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Viewing fMRI images

CS24: “Field” Writing Assignment

Functional magnetic resonance imaging (fMRI) is a modern noninvasive imaging technology for “mapping the brain”—determining which parts of the brain are activated by different kinds of stimuli, e.g. physical sensation or activity, visual stimulation, sound or the movement of a subject's fingers. In contrast to conventional MRI scans showing brain structure alone; fMRI provides information about brain function based on measured blood/oxygen flow in activated areas of the brain. For example, Fig. 1 shows the activation of the visual cortex in nine different participants in response to the same visual stimuli. Such an image is the product of a complex fMRI-imaging process where temporal and spatial data from the MRI scanner generate raw input images, which are then mathematically transformed and statistically analyzed to reconstruct activation maps of the brain, generally denoted with colored blobs as shown in Fig. 1.

From the standpoint of computer graphics, fMRI images are very interesting because computers are used to visualize data that corresponds to radio waves formed from magnetic fields generated around a person’s head. Although the 2D slices (cross-sections) seen in Fig. 1 are geometrically created using computer algorithms, like typical vector-base graphics, these images are better described as raster graphics, sampled from discrete data and converted into a density map, a reconstructed image of the brain that is formed by assigning a specific density or color based on the raw data. As these cross-sections are layered one on top of each other fMRI data can generate images like Fig. 2, a reconstructed 3D coordinate space where each pixel, or in this case voxel (Volumetric Pixels), is represented by x-, y- and z- coordinates. Thus, while the original data set is created by scanning a real human head, unlike geometry-based modeling programs, the fMRI images themselves are not rendered from shape primitives, but rather these images are a highly sophisticated synthesis of layers of sampled-based pixels, which also allows for the inter-mapping/direct-comparison of different scans and easy manipulation of colors and values. 


Perceptually, looking at 2D fMRI images like those in Fig.1 is “strange” (to the visual system) because each is a flat representation of a 3D object not generally encountered in day-to-day life, i.e. each picture does not correspond to a typical optic array that replicates the light of an original scene. Instead, these representations capture a sample of picture primitives (marks), such as occluding contours (lines), and volumes (regions). Our visual systems try to interpret these images by segmenting them in two ways: grouping, or grouping elements into regions based on common elements (Gestalt laws of proximity, similarity, closure, and good continuation), and also by boundary formation, using local differences in brightness, color and texture to determine which areas are of equal importance. While these processes are useful in breaking down the flat image, we can also look at these contrast borders themselves to suggest how these images “appear” to us. The edges of monochrome areas of these images tend to be soft edges, minimizing contrast and lateral inhibition of the photoreceptors that sense such boundaries, such as our rods; the result explains why these areas look rather dull and ambiguous. Oppositely, the colored blobs, have hard edges and color contrast boundaries making these regions pop out (activation of edge-detecting cones). Thus, while these fMRI images do not have a point-to-point correspondence of brightness and color of the actual brain areas, this imaging process enables a perceptual highlighting as it were, in those areas that are under examination through contrast and color boundaries.

With regards to design and the visual display of information, each fMRI image is really a diagram that delivers information for the doctor or scientist to interpret. Both Fig. 1 and Fig.2 are essentially just information graphics conveying “active regions,” areas where there is a great difference between the average intensity in the task stimulus condition as compared to rest.  These high correlations areas are then delineated using an arbitrary color scale, where monochrome represents a resting state, and colored blobs represents activation from red to yellow, with the later representing the greatest amount of activation. As graphics it is important to note that there are many variables to contrast within each image: the scale, value, line thickness, shapes, spaces and as mentioned previously the selected colors. While Fig. 1 and Fig. 2 focus on the color and value information, it is possible to imagine computerized representations where the data is manipulated along any of these other contrast variables. Still, along the lines of the perceptual interpretations mentioned earlier, the heuristic rules of design (CRAP), also relevant here, suggest that these images are well designed to convey information. For example, the color regions greatly contrasts with the monochromatic surround, the repetitious color palate seen in all nine scans again draws attention to particular patterns and areas of interest, and finally, the proximal information, conveys information about the brain anatomy because of the relative positioning of each shape along the coordinate axis. 


Together, each of these perspectives contributes a layer of understanding and appreciation to these fMRI images. Taken out of the realm of illusionist aims and by focusing on the computer-based/technological, perceptual and information-graphical nature of these images we are able to see how informative these images really are. While these brain-maps are perhaps not the most intuitive images to interpret and understand, they succeed at doing their job: organizing information to highlight particular differences in a way that can be easily manipulated in both 2D and 3D space, as well as along the dimension of time—a significant tool for better understanding the cognitive functions of our human brains. 

Figure 1 -  Nine Horizonal Cross-Sections Obtained Using fMRI during a Visual Task
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Figure 2- Three-dimensional View of the Activated Brain Region from Visual Task Above
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