
Introduction
Background

• Prior research indicates that alterations of the rate of speech input may compromise the integrity 
of automatic lexical and syntactic language processing in normal populations (i.e. Camblin et al., 
2007; Love et al., 2007)
• If reflexive linguistic processing mechanisms are specialized to process speech within a 
particular range of rates, a mismatch between automatic language systems and an input outside 
this range might lead to a breakdown in unconscious language processing
• Such a disruption to automatic language processes may cause listeners to rely on alternative, 
controlled processing strategies 
• Given behavioral indications that slowed speech rate input disrupts reflexive language 
processing, a better understanding is needed of the neural effects of this phenomenon
• Studies have not yet examined possible neural interactions between linguistic complexity and 
task difficulty at a slowed rate of speech input

Questions
• What are the neural correlates of sentence 
comprehension for slowed speech stimuli, presented 
across varied levels of syntactic complexity and task 
demands?
• Do the neural underpinnings of sentence 
comprehension at a slowed rate indicate an 
engagement of non-reflexive language processing 
strategies?
• Is there an interaction between syntactic complexity 
and task demand during sentence comprehension of 
slowed speech?

Methods fMRI Parameters
•  This study had a 2x3, within-subjects block design, with 6 
conditions.
•  fMRI data were acquired with a 1.5T Siemens Symphony MR scanner 
(Erlangen, Germany), fitted with a 3-axis local head gradient coil.  
•  During each condition, 134 whole-brain T2*-weighted axial images 
were acquired using a single-shot gradient-recalled echo-planar imaging 
sequence (16 contiguous slices; 6 mm slab; TR = 2000; TE = 40; flip 
angle = 90º; FOV= 250 mm; matrix = 64x64x100).  
•  fMRI analyses were conducted using the AFNI program (Cox, 1996).

Participants
•  Ten right-handed (7 female), native English speaking adults (mean age 
= 30.5 yrs, SD = 10.7 yrs) participated
•  No participants had exposure to a second language before the age of 
6.
•  All participants had completed a minimum of a high school education 
and some college
 

Results

PASSIVE LISTENING:
• Focal activation in bilateral 
auditory cortex (BA 41), STG 

(BA22), and MTG (BA21).
• Small clusters of activation 
in LIFG (BA44) and L Inferior 

Parietal Lobule (BA40) 

PROBE VERIFICATION
•Focal activation in 

bilateral STG (BA22), Left 
Insula (BA13), and Left 

MTG (BA21) 

THEMATIC ASSIGNMENT
•Widespread activation: 

Bilateral MTG (BA21), STG 
(BA22), IFG (BA45/47), Insula 
(BA13), Thalamus, and BA40.  

Strong activation in Right 
Middle Frontal Gyrus (BA9/10)

• Individual Z-score maps of activation from each participant in each condition 
were submitted to a 3-way repeated-measures mixed-effects analysis of variance 
(ANOVA), with sentence condition (2 levels, fixed effect), task demand (3 levels, 
fixed effect), and subjects (10 levels, random effect) as factors.
•All analyses used a voxel-wise threshold of p < 0.001 (FWHM autocorrelation 
estimate = 8mm) and an overall corrected alpha level of 0.05.
•  Consistent with Love et al (2006), no main effect of syntactic complexity was 
observed.  Further analyses were collapsed across level of syntactic complexity.

THEMATIC > 
PASSIVE + PROBE

• Stronger activation for Thematic condition in R Middle 
Frontal Gyrus (BA 9/10), R Superior Frontal Gyrus (BA 

9/10), Right subcortical structures (Thalamus, Caudate), 
Right BA40
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Materials
• Stimuli were adapted from Love et al. (2006) and consisted of 45 
syntactically simple (subject-relative[SR]) and 45 syntactically 
complex (object-relative[OR]) sentences, presented across three 
levels of task difficulty: PASSIVE LISTENING, PROBE 
VERIFICATION, & THEMATIC ASSIGNMENT.
• An auditory probe word followed auditory presentation of each 
sentence.  During the PASSIVE LISTENING task, participants ignored 
the word; during the PROBE VERIFICATION task, participants 
decided whether the probe was present in the preceding sentence; 
and during the THEMATIC ASSIGNMENT task, participants decided 
whether the first noun phrase (NP) of the sentence was the 
actor/agent of the probe word.
 •  Auditory stimuli were reduced by 1/3 of the original rate used by 
Love et al. (2006), from 4.38  syllables/second (an average rate of 
speech) to 2.92 syllables/second, well outside the average range of 
speech rates (Tauroza and Allison, 1990)
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Conclusions
• Lack of a main effect of sentence complexity indicated similar patterns of neural activation 
across the two types of sentences; differences in neural activity were driven primarily by task 
demands.
• A strong Right Hemisphere bias was found for neural activity during the most difficult task 
condition (THEMATIC ASSIGNMENT) as compared to the two less difficult tasks (PASSIVE and 
PROBE), including activation in prefrontal and subcortical regions.
• Strong activation in the Right Middle Frontal Gyrus (BA9/10) during the THEMATIC condition 
concurs with research implicating RMFG for maintenance of material in working memory (WM) 
(Rypma et al., 1999) and explicit retrieval from WM (see Schacter et al., 2004).  Given the 
extended time course of slowed speech stimuli, participants needed to engage WM systems to 
maintain sentential information and make a complex decision regarding the thematic role of the 
post-sentential probe word.
• Bilateral Thalamic and subcortical activity during the THEMATIC condition concurs with research 
implicating these areas in WM processes for lexical-semantics (Crosson, 1999)
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• Given results from Love et al., (2006) an a priori hypothesis predicted stron-
gest modulation of neural activity during the Thematic Assignment task.  This 
hypothesis was borne out by the data, which indicated significantly broader 
activity for Thematic Assignment than either of the other two tasks.
• A contrast between Passive Listening and Probe Verification revealed few 
significant differences between these conditions (Passive Listening showed 
greater activation in Bilateral Posterior Cingulate [BA23], Bilateral Precuneus 
[BA31], and Bilateral Cuneus [BA7]), so these two tasks were collapsed for 
further analyses.

• The slices presented indicate -5 mm,  0 to +8 mm, +13 to +21 
mm, +26 to +34 mm, & +39 to +47 mm superior to the line 
formed by the anterior and posterior commisures (’AC-PC’ line 
in Talairach coordinates.
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Experimental Task
SR: “The girl who saw the boy went into the room.” 
OR: “The girl who the boy saw went into the room.”

Auditory Probe Word: “Girl”

Subject Decision:
           SR    OR
PASSIVE LISTENING       Y/N      Y/N
PROBE VERIFICATION    Y      Y
THEMATIC  ASSIGNMENT   Y      N  
    


