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Abstract 

Current medical research indicates many differences between male and female brains. As a result of these physical differences, the brains of males and females operate differently, as observed by means of functional MRI’s. Owing to these differences in brain structure and function, the brains of males and females seem to learn differently. Single-gender education is a possible way to address the different learning needs of males and females. In this study, ninth grade mathematics students and six teachers at three schools worked in single-sex classrooms and co-educational classrooms. The students were assessed at the beginning and ending of the research period using a standardized test and interviewed throughout the time of the study.
Gender Differences of the Brain and Single-Sex Education
Structural Differences
Current medical research has discovered several gender-based differences in brain structures (Jensen 2000). Before the advent of imaging technologies, medical researchers focused more on studying the brains of abnormal individuals, whether the abnormalities were caused by illness or injury, and on post-mortem studies. For instance, Jensen states that we know Albert Einstein’s brain was normal sized; whereas, Honore de Balzac had a brain that was 40% above average (2000). While these studies provided a great deal of information about brain structures, very little could be discovered about the function of normal, healthy brains. Recent advances in brain-imaging through CT scans, MRIs and PET scans have aided this research by making studies of larger samples of healthy individuals more feasible (Jensen 2000). 

During the course of these studies, several differences have been discovered between males and females. One of the structures receiving a great deal of attention is the corpus callosum, a large bundle of nerve fibers that connect the hemispheres of the brain. Burke and Yeo (1994) studied the differences in size of the corpus callosum between men and women, right- and left-handers, and examined the size of the corpus callosum as people age. They embarked upon this study in response to the information that had been generated about gender differences in the corpus callosum and its role in cerebral lateralization. Previous studies indicated that women have less functional asymmetry in brain activity, which is often related to the size of corpus callosum. However, they also noted a lack of consensus among studies about the size of this structure. Some of the reasons for these discrepancies included small sample sizes, differences in measurement techniques, and failure to account for differences in total brain volume between men and women. Burke and Yeo (1994) found that women had a larger rostrum portion of their corpus callosum than men. When these researchers accounted for total cerebral volume, they found that women had proportionally larger genu and anterior corpus callosi as well. 

 Another study performed at the LDS Hospital in conjunction with Brigham Young University focused on the corpus callosum of people who had received traumatic brain injuries. (Johnson, Pinkston, Bigler, & Blatter, 1996)  They compared uninjured people with injured and men with women. Their premise was that people who had received injuries to their frontal or temporal lobes would also experience atrophy of the corpus callosum that corresponds to these areas. They also investigated injuries to the corpus callosum itself because it is susceptible to strains and rotational forces on account of its central position between the hemispheres. These researchers found that the isthmus and genu regions of the corpus callosum were most often affected by brain injury because of injuries to the cerebral cortex. That is, injuries of the frontal and temporal lobes caused these areas of the corpus callosum, a major neural connection between the hemispheres, to atrophy. These researchers also found that women had a larger corpus callosum in all areas than men, relative to total intracranial volume. They also noted that men and women with brain injuries were affected differently by traumatic brain injuries, but the results of their study were inconclusive at the time. As a result, they recommended further study of the actual function of the corpus callosum. 

Finegan, Niccols, and Sitarenios (1992) studied the effects of prenatal testosterone on the cognitive abilities of four-year-old children. They cited differences in brain structures – including the size and shape of the corpus callosum – and differences in brain function as the reason for studying the role testosterone has in determining brain structure and function in both genders. Although previous studies had been done on the effects of testosterone on brain structure and function, these studies focused on participants with atypically high testosterone levels, due to genetic syndromes or exposure to synthetic hormones. In these studies, girls whose testosterone levels were similar or greater than males had increased spatial abilities and lower verbal IQ scores, but affected males did not differ from the males in the control groups. Finegan, Niccols, and Sitarenios used amniotic fluid from a study on the effects of amniocentesis on fetal development and four-year-old children to study the effects of normal variations in prenatal testosterone on children. For girls, the researchers found that prenatal testosterone accounted for significant differences on tests of language comprehension, classification, counting, and number facts. However, boys’ scores on these measures were not significantly affected by variances in prenatal testosterone levels. 

Jensen (2000) in Brain-Based Learning notes several other differences between male and female brains. Male brains are larger even when size of individuals was taken into account. Men also have more cortical neurons than women. Jensen also cites research that regions of the hypothalamus vary according to gender. 

These gender differences do not indicate that the intelligence of one gender is superior to the other. However, brain function does differ between men and women.

Functional Differences


Because male and female brains differ structurally, their functions also differ. Jensen (2000) notes some of these differences. Females perceive subtle differences in voices and music more readily than males. Also, females perceive sound at 85 decibels to be twice as loud as males perceive it. These differences mean that females pick up vocal cues, such as tone of voice, much more readily than males. Also, females will perceive a person speaking at 85 decibels to be yelling, whereas males will consider the same person to be using a normal tone of voice. Vision differences are also noted, with males having better distance and depth perception and females having better peripheral vision. Females also have better visual memory and excel in reading facial clues, remember faces and names better, and remember positions of objects better. As infants, males manipulate objects more, while females respond more to playmates. Males and females use different ways of solving problems.


Males demonstrate greater abilities in several spatial reasoning skills (Berk 2001). Specifically, males perform better on mental rotation tasks and spatial perception tasks. These differences emerge during childhood and continue to be evident in later life. Some of these differences are due to different exposure levels to testosterone, but other differences could result from childhood experiences with manipulating objects, such as playing with blocks, and activities that require rapid mental rotation of  objects, such as playing video games (Berk 2001).


Girls and boys demonstrated differences in memory tasks (Vuontela 2003). As all children matured, they performed all memory tasks more accurately, and older children perceived the memory tasks as being easier than younger children. All children thought the visual memory tasks were easier than auditory. However, boys made more mistakes than girls, although boys had shorter reaction times. This difference was greatest in the youngest group of participants – the six- to eight-year-olds. As both boys and girls matured, this performance gap decreased to the point that the differences in the oldest group of participants were not significantly different. Vuontela,  Steenari, Carlson, Koivisto, Fjällberg, and Aronen believe that these results indicate that maturation of the executive systems, such as cognitive control) takes longer in boys than in girls. The researchers also considered the finding interesting because impulsive behavior and deficits in working memory are characteristics of ADHD, a disorder that is three to nine times more common in boys than girls. They speculate that this slower maturation of the prefrontal cortex (the location of executive systems) may result in ADHD-like signs, and not ADHD itself.


Males and females process and store emotion and emotional memories differently. Women have better memory of emotional episodes and greater physiological responses to emotion (Hamann & Canli, 2004) MRI’s have shown differences in the ways men and women process emotion. In children ages 9-17, differences in emotion processing are evidents. Although both genders showed right amygdala activity, only females showed a decrease in left amygdala activity and an increase in prefrontal activity as they matured. Although both genders experienced amygdala activity at the time of an event – a predictor of emotional memory – females processed this information in the left amygdala, whereas, males used the right. Since females store emotional memory in a similar area to emotional encoding, these researchers believe that females are able to integrate encoding and memory much more efficiently. 


Further research in this area by Canli, Desmond, Zhao, and Gabrieli (2002) supports these claims. In their study, participants were showed 96 pictures that were rated from neutral to highly negative and not intense to highly intense. Three weeks later, the participants were given a surprise memory test using previously viewed pictures and distracters. MRIs were used during both sessions and correlated with each other. The researchers found that, for both genders, pictures that caused highly emotional reactions were much more likely to be remembered than neutral pictures.  Women rated more pictures as emotionally arousing than men did. They also had better memory for emotional pictures than men, and pictures rated as most highly arousing were recognized significantly more often by women than by men. There were no significant differences between men and women when they were asked to remember less intense pictures. The researchers concluded that women had better memory for only the most intensely negative pictures, even when subjective ratings of arousal were taken into account. The researchers also noted that women tended to use more similar areas for emotion encoding and memory than men, which could indicate how women attain better emotional memory. Women and men used different areas of the brain to store memories, in addition to the amygdala. Women used areas of the brain that were sensitive to language to encode memory (left-lateralized), whereas men tended to use more visual-spatial memory, which is associated with the right hemisphere. 


Wager, Phan, Liberzon, and Taylor (2003) performed a meta-analysis of neuro-imaging studies that focused on how the brain processed emotion. They found that men showed more lateralization of emotion, although both genders do have some lateralization. Women and men activated different areas of the brain. Women activated the brainstem and cerebellum more often. Both genders activated the amygdala equally and used left and right sides equally, but they did differ in the regions that they used. The researchers decided that the brain probably shows lateralization in specific regions of the brain, rather than the brain as a whole. Men do show greater lateralization for emotional response than women, although this varies by region. 

· Given these gender-based differences in brain structure and function, would students of both genders perform better on achievement tests if they were taught in single-gender classes rather than co-educational classes? 
Methods 
Participants 

Eighteen ninth grade math classrooms were randomly selected from three high schools. One school was located in an urban area, one was in a suburban area, and one was in a rural area. At each school, two math teachers (one male, one female) were randomly selected from a list of math faculty members of each school for the opportunity to participate. The teachers had been teaching for an average of nine years, and the years of experience ranged from 6 to 15 years. These teachers had the option to accept or reject the offer to participate in this study without penalty for refusal. Each teacher had Algebra I courses divided in this fashion: one class of 26 females, one class of 26 males, one class of 26 males and females – evenly balanced with 13 males and 13 females. These students were randomly selected from lists of students who had requested Algebra I for their math course. Parents were notified of the goals and objectives of this study and gave written and verbal consent for their children to participate in this study. The students also were notified of the goals and objectives of the study and gave their verbal and written consent. (specify your sampling method DONE)
Materials 

All classes used Glencoe Algebra I textbooks and workbooks (2002). Each classroom had access to the Glencoe website through classroom-based computers. Teachers were given other supplies, such as calculators and other manipulatives, so that all students would have similar tools for learning Algebra I concepts. The mathematics achievement test we used was highly recommended by the NCTM (National Council of Teachers of Mathematics). The purpose of this test was to determine the level of achievement at the beginning of the Algebra I course so that we can determine progress of the students after the course of study. The achievement we used was nationally normed and correlates very highly with the state standards and course goals. Dr. Steven Sivo, as quoted from the testing materials, commented that this was the most reliable and valid test he had seen in many years. 

mathematics achievement test? Done
. If you are using tests, inventories, questionnaires, or other measure, describe each measure you will use in terms of its purpose, and evidence of its reliability and validity (you can fabricate this part – you do not need to say much).

Procedures


This study has two parts: an experimental and a phenomenological study. At the beginning of the study, all students were given a mathematics achievement test to determine mathematical knowledge before instruction. In each school, the mean scores did not differ significantly for the six classes that were selected to participate in the study. The researchers interviewed each of the teachers about their experiences in teaching mathematics, about differences they had observed between male and female students, their feelings about their involvement in the study, and what results they expected from the single-sex and co-ed classes. Five students from each of the eighteen classes were interviewed about their previous experiences in mathematics classes, their past mathematics achievement, and their expectations for their single-sex or co-ed classes. 


The variables in this study are the membership of the classes (all females, all males, or co-ed) and the gender of the teacher (male or female) and the location of the schools (rural, suburban, or urban). Also, we suspect the teachers will select methods that are most ideally suited to the students in the classes. The independent variables would be the gender of the students or teachers and the location of the schools, and the dependent variable would be the instructional methods teachers selected for their classes and the students’ scores on the mathematics achievement test. The level of measurement for the gender of the teachers and students is nominal and the level of measurement of the test scores is interval. The test data will be analyzed by multiple regression because the gender of the teacher and students and school’s locations are independent variables and the test data is independent.

During the course of the study, teachers recorded their observations of these classes. These observations included social interactions among students, student achievements, and the results of various mathematical lab activities. The researchers also interviewed the teachers monthly about the progress of each of the classes, classroom interactions, and techniques that worked well with different groups. Teachers were also asked to compare their own classes. The five students selected from each class were also interviewed on the topics of experiences in the mathematics classes, perceptions of the course, and preferences for co-educational or single-sex classes. 


At the end of the study, students in all classes took the same mathematics achievement test as at the beginning of the study. After the tests were scored, girls’ and boys’ achievement scores and learning gains in all single-gender classes were compared to students in co-educational classes. At the individual schools, the same comparisons were made to determine if single-gender or co-educational classes benefited students more at certain schools. Achievement scores and learning gains for courses taught by male teachers to male and female students and co-educational students were compared to achievement scores and learning gains for classes taught by female teachers to male and female students and co-educational students. Also, teachers and the five students selected from each class were questioned about mathematics achievements, social aspects of the different classes, differences among classes, and preferences for single-sex or co-educational classes.  


The results of this study should indicate whether single-gender Algebra I classes are more effective than co-ed Algebra I. Also, this study should indicate the effects of the gender of the teacher on the different classes. The results of the teacher and student interviews should indicate the teacher and student perceptions of the subject and membership of the class. I suspect to find that single-gender classes will have higher test scores than co-ed classes and that students in single-gender classes will have more favorable feelings and experiences than those in co-ed classes. The implications of this study would include a favorable recommendation for offering single-sex classes in co-ed public high schools. This recommendation would seem to be in conflict with Title IX, even if the courses would be more beneficial to students. However, co-ed classes can still be offered, although students would have the option for single-sex classes. A weakness of this study would be to assume that all females or all males learn better in single-sex or co-ed classes. Although this study can identify general tendencies, it cannot make recommendations for all students. 
	24. Identify what type of research study you are conducting (e.g., Correlational) and the specific kind, if one exists (Path analysis).

	 25. Identify the variables in your study, and if possible the corresponding constructs.

	26. If you have independent and dependent variables identify which variables are independent and dependent.

	27. Identify the level of measurement for all your variables.

	29. Identify what analytic procedure you will use to answer your questions or hypotheses (either a particular statistic or approach to qualitative analysis).

	30. Identify what the implications of your study will be, including weaknesses given the type of research study. 

	31. Identify any ethical considerations relevant to your study and how you will handle them.

	32. In a paragraph, defend how the purpose of your study, variables, research question/hypothesis, sampling plan, and analytical procedure are all connected in a way that makes sense.


24. Done

25. Done

26. Done

27. Done

29. Done
30. Done
31. I don’t think there are any. I’ve already acquired parent and student permission and staff members are allowed to opt out if they wish. All students receive instruction in Algebra I.

32. Where should this paragraph be located?
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