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= Abstract
Stim.lus class formatin ‘5 infe: red when conditional disc ‘imina** Zu training yields new
(emergent) condiion-i relations between the training sumuli. The present experiments
demonstrated .wo such .elations in pigeons after successive matching-to-sample training.
Experiment * show.d that transit~ 1.y (AC matchi.ig) ericiged aftor training on AB and BC
= arbitrary matcking plus T identity .uatching: P gec 1s respone ed 1 elatively more to the
I comparisons o= AC test t=i.1s in which both the .\ sai:'22 and C' comparisons were elements of
g reinforced art itrat / baseline relations involving the come »<,umal ® 5 imulus. Experiment 2
> showed the opj osit: effect (“anti-transitivity”) after traini~.4 on the c...~e arbitrary relations but
g.-_ with BB oddity .nste \d: Pigeons r=;pondec relatively more ¢y the co npa isons on AC test trials in
o which the A samp ic was ~.. element < a reinforced baseline relation ~..u the C comparison was an
< element of a non-reir.orce” Laseline relation, or vice versa Taperiment » ~1so showed that AB
§ and BC training alor e ge 1erally does n~t yield an emerge 1t effct. These find'ings extend the range
g of emergent phenomena oo<er_u 1n non-+winan animals and are ~Z.sistent vith predictions from
g- Urcuioli's (2008) theory of piger~, stimulus class formatio.».
~
Keywords
transitivity; anti-transitivity; emeryent .claticws; stimulus classes; successive mau thir. g; pigeons;
key peck
_ |
T This paper reports twe experiments fro= a contiwing line Hf ~_search w?.a pigeons
T investigating stimulus-class fr-.uation, a t2p1* geimane to catee<.ization 27 d ccncept
j; formation (Lazareva & \Vassermz., 2008; Zena!', Wasserma 1, & ‘Urcuioli, 2 ul4, sec 21so
= Urcuioli, 2013) and other aspects of cognitive f.uctidning (e.g. Jenkirc & Palerm-,, 1964;
8— Horne & Lowe, 1997; Maydak, Stror-.., Mackax", « Stoddard, 1795; Sidzan, 1°71). The
% fact that non-human animals _an, under _crtain conditions, also g “out. toge*l.ct aisporate
% stimuli shows that human lang age is n=. necessary for categorizatior (cf. Cai , w*lki son,
c
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suffic.ent to gen rate nove! ... . stimw.aus control (Sidman, 2000). For example, stimuli
et ocu asion the same 1zinforeod res,onse, signal the same distinctive reinforcer, or have
som: otl er common assc >iation wre often interchangeable with one another in new contexts
(e.g., Bdw ards, Jagiel~, Zent.ul, & Hoga=, 198.; Honey & Hall, 1989; Johnson,

! eleshk~v.ch & Dub.. Zu14; TT=cuioli, Zerlaul, Jackson-Smith, & Steirn, 1989; Vaughan,
198¢, cf. Guidiamond, *»92) as w:uld e expected if they were members of a stimulus class
Naunsers & Green, 199, Urcuioli, 201.").

An oo pio are the transfer effzois showr Ly pigeons and other animals after training on
manv-+~ o0, Tcomparisoi -as-moue” mateklag-to saiple (cf. Fields, Verhave & Fath,
1984; McDaniel, Neufeld, & Dami~_-Nettleto=, 2011; L oradlin & Saunders, 1986). As the

1.

name enooccts 0 yrocedure nvolves ceonfor ting th € sa ne comparison choice response
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after more th~~ one (« sparately presented) + amp'e stin *zlus (Urcuioli et al., 1989;
W.ssermar, DeVoider, & Coppage 1992; sec also Bovet & Vauclair, 1998; Hall, Mitchell,
Graham, & T uvis, 2003; Smeets, Barnes, & Zucne, 1997). Training can be designated as AB
ar s CB ~iatching whe=_ \1e first letter ~.f eack pan vefers to a set of sample stimuli and the
teceud letter <1 each pair . efers to a sc t of reinforcer. coraparison stimuli. The notation
indi~.ees that sl jects learn to match toe sa.»~ = comrarisons to two different sets of sample
stitwli, A and C. Although such training c~ntincz,cies »wght simply result in two

indeyena >nt sets of conditional relations (viz.. “aatch A, <o 8,7 and “match C, to B,”),
anothor pessibility is thol A and ~ samples occas’suing th 2 saine reinforced B-comparison
choice _ccome “uembers ~" e same stimulus class. To fin< vu. researchers then train
subjects to match just the A samples to a new set = comparisos. stimuli (D), after which
they obsei ve v hether or not <.yjects are now ale t< natch the C ramples to the D
compariso.'s decnite L ever havi<g peen explicitly reinfr-ced to d- so. In fact, subjects are
able to immediately tr..ster their D comparison ¢1oices #um the A th the C samples
(Spradlin, Cotter, & Baxley, 1973: TTreninli et al., 1989, Experient ".; Wasserman et al.,
1992). Thus, C.) relations have emerged i*om the ex~icitly traz.ed AB, CB, and AD

relations, demonstratir. g the inte” chan<cability of the * and C samy les a.'d indicating that

yduosnuep Joyiny Vd-HIN

they are members of the sam.c stiralus class.

A second example ic seen .1 the variety 01 eme rgent relai.ons vuserved . humans who have
learned other combin. *ions of matching-*--samy le tasks (¢ g.. .5 and B( ). Follow: ~g such
training, they typically exhibit <3 .umetry ir - ‘hici they now matr!, iormer ~om »arisons to
former samples (viz., B/ and CR: l.e reverse >f v hat was exHlicit'; aught), L.a.viu ity in
which they now match the A samples to C comrz.isins (viz., AC atching), and c~iaoined
symmetry and transitivity (viz., CA m~*.uing). Al=..g with an ability to m~icn cacl stimulus
to itself (reflexivity: AA, BB ~.da CC m=*.uing), these findings « re € 7idence £, S#mulus
equivalence/equivalence-clas. f~.inatior (Gidman & 'la’lby, 1982; Sid~.ian, 19°C; 2000Y).

Until recently and in contrast with aum-.as, non-huma an mals have on v raisly exhibited
symmetry. Indeed, the many unsu >ces sful attempts to dem ynstrate this @me1 ze »* . clatior
(e.g., D'Amato, Salmon, Loukas, ¢~ To.nie, 1985; Dugdr.e & Lowe, 2000; Hoo~. & Zent-.,
1977; Lionello-DeNolf & Urcuioli, 2002; Lipkens lop, & Mictthijs, 19§%; Sidm-. et an,
1982) led some to argue that language may be a pre:oquisite fo- symmetry and for

)duosnuep Joyiny vd-HIN
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equivalence mer= Zonilully (oov, 101 exarn ple, Devany, Hayes, & Nelson, 1986; Dugdale &
rowe, 1990; Hone & Lowz, 1226 . How.ver, the difficulty in finding evidence for
Syi1ime ty in non-humai’ ani n-:s is due more to methodology rather than to capability.
Speuific Iy, a symmetry ‘est fol! swing arbitrary matching training in the typical n-
alternative (choice) p-.adigr. 1s not a val:J onc because it does not actually assess what the
cxperime.at>r believes Tae reacz. 1s that t-_ munctional matching stimuli for many animals
incl.ue a szatial locatic .« componr~ 1t — ‘n other words, each nominal stimulus is actually
.nat-st’.nulus-at-a-partic.:lar-locatior’ (.., for zige ns, red-on-the-center key, a stimulus
that is not the same as red-on-the-left right-key (".onello & Urcuioli, 1998; see also Iversen,
1775 1versen, S.dman, & C-..uigan, 1925). This is . ortant because in the shift from
Leauung L0 testing, the matchinZ sumuli arpcar in diffei ent locations, thus generating new
stimuli for the subject. Because ~7 wnis, the sy umeti v test does not assess the truly

yduosnuep Joyiny vd-HIN

Sy uuncuical version. of the tra nirz celatic ns.

Su-ces iive or go’.10-go matching (Wasserman, 1976) avoids this spatial location problem by
arraaging th~. the individually presented sa=.pie ang ~omparison stimulus on each matching
tri.t app-ar in the sam< ic cation. Respe.ading o a partic 1lar comparison is reinforced after a

I3

} art’ cular sar e stimul, (“go” trials ) bu. not after che 1lternative sample stimulus (“no-
g0” *.1als). Eack comparison (like eacl san.;p'=) s presnted for some extended period of
tim= (e. ., 5 or 10 s), so rate of compariso.:s reen~,uing (~.u er than percentage correct) is the
depender t variable. Learning and accurate con-:iional dis.. mination performances are
index.'d by higher rates . reinfi rced than »n ne= (emforn ed t -ials. Importantly, Frank and
Wasset..aan (20°55) and U+zaioli (2008, Experiment 3) shor-cu that pigeons concurrently
trained to 7 ccura*. 1evels of performance on AB. “.A, and BB >ocessive matching
subsequer tly s 1owed BA svm..etry in testing. Spe~.iically, th.:y re sponded more to the
compariso.'s on RA < st trials th.. were the reverse of th2 (einfor- ~d AB training trials than
on BA test ti:1s that v_.e the reverse of the non-. einforr-d AB vain.ng trials (see also
Campos, Urcuioli, & Swisher. 2014)

yduosnuep Joyiny Vd-HIN

Initially, the ratic..aiv or ¢ ncurratly taining AA a1 d PL 1dentity iai~hing with AB
arbitrary matching was ‘o m'"umize generalization decrer..ent fro.n AR tra‘ning to BA
testing by insuring that r.geons saw each <., inal stimt lus Hoth as « s=mplz and as a
comparison prior to “esting. However, Urc 1ioli (2008, Experu.cnt 4) an Jreuioli and
Swisher (2012b) shov-_d that if one of th~ conct trently tra ned “.sks was ddity rau »r than
identity, the opposite effect — ter-..ed “antisy. 1me ty” — emerged *-. westing. 'n ¢ her words,
pigeons responded relati vely more (v the comy ari<ons on BA test .ais that » _i¢ *l.c "everse
of the non-reinforced (rat..cr than reinforced) AP e ining triai>. Ty take = specific #r.ample,
if a red sample — triangle comparison c<.upinatior “vas reinforcec n traini-=z, b1t = red
sample — horizontal-lines comzarison cor.uimation was not, in te. ting pigeors .cop~nded
relatively more to the red con n~:ison aft<, the horizon.cl sample, not ~«ter a triz:zzle s ymple.
Clearly, the tasks trained concurrent’y with .\ succcessive matching did son eti ing mcce
than to minimize generalization d-.crer .ent.

)duosnuep Joyiny vd-HIN

The antisymmetry effect promptec Urc violi (200€) to prupose a theory of pigeris stimir'.s

i

class formation based in large part o.> the assumpti~.: that e»<i, functiona matchi-z stun.1lus
consists of its nominal properties plus its ordinal n~.:iuon withi*, a trial (fiist or second —i.e.,
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as a sample or 2 ~ 2Cipuoun, tespectively). Thus, a red sample is functionally red-in-the-
rrst-¢ "dinal-pos tian (R1) -1 ,cas . red ~omparison is functionally red-in-the-second-
sidinal position (R2). (i lote th-. the *.ieory also recognizes a spatial location component, but
that ~omonent can be sa‘ely igrured when all stimuli appear in the same location — cf.
Swisi er & Urcuioli, ?513). Tae theory 2~,ume: that successive matching contingencies are
conducive 0 stimulus c'.ss for~.auon bec2wse non-reinforced sample-comparison
comLinatic.s occur equatly as oft21 as einforced combinations throughout training (i.e.,
.ndepr.dent of the level -1 discrimiiativ * perfz.in: uce). This should promote segregation of
th s functional stimuli into different c:asses each < which is assumed to consist of the
cictnents of a re1forced comUination (% sidman 235.0). For example, if a red sample —
Liiaugie comparison and a g1 >z, sample — Lorizontal cc mbination are reinforced, but a red

sample — horizontal comparison ~..u a green s ample — triangle combination are not, this

yduosnuep Joyiny vd-HIN

Shouiu yicwa a K1, 12] classard 2 [T, H2] el wssl. Urcunli's theory also assumes that
eleme i, vurraon te more than one class w1 ¢+ use their respective classes to merge (cf.
Jol nson e al., 25 14; Sidman, Kirk, & Willson-Morris, 1985). For instance, a [R1, T2] class
and 1 [T1, Tz] class should merge via the .ommon 1. element into a larger [R1, T1, T2]
riass. Finally, theor:™ assu.nes that resp ondiz.g will ¢ >cui more frequently to a comparison in
tae same rluss as its rooceding sample . B th symmr iry - .nd antisymmetry can be derived
frc.u these thzoretical assumptions (sec Urcuwion, 2005), as can other emergent relations

(e.g , Svreeney & Urcuioli, 2010).

Here, we 1>st and confir~., theor tically det 'ved r_uiction; for two other emergent relations,
transiti . .y and s oppositc — which we call “anti-transitivi*;" - in separate experiments.
Each deriv .tion ~lung with its corresponding trairi..g relations .z described more fully in the
introducti m tc each experimez...

1. Experiment 1

yduosnuep Joyiny Vd-HIN

In Experiment ! 7225 wae uaned ot two arbitrary srzoessive riatching tasks (AB and
BC) in which th= nominal =i, pairons 2o one task \vere th2 nomir=! <amples for the other,
along with identity mai=hin_ v ith th~se common stimuli (C). Con nrrert AB, BC, and BB
training should, accordir. g to Ur-uioli (2008 yield eme cger. A~ n atc iing (transitivity) in
testing. For this exper.ment e A stimuh wer red (R) and green (G) hue., the B stimuli
were triangle (T) ana br.1zontal-lines (H) t wvme and the C stimu!* were e [5) ad white
(W) hues. Table 1 summarizes the “uccessive ma ching trai.ung cor‘.ugencies “ur
Experiment 1 and the sub-cquent prebe (trans tivivv test) trial- follow:..,g ac i~ tior of the 3
sets of conditional relatio 1¢ Tigures 1-3 visually d=sict how the t <ory preicts transi‘.vity
under these conditions.

IThe notation used in reference to Urcuioli's (2008) theory o stim ilus class formation diffe s from that t, nically 1s d in t*.c stimulus
equivalence literature. Here, the numerals 1 and 2 designate stinr 1lus’ ordinal posit’uon wi ain a matching v.’»1 n)t t..c hypotk-.iz d
class to which it belongs. Likewise, the letter before each nur 'eral \ >.g., R, G, T ~.c.) des’gnates a specific matching st-_,utus (like
red, green, triangle, etc) rather than a set of stimuli. In the stim ‘lus equivaicnce literar. e, the letters “A”, “B”. ~~.u ~C” are used to
denote sets of stimuli which we do here as well but only when dc.~ribing baselir~ ur test re!~.,on * and never i, comhi~.uon with a
numeral. The notation differences may pose a challene for some readers, vut we thir'- [t s importa t to maintair ur notation to be
consistent with Urcuioli's (2008) theory and with the experiments that follow- 2 1t.

)duosnuep Joyiny vd-HIN
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If, in AB trainirs, mocliiig w we wiangle ~omparison (T2) is reinforced after the red sample
(R1) end peckin,* to the ho=iZ .l ~omp?:ison (H2) is reinforced after the green sample
(G'),iena[R1, T2]ard a G, H21 _iass should form (top row of Figure 1). Likewise, if
pect ing o the blue comp arison (2) is reinforced after the triangle sample (T1) and pecking
to the whie compariszn (W7 is reinforezd aftc t the horizontal sample (H1), a [T1, B2] and
~ [H1, WZ) class should (orm (~.udle row < rigure 1). Finally, reinforcing pecking to a
forr. comrurison that ir uominally- ider.tical to a form sample should yield a [T1, T2] and a
o1, P2| class (bottom 1= w of Figmi = 1).

Fack 1- L ouiesiz 2d class contaiv, stimulue Ciements common to other classes (e.g., the

trianale ~2, Lason (T2) is tom».on to the M1, T2] a1 d [T1, T2] classes). Figure 2
rearranges the six classes shown in Tigure 1 te Ligh'ighi those common elements (connected

yduosnuep Joyiny vd-HIN

via the ellincos 5 uming tha - these Zien ents cause thei - respective classes to merge, the
net result ic the 0 4 member classes showu in Figur: 2. Each 4-member class contains

bo 'h th> el~mente of the reinforced baseline ielations [e.g., red sample and triangle

con varison /2.1 and T2), triangle sample arZ viue cemparison (T1 and B2), and triangle
sauaple 2ud triangle covuparison (T1 an « T2)7 Lua e el *ments of an untrained, potentially
«me- gent rel>ton [e.g.. *u sample an [ bl'.e compar son (R1 and B2)]. The arrows connect
the '~..er eleme=.is which represent the predi~*-J wrans’.ive relations. More specifically,
Urcuiol s (2008) theory predicts that the L~<elir< ainirg ¢ontingencies will yield higher
comarisHn response rates on the red sample — -lue comp:..-<on (R1—B2) and green sample
— whi e co mparison (G! »W2) ) robe trials in tec.ug.

2. Method
2.1. Subjects

Eight expernmentally n~%,¢ White Carneau pigeoi s, 1-2 vez.s o1’ and' obtained from Double
“T” Farms (Glenwood, [A), participated in this experiment. Al' were maintained via food

yduosnuep Joyiny Vd-HIN

restriction at 8t % of their free-feeding bo 1y weights »luch were Jetermined within 2-3
weeks upon arrivar n he L boratwry. Piseons obtained *L.oir daily fc oa «!lotment of Purina
ProGrains in the experiiient .« sess’ons except on those cuys in wiicn the « xperiment was
not run. They were hourod ind:vidually ir . uless stee , w re m>sh ~~ges n a colony room
on a 14h-10h light-d wk srliedule (lights o1 at .’ am). Watc- ana grit we~. aveilable at all

times in their home ct ges.

2.2. Apparatus

Two BRS/LVE (Laurel, MD) pigeon chamber: (Moc el PIP-01¢ panel ‘..is1de a Mo el
SEC-002 enclosure) were used in thiz cxperime~... Hach panel ws s equized wili three
horizontally aligned, 2.5-cm e¢sponse =cys spaced 5.7 cm apart (« ent =-to- center) an 7.5
cm from the top. A BRS/LVE Iviodel 12-901-IDD stimulis projector ~vas nou wteua behiind
each key although only the center-} ¢y pr- ector was vsed. This projecto could licplay red
(R), green (QG), blue (B), and whit : (W) homogeneous fielc s, and thre > whi 2 1 oriz-utal lines
(H) and a solid white inverted tria1gle (T) on black Lacks counds (BRS/Lv'T Patter Ivo.
692). A rear-mounted food hopper ‘ocateu 15 cm belev the center key w2~ accessible via a

)duosnuep Joyiny vd-HIN

5.8-cm-square opening. When raised, u.c #~2 Liopper . as illurvinated by = c.nall miniafaic

Behav Processes. Author manuscript; availabl. . PMC 206 M~ .ch O1.
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bulb (ESB-28). A ~T #1322 buiv 10cated 7.6 cm above the center key in each chamber
served as a hous licht anc 2 cuuu-.dous!;, running blower fan provided ventilation and
Zuaskiny noise. An IBM -corp-.able ~umputer controlled the experimental events in both
chaiber . Four pigeons «ach we-¢ randomly assigned to be run in each experimental
chamer.

2.3 Frocedure

2.3.1 Preliminary tra..ing—Afir tr. inirZ 0 e t quickly and reliably from a raised food
Fupper and shaning by the method ~£ successiv: approximations to peck a lit center key,
tree 60-trial pre'iminary tr.uing sese’ous were ... 11 each session, two stimuli that would
dler appear in successive me “cuing were presented equilly often in randomized order on the
center key: triangle and horizor*.: (first sessicn), bli'e a1 d white (second session), and red

yduosnuep Joyiny vd-HIN

aunu green (third sess.on). A sin_ 1= peck to acl. cente -key stimulus turned off that stimulus
w d ptuuced 2-6 s wccess to grain. Reinforc em- at duration was constant within a session
bu was = ujuste s between subjects and across sessions in a manner that maintained body
weis hts at “u% of their free-feeding valv~s. Stimulus | resentations were separated by a 15-s
‘atertri.a interval (771), an 1 house ligh’ ren>.uned on thrc ughout these sessions.

Ne-i,, peckine ach stimulus was reinfutcea v. gradusily increasing fixed-interval (FT)
sch>dul s using the blue and white stimun Z2%, .ed ans gre »n stimuli second, and triangle
and 1 orizontal stimuli third. Ea~h pair of stim*:li appearea . five successive sessions with a
FI 2 s sche 1ule in effe~? 1or the 1'rst sessior , a FI 5 s scher nle for the second session, and a
FI 5 s scnedul” 1or the thi.u, fourth, and fifth sessions. Th< nrst neck after the FI duration
had elapse 1 turr .u off the center-key stimulus a= i produced tood with the exception of the
last sessio1in wvhich only 577, of the trials ena>d ‘.. reinforceraeni. Stimulus presentations
were randc mize! ~iuiin sessic.s and were separated b, o 15-s [T the first 14 s of which
were spent in darkne<, r'he house light was turne 1 on f=. we lasi 1 s >f the ITI and

yduosnuep Joyiny Vd-HIN

remained on until the end of tha =1

2.3.2. Successive natchine acqgi’isition—Next igeons wer concurrently trained on
three successive matchi.'g tasks: bue-form (AB) arbitrar, matchirn, fo m-.ue (BC) arbitrary
matching and form-for~. (BB} identity m .«ching (see Teble 1).

For half of the pigeor.-, pecking the triar7ic con parison ai‘er th. red sam e (R—'1" and
pecking the horizontal comparic=. after the . reer. sample (G—B? vnded in reir. torcement in
the AB task, whereas th remainir_z sample-cc mn--ison comt inati<.s (R—1 and G- »T)
ended without reinforcem cut (top half of Table ';. r or the othcr Fuif of thL pigeons, e
opposite contingencies were in effect (- uwom half Ji Table 1).

The successive matching con inge=_ies for tl.c otner .o tasks wei - 1de.ucal for all p geons.
Specifically, in the BC task, pecking “ue blue < .upcrison after the triang! . ¢amnle 1 T— B)
and pecking the white comparison after «he horizontal sam»>le (H—V’) exdea in
reinforcement, whereas the remai 1ing combinations (.—'/ and H—LE) end :d vZ.out

)duosnuep Joyiny vd-HIN

reinforcement. In the BB identity .ask, recking t:.c trian.le comparison after th< «1angle
sample (T—T) and pecking the hori.-ontal compari-un after .. horizonte t samp!= (n—.1)
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ended in reinfor~=~~cx%, . Licicas wie non- natching combinations (T—H and H—T) ended

witho t reinforc.\ment

Each m: tching trial began with th~ presentation of a sample stimulus on the center key. The
first : amg le key peck i=.itiater a FI 5-s scheZui2. The first peck after 5 s turned off the
tample sti- wlus and produced a hlzuk 1-s int~, val after which a single comparison stimulus
apper.ed on the same ket un reinforcud trials, the first comparison peck began a 5-s
i".cerval atter which a sii gl= peck tu-nea off the ~= nparison and produced food. On non-
reiv.orced trials, the comparison stin ulus went off .utomatically 5 s after comparison onset.
A 15 2T we r'tst 14 s of whizii the horec nght was off, followed food presentation
(reinforoc? {415y or comparisor <iset (non-runforcec trials).

yduosnuep Joyiny vd-HIN

Each 96-trial training session «untained 22 tric ls eac 1 of he AB, BC, and BB identity
relations. Every poss.ble samplc-comparisc n cc mbinz fior was presented eight times per
sesiol in peoudor~ndom order with the con. *2aint that the same combination could not

exk.oited . least a .80 di~crimination ra’:0 (DR) for fiv » of six consecutive sessions on all

tiree “asks. The Ok for ea *h task was calclated by livi ling the total number of pecks to the
cump2~.,0n stim'2 un reinforced trial ' by *he tot~: nur.oer of pecks to the comparison
stiiauli = voth reinforced and non-reiniareed triale. (Onlv »ecks within 5 s of comparison
onsct we e recorded.) After meeting the acquisitie=. criterior, pigeons received a minimum
of 10 addi‘ional (overtrair‘..g) s >ssions wk.:.ch ende” wue.) a .0 or greater DR was achieved
on all \hro_ tasks Zor tive of <.a consecutive vvertraining sess’z 1s.

2.3.3. Su :cer.sive matchino *2. ting—In esting. i=iequont on-reinforced AC probe
trials (see Tabl: 1) were Liesented ~i.ong the buseline triale Jrom .11 three tasks. Each test
session con.ained 96 base' ..c trials and eight non-~_inforced »=~hes livided equally among
the four possibie probe trial types (viz., R—B, R— ¥, t—B and G— W). Probe trials ended

yduosnuep Joyiny Vd-HIN

automatically £ & uliw culnparison stimu. s onset. The £z, probe i a session occurred after

each baseline tri>! +2~> wa . pieser.ed at lcast once; s Wbseuent pro*: trials were separated

o

by at least five baseline triais A tots: of eight test sessior~ were cor.2cted, organized in 2-
session blocks separated by at lcast five baseline sessio1 s at crieericn le vels of performance.

Transitivity was asse.'se~. by comparing the nurn ber of pro¥ ¢-trial o<, uparis,or zoll-s/s on
“positive” trials (see check-marked ~_iations in 11ble 1) wiik. the numLer of prekc-trial
comparison pecks/s on “nezauve” tri2',. “Pos tive ’ was opera‘ionallv < unc d L~ probes
resulting from the combi.yati~., of the reinforceu AR and BC vase.ine trials .at shared e
same nominal stimulus. An example is R— 35 (see to half of Table ', which ~~mb nes the
sample from the reinforced R—T cample-cor.parison sequence v ith “..c comparison from
the reinforced T—B sample--ompa+i,on ser:iuce. “Negative” was sperwaonally detined as
probes resulting from a combination . a reinfrr224 AB wnd a non-re’afor<.d 1'C base ine
trial (or vice versa), that likewise s"iarec wne same non inal stimulus. An 2xar.pl: s R >W
(see top half of Table 1) which co nbir es the sample f om he reinforc>d R-»>1 s2w.iple-

)duosnuep Joyiny vd-HIN

comparison sequence with the cor par.son from t+_ non-.einforced T>W samn!~-
comparison sequence. All other provedural details f~. testine = 7ere the sa ue as these (o,

acquisition.
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2.4. Statistical analyses

Analy.'es of variu.co (ANC VA) wore ceuducted on various baseline data (viz., sessions-to-
crivzrior and terminal DRs) « *.d on *.ie differences in peck rates on positive versus negative
prob> tric Is. Observed F - atios v.ere compared to the tabled F values reported by Rodger
“1975). *.uich contrc™ Type « error rate un a per decision basis. Type I error rate was set at
v.05.

3. Results and viscussion

3.1. A.quis’inn

L guueral, pigeons acquired tho AB (hue-“uim) succes.ive matching task to criterion levels
of performance in fewer session< ‘an they ac yuirec the 3C (form-hue) and BB (form-form)

yduosnuep Joyiny vd-HIN

fuomo. 1ue average nomber of s ssi<.s to 1 2ach criter.on vere 23.9, 36.0, and 35.5 for the
AB, BT, uuu =8 tas's, respectively, F (2, 1 1) = 8.47. sessions-to-criterion was lower for the
AL tasi than for either BC and BB which did not differ from one another, Fs (2, 14) = 8.45
and ).02, re.pectively. More importantly. ~verage Dk. for the three tasks over the last five
rvertra’.aing (baseli=.) se: sions preced.ng t<-ung ch 1 no: differ significantly from one
arrer: .01 (AB) vereus .90 (BC) versus 89 (BB). .7 (2, 14) =1.72.

Ba: elin - performances during testing (sec “elov were oo 'rally well-maintained. Across
all e.ght pigeons, three tasks and eight test sessizus, only 27 of the 192 baseline DRs fell
below .80 'n a session. Eicven o."those occ irred <. the fo m-f yrm (BB) identity task and
only two of the Z1 fell bel-w .70.

3.2. Testing

Figure 4 shows .2~ ladrvidual “.C probe-trial perform-=.ces (fille.. svmbols) averaged over
all eight test s2esione Lad individual AB baseline perfor.ances (¢ pen symbols) for those

yduosnuep Joyiny Vd-HIN

same sessions. The baseline data ~+~ o=z -ages of two randomly selec’ed trials of each
reinforced AB « ombination and tw~ randc mly select . trials ~T cach non-reinforced AB
combination from eacl. test sesc.on (tr.al of 32 reinfo..ed ar 22 n( n-reiforced AB trials).
This was done to equate the numkcr of data points inclu «ed i» the posi ive haseline and
probe averages and in “iie necative and bz selii e probe a "ere zes.

Not surprisingly, each pigeon exhibited =.uch hi,ther comp wiezu-respone. rates on : dsitive
than on negative baseline triale. n other »,i('s, th.2ir reinforced “aseline d:-criivination
performances were well maintai»_u throughou* t=5.dng. More imp~.iant werc wc’, response
rates on the (non-reinforced) positive versus nezauv » probe tricls. Evers pigeon proxed
more often to the comparisons on the zusitive preLces than on the uegativs prob-<. rhe
differences for seven of the eizut pigeor: were statistically signit'can"in AMNGva. &5 (1,
62) =63.75, 58.80, 9.85, 7.67 5.28,3 ©J, and 74.50 to- pigeons 11, %2, T4, 75,76, "7,
and T8, respectively. Not surprising.y, an = verall ANDVA on the prc pe-'rial nei for.nar ces
for all pigeons showed a significa it pcsitive versus ne zativ e probe-tr al a..>1 »nce i%.
response rate, F' (1, 7) = 16.66.

)duosnuep Joyiny vd-HIN

Clearly, these results demonstrate en.~rgent transi+2ve (ACY (¢l tions follc wing ~uccessiy e
matching training on AB, BC, and BB-identity re'=uons and th_y confirm the prediction
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some Jrevious e neriments &, U0l and Swisher (2012a) in which pigeons concurrently
“.aned »n AB, BA, ana BB-id-.tity ~uccessive matching later exhibited emergent AA
mathiny in testing. Although th-. finding can be viewed as an instance of reflexivity
(Swecnev & Urcuioli 2010), 1t can also ». vie ved as an instance of transitivity given the
~ommor .1 minal stin v'us shar-i oy the AT and BA baseline relations that were part of the
trair:ing co~dngencies { uthough <22 Ui suioli & Swisher, 2012a, Experiment 3 for
confli~ung results). Here¢, were is nc amoiguit: i iabeling the emergent relations seen in
te,ung because the sample and comnr rison stim™!; comprising the probe trials were not
puysically identi -al to one a~=uwner as th<y were in ", cuioli and Swisher (2012a) and related

S

Staurcs (dDWeeney & Urcuiol. 2510; Ureniziy, 2011).

yduosnuep Joyiny vd-HIN

The nevt eveoxin, [, examinec two o*l.or heo sticaliv de ived predictions from Urcuioli's
(2008) then ~ne wi ich anticipates an em.rgei t relaii<.. in which the pattern of probe-trial
re:nonling s the upposite of that observed iu this experiment and another which anticipates
no ¢mergent _rfect.

4. Experimant £

Exoeriment Z was designed primarily to see 1t the orosite pattern of test-trial responding
(viz , hiy'her comparison response rates on negative *-.an on sositive AC probes) would be
obtaied vy training pigeons <u BB-oddity zawner thar RB-iacntity, concurrently with AB
and B\ arl itrary srooessive m-iching (see oy ualf of Tat.c 2. Stated otherwise, would
pigeons actur.ily respoiu less on probe trials consistine L1 a san dle and a comparison from
two differ nt re.nforced arbitrary kzseline tria!, wnat shar<3 a ~omimon, nominal stimulus?
Such a fin ling would pre=iue a note: vorthy anc ..nportant p2:allel to the anti-symmetry
results repc ted by Urcuioli (Zu08, Experiment 4) won concuirreny, ” training one oddity
task produced a pucrn of probe-trial responding « or2.ite of that obt: ined with concurrent

yduosnuep Joyiny Vd-HIN

identity trainine ©7 7 5 uaeuy — urcuicli, 2008, Experiiont 4). 1+ short, we looked to see
if “anti-transitivitv”’ rather ... u-.sitivity, would ovcur af_, simil=r concurrent training.

The left three columns i.» the top half of Table 2 show th s con~urrently trai1ed baseline tasks
for this group. Note th~.. the .8 and BC s 1ccessive mats hir. % tasns were id entical to those in
Experiment 1 (cf. Tanle *). Unlike Experirent !, however. the BB (f..m-fz..n) Lo<k was
oddity: Responding to the form comrz.ison that 1id not ma‘ii the prec_uing forr: sample
was reinforced. This modifi~.uon was 7. cdic. ed t yield highe. comparizun re< onse rates
on negative AC probe trils ir suosequent testi g (indicated tv th : check ma ks). In ou r
words, pigeons were predicted to peck more Lu prob  trials tha. cone’,ed of a san.»le from a
reinforced AB relation and a comnr-~::son from . non-reinforced IsC re'.uon, or vice versa.
For example, the reinforced .—T rel~ion in A2 ==~tching plus a ne~.-reiz.orced T— W
relation in BC matching shoulu geners:¢ relativelv high «omparison r:spor.'e 11tes ‘o &
R—W probe as opposed to, say, a '\—B probe which -ons’'sts of a si mp e ar.4 a ~omp arison
from two reinforced arbitrary mat :hin z baseline trials \viz , R—T anc T—t).

)duosnuep Joyiny vd-HIN

~L£

Figures 5 and 6 provide a visual deniction o ow this prediction was derived. Figure 5
shows the six 2-member classes hypou.=cized 2 yevelor [rom Haseline tr.ini~.z. The to t=-
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rows of Figure S «k272 Uic classes corresyonding to AB and BC arbitrary matching; these
are id-ntical to taose chow: I i - up twr rows of Figure 1 for Experiment 1. The bottom
zuvr of Figure 5 shows the 2 o»omber classes hypothesized to result from BB-oddity. These
diffc v frc m those shown .or BB-* sentity in Experiment 1 (cf. bottom row of Figure 1)
becavse e.'ch containe nomirally differer: jorn stimuli (e.g., T(riangle) and H(orizontal)).
Mleverthele. s, these si.- riasses ~l,0 share e'Zinents in common with each other, as indicated
by tr.¢ ellir_es shown ir rigure 6 Thos> common elements, by hypothesis, should merge
wneir rspective classes t-ccther yieiling the t+, 4- member classes shown in Figure 7. The
a~.ows indicate the anti-transitive rel tions predi~icd to emerge from the baseline relations.
Tu rerterate, although resporZing to the tiangle com.p arison after the red sample (R1—T2)
o rennoreed m AB matching ~zu respondsg to the blu= comparison after the triangle

—

sample (T1—B2) is reinforced i» L matchir g, the theo -y predicts higher comparison

yduosnuep Joyiny vd-HIN

Ieopuwse 1ates 1o the white (not the Liue) ¢ ymp rison afte: the red sample (viz., R1—-W2) in

testing.

Exp=riment ? also included a control groun ~ppropiicte to the group just described and to the
group v, in Experimez. '. Group Con.ol (s22 vuiom yalf of Table 2) was trained only on
AB =ad BC «zccessive muiching. Urc tiol” s (2008) faco y predicts such training will be
insr*licient to vioid emergent AC performa.~~c ot anv kind in testing. The reason can be

app reci. ed by looking at just the top two -~we ~f-1gure 5 ‘or at just the top two rows of
Figu-e 1, which show the hypothesized classes - sulting £..m AB and BC training. Note the
lack ¢ f coinmon elemer, across just these classes. witho 1t cc mmon elements, class merger
is not pussible ~.ud withor* wnerged (enlarged) classes, ther= ;s 1.2 basis for AC responding.
In other wr cds, r=icss both the red sample (R1) =4 the blue cu.oarison (B2) are members
of the sam e sti nulus class (a» 2 ukev 'ise for the gre<.. sample 1 G1, and the white comparison
(W2)), pig-rons chorl] respond won-differentially on the .\ prob - trials.

yduosnuep Joyiny Vd-HIN

5. Method
5.1. Subjects and Apparat.'=

Twelve experimentally haive Whit< Carneau pigeons, 1-~. years o:d an 1 ot tained from
Double “T” Farms (Glew.wood, 1A), parti~ipa.2d in this *xp rimeat. They v ere housed and
maintained in the saine m-.uner as described fo - Experiment 1. prior te e evperiment, they
were randomly assign.d to two groups /Gioup £ T and Gro1ip Zontrol) w*.h 3 piger.5 from
each group assigned to each evyorimental i mbcr. One pigeon .. Group AT w1s removed
from the experiment for -ailure t~ achieve and m-~.itain the r¢ quirta baseline per ‘urn.onces.

The apparatuses and control equipment *cre identi~.i to those in “xperime=.. 1

5.2. Procedure

5.2.1. Preliminary training—Th’; was iZcntical 1> all i espects to rel imiar 7 tre.ini'ig in
Experiment 1.

)duosnuep Joyiny vd-HIN

5.2.2. Successive matching azqu.cition— [ollow.ng completion of pre'i..unary
training, pigeons in Group AT were ¢ ncurrentlv *uned o= an 2e success ve m~iouing te sks:
hue-form (AB) arbitrary matching, form-hue (BC"} arpitrary m-.cching and form-form (BB)
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oddity matchin~ (=22 2, Lail ur 1aole 2). These tasks were structured in the same way as
they vere in Exp eriment 1 22iccpe v the DB trials. On those trials, pecking the horizontal
—uipatison after the tric ngle sw.nple {1—H) and pecking the triangle comparison after the
hori-ont.'1 sample (H—1" ended :a reinforcement, whereas the matching sample-

comp ris« n combinations (T —»T and H-"11) e1 ded without reinforcement — i.e., oddity
~ontinge~.c.¢s were in eflect.

P.geon< in Group Control (= e bottc m holf of Takl: 2) were trained on just the AB (hue-
for-a) and BC (form-hue) arbitrary tasks. iraining <ssions for both groups consisted of 32
AR =121, 52 bl trials, and (fo= Group AT Luly) 32 RB-oddity trials. Counterbalancing of
the reinfr=c_ 0 quu non-reiniree” AB relatievs (not shown in Table 2) and all other details
were identical to those described ir Zxperimer? 1. ; s b fore, baseline training for each
nigean contintz ] it achie red af Tast 2 .80 DR thr fi e of six consecutive sessions on

yduosnuep Joyiny vd-HIN

each task on which it was trained. It then re eivid a m™.maum of 10 additional
(o -ertr.ini~.g) se<,1ons which ended when a .50 or greater DR was met on both (Group
Cor.trol) or 2’i (Group AT) tasks for five of ©.a consc~utive overtraining sessions.

2).2.2. Succe=sive mat.hing testing- -Followir g ac quisition, eight test sessions
oigari_ed into fru, Z-session blocks tl at w~re <~ arate « by baseline training at criterion
levls ¢ performances were run. Testing ~cain invuived »2 ‘iodic presentations of non-
rein.orce 1 AC probe trials (see Table 2) among ~=cn piger~'s baseline trials to assess
possit le e mergent AC re'zuons. Each test . ession ~..u eac probe trial (viz., R—B, R—W,
G—B =4 G-V was strz.ured as they were in Experimer?

If “positiv " vr csus “negative” te<t rials are d. rined ir “lic saine v-ay as before (viz.,
“positive” = a :ombinat:u of reinfz,ced AB anu BC baseli=g tria s sharing the same
nominal stiiwlus; “negati*".” = a combination of » .cinforced R a1 a non-reinforced BC
baseline trial sharing the same nominal stimulus, ¢~ ice versa). Torcu oli's (2008) theory

yduosnuep Joyiny Vd-HIN

predicts that cci.puisun tesponse rates i Group AT wil' Le higher on negative AC probes

R—T and T—B samplc -co1 7-arisor sequences were both (einto.~e! turi g training,
comparison-response rat.'s on R -»B (“positi=2”) probe rial. wiich ~oribir e the sample
from the former witk «he ce.aparison fron the 'atter shou'd vz g wer thar on R>W
(“negative”) probe tri1', which combine th_ san ple from {1e rei=lurced k =1 sequonce with
the comparison from the non-reirforced T—'W sc quence.

For Group Control, the p -edi<iion is that pigeous will responc not. -differenti-lly on the AC
probes; consequently, the bottom half of T>%i¢ 2 sho'7s no check m.x beside ~ny ,yobe.

6. Results and Discussion

6.1. Acquisition

Pigeons in Group AT acquired the ir tv o arbitrary matc hing tasks (AE ana £ C) to c iterion in
fewer sessions on average than th *ir EB-oddity tasl. The average sessions-w-criter: L we.e
55.6, 66.2, and 106.2, respectively, for Apb, b, and Ps-odditv. The differz.ces were not

)duosnuep Joyiny vd-HIN

Behav Processes. Author manuscript; availabl. . PMC 206 M~ .ch O1.

AH Formatter V6.2 MR6 (Evaluation) http://www.antennahouse.com/


http://www.antennahouse.com/

Urcuioli and Swisher Page 12

in Group Contr~! ~25uiiod vt Ap and t'C tasks at roughly comparable rates: Average
sessio 1s-to-crite ion ware 2£.2 wuu 9.0, vespectively, F (1, 5) = 1.25.

Avcrage DRs in Group £ T over e~ch pigeon's last five overtraining sessions before testing
were 91, 87, and .85 fur the .8, BC, and 5 oddity tasks. The significant between-task
difference, F (2, 8) = 3.7, was larzcy attribr*.ole to a higher DR in AB successive
matcring th n in BB-odd:ly but, as car. be seen, the DRs were uniformly high and the
d.ferer _es between thein s=.all. Th> co.tespondi~, ¥ average DRs for Group Control were .
91 .nd .90 for AB and BC matching, ¥ (1,5) = 1.0

As in Experimen [, baselin > perfor-.ances dur..g tesi'ng were mostly maintained at or
above criterion levels. Across all piges..s, tasks 2. tes. sessions, just 25 of the 216 baseline
DRs fell below .80 and only fc ur of thoez 25 vere bilow .70.

yduosnuep Joyiny vd-HIN

6.2. Testi..y

Figores 6 and 7 show the average AC probe-*.a1 performances (filled symbols) and average
AP pasel’.ie performan~_3 (open symbr.s) for 222h pigeon in Group AT and for each pigeon
.1 Group Contruy, respect’ ely. The bi seli e data are ave rages of two randomly selected
trials = each rei=furced AB combinat.on ad w2 rand smly selected trials of each non-
reiforcu AB combination from each te.t sessior {iotal »*32 reinforced and 32 non-
rein,orce 1 AB trials). Again, this was done to eczuie the m-.aber of data points included in
the pcsitiv 2 baseline and ;.obe « verages a1 d in th= cgati ‘e bi seline and probe averages.

Pigeons in Futh grorzs continued to respond at much “igher rat.s to the comparisons on
positive (1 :infe cced) than on nee~% e (non-rei wrorced) Laseln ¢ ti'als. In contrast, on the AC
probe trials, ev>ry piger=. in Grour T respondca at higher “utes t) the comparisons on
negative than on positive r:uoes, although the diff~.cnce wa< ~*~tisi;~ally significant across
the eight test sessions for only three of the five pig>r..s: AT3, AT+, ard AT6, F's (1, 62) =
57.68,44.77, a2 22.55, 1especuively. Pig2on ATS's resr-.se-rate A dference was statistically
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significant over *h= £:5t tw v wst s2ssions, F (1, 14) = 4.9%, and ove~ =~ first six test
sessions, F' (1,46) = 5.04. Ao uvera’. ANOVA on the pos‘ive vesu: nega‘ive probe-trial
rates for all five pigeons 1cross -l eight test -=ssions shwe . a Jigr.’ficntl 7 higher rate on
the negative probe trials, F {1, 4) = 9.43.

The pattern of test results was entire!, different 1.1 Group C “.trol. Fir_ ot the si*2 pigeons
(C1, C3, C4, C5, and C6) rzsponded »* ,ough,v the same rates 0 the c~upa.ies. s on each
type of probe trial; statisi'cal wualyses of their wudividual rates corfirmed thi observati- a,
largest F' (1, 62) = 0.91. Pigeon C2, howev~., respon:'ed at mucn hisier rates ~n pusitive
than on negative AC probe trials (1, 62) = 5.20. An ANOVA over ul six pigeons showed
(not surprisingly) no signific. nt diffz.cnce i» [ usiu. 2 versus negai~c prove-trial ratec, F (1,
5) = .62, although this overall result cUscures th~ ~hstan al differene in 7 'ge n (2's
performance.

There are three notable findings i1 thi: experiment Zirst. when BB-oddiy .ather th=.. BB-

)duosnuep Joyiny vd-HIN

identity is trained concurrently witi AB auu oC arbitr.ry successive matchiug, emereent

anti-transitive AC relations are observed = *2zuug. In ~tier wo -ds, AC re'»*uns that
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combined a sar'~ £25, wicunorcea AB trial and a comparison from a reinforced BC trial
yielde 1 lower cc mnarison-~25 oo ates “uan AC relations that combined a sample from a
zeiforied AB trial and 1 co.nrurisor rom a non-reinforced BC trial (or vice versa). This
find ng 1 consistent with the preziction derived from Urcuioli's (2008) theory of stimulus
class ‘orn ation.

Secor.u, simly training A5 and BC su :cessive matching is largely insufficient to produce
e.nergen.. AC relations. Thi<, 100, is con. istent wi. theoretical predictions.

“chird. contres=-*g theoretical pre-icuon, one Control group pigeon (C2) showed a clear AC
transitivitv effect following 1ts trair*..g on AB ~..u BC successive matching. Specifically, it
responded at much higher comparisor .csponse ™..>s o1 AC probes that combined an A

yduosnuep Joyiny vd-HIN

sample from a reinforced AB i :1ation w2 a C' comg ariscn from a reinforced BC relation.
At a minimum, its da a indicate uat other 11ectianism be* ides those suggested by Urcuioli
(2108} can r.oduc~ emergent (untrained) rel **.ons in pigeons following conditional
discrim.aatior wraining.

7. General Visr.ussior

Th~ present everiments demonstrate 1hat tiaung pigons on AB and BC arbitrary

suc ess.ve matching plus either BB-identi.,; =zicning /Zap 'riment 1) or BB-oddity
(Exp>rim 2nt 2) yields emergen* transitive and ~.aa-transitive AC relations, respectively.
Speciiicaliv, 7 of 8 piczuns in E> periment ' reszonded sig nifi ;antly more in testing on
positive AC r~oe trials £y 1z., trials involving A samples ~..u C ~omparisons from reinforced
AB and re’aforc.u BC baseline relations) than o= uegative AC probe trials (viz., trials
involving A se mples from r=l.rorcec AB basel ve zciations ar | C somparisons from non-
reinforced 3C buzliue relatie=s, or vice versa.) In Exr~_ament 2, the opposite pattern was

observed: 3 o S niee.s responded significantly 110re o7 negativ 3 th.n on positive AC
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probe trials. In addition. Fxneriment 2 = owed that training ~..y AB and BC matching was
mostly insuffici2nt to yield anv tvne of en ergent effi ct in testz.z.

Comparing test results ¢ cros’, the e-.periments might see.1 to sugg st wat 1-ansitive AC
relations are more readi’y obta’ied than a=.i-t-ansitive 1 :lat ons. Bu. th.ere .re two reasons to
be cautious about dr. winge such a conclusion. lirst, 3 fewc~ nigeons wers rur in Group AT
in Experiment 2 than .vere used in Exne-.inent 1 Consequ.nt!;,, we canr~: be certa_. if the
proportion of pigeons showine uti-transi*>, 1.y would have beer greater if orc pigeons had
been run (viz., 8). Secon 1, one of {ue Group A" rigeons (ATZ) thel uid not si ow .
significant anti-transitivity effect over all eight _st s 3ssions did ~liow 2 cignificant irect
during its initial two test sessions (an-, atso, over . tirst six). Ce.mparirg cesul < across the
initial test sessions, 4 of the & Al pigeo=., uemonstrated an anti-ti ansi ‘ivitv <ot 1.
Experiment 2 compared to 5 ¢ ¥ 5 pigeor., demonstrating a transitivity stfect ir. Caperiiient
1. (Using a measure encompassing % test ©.ssions, thy cori esponding pre por io1 s v ere 4 of 5
showing anti-transitivity versus 7 of 8 showing transit' vity ) In any event, & ¢ nore
important point, in our estimation is t1at these deriv.d re’ations add to a growing liet ur
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emergent effects demonstrable in n.on-hu..:2z animals Zenerally and pigeor< specifically.
Moreover, the data mostly confirm the predictic 5 of Urzuioli's (2008) theort- ur stimulv -
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class formation ~z2iz fiiuiuiciug we pri cipal assumption that the functional matching
stimu.i for pigecns in these 4, oo v casks are the nominal stimuli plus their ordinal position
~vihin o trial (and, of ccurse th.eir spn.aal location — cf. Lionello & Urcuioli, 1998; Swisher
& Urcuinli, 2013).

"he results are also ntev orthy in “le contex* L many past failures to observe AC
transi‘ivity 11 pigeons aftz. AB, BC tra ning in the n-alternative matching paradigm. For
e.ampl-, Lipkens et al. '1925) foun 1 the t pigeor- esponded at chance (50%) levels of
acruracy on an AC transitivity test ai*er 8, BC tr~.ning with colors, key locations, and line
oriemtzlLus as e A, B, and C cumuli, reepoctively. Tionello-DeNolf (2001, Experiment 3)
alen ford o Cvidence of trnsit iy in pieecus traine 1 on AB, BC, and DA two-choice
matching tasks and then tested on r~..urorced A< an1 Dy} relations in a manner that was

yduosnuep Joyiny vd-HIN

consistent feet ~5ndit on averaged 55% verrus 52% in . wansitive-inconsistent test
codition. ikew’,e, using a within-subjects reinforced test manipulation, D'Amato (1985,
Exp 2riment ? also found that pigeons aver~_cu 537 versus 52% correct, respectively, in
tro.asitive -consistent vaioy s transitive-ir.consiciou >sts. Two exceptions to this pattern of
iind*ags (viz , sendall. '243; Kuno et al., 1994) are diff cult to interpret because of the
absen.ce of a nez_ssary, within-test-lea ning ~~=.ol co.dition (Kendall, 1983) and the
possibil 'ty of stimulus generalization betv.~en thz A4 and T amples used during AB and BC

train ng (Kuno et al., 1994).

Note ti at L.ansiti*..y in the - u-choice paraaigm does not inv=’ve changing either the spatial
location or ‘ie ordi=ui positions of the matching stimuit 1n test g vis-a-vis training.
Specifical y, tt e A samples cont..uc to appear n the <z.ue spa‘ial 'ocation as in the AB task,
and the C *omj arisons untinue t~ uppear in the same spa*ui loca ion as in the BC task.
Likewise, th> A stimuli ~Zaunue to appear first (¢2 samples? ... the < stimuli continue to
appear second (as comparisons) on each test trial. "onsequentlv, che r egative findings from

yduosnuep Joyiny Vd-HIN

prior studies cz 1wt oe attributed to alterig functional ~limuli in *..¢ shift from training to
testing. It seems ...civc sing'y like'y that a-alternative nrezoaures ar ;- uot conducive to
pigeons’ stimulus class forn ~uaon k_cause with increasin, baselu € avcura vies during
training, pigeons encour.er (bv uefinition) L ver and fe ver aon- -eir forced sample-
comparison experier ces. P, contrast, the | ropurtion of exnlic,iiy non-rei.forced to
explicitly reinforced ¢ ~.nple-comparison *:.dls ( ‘experienc *s”) ‘., success: ve matchi~g
remains constant throughout tra‘.ing (cf. T™=_niol. 2010). That crzunual jixtag osition of
explicitly non-reinforce with exr'.citly reinfc rcer trials may proruee class ~Lir =l by
engendering both sample, 5- as well sample/S+ «*.nlus contre ! /-ce Car= G al., 2007,
Mcllvane, Withstandley, & Stoddard. 1054).

Data from other species, how 2ver cL.ow th~: cquauny ~xposure to ~on-~cimforced ana
reinforced combinations during train’.g is ne* Lewosary ) observe t ansiiy ity in ti sti1 g.
For example, Schusterman and Ka stak /1993) trained .. Ca ifornia se licn or. a variety of
AB and BC relations in choice m: tchi 1g-to-sample ar d sv ysequently chsen ec oy hish

)duosnuep Joyiny vd-HIN

levels of accuracy (viz., greater th.n 92% correc*; on thr 1nitial exposures to (reZ.uorced)
AC transitivity test trials (see also Lindemann-Biolz; & Rei~l 1uth, 2014). Simil~.iy,
D'Amato et al. (1988, Experiment 2) reported aver~_c accuraci~s across four Cebus apella
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monkeys of 92°4 ~==zu5 227 currect on tiansitive-consistent versus transitive-inconsistent

test tr.als after tryinine on AT w.d -.C twr-choice matching-to-sample.

Fro.n th. theoretical persnecuve ("rcuioli, 2008) that prompted our experiments, however, a
more notc worthy findirg is th.t Pigeon C2 *, /xperiment 2 exhibited transitivity in testing

« fter tiain’. g on just .\B ~.ud BC «zccessive maching. Its results clearly disconfirm the
predi~uon th at AB ana R wraining alo 1e will not yield emergent AC performances in
t-sting Iaterestingly, wi er ‘lus pigcon v-as subse 1ently retrained on AB, BC, and BB-
od-ity successive matching (i.e., traii'ed like the Group AT pigeons in Experiment 2), it did
not cbo L an ant -transitivity ef_ct durine “uosequent retesting (also predicted by the theory)
but ineton ) Luunued to exhibit Lansitivitv {uata not . hown). Perhaps, then, ordinal
position was not a component of th~ {unction»' .uat *hin,* stimuli for this pigeon, meaning

yduosnuep Joyiny vd-HIN

that with enct21 1 tion held «onstar*, i B 1 odal s‘imu'us mediated transfer of the trained
AB and RC" n=~%orma 1ces to the observed ¢+ C p rforn ~z.ces in testing (Fields et al., 1984).

Intc restiagly, €wasser, Ehrlinger, and Bingmar /2004) also reported emergent AC relations
in Fippoc-.npal-lesioned and control-les:oned hrming | igeons after training just AB and BC
elati~as in a m~ dinted ver tion of succ 2ssiv e matchir g. 11 their procedure, seven pecks
Within 15 s prodr~_u tood on reinforc *d sc mple-~umpe.ison trials versus a 5-s time-out
peiiod or on-reinforced trials. Failure .~ complete seven recks to the comparison on any
trial sim)'ly ended the trial and initiated the inter-t=.a1 mterv- 1. By the end of training, the
time \» co mplete the fixed Jano ‘FR) comy arison-r=2pous 2 rec uirement was considerably
shorter o~ .einforzcd than o aon-reinforceu trials. More 1mnr~, tant, the time to complete the
FR 7 on “prsitive” “.ansitivity probes was also signif.cantly sk ..ter than on “negative”
transitivit - prcoes. These data. 2o, mply stim 1lus cl~2s Torme tior in which class members
are simply the omina! _iatching tinuli themselves. If se . simil ur time-to-completion
difference would be exnez.ed if CA probes had alsu been tecicd.

yduosnuep Joyiny Vd-HIN

It appears, ther th~* 2772 (Ui pigeons, m Utiple processes ~.day be irvolved in transitivity
(see also Steirn, Jackeon-S-il,, & _enta’l, 1991). Tl at said, i 1s imnortant to recognize that
the anti-transitive emet zent re'.tions observed in Experim~.u 2 ¢an nly b= explained in
terms of Urcuioli's (200% ) theor.

Finally, it is worth nc tine; that successive-n atcl ing-like pre _edures ave alsy be.n used in
studies of human equivalence-class f~i.nation (e.g., Layng ¢ Chase. 7?25 1; Takarzsni,
Yamamoto, & Noro, 2011: <z¢ also Fie'Zs, Dcran, & Marroquiz,, 2009) L. this terature, the
precursor to the Relation \l Ev-laation Procedu c (pREP —e.g , Cu llinan, Bar 1es, & Sn.-ets,
1998; Leader & Barnes-Holmes, 2001; Sme<%s, van Vijngaarden, B2z.es-Holmes, &

Cullinan, 2004) represents the clos~.. approxi=.aton to successi' e ma*_ing procedures

response period during which uo stimius is present. Resmonding dur’ag th: pcst-s.imm 1i
blank period is reinforced after cer’ain (“positive”) saple -comparisn ¢ eque nc . Thr,
contingencies arranged for the reriain’'ng (“negative”) seqr.ences vary acros s ¢Xpev.ments

)duosnuep Joyiny vd-HIN

and studies but, interestingly, it ap neai1 : that the on~<s mor ¢ like those used 1n standz.a
successive matching with pigeons (. e., no reinforcer.cnt for responding ~lier negati--2
sequences) are most successful in yieldiuug c.uergent #ects ina cative of « luss formation
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(Smeets, Barne= Y-!i2,, & Suietel, 2U000). These findings may reflect, once again,
ochav ‘oral processes chared U, Liw-.an ars other species in the animal kingdom (cf. Hughes
% 3arnzs-Holmes, 201< ).
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Form identity (BB)

Figu -e 1.

T}%e s'x st mulus classes hruthosized to rosult from Liviary "AB and BC) form identity
(BB) s werissive maching tr-iung in Exper.anent 1. Letters d=: ote the nominal stimuli (R =
red, G = grren, B =Yiue, W = white, T = triangle, H - norizor*.l) and numbers denote
ordinal pcsitio « in a trial (1 = firzl (cample), 2 = secor< (comyp arisdn)).
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Figure 2.
T*.e six cumulus class~, shown in Figure 1 reziangad to show common class elements

2llizses). Leticrs denote tue nominal timrali (R =red, C = green, B = blue, W = white, T =
triarzie, H = h~2izontal) and numbers 1eno:z ~zdmal rosition in a trial (1 = first (sample), 2

= s.‘con « (comparison)).
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e~
Tl:e twa 4-mo=her st mulus classes hypoth »sizc d to r¢ cuit from merging classes that contain
conmcn e'sment, (cf. Figure 2). Letters denote the nominal stimuli (R =red, G = green, B =
bluc W =white, T = triangle, H = horizont~) and nu.mbers denote ordinal position in
prucching trial (1 = firet (sample), 2 = s~.cond {cumarisen)). Arrows indicate predicted

cme:gent trav,uve relat sus.
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Figure 5.
The six stimrrlus classes iypothesized to result from arbi“.ary (+ B and BC) form oddity

(BB) succr ssive matching training in Experime=. 2. Letter= J2no!e the nominal stimuli (R =
red, G=g-een B =blue. W — white. T = triang'~, i1 = horizo~.cal) and numbers denote
ordinal pos tion . a trial (1 = [irst (sample), 2 = secor.i (compariscn)).
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Figre 6.
The 5ix sti~.wulus classes shown in Figure o rearranged ‘o show common class elements

“ellips~s). Letters Zcnote t \e nominal s dmrit (R =re 1, C = green, B = blue, W = white, T =
tii.ngle I =horizewial) and numbers denote ordir.l pesition in a trial (1 = first (sample), 2

=econd /~umnparison)).
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Figure 7.
1re two 4-n_mber stimulus classes hypothe =i=cd to result from merging classes that contain

cor.ymo.’ elem~ats (cf. Figure 3). Letters denote the nominal stimuli (R =red, G = green, B =
blur, W = white, T = triangle, H = horiz~ atal) and numers denote ordinal position in
natchlag trial (1 - nrst (sc mple), 2 = eco’.d (comp: risc n)). Arrows indicate predicted

e..ierger. wransitive . clations.
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reinforced baseline trials and prot e tri s consisting of sam ples from -einiui ¢ d AR vaseline
relations and comparisons from r¢ info ‘ced BC base'.ae re.ations. Negative  non-rel.uorcd
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baseline trials an4 =2t Liais consisung Hf samples from reinforced AB baseline relations
and ce mparison: from non ..o .d BC oaseline relations or vice versa.
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Table “

C.ccessive Mat thing Tra1ing Contingenc es (.eft th-ce columns) and Probe Test Trials (right column) for the

}igecns in Eper ‘ment 1.

Hue Forr (AB)

Pgeon: T1, T2, TS, -ud T7
Forr due (B~) Form-Form ‘BB) Ide~.,y Prche Trials (AC)

R—T-FIS5s
R — H-EX™
G—->T-1XT
G—-H-Fi>s

(=B cI5s T—T-FISs R— 3~/
T >W-EXT T >H-EXT R—>W
H— B - EXT H— T-EXT O
H—W-FI5s H—H-FI5s G .wy

Hue-Form (AB,

Pigeons T3, T4, T\, and T8
T.o-Hu (8C)  Torm-Furm (BB) Identity  Probe Tr als / .C)

R — T-EXT T—1Lt -FI. . T >T-FISs R—B

R—H-FI5s T— W -EXT T — H-EXT R—"w v

G—>T-FI5s H ->B-FLT H—7 cXT G-B"

G — H-EXT H- w-FI<, H—-H I(5s C -V’

Note. R =red, G = green, 1 = triangle ' - norizontal, B = blue, W = white,‘?l_:ﬁxed irm‘ schedule, EXT = non-reinforced, V= probe-test

trials predicted to generate h gher omparison response rates. The first stimulus ... *“~ .. sequer- _ (th » sample) is shown to the left of the arrows,
and the second stimulus (the ¢ ympa ison) is shown to the right. Note the counterbalancir-, ur the hue-# ..n (AB) matching contingencies.
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Table 7

C.ccessive Mat thing Traiing Contingenc es (.eft criamns) and Probe Test Trials (right column) for the Anti-

Group Control

< "‘rans uvity \ AT) and Conti 1] Groups in Faperir.ent 2.
== \
1
g Group AT
> Huc Forr (AB) Forr due (B~ Form-Form BB) Od-<:.y  Prol ¢ Trials (AC)
c - - -
5—" R—T-FIS5s 1t —>B «[5s T—T-EXT V> F
2 R —H-EX™ T - W-EXT T >H-FISs K-> WY
QZ) G- T-1XT H— B -EXT H— T-FISs < BY
= G—H-Fi>os H—->W-FI5s H—H-EXT G- w
(7]
o
="
©
—~

Hue-Form (AB, T...2-Hu iC) Irobe 7.ials (AC)

R—T-FI5s T—1L-FI. . R -B
R — H - EXT T — W - EXT R—->W
G- T-EXT H ->B-FL.T G-,
G—>H-FI5s H--w-FI <, G—->W

Note. R =red, G = green, 1 = triangle '" - norizontal, B = blue, W = white, I = fixed interva' schedule, EXT = non-reinforced, V= probe-test
trials predicted to generate h gher omparison response rates. The first stimulus ... *“~ “_l.i sequer- _ (th » sample) is shown to the left of the arrows,
and the second stimulus (the ¢ ympa ‘ison) is shown to the right. Counterbalancing of the * .c-form (AP" .natching contingencies has been omitted.
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