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Abstract

   For this project, we looked at whether absolute pitch (AP) musicians perceive tones differently from people (musicians and non musicians) without absolute pitch and examined the role of the planum temporale (PT) in absolute pitch.  We hypothesized that the planum temporale may play a role in how AP musicians perceive tones because prior studies have shown a surprising left sided asymmetry of the planum temporale in AP musicians.  To test this hypothesis, we did functional Magnetic Resonance Imaging studies (fMRI) on absolute pitch musicians as well as musicians and non musicians without absolute pitch.  We found that non-AP people activated mainly their right planum temporale during the tones task and had bilateral activation during the phonemes task.  On the other hand, absolute pitch musicians used mostly their left planum temporale for both the phoneme and tone memory tasks.  Therefore, absolute pitch musicians seem to perceive tones categorically similarly to how they perceive phonemes.  In addition, the left planum temporale plays a significant part in the perception of tones for absolute musicians.

Introduction

   While music has always been a part of human civilization, scientists have just begun to decipher the neurological basis behind the way we perceive music.  Of particular interest to these researchers is how musicians differ from non musicians.   We can examine the neural activity of musicians to understand the neural basis of some of these exceptional abilities.  One of the these abilities is absolute pitch (AP).

   Absolute pitch is the ability of musicians to identify music tones in the absence of a musical context.  Studies have show that three to twenty three percent of musicians have this talent.  Western music is based on a system of relative pitch, where a tune maintains its integrity regardless of the starting note, as long as the individual pitch relationships between each other remain the same.  Musicians with absolute pitch have the ability to recognize and name notes on an absolute basis.  AP has been show to be highly correlated with early exposure to music and seems to manifest almost exclusively during middle childhood, apparently being acquired during the same period that language is learned.  While the mechanism behind this phenomenon is still unclear, one part of the brain, the planum temporale (PT), has been studied for its possible role in the development of absolute pitch.  

   The planum temporale is located in the Wernickes region, an area in the brain that has been associated with speech processing.  It has been linked to our perception of phonemes, which are the units of speech.  In most people, the planum temporale has been show to be leftward asymmetrical; it is bigger on the left side of the brain than the right.  In 1995, a surprising finding reported exaggerated leftward PT asymmetry in musicians with absolute pitch compared with non AP musicians and non musicians (Schlaug et. al, 1995).  Prior to the study, musicians were hypothesized to have lesser hemispheric asymmetry.  Several studies have shown the leftward asymmetry of the planum temporale is an anatomical correlate of left hemisphere dominance for language related auditory processing (Binder et. al., 1996).  Furthermore, right-handed patients with developmental deficits of phonological processing were reported to show decreased PT asymmetry.

   The role that the planum temporale plays in absolute pitch is unclear.  Since the PT is a part of the Wernickes speech region, the PT could be an anatomical marker of a common processing between music and language (Binder et. al., 1996).  In order to understand the effect of physiological difference in the PT, we will have to start by understanding how AP musicians’ perception of music differs from that of non AP musicians and non musicians.  The most important difference is that AP musicians may perceive tones as belonging to distinct classes, similar to the way we perceive language.  This indicates that the planum temporale may play a role in music perception.

   We believe that the recent findings of exaggerated PT asymmetry in AP musicians suggest that AP musicians might use the PT to categorize tones much like the way other people use the PT to categorize and recognize speech.  To test this hypothesis, we conducted a functional Magnetic Resonance Imaging study on AP musicians, non AP musicians and non musicians.  We imaged the subjects’ brains while they were doing memory tasks involving either tones or phonemes.   We then compared the results from these tasks to those obtained from a motor control.  The motor control consisted of the subjects doing all the motor tasks required for experimental tasks (with tones and phonemes) while listening only to the MRI scanner background noise.  This study was conducted to check for a correlation between how people categorize phonemes and how AP musicians recognize tones by comparing brain activation during recognition tasks with brain activation during motor control.  We believe that parts of the brain that are exclusively involved in auditory perception and recognition of tones and phonemes will only be activated during the experimental tasks and not the control task.   We can thus highlight the parts of the brain activated only during the phoneme and tone tasks by comparing the brain activation during experimental tasks to brain activation during control tasks.  

Methods

   For our project, eight absolute pitch (AP) musicians were recruited from local music schools.  We confirmed their ability by requiring them to perform better than 90 percent on two established absolute pitch tasks (Zatorre et. al., 1992).  Controls for this experiment consisted of eight musicians and eight non musicians from local colleges in the Boston area.  All of our subjects were determined to be right-handed through established hand preference questionnaires (Schlaug G, 1995).  Informed consent was obtained from the subjects and the experimental protocol was approved by the Committee on Clinical Investigations at Beth Israel Deaconess Medical Center.  

   For the experimental tasks, all the subjects performed a two back auditory comparison task involving a series of tones or phonemes.  They each had a button in each of their hands and pressed buttons as part of the experiment.  For the tone memory task, a commercial software (“SoundEdit 16,” Macromedia, San Francisco, California) was used to generate tones that corresponded to fundamental frequencies from F3 to G5.  Subjects listened to sequences of sine wave tones of 500 msec long with an attack and decay rate of 3 msec and an intertribal interval of 1.5 seconds.  The subjects were instructed to compare, starting from the third tone, each tone to the one two tones before it and decide if the tones were the same or different.  The subjects indicated if they thought the tone was the some or different from the tone two tones ago by pressing either the right or left button, respectively.  The button responses were then recorded for later analysis.

   Similarly, in the phoneme memory task, using SoundEdit software, subjects listened to phonemes (e.g. ba, ta, ga, pa, da, ka) recorded from a female voice.  Like the tone task, they were instructed to compare a new phoneme with the one two phonemes ago and indicate if the new phoneme was the same or different by pressing the left or right button, respectively.  

   We used the computer program “Analysis of Functional NeuroImages” (AFNI) for visualizing and analyzing the fMRI images.  One of AFNI’s main purposes is to facilitate the visualization of brain activation maps.  First, to correct for movement during scans, we matched or “registered” the functional images taken when the subjects were performing tasks to the anatomical images of the subjects when they were doing nothing.  In addition, because of the significant differences between the sizes of people’s brains, AFNI transforms the MR images into a common space in which each voxel is defined by its x, y, z coordinates.  This coordinate system is adopted from the atlas of Talairach and Tournoux, where the rectangular box containing the cerebrum is divided into 12 sub volumes based on the anterior and posterior commissures.  AFNI aligns a subject’s brain image with the stereotaxic axes, creating the anterior commissure posterior commissure aligned or the “AC PC aligned view” of the given data set.  Then, taking measurements of the extreme points of the subject’s cerebrum in the direction of the stereotaxic axes, AFNI uses these measurements to scale the volume data to “normalize” the subject’s brain to the standard Talairach Tournoux brain.

   One major problem for fMRI is the huge amount of data generated.  We wanted to analyze all our conditions for the subjects so that any condition could be easily compared with one another.  In addition, we wanted a comprehensive comparison between groups of subjects for each of the conditions.  As a result, through AFNI, we used a bath program that reduces and integrates the functional data into a manageable collection.  The batch program we used for merging functional activation datasets was the analysis of variance (ANOVA) program.  ANOVA analyzes variances between datasets on a voxel by voxel basis, of all the voxels in the brain.  ANOVA allowed us to look at the activation that was in the experimental condition (phonemes or tones) that consistently was not in the motor control condition.  It also allowed us to see how strong and consistent the activation was and even if the correlation was negative, which is when the activation in the control condition is consistently missing in the experimental condition.  We then used this data to make comparisons between the different groups, for phonemes versus control, tones versus control, and a behavioral table of percentage of correct responses in lab and in the scanner.

Results

   Table 1 shows the average accuracy levels of responses on the phonemes and tones tasks in the lab and in the scanner for AP musicians and non musicians.  The behavior data for the two groups, the AP musicians and non musicians, revealed an overall effect (p0.0005) for the AP/non AP factor which was mainly due to better performance of AP musicians in the tone task.  In addition, there was no significant difference between the subjects’ performances during the pres-session in the lab and the actuall testing results in the scanner.  

   The analysis revealed an overall difference in the brain activation between groups for both the tones task and the phonemes task.  The difference was the most pronounced in the tones task.  Brain images of absolute musicians showed almost exclusive left-sided superior temporal lobe (which includes the planum temporale) activation.  The non AP musicians showed bilateral activation with more right-sided superior temporal lobe activation. Finally, non musicians showed strong right-sided activation. Figure 1 shows the mea activation levels of each group during the tone task to the motor control task.  

   In Figures 1 and 2, two horizontal slices of the middle of the brain (view from the top) are shown for each group.  Also shown are two side images (one from each side).  Highlighted regions indicate a positive or negative correlation in activation between experimental and control tasks.  The different colors represent different levels of activation and the consistency of the activation during different trials.  Yellow is the highest positive activation.  Orange represents les activation than yellow and red is the lowest level of positive activation.  Bright blue represents a slightly negative activation level (meaning that part of the brain is active during the motor control but not the experimental conditions).  Finally, light blue is the strongest level of negative activation. 

   For the phonemes task, although the absolute musicians had more right-sided activation than in the tones tasks, they still had strong left more than right superior temporal lobe activation.  The musicians had bilateral activation, though, like during the tones task, it was more right-sided.  Finally, non musicians also had bilateral activation.  Figure 2 shows the mean activation levels of each group during the phoneme task when compared to the motor control task.  

Discussion

   First, our behavioral data showed that the subjects performed at similar accuracy levels in the lab and the scanner.  This allows us to safely remove the possibility of the MRI background scanner noise from being a confounding factor.  

   This experiment showed that for AP musicians, tones and phonemes seemed to be perceived differently than for non AP musicians as well as non musicians.  In addition, for the AP musicians, the left side of the planum temporale activated during both phoneme and tone tasks, while this is not the case for non AP musicians and nun musicians.  The similar pattern of activation in the phoneme and tone memory tasks for the AP subjects suggests a similarity in the perception of tones and phonemes and in early auditory processing.  This further supports our hypothesis that AP musicians perceive both sets of stimuli categorically.  While our study looked for differences between the way AP musicians and non AP musicians and non musicians perceive tones, the nature of the experiment also required that similar areas of the brain be activated in all subjects.  The memory component, the sensory motor integration and response requirements of the task design probably led to the activation fo the same areas of the brain for all subjects.  As a result, the similar network of suprasylvian regions is most likely related to these components that were the same for all subjects.  

Conclusion
   For this project, we examined how absolute pitch musicians perceive tones differently from musicians and non musicians without absolute pitch.  We also looked at the role of the planum temporale in absolute pitch, particularly the effect of its exaggerated leftward asymmetry in AP musicians.  Through a fMRI study, we found that absolute pitch musicians do display functional left hemispherical dominance in the planum temporale, unlike others without absolute pitch who displayed either bilateral planum temporale activation or right hemispherical dominance. 

   This points to the possibility that AP musicians, compared with non AP people, use different parts of their brains to perceive tones.  With this evidence of anatomical as well as functional differences of AP musicians’ brains, the main question now is the cause of such differences.  Were AP musicians born with this anatomical and functional difference or did they create it themselves through musical training? Future research into the cause of these differences will provide insight into this emerging field of brain research. 

References

Bandettini, PA, Jesmanowicz A, Wong EC, Hyde JS.  “Processing Strategies fo rTime course Data Sets in Functional MRI of the Human Brain.”  Magnetic Resonance Medicine. 30 (1993): 161, 173.

Binder JR, Rao SM, Hammeke TA, Yetkin FZ, Jesmanowicz A, Bandettini PA, et al. “Functional Magnetic Resonance Imaging of Human Auditory Cortex.” Annals of Neurology. 35(1994): 662, 672.

Binder JR, Frost JA, Hammeke TA, Rao SM, Cox RW.  “Function of the Left Planum Temporale  in Auditory and Linguistic Processing.”  Brain. 119 (1996): 1239, 1247.

Celesia GG. “Organization of Auditory Cortical Areas in Man.” Brain. 99 (1976): 403, 414.

Demonet JF, Chollet F, Ramsay S, Cardebar D, Nespoulous JL, Wise R, et al. “The Anatomy of Phonological and Semantic Processing in Normal Subjects.”  Brain.  115 (1992): 1753, 1768.

Howard D, Patterson K, Wise R, Brown WD, Friston K, Weiler C, et al.  “The Cortical Localization of the Lexicons.” Brain.  115 (1992): 1769, 1782.

Mazziotta JC, Phelps ME, Carson RE, Kuhl DE.  “Tomographic Mapping of Human Cerebral Metabilism: Auditory Stimulation.  Neurology. 32 (1892): 921, 937.

Pantev C, Oostenveld R, Engelien A, Ross B, Robert LE, Hoke M.  “In creased Auditory Cortical Representation in Musicians.” Nature. 392 (1998): 811, 814.

Schlaug G, Jancke L, Huang Y, Steinmetz H.  “In Vivo Evidence of Structural Brain Asymmetry in Musicians.”  Science. 267 (1995): 616.

Zatorre RJ, Evans AC, Meyer E, Gjedde A.  “Lateralization of Phonetic and Pitch Discrimination in Speech Processing.”  Science. 256 (1992): 846, 849.

