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Two-levels of feature binding in the auditory modality:

reconciliation of opposing views

We used a 5-stimulus paradigm – a combination of a

condensation task with an oddball task.

Four target auditory stimuli differed in complexity and

pitch. Simple stimuli were sinusoidal tones; complex stimuli

were made by adding a white noise to a sinusoidal tone. High

and low tones had a frequency of 2000 and 1000 Hz

correspondingly. Nontarget stimuli were sinusoidal 400 Hz

tones.

Participants were instructed to make a two-alternative

choice: to push one gamepad button in response to two target

stimuli, and to push the other button to the other two target

stimuli, while ignoring the nontarget stimuli.

All stimuli were presented in quasi-random sequences.

The probability of the four target stimuli was equal; and they

were otherwise equal as far as task requirements, attentional

conditions, etc. may be concerned. The overall probability

ratio of target to nontarget stimuli was 1:4.

MMN amplitude was measured using differential ERPs by

averaging over 120-220 ms time window. P300 was measured

using target ERPs over 275-325 ms time window; these

windows were chosen as time intervals during which the

respective ERP components were most clearly pronounced.

The following electrodes manifesting near-maximum

amplitudes on scalp maps were included into the analysis: 9

electrodes for MMN (F3, Fz, F4, Fc3, Fcz, Fc4, C3, Cz, C4)

and 8 electrodes for P300 (Cp3, Cpz, Cp4, P3, Pz, P4, T5, T6).

The behavioral data were compared using two tailed

paired t-tests. ERP amplitudes were compared using repeated-

measures ANOVAs with following factors: either Stimulus

(two levels: complex and simple), or Response (two levels:

correct and error), and Electrode (9 levels for MMN and 8

levels for P300). For each of the ERP comparisons,

participants’ data were included into analysis only on

condition that each individual ERP was averaged across at

least 5 trials or more.

The analyses reported below included 46 participants.

1. MMN amplitude to complex stimuli did not differ

from MMN amplitude to simple stimuli. This finding stays

in line with the MMN literature (Sussman et al., 1998,

Oceak et al., 2008); thus the result of feature binding is

available at the early preattentive level related to MMN

generation.

2. Responses to complex stimuli were slower and less

accurate than responses to simple stimuli – thus staying in

line with behavioral reports (Thompson, 1994, Dyson and

Quinlan, 2003) evidencing that binding occurs at higher

level of sensory processing.

3. On erroneous trials, MMN decreased in amplitude

only for complex stimuli (but not for simple stimuli). This

observation hints that the neuronal population that encodes

feature conjunctions is closely associated with (or

coincides with) the neuronal population that generates

MMN.

Thus, a critical stage of feature binding occurs during

the early level related to MMN generation. Attentional

distraction and arousal fluctuations were indeed shown to

modulate MMN amplitude (Raz et al., 2001,

Auksztulewicz and Friston, 2015), and behavioral errors

were shown to reduce MMN amplitude (Elton et al.,

2004).

Detection of pitch itself is hardwired at lower levels of

auditory analysis, and accidental failures of automatic

pitch discrimination seem very unlikely given the tone

parameters used.

4. P300 amplitude was greater for complex stimuli than

for simple stimuli. This stays in line with the observations

that P300 increases in amplitude in response to deviant

stimuli that differ from standards by a greater number of

relevant features (Johnson, 1986, Lidji et al., 2010). This

may indirectly evidence that complex stimuli recruit

greater processing capacity (Kok, 2001). This is

compatible with the hypothesis that higher processing

levels receive sensory representations of conjoined

features as well as of separate features.

Thus, the increased informational load created by

complex stimuli may prolong RTs for the stimuli requiring

conjunction – the effect that has been observed in the

current study and was shown in earlier reports (Thompson,

1994, Dyson and Quinlan, 2003). In other words, the data

evidence that, in addition to a low level, the analysis

related to feature conjunction is also performed at higher

levels.

5-6. On erroneous trials, P300 amplitude was reduced

for simple stimuli (but not for complex stimuli).

For simple stimuli, errors were associated with the

delayed behavioral response, while no such delay was

observed for complex stimuli.

Reductions in P300 amplitude are known to be linked

to deterioration in sensory processing and reduced

performance (Polich, 2007, Smallwood et al., 2008).

Sensory pitch discrimination itself is not likely to cause

errors to simple stimuli in the current task – thus the cause

of rather rare errors in response to simple stimuli may be

related to late higher-level neuronal processes, which

serve to interpret the stimuli and to transform the sensory

representations into preparation of appropriate motor

responses (Verleger et al., 2005).
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Conclusions

Feature binding is a hypothetical process that

leads to holistic perception.

● Electrophysiological recordings of the

mismatch negativity (MMN) show that detection of

feature conjunctions is an early automatic process

(Gomes et al., 1997, Sussman et al., 1998, Takegata

et al., 2005, Winkler et al., 2005).

● Behavioral experiments evidence that feature

binding is a non-automatic higher-level process

(Treisman and Gelade, 1980, Thompson, 1994,

Dyson and Quinlan, 2003).

Perception involving feature integration is now

viewed as a non-linear network phenomenon

involving multiple brain levels, thus casting doubt on

feature binding being a single operation (Bullier,

2001). Moreover, since feature conjunctions may be

specifically detected early in the processing stream

(Bizley et al., 2009, Walker et al., 2011),

representations of both single features and their

conjunctions may be available at higher levels of

processing. Thus, it has been supposed that the

relative use of features themselves or their

conjunctions may vary depending upon specific

attentional task requirements, strategies used, etc.

(Takegata et al., 2005).

The current study aimed at testing the hypothesis

that processing of feature conjunctions involves both

the early automatic level of preattentive sensory

representations and the late integrative level leading

to translation from sensory representations to a

purposeful movement initiation. Particular focus in

this study was on the analysis of mechanisms of

accidental failures at both levels.
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Grand average waveforms at Cz: differential ERP waveforms 

(deviant targets minus standards) (a) and ERP waveforms (b). 
Insets: respective scalp maps averaged for both stimulus types and both response types over 120-220 ms and 

277-325 ms correspondingly. 

-8

8

-8

8

16

200 400

200 400

0

-5 0

14

(a) Differential ERP

Complex stimuli, correct resp. Complex stimuli, errors

Simple stimuli, correct resp. Simple stimuli, errors

ERP

P
o
te

n
ti
a
l 
(μ

V
)

μVμV

ms

(b)

MMN

P300

We found that feature binding in auditory modality

involves at least two concurrent levels of processing.

This supports the notion that feature binding is a

distributed multilevel process, involving both its detection

at the level of the auditory cortex, and application of

stimulus-to-response mapping at a higher integrative level.

Behavioral results: 

percentage of errors (a) and      response time (RT) (b, c). 

* - p < 0.05; *** - p < 0.001

Mean MMN amplitude

Mean P300 amplitude

* - p < 0.05
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