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Target audience Neuropsychological tests involving word generation are very commonly applied in patients with brain disease. The neural correlates of such tests have been 
extensively studied in the past few years and the results are of substantial clinical and neuroscientific interest to behavioural neurologists, neuropsychologists, linguisticians, and 
rehabilitation therapists.  
Purpose Functional magnetic resonance imaging (fMRI) is commonly used to study the neural correlates of deliberate word generation, following either a phonological cue 
(e.g. letters; A, S, etc.) or a semantic cue (e.g. categories; animals, fruits, etc.). To date all fMRI studies of such fluency tasks have focused on oral responses: either using covert 
word generation, which cannot be recorded, verified and subjected to detailed behavioral analysis; or using overt word generation which can introduce unacceptable artefacts 
arising from head motion and time-dependent magnetic field inhomogenity. In this work we present, for the first time, an fMRI study of a written version of the phonemic 
fluency task that can reliably reproduce all the previously reported activations. AS additional validation we also show that the cerebellar activation foci associated with the 
written phonemic fluency task which is agree with previously reported lesion analysis results [1].    

Methods Subjects: The project was approved by Sunnybrook Health Science Center Research Ethics Board. Eleven healthy adults (6 male and 5 female, Mean age= 27; 
Range=12 years) with no history of neurological disorders participated in the study. All were either native English speakers or studied in English for more than 10 years. 
Handedness was evaluated by the Edinburgh Handedness Inventory. Eight subjects were evaluated as right-handed (mean ± standard deviation handedness score 75.7±24.8), 
three subjects were evaluated as left-handed (mean±standard deviation handedness score -81.33±26.39) and one subject was ambidextrous (handedness score -26). Left-handed 
and ambidextrous subjects were further evaluated with an fMRI laterality test using a Rhyming task as described in [2] . All subjects (including those evaluated as left-handed or 
ambidextrous) were evaluated as left-dominant on the language laterality test (LI>2.5). Touchscreen tablet technology: The tablet system (Fig 1) included a touch-sensitive 
tablet, an elevated support platform, a stylus and a controller box, as well as the necessary cabling and software to administer tasks, record responses and provide task-related 
feedback on a projection display. A series of carefully-conducted phantom tests as well as human experiments confirmed that the device had no noticeable impact on fMRI data 
quality [3]. fMRI Experiment: The task was performed in a block design (6 cycles) with 60 s periods of task performance (writing as many words as possible starting with the cue 
letter) followed by 20 s periods of control (writing pseudo-words composed of “8” ) and 10 s rests (see Fig 1 below). Subjects were presented with a 2 s instruction at the 
beginning of each block. All subjects successfully finished the task. Subjects’ hand writing was recorded during the test for further post-processing and behavioral analysis. 
Subjects generated an average of 13.3±0.43 words per minute (averaged over subjects and letters), excluding repeated words and incomplete trials. Data Acquisition and 
Analysis: Functional MRI was conducted at 3T on a GE MR750 MRI system with spiral in-out k-space readout (TR=2 s, TE=30 ms, Ө=70º, FoV=20 cm, 64x64 matrix 
reconstruction, 30 consecutive axial slices 4.5 mm thick) using a 32-channel (GE Healthcare, Waukesha, WI) head coil with data analysis using AFNI software. The image pre-
processing pipeline included slice-timing, head motion correction and spatial smoothing. Individual analysis was performed by using a general linear model on normalized data. 

Group activation maps are presented for 
uncorrected voxel-vise statistical threshold 
of p<0.01. 

Results and Discussion 
Convergent reports from covert and overt 
oral representations of phonemic fluency 
tasks have demonstrated the involvement of 
LIFG (precisely posterior dorsal (BA 44) 
and anterior ventral (BA 45) areas) in 
verbal fluency tasks [4]. Activation foci 
have been also reported in left precentral 
gyrus, lingual gyrus and superior and 
middle temporal gyri [5]. All the above-
mentioned activations were observed in the 
written version of the task as demonstrated 
in Fig 1. Recently, the effect of cerebellar 
lesions on phonemic fluency have been 
reported [1]. These behavioral findings have 
not been correlated with functional 
neuroimaging data so far, although they 

have been corroborated by studies involving transcranial magnetic stimulation (TMS)[6]. We observed an activation cluster in the right cerebellar tonsil  which is in agreement 
with the behavioral data reported in [1] and [6].  

Conclusion This work presents for the first time, an fMRI analysis of a written representation of phonemic fluency test. The use of our patented MRI compatible tablet enables 
the administration of a task that provide robust results and does not appear to be susceptible to the substantial artefact levels that can be introduced by overt responses during 
fMRI. 
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Figure 1-Left-above: Patient setup using fMRI compatible tablet. Left-below: Task paradigm. Right: Group activation maps demonstrated for 
60s task vs. 20 s control contrast. 
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