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Accuracy was steady over all blocks with a mean of 94.9 %. (F (2, 46) = 0.23, p = .72)

ERPs

vMMN

Difference in mean amplitude was found between the 
control, ESS 4 deviant, and ESS 8 deviant. 
(F (2, 46) = 5.65, p < .05).

Interaction effect between block and deviant/standard. 
The equiprobable standards were more negative than the standards 
in the other conditions. (F (2, 46) = 20.57, p < .001)

(1) vMMN can be observed in difference wave of ESS 4 
deviant and equiprobable standard. (t (23) = -6.52, p < .001).

(2) No difference found between the difference wave of the ESS 4 and
the ESS 8 deviant (each subtracted by the equiprobable standard).
(t (23) = 0.66, p = .52).
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Results - Targets

No difference between 
control, ESS 4 target, and 
ESS 8 target.
(F (2, 46) = 0.85, p = 0.43)

No difference between the 
two difference waves
(t (23) = 1.33, p = .19)

Accuracy

Participants
24 healthy, right-handed students 
(10 females, mean age 28.8 years)

Task
Count the targets and report orally per block

EEG
27 actiCap Ag/AgCl electrodes
Sampling rate: 500Hz
Reference: averaged mastoids

Analysis
Behavioral: ANOVA for accuracy

Peak detection within 160 - 240 ms
For analysis mean amplitude 20 ms around the peak
ERPs: ANOVA in P8
Difference waves: t-test against 0 and paired t-tests in P8

Procedure

Equiprobable standards (6 x ESS 8)

ESS 4 deviant

ESS 8 deviant

ESS 8 deviant - Equiprobable standards (6x ESS 8)

EES 4 deviant - Equiprobable standards (6x ESS 8)

-

-

Equiprobable standards (6x ESS 8)

ESS 4 target

ESS 8 target

P8

-100 -50 0 50 100 150 200 250 300 350

-2

0

2

400
ms3

1

-1

-3

µV

(1) vMMN was elicitied with the EES 4 deviant within the equiprobable control standards. Thus the underlying system 
of the vMMN can detect changes in these kinds of stimuli. Detecting changes on mere perceptual differences without 
changing physical energy.

(2) Same vMMN for the comparison of ESS 8 deviant subtracted by equiprobable control standards and vMMN of (1). 
Hence the underlying system of the vMMN does not differentiate between or within categorical changes but can mirror 
initial cognitive categorization processes.

Since the three blocks were not randomized, an order effect could distorted our results. Thus, in a second, follow-up 
experiment the randomization of blocks could shed more light on our results.

Summary

Futher investigation

The underlying system of the vMMN can automatically detect changes in complex regularities [1] [2] [3]. But is the underlying process of the vMMN 
also capable of deriving cognitive categories? Clifford et al. [4] and Mo et al. [5] investigated color categories. They reported larger vMMN when 
deviant and standard belonged to different colors compared to deviant and standard belonging to the same color category. However, the vMMN can
be heavily influenced by mere physical characteristics. Kecskés-Kovács et al. [6] looked at vertical mirror symmetry. They identified two vMMNs when 
looking at random deviants in comparison to random controls. Despite, controlling for physical energy manipulating a basic sensory category 
(i.e. symmetry in right/left visual field) does not necessarily constitutes a cognitive category. 

Dot patterns with the same physical energy were used as visual stimuli constructed by Garner & Clements [7]. Patterns can be divided into sets 
sharing the same spatial arrangement, i.e. equivalence sets (ESs). Automatic encoding of these different sets was investigated in studies using 
behavioral data [8] [9] and ERPs (P3b) [10] [11].

(1) vMMN in comparison between EES 4 deviant and equiprobable control standards, to evaluate vMMN for these kinds of stimuli.
(2)  vMMN in comparison of ESS 8 deviant subtracted by equiprobable control standards and vMMN of (1), to evaluate the assumption of vMMN 
      mirroring initial cognitive categorization processes.

Hypothesis

Eliminating physical variations

The vMMN and categorization

How early is the brain able to categorize different conceptual categories based on perceptual information?

Does automatic perceptual encoding of stimulus category affect early sensory processing steps?
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