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ABSTRACT
Transitive inference (TI) is considered to be higher order concept learning that requires animals to 
be able to learn a hierarchy and infer untrained relations among members of the hierarchy. TI has 
been demonstrated in a variety of species, including rats in which TI emerges when odor stimuli are 
used (Davis, 1992; Dusek & Eichenbaum, 1997; Jordan, 2009). Rats in these studies were initially 
trained on four overlapping simple odor discriminations AB+, BC+, CD+, and DE+. Choice of D 
given the presentation of the untrained pair 'BD' is said to demonstrate transitive inference. These 
successful TI studies all involved manual presentation of scented sand or scented lids as stimuli. In the 
present study a systematic replication of Davis (1992) was conducted with seven rats, using an au-
tomated olfactometer apparatus. Rats showed strong discriminative performances on trained baseline 
pairs; however, TI was not consistently observed. Additional stimulus sets were trained to determine 
whether multiple exemplar training would enhance emergence of TI. With repeated testing, four of 
the rats did show overall responding consistent with TI. While TI was not observed as clearly as in the 
manual procedures, the efficiency and objectivity of computerized assessment make this procedure an 
attractive option. Thus, we are exploring procedural variations to determine training necessary for 
the consistent emergence of TI. 

Transitive inference (TI) is a type of  
higher-order concept learning. It rep-

resents the deduction of  a relation between 
two stimuli that have never before been pre-
sented together by referring to a previously 
learned pattern, or hierarchy, of  stimulus 
reinforcement (Davis, 1992).    The hierar-
chy, A<B<C<D<E, is established through 
the training of  the following adjacent pairs: 
AB+, BC+, CD+, and DE+.  The “+” 
indicates that a choice of  that stimulus 
will result in reinforcement.  In this hier-
archy, choosing E is always reinforced and 
choosing A never is.  B, C, and D are all 
conditionally reinforced – meaning that 
reinforcement for choosing B, C, or D is 
dependent upon the other stimulus that 
a subject is presented with.  For example, 
when B is presented with A, choosing B is 

always reinforced (A-B+).  However, when 
B is presented with C, choosing B will not 
be reinforced (B-C+).  
  Tests for transitive inference occur 
through the presentation of  a pair of  two 
non-adjacent stimuli that have never been 
paired together before.  Such tests include 
AC, AD, AE, BD, BE, and CE pairings.  
Reinforcement history of  these stimuli 
prevents A and E from being commonly 
used in the measurement of  TI.  This is 
because A, in previously trained pairs, 
has never been reinforced, while E always 
is.  The most effective test for TI would 
include two non-adjacent stimuli that have 
both been conditionally reinforced.  Thus, 
presentation of  stimuli B and D in a test is 
commonly used to verify the emergence of  
TI.  As B and D have never been presented 
together and have similar reinforcement 
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histories, a subject needs to “infer” which 
stimulus will result in reinforcement based 
on the previously learned hierarchy.  The 
choice of  D over B in a BD test indicates that 
the subject has learned the hierarchy and 
has thus inferred the untrained transitive 
relation between B and D (Gillan, 1981).  
Many researchers believe that abstraction 
such as TI is unique to humans and may be 
required for the development of  language 
(Hayes, 1989; Vasconcelos, 2008).

Transitive Inference in Humans
 An example of  a test for TI in humans is 
as follows: Mike is taller than Sam.  Sam is 
taller than Phil.  What is the relation between 
Mike’s height and Phil’s height?  Though 
we have not been directly presented with 
this information, we can infer, based on the 
relation between Sam and the other two, 
that Mike is taller than Phil.  Coming to 
this conclusion is demonstrating transitive 
inference.  In 1970, Piaget claimed that in 
humans, transitivity was restricted to those 
beyond the concrete operational stage of  
development.  This meant that children 
below the age of  7 years old were thought 
incapable of  demonstrating TI (Piaget, 
1970).  However, Bryant & Trabasso (1971) 
performed an experiment that challenged 
Piaget’s claim.  They presented 60 children 
between the ages of  4 and 7 with five 
wooden rods of  both different color and 
different length.  The results of  their 
experiment indicated that the children 
were indeed capable of  demonstrating TI 
along a physical dimension (length).  It is 
now thought that the inability of  young 
children to demonstrate TI may be due to 
deficits of  memory, rather than the lack of  
logic needed for transitivity (Vasconcelos, 
2008).

Transitive Inference in Non-Humans
 In Bryant & Trabasso’s experiment, 
stimuli were presented along a physical 
dimension – that is, the hierarchy of  

reinforcement was constructed using a 
physical property of  the stimuli – in this case, 
length of  a wooden rod.  In an experiment 
by Lazareva, Smirnova, Bajozkaja, Zorina, 
Rayevsky, & Wasserman (2004), TI was 
tested in hooded crows using visual stimuli 
in the form of  discs on colored cards, 
creating the hierarchy A>B>C>D>E, 
where A was always reinforced and E never 
was.  One group was presented with cards, 
on which every disc was the same size, 
and the other group was presented with 
cards that contained discs of  decreasing 
diameters, coinciding with the hierarchy (A 
had disc with largest diameter, E had disc 
with smallest diameter).  For the constant 
feedback group – those who were presented 
with cards with the same size discs – the 
results of  the BD test did not differ from 
chance.  However, for the group with the 
differing diameter discs, crows showed a 
strong preference for B over D in the probe 
test.  The results of  the experiment showed 
that crows were capable of  demonstrating 
transitivity, but only when they were able 
to order stimuli according to a physical 
dimension – disc diameter (Lazareva et al., 
2004).
 Transitive inference, demonstrated by 
a variety of  non-human species on a non-
physical, or abstract, level, as well.  That 
is, stimuli were ordered according to the 
experimenter, and not along a physical 
dimension.  In 1981, Gillan demonstrated 
TI in chimpanzees.  Using five containers 
with different colored lids, Gillan created a 
A<B<C<D<E hierarchy followed by the 
presentation of  a BD probe test (Gillan, 
1981).  Replicating Gillan’s training 
procedure, Boysen, Berntson, Shreyer, 
& Quigley (1993) also demonstrated 
transitive inference in chimpanzees 
using wooden boxes with colored lids as 
visual stimuli.  In the Boysen et al. (1993) 
experiment, all three subjects chose D over 
B at a statistically significant level in the 
BD probe tests.  To compare across studies, 
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in Gillan’s (1981) experiment, only one of  
three subjects showed transitivity, while in 
the Boysen et al. (1993) study, transitive 
inference was consistently demonstrated 
across all subjects.
 Transitivity also has been demonstrated 
in macaque monkeys (Treichler & Van 
Tilburg, 1996).  Treichler & Van Tilburg 
used abstract visual stimuli in the form 
of  multi-dimensionally different objects 
of  common use.  These objects were 
presented in pairs of  two to construct the 
A<B<C<D<E hierarchy and a subject 
needed to slide the correct object across a 
track to receive reinforcement. Half  of  the 
subjects learned the A-E hierarchy, after 
which, an additional list was trained (F-
J).  Eventually the lists were combined by 
training the adjacent pair E-F+ to create 
a new, larger list (A-J).  The other half  of  
subjects were trained on the F<G<H<I<J 
hierarchy first, which was followed up by 
training the A-E hierarchy and linking the 
two lists through training E-F.  Testing for the 
new ten-item list included the presentation 
of  every possible combination of  stimuli.  
Test pairs were labeled “adjacent” 
(presented stimuli were located next to each 
other on the list, A-J), “within-list” (stimuli 
presented were exclusively from one of  the 
separately learned lists – A-E or F-J), and 
“between-list” (presented stimuli originated 
from separate lists i.e., A & H).  Although 
more errors were made on tests when 
presented with stimuli situated within close 
proximities on the large hierarchy, subjects 
were able to successfully complete these 
tests, demonstrating transitivity (Treichler 
& Van Tilburg, 1996). 
 Von Fersen, Wynne, Delius, and Staddon 
(1991) additionally demonstrated the 
capacity of  TI in pigeons using visual stimuli.  
Arbitrarily-shaped white-on-black stimuli 
were projected onto translucent keys in a 
modified operant chamber that the pigeons 
could peck to receive reinforcement.  The 
hierarchy A>B>C>D>E was trained and 

performance on the BD test pair indicated 
the demonstration of  transitivity, as all 
subjects chose stimulus B (Von Fersen et al., 
1991).

Transitive Inference in Rats
 Using an olfactometer, a device that 
delivers scents through nose poke holes 
in a modified operant chamber, Lionello-
DeNolf  & Mihalick (2006) demonstrated 
that rats have a propensity for olfactory 
stimuli over visual stimuli.  They were able 
to train rats on both simple discrimination 
and reversal tasks using five different 
stimulus locations (Lionello-DeNolf  & 
Mihalick, 2006).  
 Using their enhanced capacity for 
olfaction, Davis (1992) tested for TI in 
rats through the presentation of  scented 
stimuli.  Wooden doors soaked overnight in 
scent-filled jars were used in a T-maze and 
the hierarchy, A<B<C<D<E, was trained.  
An example of  what a rat could have been 
exposed to is anise < almond < banana < 
coconut < vanilla.  Two of  these stimuli 
were presented in the T-maze, where the 
subject could push open one of  the wooden 
doors at the arms of  the maze to receive 
reinforcement (Davis, 1992).  In addition 
to training the typical adjacent pairs (AB+, 
BC+, CD+, and DE+), Davis also trained 
the non-adjacent pairs, AC+, CE+ and 
AE+ to reinforce the established hierarchy 
as well as to acquaint the subject with non-
adjacent pairs before the BD+ test (see 
Table 1).  Subjects ultimately chose D over 
B in this test, at a statistically significant 
level, and the results of  his experiment 
showed supportive evidence of  transitive 
inference (Davis, 1992). 
 In 2009, Jordan successfully replicated 
the Treichler and Van Tilburg (1996) 
procedure of  list learning with rats using 
manually presented olfactory stimuli in 
the form of  cups of  sand with scented 
lids.  A subject needed to push the correct 
lid to have access to a reinforcer (a sucrose 
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pellet) buried in the sand.  The hierarchy 
was trained through the presentation of  
all adjacent stimulus pairs during each 
phase.  As phases progressed, pairs went 
from being presented in blocks of  6 trials 
each to random presentation of  each 
stimulus pair.  Once this hierarchy was 
trained, subjects underwent a phase of  
training where BD+ was included with 
the randomized adjacent pairs.  The first 
response to the BD+ test was recorded and 
in the final phase, additional training also 
included the presentation of  novel stimulus 
pairs, AC+, AD+, AE+, BE+ and CE+.  
Upon completion of  this phase, a second 
list of  scents was trained and an additional 
hierarchy was formed, F<G<H<I<J.  
The pair EF+ was trained to “link” the 
two lists and create a new hierarchy from 
A-J.  Similar to Treichler and Van Tilburg 
(1996), tests for list linking included 45 
trials of  every possible combination of  
stimuli and this study found evidence of  TI 
(Jordan, 2009).
    
    Table 1.  Davis (1992) training procedure.

 “+” and “-“ note the stimuli that are reinforced and    
non-reinforced, respectively.

 In 2011, Pacewicz attempted to replicate 
Jordan (2009) using an olfactometer.  The 
same training procedure used by Jordan 
(2009) was also applied by Pacewicz 
(2011) in this automated procedure; 
however, list linking was not applied in the 
olfactometer.  Phases of  training contained 

sessions where all adjacent stimulus pairs 
were presented, from blocks of  12 to the 
random presentation of  each pair.  Probe 
tests for TI were conducted through the 
presentation of  BD+ and XY+.  The XY 
pair was comprised of  two novel scents 
and was used as a control for any learning 
that may have occurred of  the novel pairs.  
Of  the two subjects that proceeded to this 
phase of  testing, both performed poorly on 
the BD/XY test.   This could be due to a 
failure of  subjects to reach criterion before 
moving on to the probe test phase.  Another 
concern Pacewicz expressed was that the 
programming used may not have been 
ideal for use in the olfactometer.   Despite 
being given more training with baseline 
pairs than subjects from the Jordan (2009) 
study, subjects tested in the automated 
procedure used by Pacewicz (2011) did not 
show transitive inference.
 The purpose of  the present study was 
to change the procedure used by Pacewicz 
(2011) and see if  TI would emerge using 
the olfactometer.  Benefits of  using an 
automated olfactometer in a study of  
transitive inference are that it significantly 
decreases experimenter error and is very 
time efficient.  The use of  an automated 
procedure eliminates the possibility of  
experimenter cues that could give subtle 
hints to the subject as to the correct 
response on a given trial.  Moreover, using 
an olfactometer, subjects can get through as 
many as 80 trials in a period of  45 minutes.    
In this study, we replicate the Davis (1992) 
TI training procedure in an olfactometer.  
We expect this training to be more effective 
than that used by Pacewicz (2011) because 
each baseline stimulus pair will be trained 
individually, rather than all at once.  In 
addition, following Davis (1992) we will 
be training non-adjacent stimulus pairs – 
excluding the BD test pair – which we hope 
will reinforce the learned hierarchy.

	   Phase	   Training	  

I	   A-‐B+	  
II	   B-‐C+	  

III	   C-‐D+	  

IV	   D-‐E+	  

V	   A-‐C+	  

VI	   C-‐E+	  

VII	   A-‐E+	  
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METHOD

Subjects 
 Seven 150-180-day-old male Sprague-
Dawley rats (Rattus norvegicus) were 
used in this study.  The rats were kept at 
approximately 85% of  their free-feeding 
body weight and had unrestricted access to 
water.  Approximately thirty minutes after 
finishing their daily sessions, subjects were 
fed roughly 15g of  LabDiet rodent diet.  
When not participating in a session, the 
rats were individually housed and exposed 
to a 12:12 hr reverse light/dark cycle.

Apparatus
 For testing, rats were placed in a standard 
operant chamber contained within a sound 
attenuating cubicle that prevented the 
penetration of  outside light and sound (see 
Figure 1A).  The front and back walls of  
the chamber were clear Plexiglas and the 
sides contained metal filler plates with three 
nose pokes and accompanying stimulus 
lights along the left wall.    Each poke was 
equipped with scent delivery holes and 
photo beam sensors that detected subjects’ 
responses (see Figure 1B).  The right side 

of  the chamber housed the pellet dispenser 
and food hopper.  Correct responses 
throughout the trials were reinforced with 
the presentation of  a 45 mg TestDiet 
sucrose pellet.  The cubicle in which the 
chamber was housed also contained a 
fan that dispersed lingering scents during 
sessions and a house light that signified the 
beginning and end of  a trial, as well as a 
timeout after an incorrect response.
 Hooked up to the nose pokes, three 
olfactometers – equipped with five scent 
jars each – delivered odors through 
solenoids to either the left, right, or center 
pokes – though only the right and left were 
used for this experiment (see Figure 1C, 
1D).  Each scent jar contained a solution of  
liquid odorants from the Great American 
Spice Company (see Table 2 for complete 
list of  scents).   
 Air pumps were used to dispense 
scent extracts to the appropriate nose 
poke locations through plastic tubing 
by delivering air over the extracts.  The 
solenoids, regulated through MedPC© 
program software on an adjacent Dell 
desktop computer, controlled which 
scents were exposed to the air pumps and 
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C	   D	  
Figure	  1.	  Automated	  apparatus.	  	  The	  operant	  chamber	  is	  shown	  
in	  A.	  The	  nose	  pokes	  on	  the	  left	  side	  of	  the	  chamber	  are	  shown	  in	  
B.	  C	  shows	  the	  olfactometers	  (where	  scented	  oil	  was	  stored).	  D	  
shows	  the	  solenoids.	  
	  

A 
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delivered to subjects at any given time.  A 
vacuum pump was also constantly in use to 
prevent the spread of  scents throughout the 
chamber.

Procedure
 Magazine training.  During this phase of  
training, a sucrose pellet was dispensed into 
the hopper in the operant chamber once a 
minute.  The hopper light was turned on 
to cue the rats that there was a delivery 
of  reinforcement and this light remained 
on for 45s.  After an inter-trial interval of  
fifteen seconds, the process began again 
with the delivery of  the next pellet.  This 
procedure was repeated twenty-five times, 
thus, each training session was 25 min.  
Criterion to move on to the next phase 
of  training was the consumption of  all 25 
sucrose pellets.
 Nose poke shaping.  During the next phase 
of  training, the left and right nose pokes 
were activated and any nose poke response 
was reinforced with a sucrose pellet.  A 
response was recognized when the subject’s 
nose entered the nose poke and broke the 
photo beam inside.  Each disturbance of  
a photo beam was noted as one response 
and reinforcement was delivered to the 
chamber’s hopper.  The hopper light 
remained on for five seconds and was 
followed by an inter-trial interval (ITI) of  
30s.  To move on to transitive inference 
training, subjects needed to meet a criterion 
of  at least 25 responses in each nose poke 
in a single session.

Transitive inference (TI) training
 In Phase One of  TI training, rats were 
exposed to two scents, A and B, from 
scent set 1 (see Table 2).  In each of  eighty 
trials, a response choosing scent B, Honey, 
was always reinforced, while a response 
choosing scent A, Pecan, was never 
reinforced (A-B+).  This A-B+ training used 
one of  the eight Med Associates programs 
for Phase One, randomly selected each day.  
Eight programs were created per phase of  
training – to ensure that the rats weren't 
learning a pattern of  reinforcement by 
being subjected to the same configuration 
each session – and consisted of  eighty 
random, counterbalanced L-R trials so that 
a particular scent was not dispensed from 
the same nose poke more than three times 
in a row.  Responses were recognized by 
the breaking of  the photo beam inside the 
correct nose poke.  For the first day, a single 
response in the appropriate nose poke 
resulted in the delivery of  a sucrose pellet 
as reinforcement (Fixed Ratio 1, or FR1).  
The hopper light remained on for 5s and 
was followed by a 25s inter-trial interval.  
Incorrect responses were recorded as 
made, but the trial did not advance unless 
a correct response was made or 60s of  
incorrect or no responding occurred.  Each 
trial was followed by a 25s ITI.
    The criterion to advance was increased 
the following day to FR2, which required 
two responses in the appropriate nose pokes

	  

Scent	  set	  1	   Scent	  set	  2	   Scent	  set	  3	   Scent	  set	  4	  

A	  –	  Pecan	   F	  –	  Butter	   K	  -‐	  Maple	   P	  –	  Brandy	  

B	  –	  Honey	   G	  –	  Peanut	  Butter	   L	  –	  Tangerine	   Q	  –	  Vanilla	  Butternut	  

C	  –	  Chocolate	   H	  –	  Strawberry	   M	  –	  Butterscotch	   R	  –	  Almond	  

D	  –	  Grape	   I	  –	  Lemon	   N	  –	  Blackberry	   S	  –	  Licorice	  

E	  –	  Watermelon	   J	  –	  Blueberry	   O	  –	  Cherry	   T	  -‐	  Cinnamon	  

Table 2.  Sets of  scents used in TI training.  Scent set 1 used for A-E training; scent set 2 used for F-J training; 
scent set 3 used for K-O training; scent set 4 used for P-T training.
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before reinforcement.  Each day, the fixed 
ratio of  responding was increased by one 
and this pattern continued until a FR5 
schedule was established.  If  a subject’s 
responses significantly slowed or stopped 
altogether, the ratio decreased until a 
subject was once again responding at a 
consistent level before increasing again.  
The FR5 schedule was then used for each 
subsequent phase of  training.  At the end 
of  each session, correct and incorrect trials 
(five responses in the wrong nose poke) 
were displayed and recorded.  Criterion 
to move to Phase Two of  TI training 
was two consecutive sessions at 83% 
correct or higher on an FR5 schedule of  
reinforcement. 
 In Phase Two, subjects were exposed to 
scent B, Honey, and scent C, Chocolate.  
Responses choosing Chocolate (C) 
were reinforced.  Honey (B) was never 
reinforced, but rather exposed to an 
extinction contingency.  One of  eight B-C+ 
Med Associates programs was assigned 
each day of  training.  Correct responses 
were reinforced by the release of  a sugar 
pellet into the hopper on an FR5 schedule.  
Incorrect nose pokes were recorded and 
five or more responses in the nose poke and 
subjects had to meet a criterion of  at least 
83% correct for two consecutive sessions to 
advance to Phase Three.
Phase Three consisted of  the exposure to 
scent C, Chocolate, and scent D, Grape, 
and Phase Four included the exposure to 
scent D, Grape, and scent E, Watermelon.  
These phases were procedurally identical 
to Phase Two, implementing the same 
criterion to advance to the next phase of  
training.
 At the end of  Phase Four, a subject had 
been exposed to scents A through E and a 
hierarchy of  scents has been reinforced as 
follows: A<B<C<D<E.  Phases Five, Six, 
and Seven were adapted from the Davis 
(1992) procedure and involved the training 
of  non-adjacent stimulus pairs.  In Phase 

Five, scents A and C were presented to 
the subject with the contingency A-C+, 
reinforcing the choice of  scent C over scent 
A and strengthening the scent hierarchy.  A 
criterion of  83% correct or higher for two 
consecutive sessions advanced a subject 
to Phase Six.  Phases Six and Seven were 
procedurally identical to Phase Five and 
involved the presentation of  the C-E+ and 
A-E+ contingencies, respectively, using 
the same criterion to advance to the next 
phase of  training.  The training of  all non-
adjacent stimulus pairs served to further 
strengthen the emerging scent hierarchy – 
reaffirming that E was always reinforced, 
where A never was – before Phase Eight, 
BD probe testing.
       Phase Eight consisted of  the presentation 
of  scents B and D, a previously never-
before-seen combination of  scents.  The 
first day of  Phase Eight administered the 
BD Probe Test.  It was run similarly to 
sessions from other phases, except the 
first six trials were unreinforced.  These 
trials were recorded separately, as the 
BD test was the measure of  transitive 
inference used for this experiment.  Trials 
7-80 were reinforced B-D+.  After the 
first probe session, Phase Eight continued 
as all other phases, running one of  eight 
B-D+ programs each day until the subject 
obtained a criterion of  83% correct or 
higher for two consecutive sessions.  
 When criterion on BD was met, 
subjects repeated Phases One– Eight three 
additional times with scent sets 2, 3, and 4, 
respectively (see Table 2).  These multiple 
exemplars provided additional training and 
allowed for generalization of  transitivity 
across scents.  Figure 2 shows a summary 
of  the TI training procedure.

Data Analysis
 The results of  the probe tests were used to 
determine whether a subject demonstrated 
transitive inference.  In order to express this 
abstraction, subjects needed to choose the
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Figure 3.  Subject data for E10.  Phases separated by vertical blue 
lines. Probe Sessions circled, Criterion indicated by horizontal ilne 
at 83%.

RESULTS

    Figure 3 shows the data for one of  the 
subjects, E10, as an example of  how each 
subject progressed through the study.  His 
data are described in detail below and then 
the data for the rest of  the subjects are 
presented in summary form in Tables 3.1-
3.4 and Table 4.
 As seen in Figure 3, subject E10 reached 
criterion for Phase One (A-B+) in 9 sessions,  
for Phases Two (BC) and Three (CD) in 3 
sessions, for Phase Four (DE) in 4 sessions, 
and for Phase Five (AC) after 2 sessions.  
For Phase Six (CE), though E10 appeared 
to meet criterion after 2 sessions, the first 
session of  the phase has to be discounted 
because the wrong scents were loaded in 
the olfactometer for that session.  E10 did, 
however, reach criterion for this phase in 
2 additional sessions.  Criterion was also 
reached in 2 sessions for Phase Seven (AE).  
Criterion for Phase Eight (BD) appeared 
to have been reached after 2 sessions – 
however, due to an error in calculation, the 
session was incorrectly scored, and actual 
criterion was met after an additional 2 
sessions.  On the BD probe test, E10 scored 
3/6 correct.
 Though E10 scored above 83% on the 
first day of  FG training, it took 5 sessions 
for E10 to meet criterion for this phase.  
Criterion for Phase GH was met in 3 
sessions, for Phases HI and IJ, 4 sessions, 

scent in the “D” position over the one in 
the “B” position in the hierarchy (also I 
over G, N over L, S over Q) on 10 out of  12 
unreinforced probe trials (two consecutive 
probe sessions of  six trials each).  10/12 
is statistically significant (binomial test, 
p<.05).  If  this level of  significance is 
reached, because the analyzed trials were 
non-reinforced, transitivity can be said 
to have emerged, rather than a subject 
learning to choose D over B because it has 
been previously reinforced for that choice.  
Because multiple exemplars were trained 
in hopes of  facilitating the emergence 
of  transitivity, the main tests taken into 
consideration to determine TI were the 
LN+ and QS+ probe tests.  However, we 
also examined overall performance across 
all exemplar sets, again using binomial 
probabilities.

	  

List	  1	  (A-E)	   	  List	  2	  (F-J)	   	  List	  3	  (K-O)	   	  List	  4	  (P-T)	  
SCENT	  SET	  1	   	  SCENT	  SET	  2	   	  SCENT	  SET	  3	   	  SCENT	  SET	  4	  

	   	   	   	   	   	   	  
	  
AB+	  	   	  

	  
FG+	   	  

	  
KL+	   	   PQ+	  

↓	   	   ↓	   	   ↓	   	   ↓	  
BC+	   	   GH+	   	   LM+	   	   QR+	  
↓	   	   ↓	   	   ↓	   	   ↓	  

CD+	   	   HI+	   	   MN+	   	   RS+	  
↓	   	   ↓	   	   ↓	   	   ↓	  

DE+	   	   IJ+	   	   NO+	   	   ST+	  
↓	   	   ↓	   	   ↓	   	   ↓	  

AC+	   	   FH+	   	   KM+	   	   PR+	  
↓	   	   ↓	   	   ↓	   	   ↓	  
CE+	   	   HJ+	   	   MO+	   	   RT+	  
↓	   	   ↓	   	   ↓	   	   ↓	  

AE+	   	   FJ+	   	   KO+	   	   PT+	  
↓	   	   ↓	   	   ↓	   	   ↓	  

BD+	  
PROBES*	   	  

GI+	  
PROBES*	   	  

LN+	  
PROBES*	   	  

QS+	  
PROBES*	  

	   	   	  

Figure 2. Summary of  TI training procedure. Criterion to 
move to next phase is two consecutive sessions at least 83% 
correct. Criterion to move to next List (and scent set) when 
two consecutive sessions at least 83% correct met on probe 
conditions (BD, GI, LN).
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and for Phases FH, HJ, FJ, and GI, 2 
sessions each.  The result of  the GI probe 
test for E10 was 4/6 correct.
 Phase KL lasted for 2 sessions, as E10 
met criterion.  Criterion was met in 3 
sessions for Phase LM, 2 sessions for 
Phase MN, 3 sessions for Phase NO, and 
2 sessions each for Phases KM, MO, KO, 
and LN. The result of  the LN probe test for 
E10 was 5/6 correct.
 E10 took 9 sessions to reach criterion for 
Phase PQ, oscillating between responding 
at above 83% correct and below.   4 sessions 
were needed for E10 to reach criterion for 
Phase QR, 3 sessions each for Phases RS 
and ST and 2 sessions each for Phases PR, 
RT, PT, and QS.  E10 scored 5/6 correct 
on the QS probe test.
 On the last two probe tests (LN & QS), 
E10 responded with a combined score 
of  10/12.  This number is statistically 
significant, demonstrating that E10’s 
behavior was consistent with transitivity 
(binomial test, p<.05).  Further, examining 
E10’s overall performance on TI probes, 
this rat showed choice consistent with 
TI on 17/24 possible probe tests. This 
is significantly higher than expected by 
chance (binomial test, p<.02).
 Tables 3.1-3.4 show the number 
of  sessions each phase lasted for the 7 
subjects used in this experiment.  Phases 
for all subjects lasted an average of  3.6 
sessions with a good bit of  variation (up 
to 22 sessions for a single phase).  Asterisks 
denote any unusual procedural variations.

Table 3.2. Summary of  phase duration for all subjects 
for F-J hierarchy (scent set 2).  Numbers in table indicate 
sessions to criterion.

Table 3.3. Summary of  phase duration for all subjects for 
K-O hierarchy (scent set 3).  Numbers in table indicate 
sessions to criterion.

Table 3.4. Summary of  phase duration for all subjects for 
P-T hierarchy (scent set 4).  Numbers in table indicate 
sessions to criterion.
*indicates long phase durations due to incorrect olfactometer set-up.
**indicates longer phase duration due to calculation error.
***indicates subject reached criterion before FR5 schedule so 2 
additional sessions were done.

Table 4. Summary of  probe test results.  Shaded boxes indicatre a 
potential for the emergence of  TI.  Pairs of  boxes bolded indicate a 
demonstration of  transitive inference.

*indicates statistical significance (binomial test, p<.05)

	  	   AB	   BC	   CD	   DE	   AC	   CE	   AE	   BD	  
E10	   9	   3	   3	   4	   2	   4*	   2	   4**	  

E25	   8***	   3	   7	   5	   3	   3	   2	   3	  

E26	   10	   4	   9	   4	   2	   2	   3	   2	  

E27	   8***	   4	   6	   7	   7**	   2	   2	   2	  

E28	   8***	   4*	   6	   5	   2	   2	   2	   3	  

E29	   8	   3	   5	   7	   2	   2	   2	   2	  

E30	   8***	   3	   9	   7	   5	   2	   2	   5	  

	  

	  

	  	   FG	   GH	   HI	   IJ	   FH	   HJ	   FJ	   GI	  
E10	   5	   3	   4	   4	   2	   2	   2	   2	  

E25	   2	   3	   5	   6	   2	   3	   2	   3	  

E26	   2	   4	   3	   4	   2	   2	   2	   2	  

E27	   6	   9	   6	   10	   22	   5	   2	   3	  

E28	   6	   6**	   4	   10	   3	   3	   2	   3	  

E29	   4	   4	   3	   3	   2	   3	   2	   2	  

E30	   4	   3	   2	   4	   2	   2	   2	   2	  

	  

	  	   KL	   LM	   MN	   NO	   KM	   MO	   KO	   LN	  
E10	   2	   3	   2	   3	   2	   2	   2	   2	  

E25	   4	   6	   4	   8	   3	   2	   4	   3	  

E26	   2	   3	   5	   5	   4	   2	   2	   5	  

E27	   2	   5	   3	   3	   5	   2	   2	   3	  

E28	   2	   3	   4	   8	   3	   3	   2	   3	  

E29	   2	   3	   3	   3	   2	   2	   2	   3	  

E30	   3	   4	   4	   6**	   4	   -‐-‐	   2	   2	  

	  
Rat  BD	  Test  GI	  test  LN	  test  QS	  test  Total	  

E10  3/6  4/6  5/6  5/6  17/24*	  

E25  4/6  3/6  3/6  4/6  14/24	  

E26  6/6  3/6  4/6  3/6  16/24*	  

E27  5/6  3/6  3/6  5/6  16/24*	  

E28  4/6  3/6  1/6  4/6  12/24	  

E29  3/6  5/6  3/6  4/6  15/24	  

E30  3/6  4/6  6/6  3/6  16/24*	  

	    	    	    	    	    	  

Totals  28/42*  25/42  25/42  28/42*  	  

Mean	   66.7%	   59.5%	   59.5%	   66.7%	   	  
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	  	   PQ	   QR	   RS	   ST	   PR	   RT	   PT	   QS	  
E10	   9	   4	   3	   3	   2	   2	   2	   2	  

E25	   3	   3	   5	   4	   2	   2	   2	   3	  

E26	   3	   3	   4	   3	   2	   2	   4	   2	  

E27	   4	   9**	   5**	   8	   4	   2	   2	   3**	  

E28	   3	   6	   6	   4	   2	   3	   2	   3	  

E29	   3	   4	   4	   6	   3**	   2	   2	   2	  

E30	   4	   4	   3	   3	   4	   6	   2	   3	  

Table 3.1. Summary of  phase duration for all subjects for 
A-E hierarchy (scent set 1).  Numbers in table indicate 
sessions to criterion.
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 Table 4 shows a summary of  all subjects’ 
performance on the BD, GI, LN, and QS 
probe tests.  Probe performance across 
scent sets for each rat is shown on each row 
(24 possible probes).  On these combined 
probe tests, E10, E26, E27, and E30 
all showed above chance performance. 
Further, shaded boxes depict sets where  
behavior has the potential for a significant 
emergence of  TI (if  performance remains 
consistent).  Pairs of  boxes bolded indicate 
a consistent demonstration of  transitive 
inference with adjacent scent sets.  Only 
one rat (E10) met criterion for at least 
10/12 TI probes on adjacent scent sets; 
however, there are several examples of  5/6 
and 6/6 probe performance.  Four rats 
show some indication of  TI.
   In addition, the final row shows the 
total score out of  42 probe trials as well 
as the mean percent correct for each test 
(each of  the 7 rats was tested with 6 probe 
trials at each scent set).  Considering the 
performance of  all rats at each scent set 
probe, there was evidence for TI with the 
BD [first probe] test and QS [last probe] 
test; in each case, 28/42 probe tests showed 
behavior consistent with TI (binomial test, 
p=.012).  Probe performance with the GI 
and LN tests was less compelling (25/42, 
binomial test, p<.06). 
  
DISCUSSION

 While there was some evidence of  TI 
using this procedure, it was not consistent.  
E10 was the only subject to demonstrate 
TI on the last two probe tests (LN & QS) 
at a level that was statistically significant, 
though other subjects showed a potential 
for TI to emerge.  Both E26 and E27 
chose D over B in the BD probe test 6/6 
and 5/6 times, respectively.  If  this pattern 
were to remain consistent, we might have 
seen TI emerge on the final probe tests as 
well, but this was not the case.  For E27, 
this pattern was repeated on the QS probe 

test, however, because E27 only chose N 
over L on 3/6 of  the test trials, we cannot 
say that E27 displayed TI at a statistically 
significant level.  In addition, E29 chose I 
over G on 5/6 test trials – a pattern that, if  
repeated, would have likely resulted in the 
demonstration of  transitivity by E29 on the 
final two probe tests.  E30 did display some 
transitivity by choosing I over G on 4/6 
trials and N over L on all test trials (6/6), 
but did not show TI on the last probe test.   
    For the individual probe tests, subjects 
showed a collective emergence of  TI clearly 
on both the BD and QS tests and fairly 
well on the GI and LN probe tests.  Four 
of  the 7 subjects (E10, E26, E27, and E30) 
demonstrated transitivity at a statistically 
significant level when results for all probe 
tests were lumped together.  However, the 
results seen in this experiment are not as 
conclusive as the emergence of  TI seen 
in the Davis (1992) experiment where all 
subjects showed TI consistently. 
    Something that may have prevented the 
consistent emergence of  transitive inference 
in this experiment was the procedure used 
to train subjects on adjacent and non-
adjacent pairs.  The inclusion of  non-
adjacent pairs in training, while useful as 
other tests of  transitive inference, may 
have blocked the overall emergence of  this 
abstraction.  Because of  the time it took 
to train A-C+, C-E+, and A-E+, it had 
been anywhere from 6 to 11 sessions since 
a subject had been exposed to scent D and 
up to 25 sessions since exposure to scent B.  
This holds true for the multiple exemplar 
training as well, with 9-45 sessions since 
exposure to the critical scent.
           As a potential solution to this problem, we 
are currently testing for transitive inference 
in the olfactometer using the Gillan (1981) 
procedure.  Where Davis (1992) trained all 
adjacent pairs (AB+, BC+, CD+, DE+) in 
addition to non-adjacent pairs (AC+, CE+, 
AE+), Gillan’s training emphasizes the 
rehearsal of  all previously trained adjacent 
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for five correct nose pokes (FR5) resulted 
in a sugar pellet being dispensed from a 
food hopper located behind the subject, 
on the opposite side of  the operant 
chamber.  The rat had to turn around in 
the chamber and walk to the food hopper.  
This delay may have resulted in a lack of  
direct connection between the response 
to the scented stimulus and reinforce 
delivery.  Additionally, the extra trials 
per session that the olfactometer allowed 
may have actually hindered learning in 
the subjects.  A study by Erickson (1941) 
showed that massed practice, such as that 
seen in the olfactometer, can result in more 
variable behavior in subjects, and thus, the 
occurrence of  additional errors.
 Another difference between the current 
study and Davis (1992) is that this experiment 
exposed subjects to multiple exemplars to 
provide additional training, where Davis 
took another approach.  Following each 
of  the BD tests, Davis re-trained a session 
of  A-E+ before exposing his subjects to 
another BD session.  Davis’ subjects could 
be exposed to as many as 20 total BD trials 
for a single scent set, where the current 
experiment only used 6 BD probe trials 
per scent set.  The additional exemplars 
were trained in hopes of  achieving similar 
significance to the results seen by Davis 
(1992).  However, it appears from the results 
of  the current experiment that only partial 
concept learning may have emerged.  The 
performances on BD, GI, LN, and QS 
probe tests seemed to be between chance 
and baseline – partial concept learning 
– where full concept learning would be 
characterized by performance similar to 
baseline on probe trials (Wright & Katz, 
2007).  Thus, the results of  the current 
experiment are not conclusive enough to 
claim to full emergence of  TI in rats in an 
olfactometer.  
 A methodological change to consider for 
future studies is to increase the balancing of  
stimuli across training.  In the current study 

pairs (see Table 5).  After A-B+ training, 
subjects are trained with B-C+, followed by 
a phase that combines both AB+ and BC+.  
After criterion is met for both pairs within a 
session for two consecutive sessions, subjects 
are trained with C-D+.  The next phase of  
training combines all three of  these phases 
(AB+, BC+, and CD+) in a single session.  
Once criterion is met for all pairs in this 
phase for two consecutive sessions, subjects 
are then trained with D-E+.  A final phase 
combines all of  the previously learned pairs 
before BD testing (Gillan, 1981).  We hope 
that the lack of  non-adjacent pair training 
as well as the rehearsal of  all previously 
learned pairs seen in the Gillan (1981) 
procedure will facilitate transitive inference 
in the olfactometer.

Table 5.  Gillan (1989) training procedure.  Emphasis is placed 
on rehearsal of  previously learned adjacent pairs.  “+” and “-“ 

note the stimuli that are reinforced and non-reinforced, respectively.

 Of  course, the main difference between 
the present study and Davis (1992) is that, 
while Davis used a manual procedure 
to test for transitive inference, we used 
an olfactometer.  While the use of  the 
olfactometer proved to be more time 
efficient and eliminated any experimenter 
cues, it may have also created some 
unforeseen problems.  First, one difference 
from the Davis (1992) procedure is the delay 
between response and reinforcement.  In 
the Davis (1992) experiment, when subjects 
pushed the correct scented door open with 
their noses, they were immediately exposed 
to the food reinforcer that lay behind the 
door.  In the present study, reinforcement 

	  

Phase	  	   Training	  	  

I	  	   A-‐B+	  	  

II	  	   B-‐C+	  	  

III	  	   A-‐B+,	  B-‐C+	  	  

IV	  	   C-‐D+	  	  

V	  	   A-‐B+,	  B-‐C+,	  C-‐D+	  	  

VI	  	   D-‐E+	  	  

VII	  	   A-‐B+,	  B-‐C+,	  C-‐D+,	  D-‐E+	  	  
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all rats received training on scent sets in the 
same order (regarding the administered 
order of  both individual scents and scent 
sets).  A balancing procedure would remove 
the potential alternative explanation that 
certain scents or sets of  scents were easier 
or more difficult to discriminate than 
others.
 Another methodological issue that may 
have hindered the emergence of  transitive 
inference in the olfactometer relates to 
ecological significance.  A study by Delius 
(1992) demonstrated the importance 
of  an ecologically significant procedure 
using pigeons.  That is, his results showed 
the importance of  having stimuli similar 
to those found in a subject’s natural 
environment.  The Delius (1992) procedure 
involved the discrimination between 
spherical and non-spherical objects, which 
was rapidly acquired.  After acquisition, 
novel spherical and non-spherical stimuli 
were tested as well as pictures of  three-
dimensional stimuli.  Pigeons learned to 
discriminate between three-dimensional 
objects more quickly than two-dimensional 
ones.  According to Delius, such quick 
learning had to have occurred because 
three-dimensional stimuli are more closely 
related to those in a pigeon’s natural 
environment.
 In a study by Wright and Delius (1994), 
pigeons were trained with match-to-sample 
(identity training) or oddity-from-sample 
(non-match-to-sample) tasks by digging in 
gravel – an operant response adapted from 
natural pigeon foraging behavior.  Pigeons 
were able to learn this task at a faster rate 
than tasks learned through traditional 
key-peck training methods.  This is 
consistent with the model of  learning 
three-dimensional stimuli discriminations 
faster than two-dimensional stimuli.  The 
presence of  three-dimensional over two-
dimensional stimuli in an experiment, as 
seen in a pigeon’s natural environment, 
may increase the ecological significance 

of  the experiment (Wright & Delius, 
1994).  Additionally, pecking at gravel 
on the floor has a higher ecological 
significance than pecking stimuli presented 
vertically on a wall because floor pecking 
is more similar to pigeons’ natural foraging 
behavior (Wright, 1997).  Unlike the 
three-dimensional characteristic of  the 
stimuli used by Wright and Delius (1994), 
scents in the olfactometer have more of  
a two-dimensional quality.  They are not 
seen in a rat’s natural environment in the 
same manner that they are presented by 
the olfactometer.  The olfactory stimuli 
manually presented in the form of  scented 
lids used by Jordan (2009) are closer to such 
three-dimensional stimuli and thus, may 
have contributed to the demonstration of  
TI in that study.  The ecological validity 
of  rats pushing scented lids and digging in 
sand for reinforcement is greater than that 
of  the nose poke behavior trained in this 
study and that of  Pacewicz (2011).  Perhaps 
this is one reason that transitive inference 
was seen consistently in rats by Jordan 
(2009) and not by Pacewicz (2011) or in the 
present study.  However, though training 
in the olfactometer is less ecologically 
significant than a manual procedure, with 
extensive training, this phenomenon may 
not hinder the emergence of  TI.  We hope 
with the rehearsal training of  the Gillan 
(1981) training procedure will facilitate 
transitive inference and that TI will indeed 
be demonstrated using the olfactometer.
 While higher order learning was once 
thought to be an exclusively human ability, 
the expanding amount of  evidence showing 
transitive inference in non-humans suggests 
that this might not be the case.  The 
capacity for transitive inference has been 
shown in a variety of  animals, including 
primates (Boysen et al., 1993; Gillan, 1981; 
Treichler & Van Tilburg, 1996), birds 
(Lazareva et al., 2004; Von Fersen et al., 
1991), and rats (Davis, 1992; Jordan, 2009) 
– all of  which are social species.  Perhaps 
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the capacity for transitivity to emerge is 
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language (Schusterman, Reichmuth 
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