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Abstract 

Recently, blood oxygen level-dependent (BOLD) functional magnetic resonance imaging (fMRI) 

has become a routine clinical procedure for localization of language and motor brain regions and 

has been replacing more invasive preoperative procedures. However, the fMRI results from these 

tasks are not always reproducible even from the same patient. Evaluating the reproducibility of 

language and speech mapping is especially complicated due to the complex brain circuitry that 

may become activated during the functional task. Non-language areas such as sensory, attention, 

decision-making, and motor brain regions may also be activated in addition to the specific 

language regions during a traditional sentence-completion task. In this study, I test a new 

approach, which utilizes 4-minute video-based tasks, to map language and speech brain regions 

for patients undergoing brain surgery. Results from 35 subjects have shown that the video-based 

task activates Wernicke’s area, as well as Broca’s area in most subjects. The computed laterality 

indices, which indicate the dominant hemisphere from that functional task, have indicated left 

dominance from the video-based tasks. This study has shown that the video-based task may be 

an alternative method for localization of language and speech brain regions for patients who are 

unable to complete the sentence-completion task. 

 

 

 

 

 

 

 



NOVEL	  VIDEO-‐BASED	  TASKS	  FOR	  CLINICAL	  FMRI	   3	  

Introduction 

 Localization of critical regions in the brain is important for patients undergoing invasive 

brain operations. In surgical neurooncology, the goal of tumor resection is to remove the 

maximal amount of the lesion without inducing any postoperative neurological deficits in order 

to ensure the patients’ quality of life (Wen & Kesari, 2008). Specifically, localization of cortical 

speech and motor functions in patients is important to predict the general risk of the operation, to 

guide the surgeon in limiting boundaries, and to determine their proximity to abnormal brain 

areas preoperatively (Binder et al., 1996). Damage to the motor cortex or other areas involved in 

motor movements may lead to temporary or permanent paralysis. Temporary paralysis, which 

often comes in the form of hemiplegia, is most profound just after the brain surgery (Ragnarsson 

& Thomas, 2003). While functional motor improvement may occur through physical therapy, 

muscles that are still paralyzed after 4 to 8 weeks postoperatively generally do not regain 

function (Ragnarsson & Thomas, 2003). Regarding language, damage to cortical speech centers 

in the brain may result in postoperative aphasia, which is an “impairment of language that affects 

the production or comprehension of speech and the ability to read or write” (Aphasia Definitions, 

n.d.). Since not all speech brain regions are affected to an equal extent, there are several types of 

aphasia. Expressive or non-fluent aphasia is caused by damage to Broca’s area in the brain, and 

patients present with difficulty producing language, using vocabulary, and exercising correct 

grammar (Ragnarsson & Thomas, 2003). The patient is still capable of comprehending language 

in this type of aphasia. The other major type of aphasia is called receptive or fluent aphasia, and 

it is caused by damage to Wernicke’s area. In this condition, patients have difficulty 

comprehending language of their own and of others. Unlike expressive aphasia, they are able to 
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speak at a normal pace without making any sense or recognizing their own grammatical errors 

(Ragnarsson & Thomas, 2003).  

 

Traditional mapping methods 

 The traditional methods used to identify the frontal and temporal lobe language areas are 

invasive and include the intracarotid amobarbital test (IAT or Wada) and intraoperative cortical 

stimulation mapping. In 1993, more than ninety-five percent of epilepsy surgery centers 

worldwide used the Wada test to assess patients before operations (Rausch et al., 1993). 

However, both of these procedures are invasive and have risks that can cause significant damage 

to the patient (Gaillard et al., 2002).  

The IAT or Wada test, developed by Canadian neurologist Dr. Juhn Wada, measures the 

relative lateralization of language and memory functions across the two hemispheres. To conduct 

the Wada test, sodium amobarbital is injected into the internal carotid artery of one hemisphere 

to temporarily anaesthetize the hemisphere ipsilateral to the injection site. While one hemisphere 

is anaesthetized, language and other functions, such as memory, can be tested in the contralateral 

hemisphere (Wang, Peters, Ribaupierre & Mirsattari, 2012). In order to test hemispheric 

dominance for language, patients are asked to perform several tasks that involve expressive and 

receptive language processing. To examine frontal language areas, tasks involving counting 

numbers, naming the months of the year, or naming objects are used. To examine posterior 

regions, tasks with repetition, responding to verbal commands, and reading are used (Wang et 

al., 2012). The paradigms can be altered and made easier for children or cognitively impaired 

patients as long as the paradigms still target receptive and expressive language centers. The tasks 

are administered prior to the injection to determine the baseline measure and then repeated after 
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the anesthesia has taken effect. If the patient’s dominant hemisphere is anaesthetized, the patient 

is temporarily rendered mute; if the non-dominant hemisphere is deactivated, the patient will 

have no difficulty performing the language tasks (Wang et al., 2012). While the Wada test has 

been the standard preoperative procedure, it is invasive and may be difficult for young children 

and cognitively impaired patients to complete because it requires verbal communication. 

Additionally, this preoperative test provides surgeons only with information regarding 

lateralization, not localization of cognitive functions (Wang et al., 2012).  

The other traditional method for mapping functional brain areas is intraoperative cortical 

stimulation. While the stimulation parameters and specific frequencies differ across institutions, 

a 50 hertz square pulse is typically used for 20 microseconds with alternating polarity for 2 to 5 

seconds (Ikeda, Miyamoto & Shibasaki, 2002). The intensity of the stimulus is increased 

gradually until it reaches a maximum of 15 microamperes, elicits positive responses, or produces 

afterdischarge (Luders, Lesser & Dinner, 1987).  The areas that are commonly stimulated and 

that may show positive motor responses are primary and supplementary motor areas and positive 

sensory responses at the primary and secondary sensory areas, as well as negative responses at 

the primary and supplementary negative motor area (Lim et al., 1994). Language brain regions 

that may show negative responses are around Broca’s and Wernicke’s areas and the basal 

temporal language area (Luders et al., 1988). A common concern with the 50 hertz cortical 

stimulation is eliciting EEG seizure patterns or clinical seizures, which can occur when epileptic 

centers are near the stimulating electrodes. As a result, those areas cannot be further explored 

with higher intensities (Ikeda et al., 2002). In summary, cortical stimulation is very invasive and 

inherently risky. 
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Functional Magnetic Resonance Imaging  

Recently, blood oxygen level-dependent (BOLD) functional magnetic resonance imaging 

(fMRI) has become a routine clinical procedure for localization of language and motor brain 

regions and has been replacing more invasive preoperative procedures. Since Wada test and 

fMRI results are in concordance with each other, fMRI is an attractive alternative. A study of 

100 epilepsy patients, of whom 69 had temporal lobe epilepsy, observed a concordance of 91% 

(Woermann et al., 2003). As a result, fMRI has largely replaced Wada testing as a routine 

preoperative procedure.  

The cylindrical tube of an MRI scanner is enclosed in a very powerful electro-magnet 

that typically has a field strength of 3 teslas, which is about 50,000 times powerful than the 

Earth’s magnetic field (Introduction to fMRI, n.d.). MRI is able to detect changes in the brain 

due to neurovascular coupling between regional changes in brain metabolism and cerebral blood 

flow.  

The oxygen that is consumed in neuronal metabolism is delivered by hemoglobin in 

capillary red blood cells (Introduction to fMRI, n.d.). When a particular region of the brain is 

activated, there is an increase in local metabolism, and thus, oxygen consumption in that region. 

fMRI uses the BOLD contrast mechanism as an indirect measure of underlying neuronal activity. 

Hemoglobin has different magnetic properties depending on its oxygenation state; it is 

diamagnetic when oxygenated and paramagnetic when deoxygenated (Introduction to fMRI, 

n.d.). The difference in hemoglobin’s magnetic properties leads to small differences in the 

magnetic resonance signal of blood depending on the degree of oxygenation. Because blood 

oxygenation varies depending on the neuronal activity in a particular brain region, these 

differences can be used to detect neuronal activity changes. Thus, this type of imaging is called 
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BOLD fMRI. A caveat of fMRI is that there is a delay in peak blood flow. One may expect 

blood oxygenation to decrease with activation, but there is actually a momentary decrease in 

blood oxygenation immediately after the neural activity increases, which is called the initial dip 

in hemodynamic response (Introduction to fMRI, n.d.). This initial dip is then followed by an 

increase in blood flow that overcompensates for the increased demand, and therefore, blood 

oxygenation actually increases following neural activity. This delay leads to a peak blood flow at 

around 6 seconds and then falls back to the baseline (Introduction to fMRI, n.d.). Another 

limitation of fMRI is occurrence of the uncoupling of the cerebral metabolic role of oxygen 

consumption and the cerebral metabolic rate for glucose. fMRI only measures oxygen flow, thus 

any glucose that is processed anaerobically will not be reflected in the BOLD signal (Fox, 

Raichle, Mintun, & Dence, 1988). 

 

fMRI techniques 

To get an effective and robust result using the BOLD signal, most clinical fMRI studies 

utilize a block design, in which tasks alternate between rest and active conditions of fixed 

duration. The alteration of the two conditions is known as the “AB block” design and has a cycle 

that corresponds to one block of each condition (Amaro & Barker, 2006).  

A more complex design, the event-related design, employs events of different tasks that 

can be randomly mixed, and in the last several years this design has also been used to examine 

language function and lateralization (Wang et al., 2002). This type of design takes advantage of 

the better temporal resolution of fMRI compared to positron emission tomography (PET) scans 

(Amaro & Barker, 2006). As reviewed by Amaro and Barker (2006) , event-related designs 

allow for analyses of individual responses to trials and neural correlates of behavioral responses, 
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such as errors in a challenging task or subjective responses during emotional content. Amaro and 

Barker (2006) also note that the event-related design is less sensitive to head motion, allows 

randomization of order of conditions, and can vary the time between stimulus presentations.  

The third common type of fMRI design is called the mixed design, which combines block 

and event-related designs. The combination of the two designs can inform investigators of 

maintained versus transient neural signaling during paradigm performance (Amaro & Barker, 

2006). Investigators can determine brain regions involved in item-related pattern of information 

processing (transient) and task-related information processing (maintained). This information 

allows investigators to determine the role of specific nodes in the brain’s network (Amaro & 

Barker, 2006). A caveat of the mixed design is that it involves more assumptions than the other 

two designs, and investigators must create solutions for issues in post hoc analysis of behavior-

correlated activation (Donaldson, 2004).  

For clinical fMRI, the simplicity of training, robust sensitivity, and ease of analysis of 

block design make blocked tasks the most popular design. 
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Figure 1: Stimulus presentation paradigms. (A) Block design: stimulus of the same condition is 

presented repeatedly, bottom signal is BOLD response to each stimulus, and is generally of 

higher magnitude; (B) Event-related design: hemodynamic response function is detected and can 

be analyzed; (C) Mixed design: a combination of the above two designs with control blocks 

allow for neuronal and cognitive state analyses (Amaro & Barker, 2006). 

 

 

fMRI techniques for language localization 

 Since language tasks may also activate non-language specific areas, it is important to 

design a control task that will activate non-language cortices. A traditional language task that has 

shown robust results is the sentence-completion task. This task is fairly easy for patients to learn 

and complete in the MRI machine. In this type of task, the paradigms are presented in a block 

design and alternate between active and rest conditions. During the active blocks, the patients are 
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presented with a screen that includes a fill-in-the-blank sentence. These sentences are either 

familiar (“Mary had a little _________”) or are simple to complete (“You drink water from a 

_________”). The patient is instructed to repeat the sentence silently in their head, filling in the 

blank word until the screen changes to the next sentence. The word itself that is chosen is not 

important as long as it makes sense to the patient. After the active block, patients see the rest 

condition, which is a screen with nonsense text (“Sfjlsak sadksalj z nwizlj __________”) and are 

instructed to lay still without trying to sound out the nonsense letters in their mind.  

 

Problems with fMRI 

 As in the Wada test and intraoperative cortical stimulation mapping, mapping language 

and motor centers using fMRI techniques is complex and may result in issues. Specifically, 

mapping language brain regions is more difficult than mapping the other brain regions, such as 

the motor region, because there are multiple centers that control different aspects of language 

function (Voyvodic, 2012). The two primary language centers include Broca’s area, which is the 

motor speech area, and Wernicke’s area, which is the sensory speech area. Damage to either of 

these centers during surgery may result in different types of aphasia, whereas damage to other 

areas activated during fMRI may not cause noticeable deficits. 

A single subject should ideally be able to reproduce a scan for the same paradigm. This 

does not always happen due to the complexity of the human brain. Reproducibility of language 

and speech mapping is therefore complicated due to the complex brain circuitry that may become 

activated during the functional tasks. Non-language areas such as sensory, attention, decision-

making, and motor brain functions may also be activated in addition to the specific language 

regions (Voyvodic, 2012). While controls for non-language regions have been implemented in 
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the paradigms, the complex nature of language processing can make reproducing a previous scan 

with the same task-dependent BOLD signal variable. Another limitation of fMRI is that BOLD 

signals are extremely sensitive to motion, and even the slightest head movement in the machine 

may compromise an entire scan (Friston, Williams, Howard, Frackowiack & Turner, 1996). 

Another limitation of using fMRI to map language regions in the brain is the difficulty in 

determining appropriate threshold settings to calculate the activated volumes. Changing the 

threshold can change the size of active areas and can make some areas appear or disappear. The 

threshold may also affect the extent to which the right hemisphere, which is typically the non-

dominant hemisphere, participates in language networks.  

 

Novel video-based approach 

 In order to improve localization of the language and speech brain regions, a new 

approach utilizing video-based paradigms is being explored. Usually, text-based tasks consisting 

of alternating blocks of words or sentences are used for mapping language and speech centers. 

Such artificial tasks are fairly easy to learn, but they are unfamiliar and can be difficult to 

perform consistently for children, the elderly, and cognitively impaired patients. In addition, the 

standard sentence-completion task often activates non-language specific brain regions due to the 

complexity of the sentences and possibility that the task activates regions involved in working 

memory and decision-making. As an alternative method, video-based tasks using clips from 

familiar movies should be a natural and engaging task for the patients. This novel video-based 

task utilizes clips from a nature documentary, as well as popular movies. The activation maps 

from the video-based tasks are then compared to the traditional language tasks to determine the 

strength and similarities in activated brain regions between the two.  
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 I hypothesize that the novel video-based tasks will activate critical language brain regions 

that are activated during traditional language tasks while also decreasing non-language specific 

activation. Both Broca’s and Wernicke’s areas should be activated during the video-based task 

since this design includes both active and rest conditions as in the traditional sentence-

completion task. In contrast to the traditional task, the video-based tasks may show less non-

language specific activation because it is passive and does not require the patient to actively 

make decisions. Also, video tasks can be designed so that the videos itself is continuous, 

controlling visual activity and eye movement, while only the language (dialog) portion of the 

video is turning on and off. Therefore, the video-based tasks provide an alternative method for 

clinical fMRI for localization of language centers that may work better than the traditional 

language tasks. 

 

Methods 

Participants 

35 subjects, of which were 8 healthy volunteer subjects (female:male = 4:4; right:left handed= 

7:1; age= 20-61 years; mean = 26.13 years; subjects 1, 2, 9, 20, 21, 26, 27, & 28) and 27 of 

which were patients with either epilepsy or brain tumors (female:male = 11:16; right:left handed 

= 23:4; age = 9-76 years; mean = 40.07 years)  gave informed consent and underwent one fMRI 

scan session. For each subject, T1, T2, FLAIR and T2* images were obtained. All scans were 

performed at the Duke University Medical Center. 
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Functional paradigms 

The paradigms for the fMRI scans included traditional sentence-completion and novel video-

based tasks. Most subjects also completed a motor task, and some subjects completed an 

antonym word task and auditory sentence-completion task. Traditional tasks were programmed 

using CIGAL software (Voyvodic, 1999; Voyvodic et al., 2012), where the video tasks were 

presented using VLC software (VideoLan).  

 

Sentence-completion task 

This task includes alternating blocks of fill-in-the-blank sentences or nonsense text. An example 

of the sentence stimulus includes, “Mary had a little ________” or “fhsafjsal jskla fjskaljf 

_______.” The subjects were instructed to repeat the sentence silently in their head while filling 

in the blank word until the screen changes to the next sentence. During the nonsense blocks, 

subjects were instructed to lay still without trying to sound out the nonsense letters in their mind. 

This clinical behavioral language task allows subjects to activate their receptive and expressive 

language centers, and due to its robust nature, it is routinely used for preoperative fMRI scans.  

 

Figure 2: Example of sentence completion task’s rest and active conditions, respectively. 

 
Block 1 (nonsense)     Block 2 (text) 
 

 

 



NOVEL	  VIDEO-‐BASED	  TASKS	  FOR	  CLINICAL	  FMRI	   14	  

Novel video-based task 

The novel video-based language tasks were created using iMovie software on a Macbook 

(Apple Inc.). Footage from familiar movies (Star Wars, Casablanca, The Wizard of Oz, Finding 

Nemo, and Harry Potter) were spliced and edited to have regular 15-second blocks that alternate 

between movie dialog and nonsense. The nonsense condition used the dialog soundtrack in 

reverse. The sound level of the video was adjusted during the MRI scans so that subjects could 

hear the dialog and the nonsense could serve as a better control. Patient subjects were given the 

opportunity to pick a movie from the five options. Volunteer subjects were presented all 5 videos 

during their fMRI scan session. Subjects were presented with the video on the screen by using 

VLC (VideoLan) and were asked to relax and just watch and listen to the 4-minute video. 

 When developing the video-based tasks, we initially showed subjects videos that 

contained clips from a nature documentary on chimpanzees. The first version of the video 

contained alternating 15-second blocks of dialog versus background sound and/or music for 4-

minutes. The second version replaced the blocks of background sound/music with reversed 

audio, which is the dialog audio but reversed. Therefore, these rest blocks sounded unfamiliar 

and were not supposed to engage the subjects. In order to make the movies more familiar and 

enjoyable to many different subjects, we created 5 versions using clips from 5 different popular 

movies. 
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Figure 3: Description of the video creation timeline. 

 
 

 
 

 
 

 

Motor task 

The motor task, which maps the motor brain regions, presents images of open hands and fists 

that alternate throughout the scan. The subjects were asked to open and close their hands as 

directed by the images on the screen.  

 

Antonym word task 

The antonym word task is a robust indicator of Broca’s area. Subjects are presented with a series 

of words and are instructed to silently repeat a word that is an antonym of the one on the screen 

until it changes to the next word. For example, subjects may see, “Sunny” and may think of the 

word “Cloudy” or “Rainy.” The selection of the word itself is not important as long as it makes 

1. Chimp	  nature	  video	  version	  1	  	  	  	  	  	  	  	  	  	  
(4	  minutes	  of	  15	  second	  
alternating	  blocks	  of	  dialog	  
versus	  background	  
sound/music)	  
	  
	  

2. Chimp	  video	  with	  nonsense	  	  	  	  	  	  	  	  	  	  	  	  	  
(4	  minutes	  of	  15	  second	  
alternating	  blocks	  of	  dialog	  
versus	  reversed	  audio)	  

	  
	  

3. Movie	  video	  with	  nonsense	  	  	  	  	  	  	  	  	  	  	  	  	  	  
(4	  minutes	  of	  15	  second	  
alternating	  blocks	  of	  dialog	  
versus	  reversed	  audio	  from	  a	  
familiar	  movie	  –	  e.g.	  Harry	  
Potter)	  
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sense to the subject. During the rest blocks, the subjects are presented with “XXXX” or 

“OOOO” and are instructed to lie still without sounding out the letters on the screen. 

 

fMRI data analysis 

Data analysis was done using fScan software (JVS Software). The standard processing for each 

exam included preprocessing the images to reduce noise followed by a t-test for each paradigm. 

After creating the t-test map, the images were postprocessed to remove negative activation, 

masked to exclude signals outside the brain, and set to a threshold of 4.0. The maps were 

compared to each other by overlaying two at a time in a 4 x 4 sagittal view from the right and left 

hemispheres. Generally, the sentence completion t-test was overlayed with the video-based task. 

We investigated 2 regions of interests (ROIs) – temporoparietal and middle frontal regions – to 

quantify the number of voxels in each task. Voxel statistics were obtained using fScan (JVS 

Software). Activation maps were overlayed on high-resolution T1 images, which had been 

processed using the Brain Extraction Tool (BET) to remove the skull and the non-brain tissue 

(Smith, 2002).  

 

Figure 4: Example overlay of sentence tasks and video tasks, respectively, on BET images. 

Images are left and right hemisphere, respectively, for each task. 

 Sentence-Completion            Video-based 

Left                       Right               Left     Right 
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Results 

Brain activation from the sentence and video-based language tasks were quantified for 2 

ROIs: the temporoparietal and middle frontal brain regions. To determine hemispheric 

dominance, laterality indices were calculated by comparing the number of voxels from the same 

ROIs in the two hemispheres. Laterality indices were measured between negative 1 and positive 

1, where the negative end indicated a right hemispheric dominance and the positive end indicated 

a left hemispheric dominance. Values between -0.2 and 0.2 were considered bilateral.  

 

Table 1: Summary of average laterality index of ROIs. 

ROI Sentence Video 
Temporoparietal 0.570 0.090 
Middle frontal 0.634 0.170 
 

Table 2: Summary of laterality indices of sentence and video tasks from 35 subjects. 

Subject Hand Age, 
Sex 

Sentence 
temporopariet
al 

Sentence 
middle frontal 

Video 
temporoparietal 

Video 
middle 
frontal 

1  RH  21, F 0.605 0.857 See below table --- 
2  RH 20, F 0.891 -0.193 0.561 0.469 
3  LH 35, F 0.590 0.752 0.690 0.232 
4  RH 52, M 0.420 0.557 0.263 0.264 
5  RH 21, F 0.377 0.788 0.262 0.022 
6  RH 41, F 0.794 0.857 0.269 0.142 
7  RH 51, M 0.662 0.826 0.131 -0.503 
8  RH 35, M 0.576 0.725 -0.165 0.014 
9  RH 61, M 0.754 0.78 0.684 0.78 
10  RH 9, M 0.912 0.743 0.417 0.618 
11  RH 29, M 0.851 0.741 0.103 0.563 
12  RH 20, F -1 0.652 0 0 
13  RH 30, M 0.974 0.960 0.501 0.807 
14  RH 22, F 0.821 0.965 0.168 0.699 
15  RH 56, F 0.414 -0.032 0.347 0.450 
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16  RH 59, F 0.389 0.313 0.410 0.200 
17  RH 49, M 0.571 0.466 0.545 0.348 
18  LH 72, M 0.508 0.490 0.04 -0.300 
19  LH 57, M 0 0 0 0 
20  LH 21, M 0.400 0.736 See below table --- 
21  RH 21, F 0.362 0.093 See below table --- 
22  RH 43, M 0.873 0.856 -0.249 0.280 
23  RH 55, F 0.622 0.704 0.215 0.711 
24  RH 15, F 0.855 0.806 0.281 0.061 
25  RH 76, M 0.927 0.853 0.186 -0.242 
26  RH 21, M -1 0.640 See below table --- 
27  RH 22, M -1 0.020 See below table --- 
28  RH 22, F -1 1 See below table --- 
29  RH 33, F 0.494 0.613 0.228 0.522 
30  RH 13, M 0.833 0.792 0.773 0.796 

 31  LH 45, M 0.880 0.919 0.449 0.817 
32  RH 32, M 0.476 0.765 0.155 0.062 
33  RH 62, F 0.906 1 0.173 0.118 
34  RH 58, M 0.829 0.900 0.114 0.674 
35  RH 12, M -0.563 -0.046 -0.288 0.134 

 

 

Table 3: Summary of laterality indices from volunteer subjects 

Subject 1: RH, 21 yo, F 
Movie Temporoparietal Middle frontal 
Casablanca 0 -0.016 
Finding Nemo 0.724 0.189 
Harry Potter 0.674 0.190 
Star Wars -0.372 0.284 
The Wizard of Oz -0.065 0.317 
Chimps (music) 0.479 0.014 
 
Subject 20: LH, 21 yo, M 
Movie Temporoparietal Middle frontal 
Casablanca 0 0 
Finding Nemo 0.174 0.671 
Harry Potter 0.292 0.818 
Star Wars -0.008 0.627 
The Wizard of Oz 0.176 1 
Words 0.101 0.234 
Audio Sentence 0.825 0.986 
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Subject 21: RH, 21 yo, F 
Movie Temporoparietal Middle frontal 
Casablanca -0.596 -0.809 
Finding Nemo -0.308 -0.543 
Harry Potter -0.119 0.497 
Star Wars -0.445 -0.952 
The Wizard of Oz -0.544 -0.511 
Words 0.408 0.112 
Audio Sentence 0.506 -0.241 
 
Subject 26: RH, 21 yo, M 
Movie Temporoparietal Middle frontal 
Casablanca -1 -0.076 
Finding Nemo 0.027 0.226 
Harry Potter 0.671 0.424 
Star Wars -0.01 0.026 
The Wizard of Oz 1 0 
Chimps 0.797 0.857 
Words -0.589 0.189 
 
Subject 27: RH, 22 yo, M 
Movie Temporoparietal Middle frontal 
Casablanca -0.131 -0.597 
Finding Nemo 0.188 -0.870 
Harry Potter -0.333 -0.565 
Star Wars 0.374 -0.462 
The Wizard of Oz 0 -0.303 
Chimps 0 -1 
Words -1 -0.017 
 
Subject 28: RH, 22 yo, F 
Movie Temporoparietal Middle frontal 
Casablanca -0.412 -0.142 
Finding Nemo -1 0.316 
Harry Potter 0 0.550 
Star Wars -0.338 0.327 
The Wizard of Oz -0.792 0.618 
Chimps 0 0.917 
Words -0.665 0.815 
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Table 4: Summary of laterality indices across 5 familiar movies and chimpanzee documentary 
from volunteer subjects. 
Movie Temporoparietal Middle frontal 
Casablanca -0.357 -0.273 
Finding Nemo -0.033 -0.002 
Harry Potter 0.198 0.319 
Star Wars -0.132 -0.025 
The Wizard of Oz -0.038 0.187 
Chimps 0.392 0.314 
 
 
Table 5: Table of different videos used in the study. 
1 Chimp nature video version 1 (4 minutes of 15 second alternating 

blocks of dialog versus background sound/music) 
2 Chimp video with nonsense (4 minutes of 15 second alternating 

blocks of dialog versus reversed audio) 
3 Movie video with nonsense (4 minutes of 15 second alternating blocks 

of dialog versus reversed audio from a familiar movie – e.g. Harry 
Potter) 

 

Table 6: Summary of patient activation maps; comparison of activation maps from sentence and 

video tasks in the left hemisphere.  

 Sentence Task Video Task  
Subject Left Left Video Type 

3: 35 yo LH F  
Left 
frontoparietal 
Cancer patient 
 

  

1 

4: 52 yo RH M 
Left frontal 
Cancer patient 
 

  

1 

5: 21 yo RH F 
Left temporal 
Cancer patient 
 

  

1 
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6: 41 yo RH F 
Left temporal 
Cancer patient 
 

  

1 

7: 51 yo RH M 
L. 
temporoparietal 
Cancer patient  
 

  

1 

8: 35 yo RH M 
Left temporal 
Cancer patient 
 

  

1 

10: 9 yo RH M 
Left temporal 
Cancer patient 
 

  

3 – Harry Potter 

11: 29 yo RH M 
Left frontal 
Cancer patient	   
 

  

3 – Harry Potter 

12: 20 yo RH F 
Left frontal  
Cancer patient 

  

3 – Harry Potter 

13: 30 yo RH M 
Left temporal 
Cancer patient 

  

3 – Harry Potter 

14: 22 yo RH F 
Left temporal 
Cancer Patient 

  

3 – Harry Potter  
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15: 56 yo RH F 
Left frontal 
Cancer Patient 

  

3 – Harry Potter 

16: 59 yo RH F 
Left temporal 
Cancer Patient 

  

3 - Casablanca 

17: 49 yo RH M 
Left temporal 
Cancer Patient 

  

3 – Oz  

18: 72 yo LH M 
Right temporal 
Cancer Patient 

  

3 – Casablanca  

19: 57 yo LH M 
Left temporal 
Cancer Patient 

  

3 – Oz  

22: 43 yo RH M 
Left frontal 
Cancer Patient 

  

3 – Star Wars  

23: 55 yo RH F 
Cancer Patient 

  

3 – Oz  

24: 15 yo RH F 
Left temporal 
Cancer Patient 

  

3 
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25: 76 yo RH M 
Left temporal 
Cancer Patient 

  

3  

29: 33 yo RH F 
Right temporal 
Cancer Patient 

  

3 - Oz 

30: 13 yo RH M 
Left temporal 
Cancer Patient 

  

3 

31: 45 yo LH M 
Left frontal 
Cancer Patient 

  

3 – Harry Potter 

32: 32 yo RH M 
Left posterior 
temporal Cancer 
Patient 

 

 
 

3  

33: 62 yo RH F 
Left 
frontoparietal 
Cancer Patient 

  

3 

34: 58 yo RH M 
Left temporal 
Cancer Patient 

  

2 

35: 12 yo RH M 
Epilepsy Patient 

  

3 – Harry Potter 
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Table 7: Summary of volunteer activation maps; comparison of activation maps from sentence 

and 5 video tasks in the left hemisphere (Except for subject 27, who is right hemisphere 

dominant).  

 Sentence Chimp Casablanca Nemo HP Star Wars Wiz Oz 
1: 21 yo 
RH F 
Volunteer 

  
Type: 1 

     

2: 20 yo 
RH F 
Volunteer 
 

  
Type: 1 

N/A N/A N/A N/A N/A 

9: 61 yo 
RH M 
Volunteer 
 

 
 Type: 2 

N/A N/A N/A N/A N/A 

20: 21 yo 
LH M 
Volunteer 

 

N/A 

     
21: 21 yo 
RH F 
Volunteer 

 

N/A 

     
26: 21 yo 
RH M 
Volunteer 

  
Type: 2 

     

27: 22 yo 
LH M 
Volunteer 

  
Type: 2 

     

28: 22 yo 
RH F 
Volunteer 

  
Type: 2 
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Table 1 summarizes the average laterality indices for each ROI across all sentence-

completion tasks and video-based tasks. The sentence task clearly shows left hemisphere 

dominance for both temporoparietal and middle frontal regions, whereas the video task shows a 

weaker left hemisphere dominance. When looking at individual subjects, it is evident that some 

scans were poorer in quality than others, and thus a smaller number of voxels were activated 

(table 2). Table 3 presents a summary of the laterality indices collected from individual 

volunteers, who were presented with all 5 movie videos; occasionally, the additional chimp 

documentary video was added. While some scans showed significant results for left hemisphere 

dominance in language, other ROIs and scans did not show significance. Finally, table 4 

summarizes the average laterality indices across all volunteer subjects across all videos. It is 

important to note that subject 27, who is right handed, is right hemisphere dominant in language. 

 A summary of comparisons between sentence-completion task and video-based tasks 

from patients is shown above in table 6. Regarding the video tasks, activation of Wernicke’s area 

was present in 19 subjects, and activation of Broca’s area was present in 10 subjects. Table 7 is a 

summary of comparisons from volunteer scans. For the chimp video, Wernicke’s area was 

activated in 5 out of 6 and Broca’s in 6 out of 6 subjects who viewed this video. Casablanca 

activated Wernicke’s area in 6 out of 6 subjects, while Broca’s area was activated in only 3. 

Finding Nemo, Harry Potter, and Star Wars activated both primary language regions in all 6 out 

of 6 subjects who viewed these movies. Lastly, The Wizard of Oz activated Wernicke’s area in 

all 6 out of 6 subjects, but only 5 for Broca’s area. 
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Discussion 

Analysis of Results 

Qualitative and quantitative analysis shows that language centers are primarily left 

hemisphere dominant in the sentence-completion task. It is also evident from qualitative analysis 

that the video-based task had less non-specific activation when compared to the sentence-task. 

The sentence-completion task may activate other areas in the brain since one must be able to 

understand the meaning of verbs contained in an argument structure and interpret particles in 

order to complete the task (Okada et al., 2013). While the sentence-completion task has some 

limitations, it does show robust results and activates the two primary language centers, which are 

Wernicke’s and Broca’s areas.  

Quantitative analysis shows that the traditional sentence-completion task is left 

hemisphere dominant, which is expected in most individuals. In right-handed subjects, the left 

cerebral hemisphere is dominant for language 96% of the time, while the right hemisphere is 

dominant only 4% of the time (Rasmussen & Milner, 1975). On the other hand, the left cerebral 

hemisphere is dominant in 70% of the left-handed subjects, with the remaining 30% split roughly 

between right hemisphere dominant and bilateral dominant subjects (Rasmussen & Milner, 

1975).  Both temporoparietal and the middle frontal regions of the brain were activated to show 

significant left hemisphere dominance. Most likely, the middle frontal region showed stronger 

activation in the sentence-completion task compared to the video-based task because this area is 

associated with high executive functions and decision-related processes (Talati & Hirsch, 2005).  

Each video-based task does not activate the brain in the same exact manner since the 

affective nature varies between videos, as well as within videos. As a result, the two videos that 

showed significant results from the laterality indices are Harry Potter and the chimpanzee 
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documentary. The Harry Potter video and chimpanzee video may have been the most successful 

because they are respectively either more familiar to the subjects or less affective throughout. 

Familiarity would most likely engage the subject and prevent boredom during the task, and the 

monotonous quality of the chimpanzee documentary would likely control well for the affective 

influence. However, qualitative analysis showed that all 5 popular movie videos and the 

chimpanzee video activated both Wernicke’s and Broca’s areas. 

 

Caveats and Future Direction 

While the five videos are similar in that they are 4 minutes of alternating nonsense and 

narration blocks, they differ in their affective nature. The five movies do not all have the same 

exact level of emotional content or even show the same emotions throughout the movie in the 

same order. Different functional regions of the brain get activated more or less depending on the 

choice of video. For instance, the shark chase scene in Finding Nemo may excite the sympathetic 

nervous system a lot more than a scene from Casablanca. These differences may activate or 

deactivate various regions in the brain, and as a result, the activation maps from all five movies 

in the same individual may look slightly different. Ideally, each block should activate the brain 

equally. In order to improve the videos and make them more similar to each other, we hope to 

determine whether there are any significant differences in activation among the five videos, and 

if there are significant differences, to determine which blocks are contributing the most. To make 

more comparisons across all videos, we would like to conduct more scans on volunteers. 

Another caveat in this study is the use of different MRI machines at Duke University 

Medical Center. One of the two scanners had a poor audio system, making it difficult for the 
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subjects to hear the audio from the movies. This would have made the subjects work harder to 

listen to the dialog, activating more non-language specific areas.  

In addition, the novel video-based task was altered throughout the course of the study to 

improve the control for auditory cortex activation during the task. While the active condition 

remained unaltered throughout the entire study, the rest condition changed from background 

noise/music to reversed dialog, or nonsense. Therefore, earlier scans may have activated the 

auditory cortex more and may have skewed the laterality indices that were generated. Finally, the 

lack of fluidity in the video or the lack of interest of the subjects may have influenced the results. 

Some of the videos were a bit choppy due to suboptimal splicing and editing, which made the 

movie less natural to watch. Lack of attention to the movie would also result in a decrease in 

activation in our ROI because there would be a smaller difference between activations from the 

active and rest conditions. 

 A long-term goal for this project is to compare video-based task and sentence-completion 

task results to intraoperative maps obtained from neurosurgery. Direct comparison between 

intraoperative maps and fMRI results will help us determine whether the traditional and novel 

tasks are activating the correct functional regions.  
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