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Confusion and visual field effects in
rhyme and name letter matching

DAVID B. BOLES
Rensselaer Polytechnic Institute, Troy, New York

Recent evidence (Boles & Eveland, 1983) suggests that mixed-case letter pairs such as Aa are
matched not through a common phonetic or name code, but rather through the detection ofvisual
equivalence between alternate letter cases. The generation model states that equivalence is de
tected by internally generating the opposite cases of the letters, which are then compared to the
stimulus pair trace. What is lacking in this formulation, however, is evidence that the phonetic
or name code can be used for other letter-matching tasks and that it has a predominantly left
hemisphere lateralization. Here eight experiments employed rhyme- and name-matching tasks
along with manipulations of phonetic and generation confusion. Meta-analysis of the reaction
time and error results shows the expected interaction of task and type of confusion. In addition,
a small right visual field or left hemisphere advantage was found for rhyme matches, but not
for name matches. It is concluded on both confusion and lateralization grounds that rhyme- and
name-matching tasks employ different processes, and that these can be described, respectively,
as phonetic and visual in nature.

Although it has usually been assumed that phonetic
representations of letter names are used in the same
different matching of mixed-case letter pairs such as Aa
or Ab, accumulating evidence suggests that this is not in
fact the case. Most notably, attempts to produce phonetic
confusion by introducing noise letters (Posner & Taylor,
1969) or by varying the phonetic confusability of differ
ent pair members (Boles & Eveland, 1983) have not
generally succeeded in showing an effect on the time taken
to match letters or on errors made in letter matching (for
a critical review of other literature, see Boles & Eveland,
1983). In addition, a right visual field (left hemisphere)
superiority often fails to appear in studies using lateral
ized presentation of letter pairs, although generally speak
ing, such a superiority is predicted when verbal processes
are involved (Birkett, 1981; Boles, 1981; Hellige, 1975;
Wilkins & Stewart, 1974). Empirically, superiority of the
left hemisphere is generally found for verbal processing
(Beaumont, 1982b; Bryden, 1982), even though the right
hemisphere is believed to have some linguistic compe
tence (Beaumont, 1982a; Searleman, 1977).

Together, the lack of phonetic confusion and visual field
effects for so-called name matches suggest that phonetic
processes are not used. Yet if phonetic processes are not
involved, how can subjects detect equivalence between
two letters of different form? Recently, Boles and Eveland
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(1983) attempted to fill this theoretical gap by proposing
a generation model of letter matching. Put in its most
general terms, this model states that either or both mem
bers of a stimulus pair such as Aa generate a memory
representation of the opposite case (i.e., the stimulus A
generates a, and/or the stimulus a generates A). Each
generated representation can then be visually matched to
one or both of the original stimulus letters, in this instance
supporting a same response (the generated a matches the
original a, and/or the generated A matches the original
A). In effect, the theoretical gap is filled (according to
this proposal) by a rapid generation process in which
generated memories possess visual characteristics and sup
port visual matches for equivalence.

Evidence in support of the model comes from the
manipulation of generation confusion. When Boles and
Eveland (1983) constructed different pairs so that any
generated letters would be visually confusable with the
original letters (e.g., the pair Gq), reaction times were
50-120 msec longer than when nonconfused pairs were
used. A follow-up experiment demonstrated that the ef
fect was not due to direct visual confusion between the
stimulus letters themselves (e.g., between G and q).

A useful addition to the results of Boles and Eveland
(1983) would be a task in which phonetic processes must
be employed. For instance, phonetic processes would be
expected to be used in rhyme matches based on the ter
minal sounds of letters (e.g., Ak). An experimental
investigation might show that rhyme matching is in
fluenced by phonetic confusion or visual field of presen
tation, and that it is insensitive to generation confusion.
If so, then name matching would have been dissociated
from rhyme matching, because name matches are insen
sitive to phonetic confusion and visual field of presenta
tion but are highly sensitive to generation confusion. Such
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a pattern of dissociation from a phonetic task would sup
port the thesis of Boles and Eveland, that is, that name
matches are, in effect, visual and not phonetic matches.

The following experiments were designed to contrast
name letter matching with rhyme matching, with an aim
toward dissociating the two tasks with respect to (1) the
type of effective confusion and (2) visual-field effects. The
rhyme task required subjects to judge whether two letter
names rhyme (e.g., lk, Cb) or not (e.g., lb, Ck). It was
predicted that this task, unlike the name-matching task,
should result in greater phonetic than visual (generation)
confusion, and in a right-field superiority, given lateral
ized presentation. By contrast, the name-matching task
should result in relatively greater visual confusion and in
an essentially null visual-field difference (Boles, 1981;
Boles & Eveland, 1983).

METHOD

General Method
In experiments using a name-matching task, letter pairs were con

structed so that some pairs had the same name but were physically
nonidentical (e.g., Aa), whereas the remainder were different pairs
(e.g., Ab). Similarly, experiments using a rhyme-matching task used
pairs whose terminal sounds were the same (e.g., Ak), or not (e.g.,
Ab).

Several experiments also varied the type of confusion present in
different pairs. Typically, in both the rhyme- and name-matching
tasks, phonetically confused pairs were defined as nonrhyming pairs
showing confusability in Conrad's (1964) acoustic confusion matrix
(e.g., Hs). Generation-confused pairs were those in which the op
posite case of each letter physically resembled the other letter ac
cording to the visual confusion matrices of Hodge (1962) (e.g., Qg).
Importantly, in all experiments using both types of letter match
ing, the different pairs were the same regardless of the task.

Experiments 2, 3, 4, and 6 used the same stimulus set (idiosyn
cratic sets were used in Experiments 1, 5, 7, and 8). Because the
set was modal, it is described in detail here. Same pairs for the
rhyme-matching task were Bp, Cg, Gc, Gt, Jk, Kj, Pb, Qu, Tg,
and Uq. For the name-matching task, the same pairs were Fj, Gg,
Hh, Kk, Nn, 00, Qq, Tt, Uu, and Xx. For both tasks, phonetically
confused different pairs were Gu, Hs, Fx, Kn, Nk, Qt, Sh, Tq, Ug,
and XI; generation-confused different pairs (Boles & Eveland, 1983)
were Ft, Go, Gq, Hn, Kx, Nh, Og, Qg, Tj, and Xk. As calculated
from the confusion matrices of Conrad (1964) and Hodge (1962),
mean phonetic confusion was 130.8 (SD = 65.7) for the phonetic
confusion pairs and 25.7 (SD = 26.5) for the generation-confusion
pairs. Mean generation confusion was 0.3 (SD = 0.4) and 19.7
(SD = 11.1) for these sets, respectively. 1

A computer (a PDP-15, Apple II +, or Apple lIe, depending on
the experiment) presented the pairs and accepted manual keypresses
from the subjects. Trial time-lines varied across experiments, but
typically went as follows: (I) presentation of a fixation cross, fol
lowed by (2) the stimulus display for some set duration, always
150 msec or less; (3) the subject's response or a set deadline; and
(4) brief feedback about reaction time (RT) and the correctness of
the response. Responses were made on keys arranged in the mid
line, to reduce compatibility effects. Stimulus displays always in
volved lateralized presentation, with one or both members of the
pair presented in either the left visual field (LVF) or right visual
field (RVF). Also, a small amount of practice was given before'
data were collected for each task, and the order of task presenta
tion was balanced across subjects. All subjects were right-handed
by self-report.

Specific Methods
Because the results of the eight experiments are presented in terms

of meta-analyses, a detailed treatment of specific methods is not
warranted. Accordingly, each experiment is briefly described in
terms of its unusual features or departures from the general method.
Further details are available from the author on request. Generally
speaking, the variations of method across experiments were due
to a desire to identify the optimal methods for establishing confu
sion and visual-field effects. It is clear, however, that no one method
proved optimal in these respects, although the results of all experi
ments combined do produce a reasonably coherent picture.

Experiment 1. A single lowercase letter was presented at fixa
tion, with an uppercase letter presented peripherally and flanked
(at the top and bottom) by two noise letters. The match was to be
made between the letter at fixation and the flanked peripheral let
ter. When the letters to be matched were different, the flanking let
ters showed either generation or phonetic confusion with the cen
tral letter, and so defined the generation-confused and phonetically
confused conditions. For example, when the central letter k was
to be matched to the peripheral letter D, the flanking letters J and
A operationalized phonetic confusion, whereas generation confu
sion was operationalized by Rand X. There were 48 stimulus dis
plays. Both name and rhyme matches were used. The 16 subjects
were from the University of Oregon Cognitive Laboratory subject
pool; each contributed a total of 576 trials.

Experiment 2. Both letters to be matched were presented
peripherally, stacked vertically. No flanking letters were used, so
that confusion was defmed within the pair, as described for the modal
stimulus set in the General Method section. Both name and rhyme
matches were employed. The 12 subjects, from the University of
Oregon Cognitive Laboratory subject pool, contributed 720 trials
each.

Experiment 3. One letter was presented at fixation, with the other
presented peripherally. Both name and rhyme matches were used.
The 16 subjects, from Illinois State University, contributed 600 trials
each.

Experiment 4. Successive letter matches were used, the two let
ters separated by a stimulus onset asynchrony of 2,400 msec, with
the fixation cross instated for most of the intervening period. Other
wise the experiment was similar to Experiment 3, including the num
ber and source of subjects and trials.

Experiment 5. Pairs were simultaneous, with one letter at fixa
tion and one in the periphery. Although rhyme matching was used
as one task, the control task was physical matching, not name match
ing. Same pairs for physical matches were visually identical (e.g.,
AA); different pairs were not (e.g., AP). All letters in both tasks
were uppercase. No confusion conditions were used, so this ex
periment primarily contributed data on visual-field effects. The 29
subjects were from the University of Calgary; each subject con
tributed 192 trials.

Experiment 6. Only rhyme matching was used. Letters were al
ways uppercase, and pairs were presented in three different ways:
with one letter at fixation and the other shown peripherally; with
both letters shown peripherally, stacked vertically; and with both
letters shown peripherally, but with a digit at fixation. For the third
type of display, subjects made a second response' to classify the
digit as odd or even. Inclusion of this condition was motivated by
the previous finding (Boles, 1983) that under some circumstances.
a central digit magnifies obtained visual-field asymmetry. No con
fusion conditions were used in the experiment. The 12 subjects,
from the University of Illinois at Urbana-Champaign, contributed
720 trials each.

Experiment 7. Only rhyme matching was used. Letters were up
percase, and either two or three letters were presented. If two let
ters were shown, either both were presented peripherally or one
was presented centrally and the other peripherally. If three letters
were shown, either all three were presented peripherally or one was
presented centrally and two peripherally. All letters had to rhyme
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Note-PHO = phonetic confusion, GEN = generation confusion.

Table 2
Task x Confusion: Percent Errors for Different Pairs

for a same response. There were no confusion conditions. The 16
subjects, from the University of lllinois at Urbana-Champaign, con
tributed 512 trials each.

Experiment 8. Both name and rhyme matches were employed.
A mixed-case pair was presented peripherally, arranged horizon
tally, with an arrow at fixation pointing to the pair. A randomly
selected distractor pair, shown in the other visual field, was to be
ignored; this manipulation was motivated by the finding of Boles
(1985) that the presence of a distractor stimulus in the opposite visual
field often increases the size ofreaction time asymmetries. The 12
subjects, from Rensselaer Polytechnic Institute, contributed 480
trials each.

Rhyme Name

Experiment PHD GEN PHD GEN Interaction

I 6.0 6.4 3.1 3.2 -.3
2 12.4 9.3 4.9 21.5 +19.7
3 10.4 7.7 2.7 11.2 +11.2
4 8.9 6.8 3.2 6.2 +5.1

Mean 9.4 7.6 3.5 10.5 +8.8

p Z
.649 -.38

< .00001 > +4.26
< .000005 > +4.42

.0002 +3.53

z' > +5.92
p' < 2 x 10'"

RESULTS Table 3
Visual Field x Task: RT (in Milliseconds)

Note-PHO = phonetic confusion, GEN = generation confusion.

p Z
.065 +1.51
.096 +1.30
.158 +1.00
.460 +.10
.387 +.29
.009 +2.75

z' = +2.84
p' = .003

+22
+10
+10
+1
+5

+41

Rhyme Control

LVF RVF LVF RVF Interaction

1,081 1,049 768 758
735 741 718 733
678 670 584 586
631 628 532 530
895 885 645 640
980 974 860 895

I
2
3
4
5
8

Experiment

Note - LVF = left visual field, RVF = right visual field.

Visual-Field Effects
Table 3 shows the visual field x task interactions in

RT for all trials in those experiments that contrasted rhyme
matching with a control task (Experiments 1-5 and 8).
Although it was individually significant only in Experi
ment 8, an interaction was obtained over experiments (Zl
= 2.84, pi = .(03).

Tables 4 and 5 examine the rhyme-matching and name
matching RTs individually. The rhyme-matching results

ing letters were varied), the interaction showed a cross
over form in that for rhyme matches, phonetically con
fused pairs produced longer RTs than generationally
confused pairs, whereas the opposite was true of name
matches. In Experiments 2-4, all of which used the same
letter pairs in which type of confusion was more directly
implemented (within a pair, rather than via flanking let
ters), the interaction took the form of a reduced differ
ence (generation confusion minus phonetic confusion) for
rhyme matches, compared with that found for name
matches. A possible reason for the differing forms of the
interaction is discussed below.

The percent error effects are shown in Table 2. The
meta-analysis again revealed a highly significant task X
confusion interaction (Zl > 5.92, pi < 2 X 10-9 ). Fur
thermore, here the overall interaction has a crossover
form, with more errors made for phonetically confused
than for generationally confused pairs in the rhyme task,
and vice versa in the name task. However, the test for
homogeneity was not passed in this instance [X2(3) =
15.30, P < .01]; as Table 2 clearly shows, the interaction
was obtained only in Experiments 2-4.

p Z

.018 +2.10

.015 +2.17

.013 +2.23

.017 +2.12
z' = +4.31

p' = .000008

+38
+43
+38
+30
+37

1,080 1,052 754 764
698 752 670 767
642 675 549 620
618 635 514 561
760 779 622 678

1
2
3
4

Mean

Table 1
Task x Confusion: RT (in Milliseconds) for Different Pairs

Rhyme Name

PHD GEN PHD GEN InteractionExperiment

In general, median RTs and percent errors were calcu
lated for each condition of an experiment, and analyses
of variance were conducted to assess the significance of
relevant effects. Results were then combined across ex
periments using the Stouffer method of meta-analysis
(Rosenthal, 1978). In this method, individual one-tailed
probability levels are converted to z scores, the z scores
are summed across experiments, and the sum is divided
by the square root of the number of experiments. The
result is an overall z score which will here be termed z' ,
which is then converted to an overall one-tailed proba
bility level (p ').

In addition, the homogeneity of the results of each meta
analysis was tested using the chi-square method given by
Rosenthal and Rubin (1979). With one exception, which
is noted, all tests were passed, so the results of the in
dividual experiments appear to be comparable. It should
be emphasized that the experiments included in the meta
analysis are all of those completed at this writing, so they
do not represent a biased selection.

Confusion Effects
Table 1 shows the task x confusion interaction in differ

ent pair RT for each of the experiments in which rhyme
matches were contrasted with an appropriate control con
ditions and confusion conditions were present (Experi
ments 1-4). The interaction proved highly robust, appear
ing in each experiment individually, and it was highly
significant by meta-analysis (Zl =4.31, pi = .()()()oo8). In
Experiment 1, which was unique in that virtually identi
cal different pairs were used for the phonetic-confusion
and generation-confusion conditions (the irrelevant flank-
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Note-LVF = left visual field. RVF = right visual field.

DISCUSSION

Note-LVF = left visual field, RVF = right visual field.

include all experiments using this task (Experiments 1-8);
overall, RVF pairs were responded to 8 msec faster than
LVF pairs (8oo vs. 808 msec; z' = 2.oo, p = .023). By
contrast, name matching (Experiments 1-4 and 8) showed
no significant difference between the RVF and the LVF
(7oo vs. 692 msec; z' = -.85).

No visual field effects appeared in meta-analyses ofthe
percent error data, either for the interaction or for the
rhyme and name matches individually (all z's < 1).

ments 2-4 was implemented by the use of acoustic con
fusion matrices but was not based on the end sounds of
letter names, subjects may have been able to ignore it be
cause it was unrelated to the rhyming task. The result was
relatively rapid RTs. By contrast, the flanking-letter con
fusion employed in Experiment 1 was based on end
sounds, and may therefore have been more effective in
disrupting rhyming matches.

Note, however, that a second anomaly in the results was
a speed-accuracy tradeoff present for the rhyme-matching
confusion conditions in Experiments 2-4 (Tables 1 and
2). Generationally confused pairs produced longer RTs,
but fewer errors. This is perhaps explainable as a criterion
effect traceable to the greater visual confusion in these
pairs; that is, in perceiving greater visual similarity in
these pairs, subjects may have responded with caution,
producing longer RTs but greater accuracy. As a criterion
effect, this would represent only a bias and not an effect
on the ability to make rhyme matches per se.

According to this view, then, what was measured in
Experiments 2-4 was the relative effect of generation
(visual) confusion on rhyme and name matching, with
non-end-sound phonetic confusion having no effect on
either. Because generation confusion was direct, rather
than indirect, its effect on name matches was greater in
Experiments 2-4 than in Experiment 1.

In any case, the following conclusions seem reasona
ble. First, rhyme and name matches are probably not
based on the same process, because a task X confusion
interaction was consistently observed.2 Second, the nature
of the interaction accords well with the interpretation that
name matches rely much more heavily on visual processes
than do rhyme matches.

The visual-field results provide additional support for
these conclusions, because they imply another (hemis
pheric) dissociation of the two tasks. Specifically, rhyme
matches produced a small but significant advantage of
RVF over LVF presentations, whereas no asymmetry was
observed for name matches. Ideally, of course, these
results would have shown more reproducibility within sin
gle experiments than was obtained, so they do leave some
thing to be desired. However, the direction of the visual
field x task interaction (Table 3) was the same across six
experiments, showing that the reSUlt, although small in
size, is stable in direction. Furthennore, the direction of
the visual-field difference for rhyme matches (Table 4)
favored the RVF in seven of eight experiments. Finally,
it should be noted that the obtained 8-msec RVF advan
tage is not far off the estimated lower boundary of visual
interhemispheric transmission time (Bashore, 1981; Mil
ner & Lines, 1982).

The significant result of the visual field x task RT meta
analysis implies that different neurological substrates un
derlie the two tasks: rhyme matches apparently rely more
on left hemisphere than on right hemisphere processes,
whereas name matches seem to be within the equivalent
competencies of both hemispheres. The former finding

p Z

p Z

.009 +2.35

.706 -.54

.192 +.87

.360 +.36

.243 +.70

.138 +1.09

.284 +.57

.394 +.27
z· = +2.00
p' = .023

.100 +1.28

.898 -1.27

.630 -.33

.361 +.36

.939 -1.94
z' = -.85
p' = .198

768 758 +10
718 733 -15
584 586 -2
532 530 +2
860 895 -35
692 700 -8

1,081 1,049 +32
735 741 ---{)
678 670 +8
631 628 +3
895 885 +10
679 674 +5
784 781 +3
980 974 +6

808 800 +8

Table 5
Name Matches: RT (in Milliseconds)

LVF RVF Difference

Table 4
Rhyme Matches: RT (in Milliseconds)

LVF RVF Difference

1
2
3
4
5
6
7
8

1
2
3
4
8

Mean

Mean

Experiment

Experiment

The results of the eight experiments generally support
the two hypotheses stated in the introduction. A dissoci
ation was observed between rhyme- and name-matching
tasks in the generation-confusion-phonetic-confusion
difference, both in RT and in errors. In addition, a visual
field dissociation was observed: rhyme matches produced
a small but significant RVF superiority in RT, whereas
name matches resulted in a statistically null visual-field
difference.

There are, however, some anomalies in the data which
require explanation. The first is the varying fonn taken
by the task x confusion interaction in RT between Ex
periment 1 and Experiments 2-4 (Table 1). Why was a
crossover interaction found in Experiment 1, when a
reduced difference interaction was found in the later ex
periments?

One possibility is that the kind of phonetic confusion
employed in Experiments 2-4 was less effective than that
used in Experiment 1. Because the confusion in Experi-



would be expected from the phonetic nature of rhyme
matches (Zaidel & Peters, 1981), whereas the latter shows
striking similarity to previous results (see Boles, 1981,
for a review and original data).

Thus, in large part, the results seem to satisfy the major
goals outlined in the introduction. When a letter-matching
task is used which requires phonetic processing (rhyme
matching), the outcome is (1) a reduction in the effect of
visual (generation) confusion, compared to name match
ing, and (2) a RVF advantage in reaction time. These ob
servations agree with the preponderant lateralization of
language to the left hemisphere of right-handed people,
and, inasmuch as no field effect was found for name
matches, they indicate that name matches do not rely on
language processes in the same sense as rhyme matches.
The large effects of generation confusion obtained for
name matches further support the conclusion of Boles and
Eveland (1983) that visual memory processes underlie the
matching of name-identity pairs. Indeed, it seems that the
term name match is a misnomer, applying only to a for
mal relationship between alternative cases and not to the
mental processes actually used by subjects in judging let
ter equivalence.

Incidentally, the present experiments provide evidence
against a competing interpretation of the generation
confusion results of Boles and Eveland (1983). An anony
mous reviewer has suggested that the effect of genera
tion confusion on name matches may be a disguised ef
fect of phonetic confusion. That is, a generation-confused
pair such as Qg may activate the visually similar letters
G and q (which is also predicted by the generation model
of Boles and Eveland), and phonetic (name) confusion
may therefore exist because of the name equivalencies be
tween G and g and between Q and q (which is not
predicted by the generation model). However, such an
interpretation encounters difficulty in explaining the lesser
effect for rhyme matches obtained in the present experi
ments. The letters G and g certainly end in the same
sound, as do the letters Q and q, so one might expect simi
lar effects of generation confusion on rhyme matches. In
stead, a reduced effect was found. Furthermore, hypothe
sis of disguised phonetic confusion runs into difficulties
on other grounds, including (1) the absence of a visual
field effect for name matches, which might be expected
if the matches are ultimately based on phonetic processes,
and (2) the lack of a phonetic-confusion effect for name
matches (the null effect has been established repeatedly
by Boles and Eveland, 1983). Of course, one can never
rule out the possibility of ancillary assumptions that can
be added to the phonetic explanation to explain the full
complex of results. Yet it seems likely that any such set
of assumptions would be complex compared to a nonpho
netic view of name matching, and would suffer from a
cut by Occam's razor.

Finally, one implication of these findings is that pho
netic representations of letter names cannot be used as
efficiently as visual representations of letter shapes in
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matching for name identity, at least when presentations
are visual. Otherwise, one would expect subjects to use
phonetic processes, and some evidence of this would be
found in the confusion or visual-field results. Congruent
with this implication is the finding that rhyme matches
averaged about 120 msec longer than name matches (see
Table 1).
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NOTES

I.Confusion indices were calculated as in the following examples.
For the phonetically confused pair Hs, the mean number of acoustic
confusions was extracted from Conrad's (1964) matrix as the number
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of H responses to an S auditory stimulus (43), plus the number of S
responses to an H stimulus (l51), divided by 2 (97). Thus, the phonetic
confusion index for Hs was taken to be 97, and the mean phonetic con
fusion (and SD) was derived by averaging the indices for all stimulus
pairs within a set. Similarly, for the generation-confused pair Hn, the
mean number of cross-case visual confusions was extracted from Hodge's
(l962) matrices as the number of H responses to an N visual stimulus
(7), plus the number of N responses to H (71), plus the number of h
responses to n (4), plus the number of n responses to h (3), divided
by 4 (21.25). The mean generation confusion (and SD) was then derived
across all stimulus pairs within a set.

2. Robert Proctor has suggested that the apparent effects of confu
sion in Experiment I were due to the noise letters' contributing infor
mation toward a same response, an effect that would take place regard
less of the particular code subjects used to match rhyming letters. The
point is well taken and does constitute a plausible alternative explana
tion for the confusion results in Experiment I.
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