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NAMING AND CATEGORIZATION IN YOUNG CHILDREN: II.
LISTENER BEHAVIOR TRAINING

PAULINE J. HORNE, C. FERGUS LOWE, AND VALERIE R. L. RANDLE

UNIVERSITY OF WALES, BANGOR

Following pretraining with everyday objects, 1- to 4-year-old children received listener training with
three pairs of arbitrary stimuli of differing shapes. For each pair, 9 children were trained to select
one stimulus in response to the spoken word /zog/ and the other to the spoken word /vek/. Next,
in the look-at-sample category match-to-sample test, none categorized the six stimuli correctly when
asked to look at the sample before selecting from five comparisons. Seven of these children failed
a subsequent test of corresponding speaker behavior (tact test); following tact training, 5 of them
passed either a repeat of the look-at-sample category test (2 subjects) or an alternative category test
(3 subjects) in which they were required to tact the sample before selecting comparisons. The re-
maining 2 failed both category tests. Of the 2 who passed the tact test, 1 passed the tact-sample
category test; the other failed to complete category testing. Two children were next given a second
stimulus set. One passed the look-at-sample category test and the tact test; the other failed both tests
but passed the tact-sample category test after tact training. The results show that 1- to 4-year-old
children may learn listener behavior without corresponding speaker behavior. The results also show
that common listener behavior is not sufficient to establish arbitrary stimulus classes, and they are
consistent with the proposition that naming may be necessary for categorization of such stimuli.

Key words: naming, listener behavior, categorization, stimulus classes, tacting, category match to
sample, children

How organisms come to form categories,
particularly of arbitrary stimuli, is a matter of
considerable debate in the psychological lit-
erature, not least within the areas of child de-
velopment and behavior analysis. Although
the cognitive developmental literature is re-
plete with studies that suggest a role for ob-
ject names, perceptual features, and common
‘‘functions’’ in the establishment of catego-
ries in young children (Gelman & Coley,
1990; Gopnik & Meltzoff, 1992; Gopnik & So-
bel, 2000; Kemler Nelson, Frankenfield, Mor-
ris, & Blair, 2000; Nazzi & Gopnik, 2000;
Smith, Jones, & Landau, 1996), there are few
such studies with sufficient experimental con-
trols to determine which of these variables, if
any, are necessary for category formation.

Within behavior analysis, the role of stim-
ulus generalization in the establishment of
categorization has received considerable at-
tention (Fields, Matneja, et al., 2002; Fields,
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Reeve, et al., 2002; Herrnstein, Loveland, &
Cable, 1976; Sutton & Roberts, 2002). How-
ever, in order to determine other ways in
which categories can be formed, it is recog-
nized that studies should use stimuli that do
not share common physical features, that is,
arbitrary stimuli. Given that particular physical
features of stimuli occasion particular re-
sponses in young children (see Bloom, 1996,
and Gibson, 1969), the use of arbitrary stim-
uli should also exclude control by extraex-
perimentally trained common functions
among the stimuli. In addition, it is impor-
tant to systematically manipulate what has
been variously termed naming or labeling. In
cognitive developmental studies of children’s
categorizing, such manipulation generally
consists of simply telling a child what a given
stimulus is called (see Gopnik & Sobel, 2000;
Liu, Golinkoff, & Sak, 2001; Sloutsky, Lo, &
Fisher, 2001; Welder & Graham, 2001). In
this literature, the distinction between the
child understanding a name (i.e., showing ap-
propriate listener behavior) and producing it
is not generally considered relevant. On the
one hand, in order to establish the impact, if
any, of naming or labeling on categorizing, a
behavior analytic account requires at least the
demonstration that the participants reliably
produce the correct name when, for exam-
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ple, the relevant objects are presented to
them and, as each is pointed to, they are
asked, ‘‘What’s this?’’ On the other hand, if
the independent variable under consider-
ation is understanding of the spoken name,
then it is necessary to show that the child can
point to the correct object when asked, for
example, ‘‘Where’s the [object name]?’’ To
understand the role of verbal behavior in cat-
egorization and, indeed, to determine the
necessary and sufficient conditions for it to
occur, it is vital that these distinctions are
made and subjected to controlled investiga-
tion.

According to Sidman’s (1994, 2000) stim-
ulus equivalence theory, the formation of bi-
directional (or symmetry) relations between
stimuli and responses that feature in a partic-
ular behavioral contingency is a behavioral
primitive or ‘‘given’’. However, despite de-
cades of endeavor, evidence of stimulus equiv-
alence in species other than verbal humans
has proved exceedingly difficult to find (see
Dugdale & Lowe, 2000; Hayes, 1989; Horne
& Lowe, 1996, 1997; Lowe & Horne, 1996;
K.J. Saunders, Williams, & Spradlin, 1996; Ur-
cuioli, 1996; but see also Kastak, Schuster-
man, & Kastak, 2001; Schusterman & Kastak,
1993). This remains the case regardless of the
variety of procedural adaptations that have
been introduced to facilitate the occurrence
of symmetric responding in nonhuman or-
ganisms. Most recently, for example, Lionel-
lo-DeNolf and Urcuioli (2002) found that
neither multiple location training during the
establishment of baseline relations, nor ad-
ditional training to ensure that each stimulus
was discriminated from each of the others,
nor testing for symmetry in the context of
reinforcement for other symmetric relations
resulted in symmetry performances in pi-
geons. These authors concluded that differ-
ences in stimulus location in training and test
trials is not one of the causes of the ubiqui-
tous failure of this species to show equiva-
lence and indeed that the latter ‘‘may be be-
yond the capabilities of the pigeon’’ (p. 467).

Verbal humans, on the contrary, generally
do pass match-to-sample tests of stimulus
equivalence (Fields, Reeve, Varelas, Rosen, &
Belanich, 1997; Pilgrim, Chambers, & Galizio,
1995; Schenk, 1995; Sidman, 1994), though
there are circumstances in which, for reasons
yet to be fully determined, some fail (Fields,

Reeve, Rosen, et al., 1997; Innis, Lane, Miller,
& Critchfield, 1998; Pilgrim et al., 1995; Pil-
grim & Galizio, 1995; R. R. Saunders, Drake,
& Spradlin, 1999; Spencer & Chase, 1996; but
see Horne & Lowe, 1996). Consistent with
the developmental literature, naming, either
as common naming or as intraverbal naming,
is a strong determinant of category forma-
tion, as measured by match-to-sample proce-
dures (Beasty, 1987; Bentall, Dickins, & Fox,
1993; Dugdale & Lowe, 1990; Eikeseth &
Smith, 1992; Horne & Lowe, 1996; Lowe,
Horne, Harris, & Randle, 2002; Mandell &
Sheen, 1994; Randell & Remington, 1999; K.
J. Saunders, Saunders, Williams, & Spradlin,
1993). What has not so far been demonstrat-
ed is that naming is necessary for the estab-
lishment of categorizing in humans (Carr,
Wilkinson, Blackman, & McIlvane, 2000;
Horne & Lowe, 1996; Lowe & Horne, 1996).

Because equivalence theory holds that
stimulus equivalence is a basic behavioral giv-
en, which may or may not turn out to be re-
stricted to only a subset of species, no special
role is accorded to naming in the establish-
ment of category relations (Sidman, 1994, p.
281–307; Sidman, 2000, p. 145). It follows
that bidirectional (category) relations should
form among arbitrary stimuli regardless of
whether those stimuli are established (e.g.,
via standard reinforcement procedures) as
members of a common listener, or a common
speaker, relation. So whether a child learns
to select particular stimuli on hearing their
common name, or alternatively, to produce
the common name when he or she sees each
of them, should have no critical bearing on
whether or not that child will subsequently
categorize those stimuli in terms of their
common name. These distinctions also are
accorded little significance by another theory
of categorization behavior, the relational
framing account (Hayes, 1996; Hayes &
Hayes, 1989, 1992). According to this ac-
count, given that a contextual cue specifying
the arbitrarily applicable frame of coordina-
tion is present, bidirectional relations be-
tween the arbitrary stimuli so framed should
be formed regardless of whether they are pre-
sented as common listener relations or as
common name relations. Thus neither the
stimulus equivalence nor the relational fram-
ing accounts consider that naming is neces-
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Fig. 1. The left side shows, according to the naming account, that when a subject comes to emit a common name
(e.g., ‘‘vek’’) for differently shaped arbitrary stimuli, new relations (shown by broken lines) emerge via the name
relation so that, when presented with any one of these stimuli as the sample, the subject may select the others in the
class (see text). This is in contrast to what happens when common listener behavior alone is established (right side);
no new untrained relations emerge.

sary for the establishment of category rela-
tions among arbitrary stimuli.

By contrast, the naming account of Horne
and Lowe (1996) claims that bidirectional re-
lations are formed between arbitrary stimuli
when each evokes the same speaker–listener
behavior that constitutes a name relation.
How this occurs experimentally is illustrated
in the left panel of Figure 1. A young child is
first presented, one at a time, with three dif-
ferently shaped arbitrary stimuli (in the con-
text of one or more other stimuli), upon see-
ing each of which he or she is taught to say
‘‘vek.’’ This training also establishes, at the
same time, the corresponding listener rela-
tions, that is, upon hearing the sound /vek/
(the auditory product of the child’s ‘‘vek’’ re-
sponse), the child looks at the stimulus that
occasioned the response ‘‘vek.’’ Once the
speaker–listener relation has been learned
for each of the arbitrary stimuli, the latter en-
ter into a new functional relationship with

each other via the common speaker–listener
behavior they each evoke. If the child is next
presented with Vek 1 (in the context of veks
and other stimuli) and asked, ‘‘What’s this?
Where are the others?’’ the sight of the stim-
ulus occasions the vocal response ‘‘vek.’’ The
latter, in turn, automatically produces the
sound /vek/, to which the child responds as
a listener by orienting to, and selecting, not
simply Vek 1 but also Vek 2 and Vek 3. No
matter which of the stimuli first occasions say-
ing ‘‘vek,’’ the child’s attention will be drawn
via the common listener behavior to the oth-
er stimuli that feature in the common name
relation. This relationship between arbitrary
(vek) stimuli via the name relation exempli-
fies how, according to the naming account,
categorization is established.

When it is not the name relation but com-
mon listener behavior alone that is learned,
the naming account predicts a different out-
come. For example, if, as shown on the right
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side of Figure 1, the child had been taught,
not to name the stimuli, but to select each
vek when asked ‘‘give me the vek,’’ then each
time the child hears the auditory stimulus
/vek/ the child will orient to all of the veks
present. Unless common naming has been es-
tablished, however, when presented with one
of the veks as the sample and asked to select
the others, no relations exist to enable the
child to make the correct selections. Accord-
ing to the naming account, common listener
relations alone will not give rise to categori-
zation.

The claim that common naming establish-
es categorization of arbitrary stimuli, in the
manner suggested in Figure 1, was directly
tested by Lowe et al. (2002). In this study, 2-
to 4-year-old children were trained to pro-
duce the common name ‘‘zag’’ for each of
three arbitrary shaped wooden stimuli, and
to name three other such stimuli ‘‘vek.’’ Us-
ing a novel category match-to-sample test pro-
cedure designed to assay an entire category
in each trial, the children were presented
with a sample stimulus in each test trial and
then were required to select all the remaining
members in the stimulus class. This contrasts
with standard match-to-sample procedures
that test for categorization in an exhaustive
pairwise fashion. In the latter case, each trial
consists of the presentation of a sample and
then a forced choice between one potential
category member (i.e., the correct compari-
son) and one or more noncategory stimuli
(the incorrect comparisons). In the category
match-to-sample test, however, each trial is a
simultaneous free choice between all catego-
ry and all noncategory members and as such
it provides a more rigorous procedure for the
functional measurement of categorization
(see Innis et al., 1998; Lowe et al., 2002). Fol-
lowing common name training, all 12 chil-
dren sorted the stimuli correctly; 6 of them
did so right away in test trials in which they
were asked to look at the sample before se-
lecting comparisons, and the remaining 6,
who initially failed the test under the latter
instruction, also succeeded in categorizing
the stimuli when they were asked to name the
sample before selecting. A subset of the chil-
dren, who were taught the same common
names for an additional three zag and three
vek stimuli, successfully sorted the resulting
12 stimuli into the two 6-member categories.

Though this study demonstrated that com-
mon naming may establish categorization of
as many as six arbitrary stimuli, particularly
when the child is required to name the sam-
ple before sorting, it does not show that the
full name relation is necessary for this out-
come. If, indeed, naming is neither necessary
nor special, it should be possible to demon-
strate that categorization can be readily estab-
lished through the listener behavior route. As
proposed by Lowe et al. (2002), this is one
means of disproving the naming theory.

The experimental procedure of the pre-
sent investigation was modeled closely on that
of Lowe et al. (2002) except that the pairwise
stimulus training procedure was modified in
an attempt to establish listener relations with-
out also teaching naming. During training,
children were taught to select one of a pair
of arbitrary stimuli (Pair 1) when they heard
the auditory stimulus /zog/, and the other
when they heard /vek/. The same procedure
was then conducted for Pair 2 arbitrary stim-
uli, and then for the Pair 3 arbitrary stimuli.
Categorization was then assessed in a cate-
gory match-to-sample test in which the chil-
dren were required to look at the sample be-
fore selecting comparisons. This was followed
by a tact test to determine whether listener
behavior alone or both speaker and listener
behavior (naming) had been learned during
listener training. Children who failed to cat-
egorize and to show evidence of naming were
next trained to provide a common name for
the stimuli in order to determine whether
naming would bring about categorization.
They were first required to sort the stimuli
under the look-at-sample instruction and, if
they failed, to name the sample before se-
lecting the comparisons in the category
match-to-sample test. Several children who
succeeded on the latter tests were retested
under the look-at-sample instruction. In ad-
dition, to test for generalization of categori-
zation, 2 of the children were trained in com-
mon listener relations with a further set of six
arbitrary stimuli and the same two auditory
stimuli (/zog/ and /vek/). Because it was so
important in this study to establish whether
the children had learned simply listener re-
lations or also came to name the stimuli, their
on-task verbal behavior was recorded
throughout.
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Table 1

Subjects’ sex, ages at start of the study, participation (indicated as u) in everyday objects and
arbitrary stimulus training, and ages at start of arbitrary stimuli category testing. This also
shows, for the children aged from 16 to 28 months, the listener and speaker scores on the
MacArthur Communicative Development Inventory (MCDI) and, for children who completed
all testing procedures, the General Quotient scores on the Griffiths Mental Development
Scales (GMDS).

Subject Sex

Age at start
(year/

months)
Everyday
objects

Arbitrary
stimuli
training

Age at testing
(year/

months)

MCDI score

Listener Speaker

GMDS
general
quotient

KF
PF
JC
HM
JL

F
M
F
F
M

1/4
1/7
1/7
1/7
1/9

x
x
u
x
x

—
—
u
—
—

—
—

1/9
—
—

245
194
254
195

*

90
70

174
113

*

—
—

112
—
—

MJ
SJ
BH
HS
BG

F
F
M
F
M

1/10
1/11
1/11
2/0
2/1

u
u
u
u
x

u
x
u
x
—

2/2
—

2/4
—
—

340
340
234
379
246

258
340
66

371
63

133
—

111
—
—

CM
CG
TK
CT
TP

M
M
M
M
M

2/2
2/3
2/4
2/6
2/8

u
x
u
u
u

x
—
x
u
x

—
—
—

2/11
—

336
314

*
—
—

197
268

*
—
—

—
—
—

124
—

LN
HW
NW
RE
TB

F
M
F
F
M

2/10
2/10
3/9
3/10
4/0

u
u
u
u
u

u
u
u
u
u

2/11
3/0
3/11
4/0
4/1

—
—
—
—
—

—
—
—
—
—

122
144
129
121
101

* Parents of these children failed to complete and return the MCDI.

METHOD

Subjects

Subjects were 9 female and 11 male chil-
dren who attended nurseries in Bangor,
Wales and were aged from 1 year 4 months
to 4 years at the start of the study (see Table
1 for subject descriptions). Receptive and ex-
pressive scores on the MacArthur Communi-
cative Development Inventory (Fenson et al.,
1993) were obtained for those children who
were aged between 1 year 4 months and 2
years 4 months. Of the 20 participants, 6 ei-
ther withdrew from the study or left the nurs-
ery before they completed pretraining with
everyday objects, and a further 5 withdrew be-
fore they completed arbitrary stimulus listen-
er training. Data are reported only for the 9
children who reached the arbitrary stimulus
category-testing phase (see Table 1). These
latter children were all tested on the Griffiths
Mental Development Scales (Griffiths, 1954).
All scores on both developmental tests were
in the normal range.

Apparatus and Stimuli

For some children, experimental sessions
took place in the University of Wales Daycare
Center in an experimental room fitted with
two wall-mounted color video cameras with
built-in directional microphones. Video and
audio inputs were transmitted from the ex-
perimental room to video recorders in a cen-
tral audiovisual console room. For other chil-
dren, sessions were conducted in a similarly
equipped experimental room in a mobile
child research laboratory located outside the
entrance to the nursery they attended. Re-
cording of the child’s and the experimenter’s
speech during the sessions took place via a
radio microphone worn by the experimenter
(in the nursery) or a fixed microphone (in
the mobile laboratory). The child and exper-
imenter sat on opposite sides of a small red
table. In some sessions, a wooden screen
(height 70 cm, width 50 cm, depth 5 cm),
supported on two wooden blocks (30 cm by
10 cm by 5 cm), was placed on the table mid-
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way between the child and experimenter. The
top section of the screen contained a trans-
parent plastic window (height 50 cm, width
40 cm), covered with a net curtain on the
experimenter’s side, through which the ex-
perimenter could unobtrusively observe the
child’s responses. When the screen was in
place, the experimenter used a teddy bear
puppet that she wore on her hand to present
stimuli to the child through an aperture
(height 20 cm, width 50 cm, and partly cov-
ered by a red and green crepe paper fringe)
in the lower section of the screen. The ex-
perimental stimuli were of two kinds: (a) six
everyday objects, each of a different color,
consisting variously of three different types of
toy hat and three different types of toy cup;
and (b) six different arbitrary green wooden
shapes randomly assigned to each child from
a pool of such shapes (for examples, see
Lowe et al., 2002, Figure 1). The shapes were
approximately 10 cm in length, 0.9 cm in
depth, and varied in width from 4 cm to 7.5
cm. The toy hats and cups resembled every-
day objects that many young children have
learned to name by the time they are 2 years
of age (Fenson et al., 1993). They were em-
ployed to familiarize the children with the
training and testing procedures and to dem-
onstrate that the children were able to re-
spond correctly to the task instructions sub-
sequently employed with the novel, arbitrary
stimuli. The scheduled reinforcer was social
praise and, occasionally, tokens and stickers.
At the end of each session, the child chose
one toy from among a selection of small toys
to take home and, at the end of the study, the
children were presented with a toy of their
choosing.

Procedure

Everyday objects. The experimenter first es-
tablished a good rapport with the children
during unstructured daily play sessions. Chil-
dren were then taken one at a time to the
experimental room and seated at the table
across from the experimenter. The child was
introduced to ‘‘Teddy,’’ the teddy bear glove
puppet that the experimenter wore on her
right hand. For each child, the experimenter
randomly separated the three hats and three
cups into three different training pairs, each
consisting of one hat and one cup; these re-
mained constant for the duration of the

study. For the purpose of reporting and
scheduling stimulus presentations, the first
training pair was designated Hat 1 and Cup
1, the second as Hat 2 and Cup 2, and the
third as Hat 3 and Cup 3. In this and the
other experimental conditions, sessions var-
ied in duration from 15 to 30 min. The chil-
dren’s verbal behavior was recorded through-
out the study.

Listener training in pairwise trials. The ex-
perimenter, having placed Hat 1 and Cup 1
on the table so that one stimulus lay 10 cm
to the left of the child’s midline and the oth-
er 10 cm to the right, then said to the child,
‘‘Look at these. Can you give Teddy the hat/
cup?’’ If the child gave the hat/cup, the ex-
perimenter responded, ‘‘Yes, clever girl
[boy]!’’ If the child gave the wrong object or
did not respond at all, the experimenter pro-
vided the following corrective instruction:
‘‘No, that’s not a hat/cup. Can you give Ted-
dy the hat/cup?’’ and, if necessary, modeled
the required selection response. In any one
trial, only one stimulus in the pair was tar-
geted. Trials were arranged in eight-trial
blocks in which Hat 1 and Cup 1, in a pre-
determined, quasi-random order, were each
targeted twice on the right of the child’s mid-
line and twice on the left. The learning cri-
terion was seven out of eight correct respons-
es within any sequence of eight consecutive
trials. Once criterion was met for Pair 1, the
same training procedure was repeated first
for Pair 2 and then for Pair 3.

Category match-to-sample training. The screen
was used throughout this phase, which was
designed to establish the child’s correct re-
sponding to different types of instructions.
The first of these was the look-at-sample match-
to-others instruction. On each of six trials, the
experimenter placed the six everyday objects
at predetermined locations on the table in
front of the child and then picked up one at
random and asked, ‘‘Look at this. Can you
give Teddy the others?’’ If, when given a hat
as the sample, the child selected the two oth-
er hats as comparisons, this constituted a cor-
rect category sort; likewise, given a cup as
sample, the child was required to select the
other two cups. Each of the everyday objects
served once as the sample stimulus. No re-
inforcers or corrective feedback were deliv-
ered during these trials. If responding in the
latter was not 100% correct, the experiment-
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er presented a further six trials in the first of
which a modified instruction: ‘‘Can you give
Teddy the other hats/cups?’’ was employed. If
the child responded incorrectly, the experi-
menter provided the following corrective ver-
bal feedback: ‘‘No, this [pointing to the sam-
ple] is a hat [cup]. This [pointing to the
incorrect comparison stimulus] is a cup
[hat],’’ and also modeled the correct com-
parison selection response(s); in the next tri-
al the instruction remained the same as in
the previous trial. Following a correct trial,
however, the instruction in the subsequent
trial reverted to: ‘‘Look at this. Can you give
Teddy the others?’’ In this manner, further
six-trial blocks were conducted until the child
responded 100% correctly to the first instruc-
tion: ‘‘Look at this. Can you give Teddy the
others?’’ in six consecutive trials, and in the
absence of reinforcement.

Arbitrary stimuli: Set 1. For each child, a set
of six stimuli was selected at random from the
pool of wooden shapes.

Listener training—Initial pairs. The nonsense
sounds /zog/ and /vek/ were selected to be
the listener stimuli. The six wooden shapes
allocated to each child were separated into
three training pairs; the children were then
trained to select one pair member when they
heard the auditory stimulus /zog/ and the
other pair member when they heard /vek/.
In reporting presentations of the wooden
shapes, the members of the first training pair
are designated as Zog 1 and Vek 1, the second
pair as Zog 2 and Vek 2, and the third as Zog
3 and Vek 3.

Each child’s listener responses to the
/zog/ and /vek/ stimuli were trained in
blocks of eight in the same way as for the
everyday objects. When responding was at cri-
terion for the Pair 1 stimuli, the same listener
training procedure was then implemented
first for Pair 2 and finally for Pair 3. Correct
responding was reinforced to a criterion of
seven out of eight consecutive correct re-
sponses. To help ensure that the listener re-
lations were well established, the 3 oldest sub-
jects, NW, RE, and TB, aged approximately 4
years, received overtraining on initial pairs
under zero reinforcement to a criterion of
seven out of eight correct responses in two
successive eight-trial blocks; these subjects
then proceeded directly to the category
match-to-sample Test 1. Likewise, in order to

overtrain the younger subjects’ listener rela-
tions, while at the same time preventing them
from becoming bored with the listener trials,
these children proceeded to mixed pairs lis-
tener training.

Listener training—Mixed pairs. The six stim-
uli were reassigned so as to constitute three
new mixed pairs (e.g., Zog 1/Vek 3, Zog 2/
Vek 1, and Zog 3/Vek 2). Listener training
for each mixed pair was then conducted in
the same way as for the initial pairs to a cri-
terion of seven out of eight consecutive cor-
rect responses. Those children whose perfor-
mances met the criterion were presented with
the category match-to-sample Test 1. The ex-
ceptions were Subjects JC, BH, and HW who,
due to a period of absence from the nursery,
were once again tested on the initial pairs un-
der zero reinforcement until their perfor-
mance met the zero reinforcement learning
criterion before proceeding to the category
test.

Category match-to-sample tests. These tests
were conducted entirely in the absence of re-
inforcement and differential feedback. In all
cases, the possibility of inadvertent experi-
menter cueing was eliminated by employing:
(a) a second experimenter who was familiar
to the child but had no knowledge of the par-
ticular relations that had been trained, and
(b) the screen to obscure the experimenter’s
face and body.

Step 1 was an everyday objects category match-
to-sample review in which the second experi-
menter, using the look-at-sample match-to-
others instruction, conducted two category
sorting test trials with the six everyday objects,
one trial for hats and one for cups. The cri-
terion was correct category sorting of the hats
and cups, respectively, in both trials. If per-
formance fell below criterion, the session was
terminated and the first experimenter con-
ducted retraining until criterion perfor-
mance was regained, at which point testing
resumed.

Step 2 was the first arbitrary stimuli category
match-to-sample Test 1. These trials were con-
ducted by the second experimenter using the
look-at-sample match-to-others instruction as
in Step 1. In each test trial, the child was pre-
sented with all six arbitrary stimuli; the ex-
perimenter selected a randomly predeter-
mined one of these and asked the child,
‘‘Look at this. Can you give Teddy the oth-
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ers?’’ If the child, when presented with a zog
[vek] stimulus as sample, selected the remain-
ing two zog [vek] comparisons from the five-
stimulus display, this qualified as a correct cat-
egory sort. Test trials were classified as either
valid or null. A valid trial consisted of the
child selecting two and only two of the stimuli
available in the five-stimulus array. Null trials
were those in which the child selected either
fewer or more than two comparison stimuli.
When too many stimuli were selected, the
child was instructed, ‘‘Teddy doesn’t want all
of them, only some’’ and, on the few occa-
sions when only one comparison was given,
the child was asked, ‘‘Are there any more?’’
The trial was then repeated. The Step 2 pro-
cedure continued for a total of 18 valid test
trials, during which each of the six stimuli
served as sample three times. Six or more cor-
rect sorts out of 18 is significantly different
from chance; the probability of achieving six
correct sorts by chance is .0052. A more strin-
gent criterion, ensuring that both categories
(i.e., zog and vek, respectively) have been ful-
ly established, is four out of nine (i.e.,
44.44%) correct sorts for both categories; the
probability of obtaining four correct sorts out
of nine is .008. If participants met the latter
criterion they were considered to have suc-
ceeded on both categories and proceeded to
the next phase. If, however, they failed this
criterion but met the overall categorization
criterion (i.e., over all 18 stimuli) then a fur-
ther test session was conducted. In the case
of children who failed to complete all 18 test
trials, only those who completed at least two
trials with each sample stimulus (i.e., 12 trials
in all) were included in this and subsequent
analyses, the criterion for success being set at
four or more correct (i.e., 66.66%) sorts over
six trials for both categories (the probability
of obtaining four or more correct sorts by
chance is .001). For some children (particu-
larly the older ones) it was possible to carry
out a session in which all the test trials were
presented; for others, a number of shorter
sessions were required. In the latter case,
each new session began with Step 1 before
Step 2 testing resumed.

Tact test. Immediately following the cate-
gory match-to-sample test, the experimenter
presented all six arbitrary stimuli, pointed to
each one in turn, and asked the child,
‘‘What’s this?’’, waited 5 s, and if no response

occurred, repeated the question once more.
If the child still failed to respond, the trial
was scored as incorrect and the next sched-
uled trial instituted. Over three 6-trial blocks,
three tact test trials were conducted for each
stimulus, making 18 test trials in all. The
child was deemed to have tacted the stimuli
correctly if he or she produced at least eight
out of a possible nine correct tact responses
for zog and vek stimuli, respectively. Because
Subject LN produced 11 correct tact respons-
es in the first 12 trials (p , .01) but then
became inattentive and responded at chance
level in the last six trials, additional tact test
trials were conducted. In the case of another
child (MJ), who showed distress at failing to
tact the stimuli, only two test blocks were con-
ducted.

Given that the child had passed the previ-
ous categorization test then, irrespective of
the outcome of the tact test, his or her par-
ticipation in the study ceased at this point.
For children who failed the categorization
test, the next phase of the procedure de-
pended on their performance on the tact test
trials. Children who failed the latter proceed-
ed to tact training. The only exception was
Subject RE for whom additional listener train-
ing trials were conducted to criterion under
zero reinforcement; the category match-to-
sample Test 1 and the tact test were then re-
peated in that order.

The 2 subjects who passed the tact test went
on to either category Test 2 (LN) or category
Test 1 (HW).

Tact training in pairwise trials. In order to
introduce the child to the target tact respons-
es ‘‘zog’’ and ‘‘vek,’’ a block of eight echoic
pretraining trials were presented for Pair 1
(Zog 1 and Vek 1). In each trial, the experi-
menter placed the Zog 1 and Vek 1 stimuli
on the table, pointed to one of these and
said, ‘‘This is a zog [vek]. What’s this?’’ If the
child produced the correct vocal response,
the experimenter responded, ‘‘Yes, clever girl
[boy]. It is a zog [vek].’’ If the child produced
an inaccurate echoic response or remained
silent, the experimenter pointed to the ap-
propriate stimulus once more and provided
the additional echoic prompt, ‘‘This is a zog
[vek]. Can you say it?’’

Next, each child’s tact responses of ‘‘zog’’
to Zog 1 and ‘‘vek’’ to Vek 1 were trained.
Stimulus presentations in blocks of eight tri-
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als were scheduled in the same way as for
pairwise listener training. In each trial, the
experimenter placed Zog 1 and Vek 1 on the
table, pointed to one of the stimuli and said,
‘‘What’s this?’’ The order of targeting for
each stimulus was quasi-random as for every-
day objects training. As in the echoic pre-
training block, correct responses were rein-
forced and incorrect responses were followed
by corrective feedback. The criterion was sev-
en out of eight unprompted correct respons-
es in an eight-trial block. When the child re-
sponded at criterion for the Pair 1 stimuli,
tact training was then introduced for Pair 2
and then for Pair 3.

Tact training in six-stimulus trials. The six
stimuli that together constituted Pairs 1, 2,
and 3 were presented as a group, in a pre-
determined random spatial array, with the
screen in place. The experimenter pointed to
each stimulus in turn, asking, ‘‘What’s this?’’
If the child responded correctly, verbal praise
was given; if the child responded incorrectly,
the experimenter provided corrective feed-
back as in the pairwise tact training trials.
When each stimulus had been targeted in this
way, all six were removed from the table and
then replaced at different locations before
the experimenter once again proceeded to
target each in turn. The learning criterion
was three consecutive correct tact responses
to each of the six stimuli. When the criterion
had been met for all six stimuli, the proba-
bility of reinforcement was reduced to 0%. If
performance fell below criterion on the six-
stimulus test during trials with a reduced level
of reinforcement, 100% reinforcement was
reintroduced until the child demonstrated
criterion tacting at this reinforcement level.
Probability of reinforcement was then once
more reduced to zero. Alternation between
100% and 0% reinforcement continued until
the child tacted all six stimuli correctly in 18
consecutive trials (i.e., three trials per stimu-
lus) in the absence of reinforcement. Follow-
ing tact training to criterion, the child was
once again presented with the category
match-to-sample Test 1.

Repeat of arbitrary stimuli category match-to-
sample Test 1. This was conducted in three
steps, each in the absence of reinforcement.
Step 1 consisted of an arbitrary six-stimulus
tact review in which tacting of each of the six
arbitrary stimuli was tested; the criterion was

consecutive correct tacting of each of the six
stimuli under zero reinforcement. If criterion
was not achieved, the child recommenced six-
stimulus tact training before returning to
Step 1. Step 2 was the everyday objects cate-
gory match-to-sample review conducted in
the same way as for the first category match-
to-sample Test 1. Step 3 was a repeat of the
arbitrary stimulus category match-to-sample
Test 1 that employed the look-at-sample in-
struction. The children who passed the cate-
gorization test ceased their participation in
the study at this point. The children who
failed were next presented with category
match-to-sample Test 2.

Arbitrary stimuli category match-to-sample Test
2. The procedure was the same as for the re-
peat of category match-to-sample Test 1 ex-
cept that in Step 2, the everyday objects cat-
egory match-to-sample review, the tact-sample
match-to-others instruction: ‘‘What’s this?
Can you give Teddy the others?’’ was em-
ployed. This was followed by Step 3, the cat-
egory match-to-sample test with the arbitrary
stimuli, also using the tact-sample instruction.
If performance met the overall criterion (i.e.,
6 or more correct sorts out of 18) but not the
mastery criterion (i.e., four out of nine sorts)
for both categories (MJ and NW), then a fur-
ther block of test trials was conducted.
Though Subject BH met the criterion on
both categories, a further block of 12 trials
was conducted for this child (see Results).
Children who failed this category test ceased
their participation in the study at this point.
For children who passed the test, a further
category match-to-sample Test 1 was given,
the one exception being LN who proceeded
directly to the Arbitrary stimuli: Set 2 condi-
tion.

Second repeat of arbitrary stimuli category
match-to-sample Test 1. The children were pre-
sented with further trials of the look-at-sam-
ple version of the categorization test, comple-
tion of which marked the end of all
scheduled procedures with the Set 1 arbitrary
stimuli.

Arbitrary stimuli: Set 2. Two subjects ( JC and
LN) participated in Set 2 listener training;
the everyday objects phase was omitted for these
children. Each child was randomly assigned a
second set of six wooden shapes, which had
not been included in their respective Set 1
training and testing, from the pool of arbi-
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trary stimuli. For each child, the six stimuli
were separated into pairs and training with
the auditory stimuli /zog/ and /vek/ then
proceeded in the same manner as for Set 1.

For Subject JC, correct listener responding
was reinforced first for each of the initial
pairs, and then for each mixed pair, to a cri-
terion of seven out of eight consecutive cor-
rect responses. Following a period of absence
due to illness, she was then trained again on
initial pairs until her performance in unre-
inforced test trials met the zero reinforce-
ment criterion. She then progressed to the
category match-to-sample Test 1 followed by
the tact test, after which her participation
ended.

Subject LN also completed initial pairs and
mixed pairs listener training to criterion un-
der zero reinforcement before proceeding to
the category match-to-sample Test 1. She was
given the tact test (48 trials) and additional
listener testing before being given category
Test 1 and the tact test again. This was fol-
lowed by tact training and repeats of category
Test 1 and Test 2.

Interobserver reliability. The experimenter
scored her presentation of the scheduled
stimuli and the subjects’ responses and, for
the entire study, an independent observer
scored both these variables in a randomly se-
lected 25% of training trials and 100% of test
trials. The independent observer reported no
discrepancies between the scheduled and im-
plemented procedures. Interobserver agree-
ment for the subjects’ responses was 97.2%
across training trials and 100% across test tri-
als.

RESULTS
Ever yday Objects

All 9 children completed pairwise listener
training in the minimum 24 trials and cate-
gory sorting to criterion in a mean of 20.7
trials.

Arbitrar y Stimuli Set 1
Figures 2 and 3 show numbers of listener

and tact training trials, and performance in
category tests (filled gray bars) and tact tests
(unfilled bars). Table 2 presents subjects’ tact
behavior during listener training and (unless
indicated otherwise) the first tact test.

Listener training—Initial and mixed pairs.

The 3 oldest children (NW, RE, and TB) met
the initial pairs criterion in a mean of 26.7
trials (range, 24 to 32) and the initial pairs
overtraining criterion in a mean of 336 trials
(range, 72 to 792). The 6 younger subjects
met the initial pairs criterion in a mean of
129.3 trials (range, 32 to 224) and the mixed
pairs overtraining criterion in a mean of 62.7
trials (range, 24 to 160). As Table 2 shows,
several of the children (BH, LN, HW, NW,
RE, and TB) produced extraexperimental
names for one or more of the stimuli.
                                                                           .

First category match-to-sample Test 1. Figures 2
and 3 show that all 9 children failed the look-
at-sample category test. During test trials, 5
children ( JC, MJ, BH, CT, and TB) frequently
chose as comparisons the two stimuli closest
to their right hands; the remaining 4 children
showed no systematic selection patterns.
None of the children produced any overt
task-relevant verbal behavior except for Sub-
ject CT, who in one Zog 1 sample trial said,
‘‘That’s a zog isn’t it?’’ and in another in
which Zog 2 was the sample, ‘‘That looks like
a television.’’

Tact test. Seven of the 9 children failed the
tact test. Of these, MJ produced no tact re-
sponses and JC, as shown in Table 2, only pro-
duced correct tact responses to Vek 3. Sub-
jects NW and RE alternated their production
of the ‘‘zog’’ and ‘‘vek’’ responses across test
trials regardless of the stimulus. The other 3
children (BH, CT, and TB) produced pre-
dominantly extraexperimental names either
for individual stimuli or as common names
for several stimuli.

The children who failed the tact test next
proceeded to tact training, with the excep-
tion of RE. In the course of testing for main-
tenance of listener behavior at the end of the
tact test, her listener performance was found
to have deteriorated and so she received ad-
ditional listener training trials to the zero re-
inforcement criterion before being tested
again on category Test 1, which she failed.
She also failed the subsequent repeat tact test
in which she again produced ‘‘zog’’ and
‘‘vek’’ responses on alternate trials; she then
proceeded to tact training.

Two of the 9 children (LN and HW) met
criterion on the tact test. Subject LN, on the
second block of 18 trials (shown in Figure 2),
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Fig. 2. For 5 of the 9 subjects who reached the category testing stage, performances in the main phases of the
study with the Set 1 and Set 2 stimuli, in chronological order for each child. Numbers of listener training trials are
shown by light gray bars. Percentage of correct category sorts (dark gray bars) to each zog (Z) and vek (V) sample
are presented for the look-at-sample (Cat. test 1) and tact-sample (Cat. test 2) category tests; the test criterion is
indicated by a horizontal broken line. If additional testing was given on Test 2, the first set of 18 test trials is labeled
Cat. test 2a, and the second set, Cat. test 2b. Percentage correct trials on the tact test are shown by unfilled bars.
Where 12, rather than 18, test trials were conducted is indicated by [12]. Numbers of tact training trials are given in
the hatched bars.
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Fig. 3. Performances of the remaining 4 subjects who reached the category testing stage (see Figure 2).

said ‘‘u’’ to each zog stimulus and ‘‘i’’ to each
of the veks.

Tact training. All 7 children who failed the
tact test successfully completed tact training,
the mean number of trials per child being
152 (range, 42 to 432). During training, TB
at first continued to call Zog 1 ‘‘moon’’; when
the experimenter corrected him saying,
‘‘This is a zog,’’ he responded, ‘‘No, this a
moon!’’ Subject CT also initially continued to
call Zog 2 ‘‘television.’’ In four of the six-stim-
ulus tact training trials, Subject RE ordered
the stimuli into two rows, one of zogs and one
of veks, saying aloud, ‘‘These are zogs and
these are veks’’ as she arranged each row, re-
spectively.

Second category match-to-sample Test 1. Follow-
ing tact training, 2 of the 7 children ( JC and
RE) passed the look-at-sample category test.
During testing, 2 of the remaining children
(BH and CT) continued to show a right hand
selection pattern, and 3 (MJ, NW, and TB)
selected comparisons unsystematically. None

of the children produced experimental or
other names for the stimuli.

Subject HW, who passed the tact test, there-
after became increasingly inattentive in test
trials, claiming to be bored and refusing to
complete the minimum number of 12 trials
on category Test 1. No further data are re-
ported for this child.

Category match-to-sample Test 2. Six subjects
completed this phase and, unless stated oth-
erwise, made at most only one error when
asked to tact the sample. Having already
passed the tact test, Subject LN sorted per-
fectly and she proceeded to Set 2 arbitrary
stimulus training. Subject BH produced sam-
ple-tact errors on 3 and sorted incorrectly on
9 of the first 12 test trials. In the six-stimulus
tact review conducted prior to presentation
of the last six test trials, he rearranged the
stimuli into two rows, one of veks and one of
zogs, naming aloud each vek in the top row
and each zog in the bottom row. From this
point onward, he tacted the stimuli correctly
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Table 2

The tact responses of each subject in response to each arbitray stimulus during listener train-
ing and the first tact test. The subject from whom no tacts were recorded (i.e. MJ), and
stimulus presentations that were not followed by a tact, are excluded. When a tact was uttered
more than once, it is followed by the appropriate number (e.g., Zog x 3). Data are for the
Set 1 stimulus set except where indicated as Set 2 (in parenthesis).

Sub-
ject Stimulus Listener training First tact test Subject Stimulus Listener training First tact test

JC Zog 1
Zog 3
Vek 3

finger
finger
vek x 3

Zog 3
Vek 1
Vek 2

zog; vek x 2
vek x 2; zog
vek; zog x 2

BH Zog 1
Zog 2
Zog 3
Vek 1

Vek 2
Vek 3

big one square x 2
circle x 2
circle x 3
circle

circle x 2
zog x 3

RE
Vek 3
Zog 1
Zog 2
Zog 3

Vek 1
Vek 2

rain; raindrop;
wheel

like a vek
ring (x 2);

round; twirly

vek; zog x 2
zog x 3
zog x 3
zog; vek x 2

vek x 3
vek x 2; zog

CT Zog 1
Zog 2
Zog 3
Vek 1
Vek 2
Vek 3

zog x 3
television x 2
circle
buckle x 3
it’s a name
food

TB
Vek 3
Zog 1
Zog 2
Zog 3
Vek 1
Vek 2

that’s a big one
moon

people

vek; zog x 2
moon x 3
ball x 3
ball x 3
gate x 2; square
people x 3

LN Zog 1
Zog 2
Zog 3
Vek 1
Vek 2
Vek 3 hole

u x 12; en; i
u x 14
u x 14
i x 13; u
1 x 13; u
i x 14

JC (Set 2)
Vek 3
Zog 4
Zog 5
Zog 6
Vek 4
Vek 5

zog x 6
zog
zog x 10
vek x 2

gate x 3
zog x 3
zog x 3
zog x 3
vek x 3
vek x 3

HW Zog 1
Zog 2
Zog 3
Vek 1
Vek 2
Vek 3

bird; triangle
whistle

zog x 3
zog x 2
zog x 3
vek x 3
vek x 3
vek x 3

LN (Set 2)
Vek 6
Zog 4
Zog 5
Zog 6
Vek 4
Vek 5

vek x 6 vek x 3
du x 2; a; ai
du; n x 5
b x 2; w x 2; a
a; w; octopus; dolphin
du x 2; a; octopus

NW Zog 1

Zog 2

alphabet; a
name? (x 2)

zog; vek x 2

zog x 2; vek

Vek 6 du x 2; a;
w

and sorted with 100% accuracy in the six re-
maining trials of Test 2a. Though at this point
he had met the mastery criterion for both cat-
egories, a further 12 test trials were conduct-
ed to determine whether the accuracy dis-
played on the previous six trials would be
sustained, and it was (see Figure 2, Test 2b).

Two children, NW and MJ, met the overall
criterion but not the mastery criterion for
both categories. When Subject NW was pre-
sented with a further 18 test trials (Test 2b),
her performance met the sorting criterion
for both categories. For MJ, though her tact
responses up to this point had been accurate,
in the six-stimulus tact review conducted pri-
or to the repeat of the category Test 2, she
tacted the veks accurately but produced no

tacts to the zogs. In all nine trials in which a
vek was the sample, she said ‘‘vek’’ and im-
mediately selected the other two veks. In six
of the nine zog trials, however, she produced
no tact response when the experimenter
pointed to the zog sample and asked, ‘‘What’s
this?’’ but first touched all the vek stimuli be-
fore selecting the two zog comparisons. In
the three remaining zog sample trials, she
again said nothing when asked to tact the
sample and selected incorrectly. Her perfor-
mance in Test 2b met the criterion for both
categories.

The performance of the 2 remaining chil-
dren, CT—who continued his right-hand
comparison selection pattern throughout
testing—and TB, failed to meet the overall
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criterion and their participation in the study
ended at this point.

Third category match-to-sample Test 1. Of the
3 children who reached this stage, MJ and BH
passed the test. In the six-stimulus tact review,
MJ first named the vek stimuli and then the
zogs. Subject BH correctly named the sample
in the first 2 trials. NW failed to complete the
minimum number of test trials.

Summary. Following listener training, all 9
children failed the look-at-sample Test 1.
When tacting of the arbitrary stimuli was es-
tablished, 6 out of 8 children passed either
Test 1 or Test 2. Two children (CT and TB)
failed both tests, and following the tact test,
1 child (HW) failed to complete category
Test 1.

Arbitrar y Stimuli: Set 2

Subject JC. JC met the zero reinforcement
listener criterion for the new set of six stimuli
in 120 trials (see Figure 2). During listener
training trials for Set 2, JC frequently echoed
the listener stimulus, and in 25 of the trials
she tacted the stimuli as she handed them to
the experimenter (see Table 2). In the sub-
sequent category Test 1, JC made only one
incorrect sort, and she performed errorlessly
in the subsequent tact test.

Subject LN. This child learned the listener
relations for the Set 2 stimuli in 48 trials. She
failed category match-to-sample Test 1 and
produced no correct tact responses in the
subsequent tact test. Because LN’s perfor-
mance on the tact test differed so markedly
across Set 1 and Set 2, she was given an ad-
ditional 30 tact test trials, all of which she
failed. Her tact responses, which included ex-
traexperimental names, in the first two 18-tri-
al blocks of the tact test are shown in Table
2. Her listener performance was then retest-
ed to the zero reinforcement criterion. She
was then retested on category Test 1 and the
tact test, both of which she failed. Her tact
responses in the second tact test were similar
to those produced in the first. She was then
given tact training. Following this she failed
category Test 1 but performed at 100% ac-
curacy on category Test 2.

DISCUSSION

Listener and speaker behavior. A key aim of the
study was to use a pairwise listener training

procedure with arbitrary stimuli to establish
common listener behavior, but not common
tacting, in young children. This was achieved
for 7 participants, ranging from as young as
1 year 7 months to 4 years 1 month, all of
whom completed listener training but failed
the tact test. The finding that for most of the
children it was possible to train listener be-
havior without also establishing the corre-
sponding speaker behavior is consistent with
Skinner’s account of the early stages of chil-
dren’s learning of verbal behavior, according
to which listener and speaker behavior are
functionally independent (Skinner, 1957, p.
195; and see Lee, 1978; 1981). This claim for
functional independence of listener and tact
repertoires is supported by research conduct-
ed with normally developing young infants
(Bell, 1999; Lipkens, Hayes, & Hayes, 1993),
but less is known about 2- to 4-year-olds. In
the Lowe et al. (2002) study, however, when
tact training was given to 2- to 4-year-old chil-
dren, they learned both the speaker and the
corresponding listener behavior, despite the
fact that the latter was not directly trained.
Consistent with this finding, there are many
studies in the developmental literature show-
ing that when a particular tact is present in
the verbal repertoires of normally developing
young children, so also is the corresponding
listener behavior (Harris, Yeeles, Chasin, &
Oakley, 1995; Huttenlocher & Smiley, 1987);
this is also the case for some autistic children
(Keller & Bucher, 1979). Similarly, there are
many developmental studies documenting
learning of the listener repertoire prior to
that of the corresponding speaker behavior
(Anisfeld, 1984; Baldwin, 1991; Baldwin, et
al., 1996; Foster, 1990; Greenfield & Smith,
1976; Hollich, Hirsh-Pasek, & Golinkoff,
2000; Schafer & Plunkett, 1998; Werker, Co-
hen, Lloyd, Casasola, & Stager, 1998; Wood-
ward, Markman, & Fitzimmons, 1994).

This asymmetry between the acquisition of
listener behavior on the one hand, and of
speaker–listener behavior (i.e. naming) on
the other, is an important feature of the nam-
ing account. Horne and Lowe (1996, p. 202)
proposed that whether the corresponding
speaker behavior emerges depends on wheth-
er the child echoes the listener stimulus while
looking at the referent object. This is sup-
ported by reports in the developmental lit-
erature of a positive correlation between 13-
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and 14-month-old infants’ rates of echoing
and the size of their concurrent naming rep-
ertoires (e.g., Bates, Bretherton, & Snyder,
1988), and that 13-month-old infants’ echo-
ing of words outside their current naming
repertoires is a strong predictor of their nam-
ing repertoires at 17 months (Masur, 1995).
More recently, in a behavior analytic study,
Bell (1999) has demonstrated that when 20-
to 23-month-old infants learn listener rela-
tions, the corresponding speaker behavior
does not emerge until the infants are also
trained to echo the listener stimulus (see also
Smith, Michael, & Sundberg, 1996) and then
only when the infant does so while looking at
the referent object. An example of this comes
from Subject JC in the present study who,
during listener training with the Set 2 stimuli,
repeatedly echoed the listener stimulus while
looking at the object being named by the ex-
perimenter, and then proceeded to name the
stimuli herself. Such echoing, however, need
not be overt. If a child (or an adult) covertly
echoes the listener stimulus in the course of
listener training and looks at the named stim-
ulus while doing so, this may be sufficient to
establish naming (Horne & Lowe, 1996; Skin-
ner, 1957, pp. 141–146). This may account
for the fact that 2 of the children (i.e., LN
and HW) produced the common names for
the Set 1 stimuli following listener training.
As children grow older and, particularly, as
their listener and corresponding naming rep-
ertoires grow, one might expect that listener
training would increasingly also give rise to
naming (Horne & Lowe, 1996).

Categorization. According to the naming ac-
count, common listener behavior alone is not
sufficient to establish categorization of arbi-
trary stimuli and, given that the children in
the present study did not have the corre-
sponding speaker behavior, they should not
have categorized. By the end of listener train-
ing, all of the children were highly proficient
in selecting the correct stimulus from zog/
vek pairs when presented with the listener
stimuli /zog/ or /vek/. But when presented
with one of the zog or vek stimuli in the look-
at-sample categorization test, they failed to se-
lect the others in the experimenter-defined
stimulus class. None of the 7 children passed
this test. Because these children had failed to
tact these stimuli, there was no point in con-
ducting the tact-sample version of the test, re-

quiring as it did participants to tact each sam-
ple before comparison selections could be
made.

It is revealing to compare the failure to cat-
egorize of these children, who had learned
only listener behavior as opposed to the com-
plete name relation, with the performance of
children in whom common naming has been
established. In the experiments reported by
Lowe et al. (2002), all of the 12 children who
were taught to common name the zogs and
veks, subsequently went on to pass category
match-to-sample tests, 6 passing Test 1 and 6
Test 2. Although the 12 participants in the
Lowe et al. experiments underwent common
name training from the outset, it also should
follow from the naming account that teach-
ing the tact component of the name relation
to children, such as the 7 in the present study,
who already have common listener behavior
but not naming, should produce better suc-
cess in categorization tests. And, indeed,
when the 7 children were given common tact
training, 5 of them proceeded to pass either
Test 1 or 2. The failure of the remaining 2
(CT and TB) to pass either version of the test,
along with some of the failures of other par-
ticipants who had learned common naming,
points to another aspect of the role of nam-
ing.

According to the naming account (Horne
& Lowe, 1996; Lowe et al., 2002), naming
may be necessary for the categorization of ar-
bitrary stimuli, but it is not sufficient. Wheth-
er or not the establishment of naming rep-
ertoires results in categorization is not a
mathematical given but depends on whether,
in any given trial, the child overtly or covertly
produces the relevant common name and, in
turn, whether the latter exerts greater stim-
ulus control than that from competing sourc-
es such as an alternative name or a positional
selection preference; which source of stimu-
lus control dominates will depend upon the
individual’s learning history and current
stimulus conditions. For example, Lowe et al.
found that 6 of their 12 participants who had
been taught common naming failed the look-
at-sample test and only succeeded when they
were prompted to name the stimuli on the
tact-sample version of the test. This was also
true of 4 children (NW, MJ, BH, and LN-Set
2) in the present study.

The participants in the Lowe et al. (2002)
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study, who had tact training from the outset,
had little difficulty succeeding on Test 2. One
possible explanation for the poorer Test 2
performance in the present study is that over
the course of the listener training, category
testing, and tact testing that took place, other
sources of control may have been established
to compete with the common naming that
was later trained. For example, in the absence
of training to produce experimental names
for the wooden shapes during listener train-
ing, the children may nevertheless have given
their own names either to individual stimuli
or to groups of stimuli (see Dugdale & Lowe,
1990; Keller & Bucher, 1979) that in later
tests competed with the more recently estab-
lished experimental names for the control of
category sorting. Certainly, at various stages
all the children, with the exception of MJ,
overtly produced their own individual names
for at least some of the stimuli. In the case of
BH and TB, they also frequently produced
their own common names (e.g., ‘‘circle,’’
‘‘gate,’’ and ‘‘ball’’) for two or more of the
stimuli, as well as other well-established indi-
vidual names for the remainder.

How stimulus class naming and categori-
zation may occur prior to the formal catego-
rization test was evident in the performance
of Subject BH who, in the tact review preced-
ing Trial 13 of category Test 2, rearranged
the six stimuli into a row of zogs and a row
of veks, naming the stimuli in each of the
rows. From this point on he sorted the stimuli
without error. Similarly, Subject RE, toward
the end of tact training, rearranged the six
stimuli into two rows, one of zogs and one of
veks, and named them accordingly; she then
went on to succeed on category Test 1.

Position preferences are another source of
control of stimulus selection that may com-
pete with experimental names. Although ini-
tially evident in the performances of just over
half of the children in the present study, it
was a factor that was most marked in the per-
formance of CT, who from the outset selected
the stimuli closest to his right hand regardless
of the sample stimulus and who continued to
show this bias to the end of the study. This
may account for his failure to pass either of
the categorization tests.

Generalization of naming and category
sorting performances from Test 2 to Test 1
was investigated in 3 subjects (BH, MJ, and

LN-Set 2) who, following tact training, had
passed the tact-sample category test. Two of
these (BH and MJ) then passed the repeat of
the look-at-sample test, but LN failed.
Though not required to do so, Subject BH
named the sample in the first two trials of the
final look-at-sample test. This indicates that,
once having learned to name the sample in
the tact-sample test and to select so-named
comparisons, this behavior may, for at least
some children.
.

The introduction of common listener train-
ing with a second set of stimuli (Set 2) for 2
of the participants ( JC and LN) provided fur-
ther opportunities to consider generalization
effects. Having undergone tact training and
having succeeded on the subsequent look-at-
sample category test, Subject JC frequently
echoed the listener stimulus (/zog/ or /vek/)
while looking at the correct stimulus in the
training pair during the Set 2 listener train-
ing trials. These are precisely the conditions
under which the naming account predicts
that the object stimulus will come to evoke
the appropriate tact response (see Horne &
Lowe, 1996, p. 202). Though not required to
do so, JC tacted the stimuli in 25 of the trials
before she completed her listener training.
This is clear evidence that she had learned
not simply the common listener behaviors
but also the corresponding tacts, that is, com-
mon naming. Consistent with this observa-
tion, Subject JC went on to pass with a high
level of accuracy both the look-at-sample cat-
egory test and the subsequent tact test. Aged
only 1 year and 9 months at the start of cat-
egory testing, JC’s performance throughout
the training and testing phases of both Sets 1
and 2 is consistent with the naming account,
with respect to how naming develops and to
how it gives rise to categorization of arbitrary
stimuli.

Subject LN was 1 of only 2 children who
passed the tact test for the Set 1 stimuli with-
out direct training, and she went on to pass
the tact-sample category test. However, when
given common listener training on the sec-
ond set of stimuli, she did not learn to tact
them or to sort the stimuli correctly, despite
repeated listener training, look-at-sample cat-
egory testing, and tact testing. It is not clear
why, having produced common tacts to the
Set 1 stimuli without being directly trained to
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do so, she did not do likewise with the Set 2
stimuli. One possibility is that she failed to
echo the listener stimulus during listener
training for Set 2. Having been trained the
common tacts for the latter, however, she pro-
ceeded to pass the tact-sample version of the
test.

Other studies of listener behavior and categori-
zation. The present study appears to be the
first within the behavior analytic literature to
examine the effects of common listener train-
ing on naming and categorization with a
group of very young children. Other studies
of categorization (e.g., Green, 1990; Sidman,
Kirk & Willson-Morris, 1985; Sidman & Tail-
by, 1982; Sidman, Willson-Morris & Kirk,
1986) have trained common listener relations
but in normally developing older children
and adults, and in adults with mental retar-
dation. Comparison of their findings with
those of the present experiment is further
complicated by the fact that their subjects
were also given visual-visual conditional dis-
crimination training before, after, or in some
cases intermixed with, the common listener
trials. We will focus here upon the findings
from the subjects in these studies whose au-
ditory-visual training trials were not inter-
spersed with visual-visual trials.

In the three studies by Sidman and col-
leagues, a total of 16 children aged 5 to 10
years passed the equivalence tests, and all
produced a common name for members of
each common listener stimulus class. This
suggests that children of 5 years and above
are more likely than younger subjects, such
as those in the present study, to produce a
common name for the visual stimuli in
trained common listener relations. Certainly,
it is expected that as children’s naming skills
develop, they will increasingly learn to name
stimuli to which they might previously have
only responded as listeners (Horne & Lowe,
1996). However, it should also be noted that,
prior to the main arbitrary stimulus training
procedures, the subjects in the studies con-
ducted by Sidman and colleagues were pre-
trained to select hues in response to the cor-
responding color names and to produce
these color names. Occurring as it did within
the experimental context, this pretraining
may have increased the likelihood that these
children would go on to name the visual stim-
uli presented during subsequent arbitrary

common listener training. Because the major
aim of the present study was to test for cate-
gorization in the absence of naming, any pre-
training that might require the children to
name the stimuli was strictly avoided.

In Green’s (1990) study of mildly retarded
female adults, 2 were given common listener
(AB, AC) training, with dictated names for
one stimulus set, followed by visual-visual
(DE, DF) training for a second set, whereas
the converse order of training was given for
the remaining 3 subjects. When equivalence
testing for both sets was completed, all 5 were
asked to name the visual stimuli and, finally,
to sort those ‘‘that go together in stacks.’’ For
the auditory-visual set, all 5 passed the equiv-
alence tests virtually immediately and sorted
the visual stimuli correctly. Subjects A1 and
A2, who were trained first on the auditory-
visual stimulus set, both produced common
names for the B and C stimuli. In the case of
Subject A1, however, common naming oc-
curred not on the naming test, where she
provided individual names for each stimulus,
but in the course of the sorting test. Subject
V2 individually named the stimuli in the first
trial of the naming test but produced the
common names in the second and third. The
remaining 2 subjects gave individual names.
Given the complex verbal instructions used in
this study, it is clear that these participants
had well-developed verbal repertoires that
certainly were sufficient to produce common
names, intraverbal sequences of individual
names, or other forms of verbally governed
behavior known to facilitate success on equiv-
alence tests (see Horne & Lowe, 1996, pp.
215–222; Sidman, 1994, p. 308).

Because auditory-visual training involves
dictated common names for the stimuli, com-
mon naming is more likely to occur when
such training is given before, rather than af-
ter, visual-visual training. The study shows
again, however, that for a particular set of
stimuli, subjects may produce a common
name (or even two—see Sidman et al., 1985,
1986), as well as an individual name, for each
stimulus; which will predominate in a partic-
ular experimental context is not always easy
to determine. As the case of Subject A1 dem-
onstrates, though subjects may not answer
with a common name in a formal naming
test, they may use a common name during
the sorting tests themselves (see also Horne
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& Lowe, 1996, pp. 216–218). Sidman and col-
leagues also conducted conditional discrimi-
nation training with moderately retarded sub-
jects. In Sidman et al. (1986), there were 2
subjects (AA and PA) who only had auditory-
visual training, unmixed with visual-visual tri-
als and who had mental ages of 4 years 5
months and 3 years 1 month, respectively.
Subject AA passed the common listener
equivalence test and common named the
stimuli. PA’s data are more difficult to inter-
pret. With retesting, he also eventually passed
the common listener equivalence tests and,
though he produced some common names as
well as individual names for the visual stimuli,
it appears that his articulation problems
made it difficult to reliably score his respons-
es in the naming test.

Is naming necessary for categorization? Carr et
al. (2000) investigated the formation of stim-
ulus classes in severely retarded individuals.
Their aim was to assess the naming account
by testing for stimulus equivalence in humans
‘‘who have never developed the capacity for
speech. Such a deficit effectively eliminates
the route by which the naming process op-
erates, and equivalence test outcomes should
be negative’’ (p. 102). They conducted two
experiments with participants who had poorly
developed language skills and who were aged
from 13 to 21 years old. Their findings that
4 out of the 5 subjects passed tests of stimulus
equivalence, they conclude, thus poses major
problems for the naming account. Their fun-
damental premise, however, is based on a mis-
reading: The naming account has never, in
fact, equated verbal behavior with speech.
Rather, it has, in line with Skinner’s (1957,
1969) analysis, explicitly indicated that mo-
dalities other than speech (e.g., manual sign-
ing) can serve for naming just as well as oral
repertoires and, whatever the modality, nam-
ing may occur overtly or covertly (Horne &
Lowe, 1996, pp. 208–209; 1997, p. 294; Lowe
& Horne, 1996, pp. 324–325; see also Cata-
nia, 1996). Neither does the naming account,
as Carr et al. maintain, require that subjects
have ‘‘well developed language’’ (p. 110) in
order to pass tests of equivalence. It is
enough simply to have either a common
name for each of the designated classes, or
individual names for class members that are
linked intraverbally (Horne & Lowe, 1996).
This is borne out by the results of the present

study and those of Lowe et al. (2002), which
show that children as young as 1 year 7
months, who have limited verbal repertoires,
readily learn to produce common names for
sets of arbitrary stimuli, and to pass tests of
equivalence and categorization.

As Carr et al. (2000) acknowledge, the use
of standard language tests to compare the
naming skills of older mentally retarded peo-
ple with those of very young children is not
straightforward and may underestimate the
much greater language experience of the old-
er subjects. Nevertheless, regardless of which
of the language tests were used in the Carr
et al. study, none of their 4 subjects who
passed equivalence tests had lower age-equiv-
alent scores than 2 years. This was true of the
3 participants in Experiment 1, who not only
had some oral naming skills, but also had
been taught manual signing (DJB and JRV)
or picture-based augmentative communica-
tion (DJB and IVB). Unfortunately, 2 of the
3 subjects were not given the language tests
in the medium of their non-oral verbal rep-
ertoires. The third, DJB, who had achieved
the age-equivalent score of 2 years 1 month
on an oral vocabulary test, was scored at 2
years 5 months when retested on a version of
the test that only measured signing. Although
it may not be clear, then, exactly how these
subjects might compare with young normally
developing children, particularly when both
oral and manual communication skills are
considered together, the evidence does not
support the contention that they lacked the
basic naming skills necessary for categoriza-
tion.

Indeed, Experiment 1 appears to have
been designed expressly to capitalize upon
such skills. If the aim were to show that equiv-
alence could occur in the absence of naming,
then it would have been advisable to use un-
familiar arbitrary stimuli for which these sub-
jects had no existing names. Instead, as the
nodal stimuli, Carr et al. (2000) used, vari-
ously, pictures of a shirt, dog, and cake and,
as auditory stimuli, the corresponding spo-
ken names (i.e., ‘‘shirt,’’ ‘‘dog,’’ and ‘‘cake’’).
These were all stimuli familiar to the subjects
prior to the study and they responded appro-
priately as listeners to the spoken words
though Carr et al. did not assess whether they
could also produce these particular names. If
these names were in place, then because the
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three familiar visual stimuli always served as
the comparisons (B stimuli) in the many-to-
one (AB, CB, DB) procedure, common nam-
ing of the stimuli conditionally related to
them is likely to have developed. Moreover,
in baseline training the ‘‘shaping’’ procedure
involved presenting in the sample location
each B stimulus (e.g., the shirt) merged first
with its corresponding C stimulus (e.g., the
letter ‘‘s’’ [for shirt]), and then later its cor-
responding D stimulus (a shape). Presenting
each C and D stimulus in turn in a com-
pound with the familiar nameable B stimulus
creates ideal conditions for the establishment
of common naming of these stimuli (see
Skinner, 1957, pp. 99–102, on metonymical
extension).

Interpretation of the results from Experi-
ment 2 is even more problematic. For exam-
ple, although the oral verbal assessment of
the 13-year-old subject (BN) reported to have
passed the equivalence test yielded an age-
equivalent score of 2 years, this assessment
was conducted 3 years prior to the study tak-
ing place (see Carr, 1997). Similarly, the as-
sessment of the second subject (HF) was con-
ducted up to a year before the study. (Carr
et al.’s [2000] paper does not specify when
the Experiment 1 verbal assessments were
conducted.) Furthermore, BN also had ex-
tensive training in the Makaton signing sys-
tem and used ‘‘a large number of signs’’ (p.
105). Unfortunately, however, his signing rep-
ertoire, particularly as it related to the stimuli
employed in Experiment 2, was not assessed.
It also should be noted that BN’s perfor-
mance on the equivalence test is likewise dif-
ficult to interpret given that (a) on both tests
he failed to show BA symmetry and only
passed the combined equivalence and tran-
sitivity tests on the fourth 8-trial block, and
(b) the stimuli were not randomly assigned,
and no pretests were conducted for existing
color or form-based relations among the stim-
uli (e.g., Green, 1990; see also Zentall, 1996,
on natural categories). In summary, then,
Carr et al.’s study, although providing inter-
esting data on categorization in severely re-
tarded people, does little to clarify the role
of naming in this phenomenon (cf.
O’Donnell & Saunders, 2003).

Though the present findings and those of
Lowe et al. (2002) are consistent with, and
were predicted by, the naming account, they

pose problems for theories centered on the
notions of stimulus equivalence (Sidman,
1994; 2000) and relational framing (Hayes,
1996; Hayes & Hayes, 1989, 1992). Neither of
these latter two theories predict that common
naming, but not common listener training,
will give rise to categorization—nor is it clear
how they could account for such a funda-
mental difference in behavioral outcome.
The equivalence account specifically predicts
that common listener training should as read-
ily establish equivalence relations among the
constituent arbitrary stimuli as would com-
mon speaker training and, indeed, much of
the early work on equivalence employed com-
mon listener training to establish the baseline
relations among arbitrary stimuli (see Sid-
man, 1994, pp. 19–80). It is also not clear how
these theories could explain why the tact-sam-
ple form of the category test, in which the
subject is required to respond verbally to the
sample before selecting the comparisons,
should be more effective in establishing stim-
ulus classes than its look-at-sample counter-
part. According to the naming account, nam-
ing is indeed special—it may be the only way
that organisms can categorize arbitrary stim-
uli. Learning common listener responses sim-
ply will not do. This is in marked contrast to
stimulus equivalence theory that assigns no
special role to verbal behavior or to naming
in particular. Sidman (2000) is clear on this
point:

Any name we apply to stimuli is a defined dis-
criminative response. Our theory states explic-
itly that any defined response components of
the contingencies have a status that is equal in
every way to the stimulus and reinforcer mem-
bers of the classes. Although just as important,
responses require no separate treatment. (p.
145)

The data presented here and by Lowe et al.
(2002) do not accord with this theory (and
see Horne & Lowe, 1996, 1997; Lowe &
Horne, 1996).

Whatever the merits or demerits of the
naming account, it does have the virtue of
being disconfirmable. For a key feature of the
account to be disproved it is only necessary,
for example, to show that categorization of
arbitrary stimuli occurs reliably in organisms,
such as preverbal infants and nonverbal ani-
mals, that cannot name these arbitrary stim-
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uli, or in verbal children who have learned
listener behavior but not naming. A central
purpose of the present study, in combination
with that of Lowe et al. (2002), was to subject
the account to this latter test. If it had been
shown that children who did not common
name the stimuli were as successful as those
who did, then the account would have to be
abandoned or, at least, radically modified.
But far from there being no difference be-
tween these conditions, the gap was abso-
lute—only those children who showed evi-
dence of common naming categorized.
These findings provide strong support for the
proposition that naming is indeed necessary
for the establishment of arbitrary stimulus
classes. At the very least, the detailed results
presented from the 21 participants across
both sets of studies show how naming arbi-
trary stimuli, as opposed to merely looking
and pointing at them, is a powerful deter-
minant of categorization (see Dugdale &
Lowe, 1990; Eikeseth & Smith, 1992; Lowe &
Beasty, 1987; Mandell & Sheen, 1994; Randell
& Remington, 1999; K. J. Saunders et al.,
1993).
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