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Abstract


The Mozart Effect refers to the results of a study in which subjects performed better on spatial reasoning tasks after listening to the music of Mozart. This study determines whether vocalization, (singing, for example) when combined with Mozart’s music, inhibits the “Mozart Effect.” It also determines whether vocalization in the English language or vocalization in the Italian language has a greater effect on a spatial reasoning task. The study involved a total of seventy-five subjects who were exposed to three different listening conditions (Cosi Fan Tutte in Italian, Cosi Fan Tutte in English, or silence,) while playing a spatial reasoning game. Chi-square analysis indicate the Mozart Effect held up even with vocalization, however, there was no significant difference in performance between those subjects exposed to vocalization in the Italian language and those exposed to vocalization in the English language. 

Background

For centuries, people have known that music is important; the Greeks believed that music helped in the development of their mental abilities and considered it one of the four branches of science. Today, when kids blast their stereos, researchers believe they may be provoking more than their parents’  comments.  


Twenty-five years ago, Dr. Gordon Shaw, theoretical physicist (Ret.) at the University of California in Irvine, began working on models of the brain to try to understand how we think and reason. As stated by Prokhorov, Being a physicist, Dr. Shaw was looking for mathematical patterns and relationships among groups of neurons, or nerve cells. In 1990, Dr. Shaw and his associates discovered that in a sense, the brain makes its own music. Using a computer-generated model of neural firing patterns, Dr. Shaw’s research team fed various brain patterns through a synthesizer. They heard recognizable, but different styles of music. Some sounded like Baroque music, some like Eastern music, and others like folk music. In other words, the communicating neurons “play” music. This gave the researchers the idea that music itself, perhaps, might also make those neurons communicate (1998).       

Shaw and his colleagues hypothesized that early music training might enhance, from birth, the human brain’s ability to use basic neural patterns; specifically, it would develop spatial-temporal reasoning. Having realized that testing infants over a long period of time was impractical, Shaw and his colleagues decided to test a similar hypothesis: if music can enhance one’s ability to think, then perhaps listening to certain music can enhance one’s ability to perform tasks, even for a short time.  

For Shaw’s first experiment (as noted by Wilson and Brown,) he used music by Mozart, who had begun composing music at the age of three; he reasoned that if any composer were tapping into an inherent language of firing patterns present in our brains, it would probably be Mozart. As both a psychologist and a musician, one of Shaw’s colleagues, Frances Rauscher, listened to about a hundred different pieces of Mozart and found that one piece, Mozart’s “Sonata for Two Pianos in D-major” closely resembled the brain language that had been translated. The research team got together in 1993 and devised an experiment using thirty-six undergraduates. One group listened to ten minutes of Mozart’s “Sonata for Two Pianos in D-major,” one listened to ten minutes of a relaxation tape suggesting that they imagine themselves in a peaceful garden and one group heard nothing. They were then asked to take three standard nonverbal IQ tests examining their spatial reasoning. The Mozart group scored a mean of eight to nine points higher on the spatial IQ tests (part of the Stanford-Binet scale) than the other groups. The result, dubbed the Mozart Effect in popular press, lasted for ten to twenty minutes (1997).  


In a follow-up study, Campbell notes, the scientists delved into a search for the neurophysiological basis of this enhancement. A similar experiment was conducted in which spatial intelligence was further investigated by projecting sixteen abstract figures (similar to folded pieces of paper) on an overhead screen for one minute each. The exercise tested whether seventy-nine students could tell how the items would look when they were unfolded. Over a five-day period, one group listened to the original Mozart sonata, another to silence, and a third to mixed sounds, including the music of Philip Glass, an audiotaped story, and a dance piece. The researchers found that all three groups improved their scores from day one to day two, but the Mozart group’s pattern recognition showed an improvement of 62% compared to 14% for the silence group and 11% for the mixed-sound group. The Mozart group continued to attain the highest scores on following days, but the other groups did not differ significantly (1998).   


In their most recent study, Campbell explains, Rausher and Shaw’s team surveyed thirty-four preschool children to see how musical training might affect their brain development. One group was given piano keyboard training during which they learned about pitch intervals, fine motor coordination, fingering techniques, sight-reading, music notation, and about playing from memory. After six months, all the children could play basic melodies by Mozart and Beethoven. In addition, the children also exhibited dramatic enhancement in spatial and temporal tasks (up to 34% improvement) compared to twenty children receiving computer lessons, twenty-four children provided with singing lessons and a fourth group going through the standard curriculum (1997). In contrast to the college students, whose improvement lasted for only ten to twenty minutes, the preschoolers’ increased intelligence lasted at least a full day, representing “an increase in time by a factor of over one hundred” (Campbell, 1997. p.17).   


Though not many justifications to such findings have yet been proposed, Shaw provides a potential explanation. Shaw pointed out that the idea that one might perform an activity, particularly related to music, and have it enhance something else, makes sense. Humans have certain parts of the brain that are devoted to music, some to language, some to movement, and some to reasoning. Whenever a person does anything that is complicated, several parts of the brain go into action. 


Lehrer and Goode note that the music of Wolfgang Amadeus Mozart has been found to improve the ability of rats to complete mazes faster than rats who listen to other music or no music at all. Researchers at the University of Wisconsin at Madison have found that rats exposed to recordings of Mozart piano sonatas during the week before birth and the weeks following birth ran mazes more rapidly than rats who that heard the recordings of composer Philip Glass. Rausher and his colleagues at the university played Mozart, “white music,” and Glass to pregnant rats and then to their offspring for two months following birth. After two months of music, the rodents were trained to run a maze in search of food (1998). According to the researchers, “The rats exposed to the Mozart sonatas completed the maze more rapidly and with fewer errors than the rats assigned to the other groups” (Lehrer & Goode 1998). They believe that the research supports the work of other scientists who showed that human babies who listen to Mozart before and after birth are more intelligent than babies deprived of Mozart’s music.  


After such intense research done with the music of Mozart, questions such as “What makes Mozart’s music special?” and “What’s the magic in Mozart’s flute?’ come to mind. One theory is that the intricate musical structures may resonate in the brain’s dense web, lubricating the flow of neurons (Ramo 1993). Shaw says that neural structures include regular firing patterns that build along the surface of the brain like bridges; therefore, Mozart’s musical architecture may evoke a sympathetic response from the brain. In other words, listening to Mozart helps “organize” the firing patters of neurons in the cerebral cortex, especially strengthening creative right-brain processes associated with spatial-temporal reasoning (Campbell 1997). By testing the neurobiological model of brain function, which proposes certain neural firing patterns in the brain, the scientists predicted that complex music facilitates certain complex neural patterns involved in demanding brain activities, such as thinking mathematically or playing chess (Campbell 1998). Consequently, the researchers selected Mozart because of the complex, highly structured and non-repetitive character of his music, which they believed might stimulate neural pathways essential to cognition (Browne 1993).

Problem

This study, as a an extension of known research on the Mozart Effect, will determine if vocalization (such as singing) when combined with the music of Mozart, will inhibit the Mozart Effect. This study will also determine if vocalization in the English language or vocalization in the Italian language will have a greater effect on a spatial reasoning task.

Hypothesis

For the first part of the problem, it is hypothesized that subjects exposed to Mozart’s music with vocalization will perform better on a spatial reasoning task than those exposed to silence. For the second-part of the problem, it is hypothesized that subjects exposed to Mozart’s music with vocalization in Italian will perform better on a spatial reasoning task than those exposed to vocalization in English.

The second hypothesis derived from the reasoning that when a person is exposed to music with lyrics that he/she comprehends, it interferes with data processing, therefore being detrimental to the performance of a task. However, when a person is exposed to music with lyrics that he/she does not comprehend, it does not interfere with data processing, consequently being beneficial to the performance of a task.  

Method

To carry out this study, each of 75 subjects were first asked to fill out a survey inquiring their age, gender, and the languages in which they were fluent (only fluent English speakers were used in this study, which would have caused the elimination of fluent Italian speakers). Then, by random assignment, 25 of the subjects listened to Mozart’s Cosi Fan Tutte in English, 25 to Mozart’s Cosi Fan Tutte in Italian and 25 to silence for the first three minutes. With the same conditions present in the background, the subjects were then given four minutes to match puzzle pieces to corresponding outlines on a game-board.

Data


The numbers of pieces that were correctly matched with the corresponding outlines on the game board were recorded. The upper and lower deciles of the raw data were eliminated for each variable group, because in the process of conducting the study, it was observed that there were a few people who did not comprehend the instructions and there were others who finished ahead of the allotted time.  

Analysis

The chi-squared statistic was used to analyze the data. To calculate the expected number, a two by two contingency table was used where the frequency above the overall average and below the overall average of 14 was counted (see Fig. 1 and Fig. 2).

For the first part of the problem, the null hypothesis is that there is no difference in performance on a spatial reasoning task between subjects exposed to Mozart’s Cosi Fan Tutte with vocalization and subjects exposed to silence. The alternate hypothesis is that there is a difference in performance on a spatial reasoning task between subjects exposed to Mozart’s Cosi Fan Tutte with vocalization and subjects exposed to silence. Using a .05 significance level, the calculated value chi-squared value with one degree of freedom was found to be 3.89. The critical value x2 (1, 0.05) is 3.84.  Consequently, the null hypothesis was rejected.  

Fig. 1

Contingency Table *



          No. Of Pieces Matched Accurately
                   Age

    Total

	
	6-14
	15-22
	

	Silence
	13

(9.33)
	8

(11.67)
	21

	Cosi Fan Tutte with vocalization
	15

(18.67)
	27

(23.33)
	42

	
	28
	35
	63


*Note: top number is the observed value and bottom number in parenthesis is the expected value

For the second half of the problem, the null hypothesis is that there is no difference in performance on a spatial reasoning task between subjects exposed to Mozart’s Cosi Fan Tutte in Italian and subjects exposed to Mozart’s Cosi Fan Tutte in English. The alternate hypothesis is that there is a difference in performance on a spatial reasoning task between subjects exposed to Mozart’s Cosi Fan Tutte in Italian and subjects exposed to Mozart’s Cosi Fan Tutte in English. Using a .05 significance level, the calculated chi-squared value was calculated to be .11.  Since critical value x2 (1, 0.05) is 3.84,the null hypothesis was not rejected.  

Fig. 2

Contingency Table *




 No. Of Pieces Matched Accurately                 Age
            Total

	
	6-14
	15-22
	

	Cosi Fan Tutte in Italian
	7

(7.5)
	14

(13.5)
	21

	Cosi Fan Tutte in English
	8

(7.5)
	13

(13.5)
	21

	
	15
	27
	42


*Note: top number is the observed value and bottom number in parenthesis is the expected value

Conclusion

From this study, it has been determined that vocalization, when combined with the music of Mozart, does not inhibit The Mozart Effect. Subjects exposed to Mozart’s Cosi Fan Tutte with vocalization performed better on a spatial reasoning task than those exposed to silence. However, the study did not indicate a difference in performance between subjects exposed to Cosi Fan Tutte in Italian and subjects exposed to Cosi Fan Tutte in English.


There are a few possibilities as to why such results prevailed. For one, due to a lack of familiarity with the music, the lyrics of the opera may not have been understood.  Also, the subjects may have completely ignored the lyrics.  Additionally, the background sound may have been more forceful than the lyrics themselves, which causes the music to make a greater impact than the lyrics. 
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