HST.583: fMRI Data Acquisition and Reconstruction

Solutions for Problem Set I
1) Is it possible to test, using fMRI, whether a particular brain region is required for the conscious awareness of a particular sensory stimulus (or to the performance of a particular cognitive task)?  If so, suggest how you would do so.  If not, state why you draw this conclusion. 

No.  It is not possible test necessity with fMRI, since fMRI just measures correlations.  One could, potentially, with very clever response based designs, dissociate the activity in a region associated with the physical presentation of a stimulus, from that associated with the conscious perception thereof.  Nonetheless, that does not constitute necessity or sufficiency; merely more specific correlation. 

from Ed Vul

2) How can animal imaging studies contribute to our understanding of human fMRI results?  What other types of studies (animal or human) contribute to our understanding of human fMRI results?  For each, state explicitly how they contribute.

Animal imaging studies can contribute to our understanding of human fMRI results in several ways - 

a. Genetic basis of neural function: by manipulating the genotype of an animal, one can study how genetic variation causes variation in activity in a brain area.

b. Early stages of drug discovery: one can study how a particular drug affects activity in a brain area and the subsequent behavior of an animal. 
Examples of other techniques that complement fMRI -

a. Human TMS:  temporarily disable a brain area to get closer to causality.  Is a particular area required for a particular function? 

b. Human EEG/MEG: have better temporal resolution, so we can understand the individual components of a cognitive function and the order in which they happen.  

c. Human lesion studies: does damage to a particular area result in impairment of specific cognitive functions?  This can establish causality (with caveats).  Additionally, double dissociations can provide evidence for the independence of two systems (e.g. declarative vs. procedural memory).  
d. Human behavioral studies: often provide the basis for hypotheses about cognitive processes, the neural correlates of which can then be studied using fMRI.  For example, under a dual-task paradigm, is one capacity affected, but not the other?  If so, the two capacities may be independent (especially if a double dissociation can be established).  Do people with different working memory capacities perform differently on a task?  If so, are regions involved in working memory differentially activated for different people?
e. Animal single-unit electrophysiology/ synaptic physiology: what happens when a neuron fires?  What neural processes is the BOLD signal correlated with?  Do mirror neurons fire both when a monkey watches an action as well as does it himself?  Do humans have brain areas that behave similarly?
from Malathi Thothathiri
3) What are the perceptual implications of robust cortical plasticity within a somatotopic map?  How might cortical maleability be adaptive (increase function) and how might it be maladaptive (decrease function)?  Be sure to discuss both the spatial and temporal scale of reorganization and the implications of these relative factors.

Robust cortical plasticity within a somatotopic map would allow for massive reorganization of the map.  This would render somatotopic maps highly sensitive to individual tactile experience throughout one's lifetime.  Somatosensation is needed to localize stimulation on the body as well as to perceive and identify objects through the tactile modality.  Cortical plasticity allows long-term physiological changes to occur, resulting in the sprouting of new connections or pruning of old ones, which would take place over the course of weeks.  Plasticity can also mean shorter term physiological changes that alter the efficacy of previously existing connections, a process which can occur over a period of days or even hours (Kaas, 1991, Ann. Rev Neuro).  Plasticity in somatotopic cortex can be adaptive or maladaptive, depending on how much plasticity is present, at what point in development it is present at that level, or how it contributes functionally to changes following an injury.  For example, plasticity in the somatotsensory cortex can be adaptive in that it allows for the formation of new tactile memories, permits learning of new tactile skills, allows better tactile acuity to develop, and contributes to the recovery of abilities following injury.  Plasticity in somatotopic cortex can also be maladaptive, if too much of it leads to a degradation in receptive field tuning, if it leads to the creating of phantom limb pain, or when gross organizational changes occur outside development. 
from Susan Mosher
4) Name 3 questions in the study of language and its neural representation that is best answered with functional imaging and, equally importantly, 3 questions that cannot be addressed with fMRI or like approaches.

Three questions which fMRI is ideally suited to answer are language comprehension, language recovery after stroke, and the effect of attention upon language comprehension.  Notice that all of the three things given above are on the receptive end of the speech chain.  Three questions which fMRI might have trouble addressing are speech production (since motion would severely corrupt the data), the temporal order of neuronal activity in the speech chain (given the relatively crude temporal sampling of fMRI), and the dissociation between excitatory vs. inhibitory neuronal activity since a reduction in deoxyhemoglobin correlates with both.
from Andrew Dykstra
5) Describe in as much detail as you can all the neural processing that is going on during the fMRI task described below.  State explicitly whether or not you could detect this activity in the recorded fMRI data.  Note what additional information you would need if you were being asked to analyze this data (e.g. how you would tease out each component of interest).

Subject lies supine in scanner, eyes open, box with 3 buttons (one under each of the first three fingers of their right hand) held throughout, earphones on connected to stereo playing a pre-recorded Red Sox game.  Each foot is resting against a flat surface that can vibrate at four different intensities.  The task is to respond as fast as possible to the onset of each randomly occurring vibration (can be left or right foot), using the button that best describes whether the intensity of the vibration is 1-less than, 2- same as, or 3- stronger than they felt on the previous stimulus.  There is a flash of light for 80 milliseconds just prior to the onset of each stimulus.  Subjects have been trained immediately prior to scanning by experiencing each one of the four intensities of vibration once only.  

I ignore all neural activity which is constant across the entire experiment (or more correctly, we don't expect to vary depending on the experimental manipulation. For example: Activity related to the somatosensory information coming from body parts touching the scanner, physiological monitoring..)

Neural processes:

· Visual processing: We expect primary and secondary visual cortices to present bursts of neural activity related to the presentation of the 80ms light flash.

· Attention/preparation: When the light is presented, it also indicates the start of a new trial. This would cause the subject to start to prepare (or give direct attention to) the task.   

FMRI: While V1 activation correlating with visual stimulation (can be determined by comparing images taken within 4-8s after presentation compared to images taken before presentation). The problem is that any activation in higher areas confounds visual stimulation and preparation for the task.

A possible way to tease the two apart is to look at the pattern of activity as a function of time in the scanner. We would expect the activity related to visual processing to stay the same or even decrease (priming). Activity related to preparation is expected to increase as the subject learns the association between the light and the onset of the task.

· Auditory processing: We expect neural activity in A1 to be almost constant (or correlate with low level features of the game recording such as silence vs. noise, frequency, intensity..). However, the description of the game will be processed semantically and so we can expect correlation with features of the game itself (in particular if the subject is a baseball fan). For example, a scoring of a home run or another dramatic development might produce a neural reaction in areas related to emotional processing. 

FMRI: It is possible to code the auditory input for relevant low and high level parameters and then use these parameters as regressors. This would allow one to distinguish low level activation (auditory processing) from high level semantic encoding.

· Somatosensory processing: The vibration presented to the foot will activate the somatosensory cortex at the contra-lateral hemisphere. The best way to view S1 response would be to compare bold signal following a left presentation to bold signal following a right presentation. Also, one could correlate activity S1 with the level of the intensity of the stimulus. If there is some mapping of frequency in the somatosensory cortex (as in the rat's barrel cortex), we might see different areas activated for each degree of intensity. Alternatively, the intensity might translate as bold modulation in the same area.

· Working memory maintenance of the last stimulation: In order to compare two subsequent events, the first event must be somehow maintained in working memory. I do not know what exact activation pattern to expect (probably some frontal activation and possibly parietal?).

fMRI: I don't see how we can identify this activation using BOLD in the current design. It would be possible to investigate this question if we add a second condition that is identical to the original one except that the subject does not need to compare two events (the subject can ask to indicate which foot was stimulated or maybe produce some subjective estimate of intensity). As this condition would lack a working memory component we could compare the two and identify areas that are particularly engaged in the maintenance task. 

· Judgment: once a stimulus was presented and processed by S1, the subject now needs to compare this stimulus with the preceding one and come to a decision. This is a high level cognitive task that would probably engage many neural systems (including magnitude estimation, language, statistical inferences...). 

FMRI: It would not be easy to see BOLD correlates of this process given the current design as there is no clear comparison set. One possibility is to look at BOLD change along the experiment. Subjects will improve on the task during the experiment and so the decision procedure might involve less effort. We would expect areas to negatively correlate with the trial number. If we add a condition that does not involve a decision, maybe by asking the subjects to respond only on every second trial, we could compare across conditions and look for decision related activation.

· Button press: Button press will involve motor planning (SMA, PMA and possibly inferior frontal and parietal regions, but given the simplicity of the motor task it might not be robust) and then activation of both the finger area of the left hemisphere M1 and of left hemisphere S1 (as the pressure increase due to the press will activate the somatosensory module). I think this activity will be visible using fMRI (if the different fingers are represented by spatially distinct neuronal ensembles, we night even see a difference between the different button press. However, it might have been better to ask the subject to press with their left hand and right hand alternately, this way we could compare the two conditions that should be otherwise identical in all dimensions.

from Asaf Bachrach
