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ABSTRACT

Data from the National Science Foundation (2004) show that minority students, particularly African Americans, Native Americans, and Hispanics, are highly underrepresented in the science and engineering workforce.  Many studies have tried to explain this phenomenon.  It has been shown that positive attitudes toward science are correlated with science achievement (Napier & Ripley, 1985; Neathery, 1997).  Attitudes can be shaped and influenced in multitudes of ways.  The purpose of this study is to determine if any fundamental differences in attitude exist between minority students and non-minority students.  Using a questionnaire that quantifies attitudes and beliefs about the nature and teaching of math and science within three subscales, pre and post test scores between the two groups were analyzed, as well as overall gains within each population.  The results support the claim that there is a fundamental difference in attitude between minority and non-minority students toward math and science.  Additionally, the two populations showed opposite trends in significant gains within the subscales.  Hopefully this study will lead to future research which will help find answers as to why minorities are so highly underrepresented in the sciences and engineering.   
INTRODUCTION

Certain minority groups are highly underrepresented in the sciences and engineering (Ellis & Mulvey, 1993; Edwards, 1999).   Data from the National Science Foundation (2004) show that while African-Americans, Native Americans, and those of Hispanic decent make up 26.4% of the total U.S. population, the number of these individuals working in the field with a bachelor’s degree in science and/or engineering is only 8.1% of the total workforce (http://www.nfs.gov/statistics/wmpd/dema/htm).  Moreover, minorities hold only 5.0% of all science and engineering doctoral degrees in the United States.  Compared with Asians, who comprise 3.8% of the total U. S. population but make-up 14.0% of the workforce with a bachelor’s degree and 21.7% of all doctoral holders, it is evident that minorities are not represented in proportion to the population of the United States.   In general, achievement levels of Blacks, Hispanics, and Native Americans are lower than those of both Asian and White students. African American students have a lower participation rate in secondary math and advanced science classes than their Caucasian peers (Rascoe & Atwater, 2004).  Similar trends appear in undergraduate education, graduate education, and the science and engineering workforce (National Science Foundation, 1994). 

Positive correlations have been shown to exist between achievement in science and attitudes toward science (Napier & Ripley, 1985; Neathery, 1997).  Negative attitudes and low self-efficacy/self-efficiency beliefs have been argued to contribute to the chronic under representation of minorities in professional occupations (Betz & Hackett, 1981).  Possible negative attitudes toward science held by minority students are speculated to arise from racism, low-socioeconomic status, and parental lack of higher education (Borland, 2004), as well as common stereotypes held by students that all scientists are white males (Edwards, 1999).   Underrepresented minority students often have fewer learning resources and opportunities and participate in fewer educational activities outside of school (NSF, 1994).  Student self-perceptions of academic ability and aptitude can influence academic performance and self-efficacy (Rascoe & Atwater, 2004) which relates to course selection and career choice in science (Hill, Pettus, & Hedin, 1990).  Smist and Owen (1994) found that self-efficacy patterns in science are related to student attitudes; however, biographical variables (including race) were found to be weak predictors of science self-efficacy.  


  Few studies have been done which measure student attitudes as a whole toward science in an attempt to relate differences in attitudes with differences in ethnic backgrounds.        Contrary to strong argument that poor attitudes toward science contribute to minority under representation, Neathery (1997) found that there was no difference in the ratings of attitude toward science between minority and non-minority students.  Paradoxically, other data show that middle school minority students tend to respond positively to the importance of math and science (Mickelson, 1990; Catsambis, 1994; NSF, 1994).  The percentages of eighth grade minority students who said they looked forward to mathematics and science classes were higher than those of non-minority students despite the fact that they trailed in average achievement scores in the two subject areas (NSF, 1994).
RESEARCH QUESTION

There are countless influences that shape and determine attitudes toward science.  They are difficult to isolate and measure.  The purpose of this paper is to discover whether a fundamental difference in attitude toward an introductory, non-calculus based physics course exists between students of different ethnicities. Using a questionnaire designed to quantify attitudes and beliefs about the nature of and teaching of math and science (McGinnis, Kramer, Shama, Graeber, Parker, & Watanabe, 2002), statistical analysis will be used to compare attitude scores between minority and non-minority students.  In addition, gains in score within each population will be analyzed for significance.  
DESIGN OF STUDY
Sample Population


The sample population consisted of college students enrolled in non-calculus based, introductory level mechanics at Buffalo State College.  A total of three classes were surveyed.  They included 58 total students: 10 minorities (7 African Americans, 2 Hispanic, and 1 Native American) and 48 non-minorities.  Majority of the population consisted of pre-service elementary teachers (two of the three classes) taking introductory physics, and the nature of their coursework was extremely conceptual, taught in a pedagogical model appropriate for elementary level physics; hence the mathematics at this level was very basic, if any math was used at all (Table 1).  The remainders of students were enrolled in traditional, non-calculus based introductory physics.  

Table 1 – Student Descriptions in Two Different Sections of Introductory Physics 
	
	Number of Students 
	Total # Minorities
	Total # Non-Minority

	Students in El-Ed

Mechanics
	42
	6
	34

	Students in Traditional Mechanics
	16
	4
	12


All classes were taught by the same professor using reformed teaching methods and constructivist practices.  The curricula were not identical for both sections due to the different nature of the two courses, but the style of instruction was consistent.  Some science majors were present, but majority of the students did not have science as a concentration of study.  It is customary for classes which cater to pre-service teachers to take several pre/post attitude and content knowledge tests as part of continuing research in the college.  I collected data as well as collated data from previous semesters to compare scores in attitude between the two populations.  
The Instrument

The instrument, Attitudes and Beliefs about the Nature of and the Teaching of Math and Science, is a test which was developed for the Maryland Collaborative for Teacher Preparation (McGinnis, et al., 2004).  This test, which will be referred to as the MCTP in this paper, is given as a pre/post questionnaire in introductory physics courses under the instruction of Dr. Dan MacIsaac at Buffalo State College.   Please note that this test is an ideal measurement for this study due to the similarities in teaching practices and pedagogical theory between the Maryland Collaborative for Teacher Preparation and the classroom environment from which the sample population was surveyed.    
The test is scored on a Likert Scale with a 5 corresponding to the most positive attitude.  There are 37 questions on the test, but in this study the last 8 questions were eliminated from the data due to the fact that they are designed to measure student attitudes and beliefs toward learning to teach math and science.  These are irrelevant to my research question.

The instrument was analyzed using overall score, which encompasses three subscales.  First is labeled “Beliefs about the Nature of Math and Science” (Beliefs about NOMS).  A low score in this category reveals a tendency to believe that math and science are subjects of discrete, unrelated topics which require heavy reliance on memory for success and that only people with special, innate abilities can understand these subjects.  The second category is “Attitudes toward Math and Science” (Attitudes toward MS).  Students who score low in this category describe themselves as disliking science and mathematics, do not enjoy learning how to use technology in the classroom, and do not look forward to taking more science and mathematics courses.  Analysis of this particular subscale will be the main focus of this study.  Our final factor is called “Beliefs about the Teaching of Mathematics and Science” (Beliefs about teaching MS).  Those with a high score in this area believe that manipulatives and technology should be used in the classroom as well as regular small group activities, and emphasis on giving students time to think about and discuss what they have learned in science and mathematics classrooms (McGinnis, et al., 2004).

Because this instrument measures more than just a simple attitude toward science and math, each subscale needs to be analyzed separately along with overall test scores as a whole.  The subscale Attitudes about MS will be used as the discrete measurement of attitude.  It is also important to consider the trends and differences in the other two subscales, Beliefs about NOMS and Beliefs about teaching MS, to receive a better overall understanding of how minority and non-minority students may differ or agree in their general ideas and beliefs about science education.
RESULTS


Overall, minorities scored lower averages both on the pre and post tests than non-minority students.  This result does not apply to all subscales; minorities scored higher in Beliefs about MS in pre-tests and in Beliefs about teaching MS on post-tests.  Even though minority overall averages were lower than non-minorities, t-test analysis showed no significant difference in scores between the two populations.  However, analysis of the subscales does reveal statistical significance in one specific area, Attitudes toward MS.  I also used a t-test to analyze the pre/post scores for each subscale within the populations and found that non-minorities had statistically significant gains throughout most of the MCTP, while minorities had significant gains in only one subscale, Belief about teaching MS.

Raw Numerical Scores:
Figure 1:

Pre/Post Average Scores for Minority and Non-Minority Students Showing All Categories
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Figure 2:

Pre/Post Average Scores 
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Overall, the minority students scored lower averages on both the pre and post tests compared to non-minority students (Figure 1).  The distribution of pre vs. post scores are shown in Figure 2.  Although both populations seem to have similar trends in scoring (m = 0.8753 for non-minorities; m = 1.0234 for minorities), and have similar variance with R2 values of 0.4 and 0.4875, the distribution of data points reveals that minority students fall toward the lower portion of the graph.  
Statistical Analysis Comparing Difference in Pre/Post Scores Within the Two Populations:
Table 2: Analyzing Scores and Gains Within Each Population 

Mean Scores, SD, Sample Size and Significance for all subscales
	SUBSCALES
	MINORITIES  (n = 10)
	NON-MINORITIES  (n = 48)

	 
	PRE
	POST
	GAIN
	p-value
	PRE
	POST
	GAIN
	p-value

	Overall MCTP
	3.52
	3.60
	0.08
	0.561
	3.69
	3.82
	0.13
	0.001**

	SD
	0.32
	0.05
	 
	 
	0.27
	0.34
	 
	 

	Beliefs about NOMS
	3.57
	3.45
	-0.12
	0.541
	3.56
	3.73
	0.17
	0.011*

	SD
	0.48
	0.87
	 
	 
	0.44
	0.44
	 
	 

	Attitudes toward MS
	2.90
	2.87
	-0.03
	0.859
	3.31
	3.42
	0.11
	0.034*

	SD
	0.61
	0.78
	 
	 
	0.53
	0.61
	 
	 

	Beliefs about teaching MS
	4.06
	4.46
	0.40
	0.003*
	4.20
	4.30
	0.10
	0.090

	SD
	0.47
	0.47
	 
	 
	0.44
	0.45
	 
	 


t-test, Type I

* p-value <  0.05
** p-value <  0.01
The gains overall were positive for both groups, with minorities gaining an average of 0.08 points and non-minorities 0.13 (Table 2).  The gains for minority students are not significant (p-value > 0.05), but a statistically significant gain was found by non-minority students between pre-test scores (M=3.69, SD = 0.27) and post-test scores (M = 3.82, SD = 0.34, n = 48, p < 0.01) within a confidence level of 99%.   These results can be expected considering the fact that the minority sample size is much smaller (n = 10) than the non-minority sample population (n = 48).  Studies which include larger sample sizes may yield statistically significant gains for minority students.  
For sub-subscale Beliefs about NOMS, the minority students initially obtained a slightly higher average than non-minority students (Table 2).  Although the difference was quite small (only 0.01 points), it is worth mentioning that this is the only subscale where minorities scored higher than non-minorities on pre-tests.  Post-test scores, however, show a decrease in average score for minority students with a post-test average of 3.45; a drop of 0.12 points.  Nevertheless,  this negative gain was found to be insignificant (p-value > 0.05).  Non-minority students, however, showed a statistically significant gain between pre-test scores (M=3.56, SD = 0.44) and post-test scores (M = 3.73, SD = 0.44, n = 48, p < 0.05) within a confidence level of 95%.  Again, these results can be expected considering the fact that the minority sample size is much smaller (n = 10) than the non-minority sample population (n = 48).  Studies which include larger sample sizes may yield different statistical results for minority students.  
Looking at the gains for Attitudes toward MS (Table 2), there were no significant gains in score for minority students (p-value > 0.05), but a statistically significant gain by non-minority students between pre-test scores (M=3.31, SD = 0.53) and post-test scores (M = 3.42, SD = 0.61, n = 48, p < 0.05) within a confidence level of 95%.  Again, minorities had a negative gain, but the differences were not statistically different.  These results can be expected considering the fact that the minority sample size is much smaller (n = 10) than the non-minority sample population (n = 48).  
In Beliefs about teaching MS, there were significant gains in score for minority students between pre-tests (M=4.06, SD = 0.47) and post-tests (M = 4.46, SD = 0.47, n = 10, p < 0.05) within a confidence level of 95%.  Minorities started off 0.14 points below their peers, but ended up with a high gain and outscored the non-minorities on post tests by a difference of 0.16 (Table 2).  This specific gain is the highest gain recorded for minorities post-instruction.  Non-minority students showed no significance in gain for this subscale (p-value > 0.05).  Not only is this the only area where minorities showed significant gain, it is the only area where non-minorities did not.  

Statistical Analysis Comparing Difference in Pre/Post Scores Between the Two Populations:
Table 3: 

Means, SD, and P-values for t-test Comparing Scores Between the Two Populations
	Subscales
	Minorities
	SD
	Non-Minorities
	SD
	P-Value

	Overall Score PRE
	3.52
	0.32
	3.69
	0.27
	0.083

	Beliefs about NOMS
	3.57
	0.48
	3.56
	0.44
	0.939

	Attitudes towards MS
	2.90
	0.61
	3.31
	0.53
	*0.037

	Beliefs about teaching MS
	4.06
	0.47
	4.20
	0.47
	0.379

	Overall Score POST
	3.60
	0.51
	3.82
	0.34
	0.091

	Beliefs about NOMS
	3.45
	0.87
	3.73
	0.44
	0.142

	Attitudes towards MS
	2.87
	0.78
	3.42
	0.61
	*0.017

	Beliefs about teaching MS
	4.46
	0.47
	4.30
	0.45
	0.317

	Gains
	0.08
	0.40
	0.13
	0.25
	0.590


t-test, Type 2
* P< 0.05

Although the numerical data indicate that minorities on average have lower scores on the MCTP as a whole (Figure 2), the results of the t-test indicate that the overall averages are not statistically different (Table 3).  The collective attitudes and beliefs about the nature of and teaching of math and science between the two groups show no significant differences on both pre-test analysis and post test analysis (p > 0.05).  
Looking at the individual subscales, no significance was found pre or post between minorities and non-minorities within Beliefs about NOMS and Beliefs about teaching MS (both p-values > 0.05) indicating that both groups have similar beliefs about who is capable of understanding math/science, the skills necessary to understand the disciplines, how math and science are related, and how a classroom should be set-up in order to teach math and science.  However, a significant difference between the two populations does exist in Attitudes toward MS on pre-test scores (Minority: M = 2.91, SD = .61, n = 10; Non-minority: M = 3.31, SD = .53,
 n = 48, p = 0.0373, two-tailed).  Interestingly enough, the p-value increased on the post-test scores (Minority: M = 2.57, SD = .78, n = 10; Non-minority: M = 3.42, SD = .61, n = 48, p = 0.0167, two-tailed) indicating a wider gap between the two groups in this subscale post-instruction.    This subscale had the largest discrepancies in scores between the two populations both pre and post instruction.   Looking solely at this sub-subscale as a measurement of attitudes toward math and science, these results are inconsistent with other studies claiming that minorities display more positive attitudes toward math and science than do non-minority students (Mickelson, 1990; Catsambis, 1994; NSF, 1994).  Considering this question set was designed to measure student likes/dislikes of math and science, enjoyment/discomfort with learning how to use technology in the classroom, and whether or not they look forward to taking more math and science courses, it is reasonable to suggest that minority students do not like or enjoy science and math as much as non-minority students. Unarguably, likes and dislikes are strong components that shape and define attitudes.  Isolating this subscale as a direct measurement of attitudes toward math and science, the results of this study support the claim that minority students tend to have more negative attitudes toward math and science than their non-minority peers.  
These results were unexpected and are inconsistent with previous findings where ethnicity showed no correlation with attitude toward math and science (Neathery, 1997), or that minority students tend to display a more positive attitude toward math and science than non-minority students (Mickelson, 1990; Catsambis, 1994; NSF, 1994).  Inconsistencies with the findings could be accredited to differences in the instruments used to measure attitudes and the small sample size of minority students surveyed in this study (n = 10).  Considering the small sample, it is very interesting that statistical analysis showed any significance.  It is important to investigate these findings further by conducting research involving larger sample sizes to increase accuracy with data analysis.  Perhaps simpler questionnaires designed to specifically isolate and target attitudes toward math and science along with student interviews could support the solidity of this claim and may reveal more concrete understanding as to why it is that minority students are so highly underrepresented in the sciences and engineering.   
Summary of Findings


Numerically, the results indicate that minority students tend to have more negative attitudes and beliefs toward the nature of and the teaching of math and science than do their non-minority peers overall, but any differences in overall averages were not found to be statistically significant.  Looking at the subscales making-up the MCTP, the only significant difference in scores between the two populations occurred in Attitudes toward MS which focuses mainly on students’ likes and/or dislikes of math and science classes.  These findings are inconsistent with previous studies which support claims that minorities and non-minorities have similar attitudes toward math and science (Neathery, 1997), or that minority students tend to have more positive attitudes toward math and science (Mickelson, 1990; Catsambis, 1994; NSF, 1994).  No differences were found to exist within Beliefs about NOMS and Beliefs about teaching MS, suggesting that both groups have similar ideas about who is capable of learning science, what relationships exist between the sciences and math, and how math and science should be taught.  Comparing gains, it is interesting to note that only one population achieved significant gains within a specific subscale at a time.  Significant gains were obtained by non-minorities on the MCTP overall, in the subscales Beliefs about NOMS, and in Attitudes toward MS,   while minorities showed a significant gain in Beliefs about teaching MS.    The fact that gains were not significant for both groups within any one area support the idea that fundamental differences in attitudes toward math and science do exist between minority and non-minority students.

Considering the very small sample (n = 10) for minorities, that fact that any statistical differences showed up is quite remarkable in its own right.  The standard deviations for the minorities tended to be much higher, especially on post scores, than for non-minorities.  This may have affected the accuracy of t-test analysis.  It would be of great interest to conduct further research using appropriate sample sizes to eliminate any errors associated with the data analysis.  
DISCUSSION

In this study, the overall test measured attitudes and beliefs about the nature and teaching of math and science as defined by three related subscales; Beliefs about NOMS, Attitude toward MS, and Beliefs about teaching MS.   Although minority students seemed to score lower averages on the MCTP, there was found to be no statistical difference in the overall scores between the two populations.  However, by isolating the subscales that make-up the test, the only area which showed a significant difference between the two groups was Attitudes toward MS.  In an effort to compare any fundamental differences in attitude toward math and science between minorities who are underrepresented in the field and non-minorities, this study can support the claim that minority students tend to have more negative attitudes toward math and science than non-minority students.  These results were slightly unexpected and inconsistent with prior papers claiming that minorities tend to have more positive attitudes toward math and science than do non-minorities (Mickelson, 1990; Catsambis, 1994; NSF, 1994).  The instruments used to measure attitudes in these studies are unknown.  Difference in attitude tests can perhaps explain any discrepancies with results as well as having a small minority population (n = 10).    

Not only did minorities score significantly lower in Attitudes toward MS on pre-instruction tests, the significance level increased with post-test comparisons.  This reveals that minority students have a strong disliking for math and science, which intensified after instruction.  Paradoxically, significant gain was achieved by minority students in Beliefs about the teaching of MS, showing more positive responses to reformed teaching pedagogy and constructivist instruction than their non-minority peers.  These results were unexpected.  This subscale deals with belief aspects of the math and science learning environment such as the use of technology/manipulatives as aids in teaching, regular use of small group-work and activities, and emphasis given toward student reflections on their learning.  It is interesting to note that all students in this study were exposed to these classroom practices on a regular basis.  Why did the minorities show significant gain while the non-minorities did not?  

I cannot explain these results at this time.  It seems almost contradictory that students could develop more positive beliefs about ideal and effective teaching practices while their attitudes/likes/enjoyment toward the subject matter decrease.  This contradiction exists oppositely for non-minorities who show significant gain in attitudes toward math and science but no significant gain in their beliefs about ideal teaching pedagogy.  This raises some interesting questions about whether relationships exist between classroom environment and attitudes toward science.  Just how much does a particular pedagogy effect the development of student attitudes toward math and science, and do students from different ethnic groups respond differently to diverse instructional techniques?  The results of this study certainly support a suggestion that the possibility of such relationships may exist.   Perhaps reformed teaching methods and pedagogies focused in constructivism are affective instructional techniques for raising minority attitudes toward math and science.    
It would be interesting to see how these results would differ in another style of classroom teaching.  For instance, if this same population were exposed to traditional teaching methods, would the minorities show a significant gain in Beliefs about teaching MS?  Would the non-minorities again show just the opposite?  What types of instructional tools have been found to be the most successful at raising minority attitudes toward math and science?  With recent pleas by physics education researchers to improve teaching pedagogies and include reformed instructional practices, is it reasonable to suggest that such changes would increase minority attitudes toward math and science?  Could the fact that majority of physics students taught in a traditional lecture-based format be contributing to the underrepresentation of minorities in the scientific workforce?  These questions, as well as many others, are worthy of further investigation to increase minority participation in the sciences and engineering. 
CONCLUSIONS
 

According to the MCTP, there is no significant difference between minority students and non-minority students in their attitudes and beliefs toward the nature of and teaching of math and science collectively.  Considering the subscales that constitute the test, differences in attitudes toward math and science were found to exist between the two populations and the results support the claim that minority students tend to have less positive attitudes toward math and science than non-minorities.   However, further research is absolutely essential in order to make any solid claims of a correlation between attitudes toward math/science and ethnicity.   Attitude is not an easy thing to measure; it is constructed by a multitude of factors and influences.  Additionally, these factors and influences will affect individual people in many different ways.  Personal experiences help mold certain preconceptions and beliefs, as well as whether or not someone chooses to like or dislike something.  Measuring and quantifying attitude, therefore, is an extremely complicated and often oversimplified practice.  Conducting student interviews may be the next step toward accurate attitude measurement in hopes to discover any relationships between attitude and ethnicity that will help close the gap.  Future studies should also include a much larger sample size so to decrease limitations in data analysis as well as more simplified tests designed to measure the components that define attitude.
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