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guistically expected condition than in the unexpected con-
dition (a main effect of linguistic expectancy; b 5 0.026, 
SE 5 0.012, t 5 2.25, p , .05), which may be due to earlier 
differences in the sentences (e.g., the presence or absence 
of that). Because this effect was small (16 msec) and in the 
opposite direction of a garden path effect, it seems unlikely 
to have led to the pattern in the critical region.

In the critical region, RTs were slowed by both syntactic 
and semantic unexpectancy (a main effect of linguistic 
expectancy; b 5 20.082, SE 5 0.012, t 5 26.83, p , 
.0001). No other effects reached significance, except a 
three-way interaction among linguistic manipulation, lin-
guistic expectancy, and musical expectancy (b 5 0.032, 
SE 5 0.012, t 5 2.62, p , .01). Planned contrasts showed 
that this interaction reflects a simple interaction between 
linguistic and musical expectancy for the syntactically 
manipulated sentences (b  5 0.042, SE 5 0.017, t  5 
2.46, p , .05) but no such interaction for the semanti-
cally manipulated sentences (b 5 20.021, SE 5 0.017, 
t 5 21.25, n.s.). The simple interaction between musical 
expectancy and garden path effects did not correlate with 
years of musical training (r 5 2.10, n.s.).2

In the postcritical region, RTs were longer in the lin-
guistically unexpected than in the expected conditions 
(a main effect of linguistic expectancy; b 5 20.074, 
SE 5 0.011, t 5 26.73, p , .0001), especially for the 
semantically manipulated sentences (an interaction be-
tween linguistic manipulation and linguistic expectancy; 
b 5 20.027, SE 5 0.011, t 5 22.42, p , .05). Addi-
tionally, linguistic manipulation and musical expectancy 
interacted (b 5 20.031, SE 5 0.011, t 5 22.84, p , 
.01) reflecting slower responses after an out-of-key chord 
on the syntactically manipulated sentences (b 5 20.041, 
SE 5 0.016, t 5 22.65, p , .01) but not on the semanti-
cally manipulated sentences (b 5 0.021, SE 5 0.016, t 5 
1.36, n.s.). No other effects reached significance.

Discussion
Participants showed both garden path effects and slowing 

for semantically anomalous phrases. However, only garden 
path effects interacted with harmonic expectancy, suggest-
ing that processes of syntactic integration in language and of 
harmonic integration in music draw upon shared cognitive 
resources, whereas semantic integration in language and har-
monic integration in music rely on distinct mechanisms (at 
least in the present task; see below). Given that harmonically 
unexpected chords typically lead to slowed responses even 
on nonmusical tasks (e.g., Poulin-Charonnat et al., 2005), it is 
surprising that, overall, participants in this experiment were 
not slower to respond when the concurrent chord was from 
an unexpected key. It is unclear why there was no such main 
effect of harmonic expectancy, although it may be because 
the task was unspeeded (unlike in Poulin-Charonnat et al., 
2005) or because of the relatively high attentional demands 
of the sentence-processing task (cf. Loui & Wessel, 2007).

These results support the hypothesis that processing 
resources for linguistic and musical syntax are shared 
(Patel, 2003). However, although Experiment 1 showed a 
clear dissociation between the effects of musical syntactic 
demands on linguistic syntax and semantics, it is impor-

difference score for the semantically manipulated region 
reflects slower reading of semantically unexpected items 
(e.g., pigs) than of semantically expected items (e.g., 
dogs). This effect of semantic expectancy did not differ as 
a function of musical expectancy.

These observations are supported by statistical analysis. 
In the precritical region, RTs were longer in the syntac-
tically manipulated than in the semantically manipulated 
sentences (a main effect of linguistic manipulation; b 5 
0.13, SE 5 0.031, t 5 4.12, p , .001). This is unsurprising 
because different items were used in these conditions and 
should have no important consequences for the questions 
of interest. Surprisingly, RTs were also longer in the lin-
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Figure 2. The difference between reading times (RTs, in mil-
liseconds) in the unexpected and expected language syntax condi-
tions of Experiment 1 as a function of harmonic expectancy in 
the concurrent musical chorale and of sentence region (the x-axis 
labels come from the example given in the Method section). Error 
bars indicate standard errors. Positive difference scores over the 
critical region (was) reflect a standard garden path effect.
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Figure 3. The difference between reading times (RTs, in mil-
liseconds) in the unexpected and expected language semantic 
conditions of Experiment 1 as a function of harmonic expectancy 
in the concurrent musical chorale and of sentence region (the x-
axis labels come from the example given in the Method section 
of Experiment 1). Error bars indicate standard errors. Positive 
difference scores over the critical region (dogs or pigs) reflect a 
standard effect of semantic anomaly.
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and expected linguistic syntax conditions as a function of 
timbral expectancy and sentence region. The positive dif-
ference score over the embedded verb reflects a garden path 
effect, which was no larger when the chord accompanying 
the embedded verb was of an unexpected musical timbre. 
Figure 5 plots the same information for the semantically 
unexpected and expected conditions. Semantically unex-
pected items were read more slowly than were semantically 
expected items; however, this effect of semantic expectancy 
did not differ as a function of timbral expectancy.

Statistical analyses support these patterns. In the precrit-
ical region, RTs were longer in syntactically manipulated 
sentences than in semantically manipulated sentences (b 5 
0.15, SE 5 0.033, t 5 4.54, p , .001), which likely reflects 
differences among the materials used in these manipula-
tions and should not have important consequences for the 
questions of interest. In the critical region, RTs were lon-
ger in garden path and semantically anomalous sentences 
(a main effect of linguistic expectancy; b 5 20.69, SE 5 
0.012, t 5 25.88, p , .0001) and were longer in phrases 
accompanied by a chord of unexpected timbre (a main ef-

tant to show that these results are not due simply to the un-
expected nature of the musical stimulus (i.e., perhaps the 
unexpected chord simply distracted attention away from 
the primary task of sentence parsing). It is not obvious 
why the cost of this distraction would occur only in the 
garden path sentences and not in the semantically unex-
pected sentences; however, it is possible that the garden 
path sentences were more difficult, and thus more suscep-
tible to distraction. To address this concern, Experiment 2 
was the same as Experiment 1, but with a nonsyntactic, 
but easily noticeable (thus potentially distracting), ma-
nipulation of the target chord.

EXPERIMENT 2

Experiment 1 revealed an interaction between the pro-
cessing of musical and linguistic syntax, but not between 
musical syntax and linguistic semantics, suggesting that 
shared processes underlie the processing of syntax in music 
and language. This assumes that the rule-based processing 
of harmonic relationships leads to this interaction; if so, 
other types of musical unexpectancy that are nonsyntactic 
should not interfere with syntactic processing in language. 
To test this claim, in Experiment 2 we manipulated the 
timbre of the critical chord, which had either the expected 
piano timbre or a pipe organ timbre. This difference does 
not depend on any type of hierarchical organization, but is 
perceptually salient and represents a significant psycho
acoustic deviation from the preceding sequence, and thus 
it should be at least as distracting as a change in key.

Method
Participants. Ninety-six UCSD undergraduates participated in 

Experiment 2 in exchange for course credit. Information on musical 
training was not collected because of a programming error.

Materials, Design, and Procedure. The materials, design, and 
procedure were identical to those of Experiment 1, except that mu-
sical expectancy was manipulated as timbral expectancy. Specifi-
cally, musically expected and unexpected chords were the same in-
key chords, but unexpected chords were played with a pipe organ 
timbre.

Results
Table 3 lists mean RTs by condition and sentence region, 

Table 2 lists comprehension question accuracies, and Fig-
ure 4 plots the difference between RTs in the unexpected 

Table 3 
Mean Reading Times (RTs, in Milliseconds) in Experiment 2 by Sentence Region  

(Relative to the Critical Region) and by Condition

Syntactically 
Expected

Syntactically  
Unexpected

Semantically 
Expected

Semantically 
Unexpected

  M  SE  M  SE  Difference  M  SE  M  SE  Difference

Preceding region
  Expected timbre 618 23 599 21 219 533 18 517 19 216
  Unexpected timbre 633 22 633 25 0 532 18 523 18 29

Critical region
  Expected timbre 518 19 571 21 53 532 19 583 24 51
  Unexpected timbre 550 17 612 23 62 571 23 595 25 24

Following region
  Expected timbre 524 20 566 23 42 522 17 596 23 74
  Unexpected timbre  576  24  630  24  54  538  18  612  24  74
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Figure 4. The difference between reading times (RTs, in millisec-
onds) in the unexpected and expected language syntax conditions 
of Experiment 2 as a function of timbral expectancy in the concur-
rent musical chorale and of sentence region (the x-axis labels come 
from the example given in the Method section of Experiment 1). 
Error bars indicate standard errors. Positive difference scores over 
the critical region (was) reflect a standard garden path effect.
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tactic integrations in language and in music should lead to 
interference. In Experiment 1, resolution of temporarily 
ambiguous garden path sentences was especially slowed 
when accompanied by an out-of-key chord, suggesting that 
the processing of these harmonically unexpected chords 
draw on the same limited resources that are involved in the 
syntactic reanalysis of garden path sentences. Participants 
were not especially slow to process semantically improb-
able words when accompanied by an out-of-key chord, 
and Experiment 2 showed that manipulations of musical 
timbre did not interact with syntactic or semantic expec-
tancy in language.

It is somewhat surprising that the extent to which 
musical harmonic unexpectancy interacted with garden 
path reanalysis in Experiment 1 did not vary with musi-
cal experience. However, self-reported “years of musical 
training” may be a relatively imprecise measure of musi-
cal expertise. This, plus evidence that out-of-key chords 
elicit larger amplitude electrophysiological responses in 
musicians than in nonmusicians (Koelsch, Schmidt, & 
Kansok, 2002), suggests that this issue deserves further 
investigation.

That semantic expectancy in language did not interact 
with harmonic expectancy in music fits with some pre-
vious findings (Besson et al., 1998; Bonnel et al., 2001; 
Koelsch et al., 2005) but contrasts with other work show-
ing interactions between semantic and harmonic process-
ing. For example, semantic priming effects are reduced 
for target words sung on harmonically unexpected chords 
(Poulin-Charonnat et al., 2005). Note, however, that these 
results were not interpreted as evidence for shared pro-
cessing of harmony and semantics but were argued to 
reflect modulations of attentional processes by harmoni-
cally unexpected chords (cf. Escoffier & Tillmann, 2008). 
Another example of a semantic 3 harmonic interaction 
is that the N400 component elicited by semantically un-
expected words leads to reduced amplitude of the N500 
component elicited by harmonically unexpected chords 
(Steinbeis & Koelsch, 2008). The discrepancy between 
that study and the present one may reflect task differences. 
In particular, Steinbeis and Koelsch required participants 
to monitor sentences and chord sequences, whereas the 
present experiments included no musical task.

The present experiments indicate that syntactic process-
ing is not only a hallmark of human language, but is a hall-
mark of human music as well. Of course, not all aspects of 
linguistic and musical syntax are shared, but these data sug-
gest that common processes are involved in both domains. 
This overlap between language and music provides two 
viewpoints of our impressive syntactic processing abili-
ties that should provide an opportunity to develop a better 
understanding of the mechanisms underlying our ability to 
process hierarchical syntactic relationships in general.

AUTHOR NOTE

Portions of this work were presented at the CUNY Sentence Process-
ing Conference in March 2007, the Conference on Language and Music 
as Cognitive Systems in May 2007, and the 10th International Confer-
ence on Music Perception and Cognition (ICMPC10) in August 2008. 

fect of musical expectancy; b 5 20.054, SE 5 0.012, t 5 
24.61, p , .0001). No interactions reached significance, 
including the three-way interaction corresponding to the 
significant effect in Experiment 1 (t 5 0.92, n.s.).

In the postcritical region, RTs in linguistically unexpected 
sentences were longer than in expected sentences (b 5 
20.095, SE 5 0.012, t 5 28.21, p , .0001) and were longer 
following a timbrally unexpected chord (b 5 20.055, SE 5 
0.012, t 5 24.78, p , .0001), especially in the syntactic 
condition (an interaction between linguistic condition and 
musical expectancy; b 5 20.038, SE 5 0.012, t 5 23.33, 
p , .001). No other effects reached significance.

Discussion
Participants in Experiment 2 showed standard garden 

path and semantic unexpectancy effects, but neither ef-
fect interacted with the manipulation of musical timbre. 
Participants were slowed overall when hearing a chord 
of an unexpected timbre, suggesting that this manipula-
tion did draw attention from the primary task of sentence 
parsing. A comparable main effect of musical expectancy 
was not observed in Experiment 1, suggesting that hear-
ing a chord with an unexpected timbre may actually be 
more attention capturing than would be hearing a chord 
from an unexpected key. These results show that the in-
teraction between the processing of linguistic syntax and 
harmonic key relationships found in Experiment 1 did not 
result from the attention-capturing nature of unexpected 
sounds, but instead reflects overlap in structural process-
ing resources for language and music.

GENERAL DISCUSSION

The experiments reported here tested a key prediction 
of the SSIRH (Patel, 2003): that concurrent difficult syn-
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Figure 5. The difference between reading times (RTs, in mil-
liseconds) in the unexpected and expected language semantic 
conditions of Experiment 2 as a function of timbral expectancy 
in the concurrent musical chorale and of sentence region (the  
x-axis labels come from the example given in the Method section 
of Experiment 1). Error bars indicate standard errors. Positive 
difference scores over the critical region ( pigs or dogs) reflect a 
standard effect of semantic anomaly.
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NOTES

1. Analyses were also conducted on untrimmed log-transformed RTs, 
which yielded the same pattern of results.

2. Musical training also did not predict participants’ contribution to the 
statistical model (i.e., participants’ random intercepts were not correlated 
with musical training; r 5 .09, n.s.), and allowing random slopes for musi-
cal expectancy did not provide a better fitting model (χ2 5 0.17, n.s.), sug-
gesting that the effect of musical expectancy did not differ across subjects.

SUPPLEMENTAL MATERIALS

The sentence stimuli used in this study, as well as notations of the 
in-tune and out-of-tune musical stimuli, may be downloaded from pbr 
.psychonomic-journals.org/content/supplemental.
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