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Background
• The mismatch negativity (MMN) is a relatively early component (150-250 
ms) of the auditory event-related potential, sensitive to infrequent changes 
(deviants) in an otherwise predictable stream of sounds (standards) [1,2]
• The MMN has been shown to be sensitive to the degree of acoustic 
change, i.e. it increases in amplitude with increasing acoustic differences 
between deviant and standard [2]
• Crucially, the MMN has furhtermore been shown to be sensitive to the 
phonological status of particular sounds in a listener’s native language 
[3,4,5]. One suggested explanation for this is effect is that the categorical 
perception underlying the abstract phoneme representations boosts the 
early auditory discriminability 
 
Hypothesis
We thus hypothesize that native Dutch speakers with no experience with 
Arabic will show a relatively small MMN response (if any) to the acoustically 
similar Arabic phonemic contrast of /ha/ vs. /ħa/ (emphatic); whereas they 
will show a larger MMN response to the acoustically more different and 
native Dutch contrast of /ha/ vs. /fa/

Methods
Behavioral 
Participants: 6 native Dutch listeners (1 male), reportedly naïve to Arabic

Stimuli: Arabic glottal fricative contrast: /ha/ vs. /ħa/ (emphatic). This contrast is re-

alized as a durational effect on the aspiration (emphasis = longer aspiration), with 

co-articulatory effects on especially /i/ and /u/, which is why /a/ was selected for the 

CV context in the present study.

An 11-step aspiration continuum was created via cross-splicing on the basis of record-

ings of [hal] and [ħal] by a native Arabic speaker, the two endpoints marking the 

“natural” instances of the two syllables. VOT (in this case glottal frication, i.e. aspira-

tion) ranged from 90 ms ([ha]) to 160 ms ([ħa]). [ha] and [ħa] were identical during 

the first 30 ms of the two sounds, after which aspiration from [ħa] was cross-spliced 

into [ha]. Overall durations of the 11 CV syllables ranged from 180 ms to 250 ms

Task: 2AFC “Identification” task (“1” or “2”) with initial exposure of 2 tokens of each 

of the 3 extremes at each end of the continuum; all 11 steps on the continuum were 

presented, 12 repetitions of each stimulus (however, only 4 repetitions for subject due 

to technical difficulties). 

Electrophysiological
Participants: Same as in the behavioral part, no reported neurological disorders or 

trauma

Stimuli: Same contrast as in the behavioral part, but only the “natural” endpoints of 

the continuum plus a second fricative contrast, /fa/, were used. [faħm] was recorded 

by the same native Arabic speaker, and cross-spliced with the [a] from [ha]/[ħa]. The 

frication of [fa] was equalized from 3000 Hz and upwards with a gradual dropoff from 

0 to -12 dB, stable from 8000 Hz and upwards. This was done in order to ‘normalize’ 

the amplitude of [fa] in comparison with [ha] and [ħa].

All sound editing and inspection was done in Audacity and Praat

EEG measurement: 64-channel BioSemi Active2 setup. HEOG and VEOG were meas-

ured using bipolar montages. Sampling rate of 2000 Hz, high-pass filtered at 0.1 Hz. 

Participants were seated in a Faraday cage

MMN paradigm: Standard [ha] (80 ms glottal frication [aka. aspiration]) and two de-

viants: [ħa] (150 ms glottal frication) and [fa] (70 ms labio-dental frication) occurring 

interchangeably. SOA varied randomly from 750-1000 ms to avoid rhythmic effects 

due to differences in duration. 15% deviant likelihood, total of approx. 190 tokens of 

each deviant measured, divided into 7 blocks of approx. 6 min each. At the end, 200 

repetitions of each deviant were presented separately

Stimulus presentation: SPL = 74 dB. Participants watched a silent nature movie 

without subtitles throughout the EEG-experiment. Stimuli were presented via Etymotic 

ER•5 in-ear headphones using BrainStream 

(http://fieldtrip.fcdonders.nl/development/realtime/brainstream)

Data preprocessing: All EEG data analysis was done with SPM8 

(http://www.fil.ion.ucl.ac.uk/spm/software/spm8/). Artifact rejection was done using 

thresholding and robust averaging as implemented in SPM8. Low-pass filter of 40 Hz. 

Data were offline-rereferenced using a common average reference

ERP/MMN analysis: Baseline correction was set to -200 ms to stimulus onset. Dif-

ference values were calculated by subtracting the ERP to the standard (separately 

optained for each of [ħa] and [fa]) from the corresponding deviant. Statistics were 

calculated using a classical windowed mean approach. Due to the differences in dura-

tion of the sounds, the MMNs for the two contrasts were identified by locating the 

minimum in the 100-300 post-stimulus window in the grandaverage difference waves, 

and then defining a surrounding window of ±50 ms: dev-[ħa] vs. std-[ħa]= 160-260 

ms after stimulus onset; dev-[fa] vs. std-[fa] = 70-170 ms after stimulus onset. 

Visual inspection yielded a relatively posterior distribution of the participants’ MMN re-

sponses, and the average of both windows were thus calculated for each participant 

for the 6 central electrodes: C1, Cz, C2, CP1, CPz and CP2. Two one-tailed t-tests 

were run to test the null-hypothesis that the averages of the 6 participants’ MMN re-

sponses were not significantly below zero.

 

Results
Behavioral

Electrophysiological

Conclusion
• Somewhat to our surprise group analysis of “only” 6 native Dutch listeners 
yielded a statistically siginificant MMN response to the relatively subtle Arabic 
phonemic contrast of /ha/ vs. /ħa/ in the window of 160-250 ms
• Crucially and contrary to our hypothesis, the same group of 5 native Dutch lis-
teneres failed to yield a statistically significant MMN response to the more famil-
iar contrast of /ha/ vs. /fa/, also phonemic in Dutch
• Behavioral tests showed that the native Dutch listeners could, in fact, distin-
guish the two endpoints of the ha-ħa-continuum; however, they clearly did not 
show categorical perception of the two phoneme categories

Discussion
• What’s so funny about ha-ħa? Why do native Dutch listeners’ brains react 
stronger to a relatively small, non-native contrast than to a relatively large 
well-known, native-like one? Is it perhaps perceived as non-linguistic?
• How does this compare to native Arabic listeners’ MMN responses to the two 
contrasts?
• How do native Dutch listeners react if we sample their MMN responses to one 
or two more levels on the [ha]-[ħa]-continuum, closing in on the category 
boundary displayed by native Arabic listeners?
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Results from 2AFC “Identification” task (”1” or “2”) with brief initial exposure, hence the y-

label “percentage identified as hha” (and not as “2”). Data from 6 native Dutch listeners. 

11-step continuum ranging from [ha] to [ħa] (”hha”, emphatic). 12 tokes of each step 

(except for one speaker: only 4 tokens). Note the relatively good performance at the ex-

tremes in combination with the lack of a proper categorical function. Bottom right corner: 

Results from a similar task with 2 native Arabic listeners showing a categorical function.
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Results from the MMN analysis for the 6 native Dutch listeners. Windowed mean analyses 

of the two difference waves yielded a significant MMN only for the dev-[ħa] vs. std-[ħa] 

contrast. Note that the shift in latency is most likely due to the longer total duration of 

[ħa] (70 ms longer), and that [ha] and [ħa] did not differ acoustically until after 30 ms.

dev-[ħa] vs. std-[ħa] (160-260 ms): (M=-0.42, SD=0.39), t(5)=-2.64, p=0.02, one-tailed

dev-[fa] vs. std-[fa] (70-170 ms): (M=-0.06, SD=0.50), t(5)=--0.28, p=0.39, one-tailed
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