Seminar E Group 5

Megan M., Elleka W., Benjamin H.

Kenneth H., and Danielle M.

Due 11/26/07

Science and Mathematics in the News

Synopsis:
The comparative study of music and language has been receiving a lot of research interest. Language and music are a human universal that involve perpetually discrete elements organized into hierarchically structured sequences according to syntactical principles. Language and music serve as foils for one another in the study of brain mechanisms underlying complex sound processing. A specific point of convergence between the theories of linguistic and musical syntactic processing leads to the hypothesis that syntax in language and music share a common set of processes (frontal brain areas) that operate on different structural representations (in posterior brain areas).
Our Science and Math in the News presentation is on two articles that talk about how music is processed in our brains. The first article is by Scott LaFee and discusses why music is so important to us.  The second article is from a Georgetown University Medical Center study that describes how music and language are processed in our brains.

The brain-wave pattern N400 is discussed in the second article. Studies show that N400 priming effects can be reliably obtained from unconsciously perceived masked words at a very short SOA and strengthens the notion that the N400 is modulated by automatic spreading activation and not exclusively by strategic semantic processes. 

The first article asks why do we have such an affinity for music?  An obsession, as described by neuroscientist Dan Levitin. Music is found in every human culture, dating back thousands of years. An infant can recognize music first heard in the womb; by five months we all recognize specific songs and can tell when a note or chord is wrong. Most people are capable of recalling a favorite song and singing it with near perfect pitch and tempo. Humans use music in ways that we are just now beginning to scientifically understand. 

The question of how and why humans invented music underlies one of the biggest debates among neuroscientists: is music a primary evolutionary adaptation or something less? Levitin cites music’s universality in human culture and its early functions in infants to support that music is a primary evolutionary adaptation.  Other researchers suggest that music was a key to sexual selection among early humans.  Early humans were perceived to be healthier, more creative due to our capacities for rhythm, dance and singing; and thus better choices as reproductive mates. However some scientists, such as Steven Pinker mock the importance of music.  Pinker argues that music was a happy inadvertent byproduct of real evolutionary adaptations, such as language and upright walking.  He observed that songs mimic the natural cadences of speech and that dance is just another form of rhythmic body movement like running. 

Anirudduh Patel says it is false to declare music either evolutionary hard wired or as an accidental byproduct of other evolutionary changes. He says that music is not the target of natural selection like language is, that it is clearly invented, but it is just as clear that music is deeply meaningful to people.  Human lives are deeply different because it was invented and there is evidence that music changes the brain. 


In 1933, French composer Maurice Ravel began having neurological symptoms in which he could recall old compositions but could not make any new ones.  He may have been suffering from focal cerebral degeneration- a disorder in which discrete areas of the brain begin to atrophy; his symptoms were an early clue that music is a whole-brain activity. When humans listen, watch, or perform music, multiple areas of the brain become engaged. The auditory complex processes the sound, the visual cortex kicks in if you’re reading music or watching a performance and the sensory cortex handles tactile feedback from playing an instrument or dancing, like the motor cortex which coordinates movement.  Music also involves other, somewhat surprising, regions of the brain.  Neurons fire in the prefrontal cortex, the part of the brain responsible for rational thinking; it is here that humans learn very early what constitutes music. The brain is set up to learn; as infants we look for dependencies and patterns- it’s how we learn language and music. We learn very quickly the rules of what makes music.

The power in music is that it is very much connected to emotions.  When you listen to music it can elevate you with joy or plunge you into grief; it summons up deep, unbidden memories. Researchers believe this is because the brain processes music in regions also associated with emotion and memory: the hippocampus, amygdale, nucleus accumbens and the cerebellum. Patel says that music ties into memory systems in ways that language alone does not. Music powerfully articulates emotions and emotion is central to forming strong, long-term memories. That’s why Alzheimer’s patients can remember old songs, but not faces they saw yesterday. Or why your favorite music is likely to be something from your teens. The teenage years are a time when everything is emotional and hormonal, it’s a huge part of your life; it defines you, your friends and your social group. Your brain is still developing so you’re open to the experience. This music will tend to be your favorite, even into adulthood, because you created all these strong neural circuits and memories with it. 

According to scientists, music does appear to improve brain function. Early exposure to and learning of music and instruments seems to have clear benefits.  Such children often have improved visual perception, analytical thinking skills, and physical coordination. Music helps them focus their attention. This so called Mozart effect, which posits that listening to classical music improves long term mental performance, has been largely undermined by serious scientific scrutiny. The real importance of music to humans seems far larger more complicated, and more profound. Music may not be the essential evolutionary adaptation that language is, but it’s clearly a form of communication all humans understand.


The second article deals less with emotions and more about memory and how our brain processes music and language. 


Researchers have long debated whether or not language and music depend on common processes in the mind. Now, researchers at Georgetown University Medical Center have found evidence that the processing of music and language do indeed depend on some of the same brain systems. Their findings are the first to suggest that two different aspects of both music and language depend on the same two memory systems in the brain. 

One brain system, based in the temporal lobes, helps humans memorize information in both language and music; for example, words and meanings in language and familiar melodies in music. The other system, based in the frontal lobes, helps us unconsciously learn and use the rules that underlie both language and music, such as the rules of syntax in sentences, and the rules of harmony in music. Researchers had found that the processing of rules relies on an overlapping set of frontal lobe structures in music and language, however, in addition to rules; both language and music crucially require the memorization of arbitrary information such as words and melodies. 


This study not only confirms that one set of brain structures underlies rules in both language and music, but also suggests, for the first time, that a different brain system underlies memorized information in both domains. So language and music both depend on two different brain systems, each for the same type of thing; rules in one case and arbitrary information in the other. 


Dr. Robbin Miranda enrolled 64 adults in which they used a technique called Event-Related Potentials, in which they measured the brain’s electrical activity using electrodes placed on the scalp.  The subjects listened to 180 snippets of melodies.  Half of the melodies were segments from the tunes that most participants would know, such as nursery rhymes, and the other half included novel tunes composed by Miranda. Three versions of each well known and novel melody were created: melodies containing an in-key deviant note (familiar), melodies containing an out-of-key deviant (violates rules of harmony) note and the original (control) melodies. 

For listeners familiar with a melody, an in-key deviant note violated the listener’s memory of the melody-it was musically correct, didn’t violate any rules, but it was different than what they had memorized. In contrast, in-key deviant notes in novel melodies did not violate memory or rules because the listeners were not familiar with the tune. Out-of-key deviant notes constituted violations of musical rules in both well known and novel melodies as well; they violated memory in well known melodies. 

Miranda and Ullman examined the brain waves of the participants who listened to the melodies and found that violations of rules and memory in music corresponded to the two patterns of brain waves seen in previous studies of rule and memory violations in language. In-key violations of familiar melodies led to brain patterns similar to one called an N400, previously found with violations with words.  Out-of-key violations of both familiar and novel melodies led to a brain wave pattern over frontal lobe electrodes similar to patterns previously found for violations of rules in both language and music. This tells us that these two aspects of music, that is rules and memorized melodies, depend on two different brain systems that also underlie rules and memorized information in language.  
Methodology:

Critical Analysis of “Music And Language Are Processed By The Same Brain Systems”

This article begins by identifying a problem or question that needs answered as should be in the first step of conducting the scientific method. The problem at hand is whether or not music and language depend on common processes of the mind. After some studies, researchers have found evidence that language and music do indeed come from some of the same brain systems. So as a result, they developed a testable hypothesis that two different aspects of both music and language depend on the same two memory systems in the brain. The article describes a specific test done to provide these results, one of which an Event-Related Potentials technique was used on 64 adults to measure brain activity when 180 tunes were presented to them. The researchers made sure to get a wide variety of songs that everyone knew and would not know, as well as variations which were in and out of key, plus the original melodies which served as the control. So they successfully set up an experiment with independent and dependent variables, as well as a control to compare the data to. By examining the brain wavelengths and compared those to previous research to determine the brain systems being used. Thus their testing was applicable and relevant to previous research and further supported their hypothesis. Essentially this was a very good example of the scientific method – making sure to keep all aspects in check and they conducted it efficiently. 
Critical Analysis of “Singing in the Brain”


This specific article begins with asking multiple questions, or rather identifying various questions or problems to be answered when first initiating an experiment. Some of these questions are: Is music hard-wired into our brains? Is it some sort of fundamental evolutionary adaptation? Is musical talent genetic? Why do we remember some songs so well, etc.? This article focuses on the second question more specifically, and the hypothesis is that music is an evolutionary adaptation. Rather than showing specific tests like the previous article, this one provides expertise opinions on the matter and basic factual information of how we have come to understand how the brain works in terms of processing music and language. It also exhibits examples of historical figures such as Mozart and their musical capabilities versus their brain functions to see why or how these people do or do not possess such musical qualities. In the sense of the scientific method, there were the initial aspects of it, such as identifying a problem, gathering research, and forming a hypothesis, but there was no clear testing being shown as in the previous article. However, it does provide nice useful information and leave the reader with more questions to think about and perhaps form hypotheses of their own.  
Two Striking Facts / Ideas / Problems from the Article:

1. Whether music is an evolutionary adaptation or not still seems hard to say for sure, however it is interesting that there has been evidence showing it may have taken a role in sexual selection in cultures many years ago. 

2. A striking fact is the concept of an “earworm” that there is a specific term for when a familiar tune gets stuck in your head and plays back over and over again like Three Blind Mice, or It’s A Small World and that there’s an actual scientific explanation for it. What’s even more interesting about it is that there hasn’t been enough research on it to determine what causes it either. 
Two Seminar Questions:

1. If language and music are connected or developed in the same area of the brain why do some people who have severe autism and brain damage seem to respond to music so well?  Could it be there was some sort of gene mutation that may allow the so called "musical savant" (a person who may not have language skills, but have superior musical ability) to develop in some autistic people? Or are there any other explanations?
2. The articles mention how humans are the only species that has evolved to the point of creating music. Is this true?  Or is it that maybe we just don't understand the music of the animal world? When you hear the sounds of the locusts, the hooting of an owl, and the ribbit of a frog, could this be like creating music in the animal world? 
What Question Wasn’t Asked?:
If music were an evolutionary adaption, HOW would it be so? What benefits would music give us to be considered an adaptation first of all, and how would one be losing out by not being musically inclined? 
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