light onset and light offset,
and. t.bét Ss kept in the 1ight responded more for light onset. . Hurwitz

and Appel.‘(U_npublished. manusélipt) .reported no difference between Ss tested
for light reinforcement-'in the. light half of a 12-hr, light-dark cycle

.and- those tested during the dark phase,.

Control Conditions--One or more control conditions were included in

about half of the studies. Typically,. the control condition was the same
as an operant level test: bar-pressing was recorded but not reinforced.
. Kiing, et al. (1956) used the same "yoked-box" technique employed in the
fresent -study. Meny studies omitted _céntrdl groups and merely compared
two or more experimental co_nd'itions with each other.
_ Kinds:and ‘Numbers of ‘Sessiong--Operant level :sessions refer to con-
;litidns_in which a response prpducesho change in the amount of light
present, - Operant level is discussed in more detail below. Training
sessions :éfer to those in which light onset (or somstimes offset) is
contingent upon the occurrence of ‘some responée_. - There were from 1 to
20 such sessions in the various studies. Six studies.(Kling, et al., |
1956; Stewart & Hurwitz,. 1958; Hurwitz, 1956; Kish, 1955; Robinson, 1959;
Present. styidy) enployed gxbinct-ion .sessions, ti_'ie_:same as o;éeranﬁ level
sessions except. that they followed the training periods.

Duration of ‘Sesgions—About half of the studies used 30 min, -
sessions for all conditions. . Others used sessionﬁ‘iasting from 10 to
25 min, with the exception of fwo experiments (Moon & Iodahl, 19565
Crowder, gt al., 1960) .ﬁhi_ch.employ'ed 60-min, periods,.
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Operant Level Sessions--About half of the .experiments did not use
operant level sessions,. .Others employed sessions ranging from. 60 min,
for 1 day (Crowder, gt al., 1960) to-25 min, daily for 30 days (Segal,
1959). - Robinson:(l959) ‘tested the response rate of two groups of-Ss,
.one for which the response led.to\.]ight;,onset;..the other to light ofi‘sat'.
Half of each of these gmﬁps,had been given operant level ﬁretésts in
the dark; the.other half in the light. No significant effects of the .
operant level light. conﬁitions_.were iound‘., Appel and Hurwitz (1959)
- reported that Ss responded significantly. more when placed in the apparatus
for.5 daily sessions (with no light being presented) before the experi-
mental test day than did Ss that were tested on.the first day.

Resggnse:Hea.sures-—Generally, the total mumber of responses per:
.session was recorded. for :each._S_. One. study.(ﬁurwit.z; 1956) also measured
the duration of each.response {presumsbly with a kymograph)fbut did not
use. this measure in. the.statistical analysis, ‘Another study (Roberts,
et al,, 1958) recorded the mumber of responses. per. 5-min.. in‘bérval.apd
the average response duration (total duration divided by mumber of
_responses).fox:,\each.inteml.for.eachﬁ..f Some studies also used log
transformations (;'.tf‘ the individual response frequencies,

| MAJOR FINDINGS

Some of the studies to be reported are. mentioned above, and some
pr\ev:l.ous];y:;mentioned.slﬂudies are. not included here because of the in-
conclusiveness of their findings,

Food and Water Deprivation

The results of the different studies do not.agree. Three of them
(Clay't.on,_.1958;'.>Da_.vié, 1958; Segal, 1959) foumd food and/or water
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deprivation to increase the effects of the Light., Two others (Hurwitz &

De, 1958; Forgays & Levin, 1958) failed to find such an effect.
Light Deprivation

‘Roberts, Marx, and Collier (1958) reported that animals maintained
in thé.darkjresponded.equally:forslightﬁonset end light offset, and.that
S8 kept in thé. light.'i'eépondedﬁ more for light onset. However Hurwitz
“and Appel (Unpublished mamuscript) found no difference between Ss tested
for iightzreinforcement;in“the,ligh£ haif'of a l2-hr, light-dark cycle
and those tested in the dark phase.
Partial Reinforcement

Stevart and Huruitz (1958) reported that Ss given lever treining
with & 3:1 ratio of reinforcement responded significantly more than did
Ss reinfércedeith.a.ésl,ratio.',This difference was also found during
extinction,
Repeated Training Sessions

Kling,:gﬁ,gla=(1§56),and.D#vis.(l958) found a higher.rate of re-
sponding on the first day of lever training than on sudéeading.dajs.
Two studlies by Forgays. a.nc_l-I.evin,(l958;., 1959) s however, found progressive-
iy increasing response rates on successive days of lever trainihg.
Previous Iight Reinforcement

Foi-gaya and Levin (1959) investigated the effect of 10 days of
lever training, beginning at. 32 days of age, .on reinforced responding at
the age of 80 days. Mbre responses were made by the previously trained

Ss.. However, no such effect was found for animals tested at 130 days of

age.
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