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This summer, with support from the Center for Teaching and Learning, we conducted 
research on psychological barriers to learning in Agnes Scott math and science students. The 
goals of our project were: 1) to examine psychological factors that influence student 
performance in science and math courses, and 2) to create teaching tools and techniques 
based on this research that might help to improve performance. We identified several factors 
that influence, either directly or indirectly, performance in math and science classes, as 
measured by final grades. In this report, we briefly describe our research methods and present 
the results from our study. We also present ideas for teaching tools and directions for future 
research.  

Participants and Measures 
Participants for this study were Agnes Scott students from spring and summer 2006 

semesters who were enrolled in one of four classes: Fundamental Concepts of Matter 
(Chemistry), Calculus I, Elementary Statistics, or Research Statistics (Psychology). A total of 
57 students completed Time 1 of the survey. Of those 57 participants, 34 completed the 
survey again at the end of the semester, also referred to as Time 2. The results presented in 
this report are for the 34 participants who completed both sessions of the survey. For all 
measures, higher numbers indicate greater levels or endorsement of the construct. In addition 
to the measures described below, course instructors provided final grades for each student. 

Perceptions of the Future (PF). We asked participants how likely it was that they would: 
1) pursue a graduate degree in the subject area of the class, and 2) major in the subject area of 
the class. These items were combined to create an index of future perceptions. 

Math and Science Performance. We measured participants’ evaluations of their own 
math and science performance in the class. 

Collective Self Esteem (CSE). We used the Private Collective Self-Esteem subscale from 
Crocker & Luthaten (1989) to measure CSE. We adapted the items so that each item related 
to participants’ gender group. The Collective Self Esteem items measure personal judgments 
of how good one’s gender group is.  

Gender Identification. We used the Importance to Identity subscale from Crocker & 
Luthaten (1989) to measure gender identification. The items measure the importance of one’s 
gender group to one’s self-concept.  

Self-Esteem. We measured self-esteem using the 10-item Rosenberg scale of self-esteem. 
Emotions. We asked students to report the extent to which they felt various negative (e.g., 

anger, fear) and positive (e.g., happiness, joy) emotions when thinking about the class. 
Gender Stereotypes. Participants were given a list of gender stereotype-relevant words 

(e.g., emotional, better at verbal skills) and asked to rate the extent to which each word was 
“more true or men” or “more true of women”. Based on their responses, we created an index 
of endorsement of stereotypes about women. 

Results 
 The intercorrelations among variables are shown in Tables 1 and 2. As can be seen from 
the tables, at both Time 1 and Time 2, emotions and self-esteem are correlated. Specifically, 
higher levels of self-esteem are associated with less negative emotions and more positive 
emotions. Similarly, students’ evaluation of their math and science performance is associated 
with emotions, such that more positive evaluation of one’s performance is significantly 



associated with less negative and more positive emotions. As expected, Time 1 collective 
self-esteem was positively associated with gender identification and self-esteem. Somewhat 
unexpectedly, these same correlations were not significant at Time 2, suggesting there was 
some change in the pattern of participants’ responses over the semester.  
 The means and standard deviations for the variables at Time 1 and Time 2 are presented 
in Table 3. We conducted a series of paired-sampled t-tests and of the eight variables we 
tested, we found a significant difference for just one variable; negative emotions. 
Specifically, there was a significant increase in the amount of negative emotions reported by 
participants from Time 1 to Time 2, t(33) = -3.27, p <.01. So, participants reported feeling 
more negative emotions at the end of the semester compared to the beginning, which is not 
surprising given the added stress and pressure associated with the end of the term. 
 Finally, we wanted to examine which variables would predict students’ final grades. By 
identifying variables that can predict grades, then we can develop teaching tools that 
specifically relate to these predictors. Based on previous research and on the intercorrelations 
among variables, we tested a regression model with negative emotions and self-esteem at 
Time 1 predicting final grades. The overall model was significant (see Table 4), although the 
standardized betas for each predictor were not. These results suggest that by knowing a 
student’s level of self-esteem and negative emotions at the beginning of the semester, a 
professor could have a better idea of which students might be at risk for performing poorly in 
her or his class. We preformed a similar regression analysis using self-esteem levels and 
negative emotions at Time 2 as predictors of final grades. Again, we found this model to be 
significant, and the standardized betas for each predictor were higher than those at Time 1, 
suggesting an even stronger relationship between grades, self-esteem and emotions when 
measured near the end of the semester.  
 As a supplemental analysis, we also examined variables that might influence students’ 
desire to continue in the field of math and science as either a major, or as a career. We 
hypothesized that Perceptions of the Future (PF) at Time 1 would be a significant predictor 
of PF at Time 3, given that the means were similar across the semester. We also hypothesized 
that Self-Esteem and Math and Science Performance at Time 1 might predict PF at Time 2. 
We preformed a regression analysis using Perceptions of the Future, Self-Esteem, and Math 
and Science Performance at Time 1 as predictors of Time 2 PF. As expected, Time 1 PF was 
a significant predictor of PF at Time 2 (see Table 4). In addition to Time 1 PF, Time 1 Self-
Esteem was also a significant predictor of Time 2 PF. Time 1 Math and Science Performance 
was not a significant predictor. Similar to the results for student grades, self-esteem appears 
to be an important variable in predicting whether or not students will want to continue on in 
math and science.  
 Even though the results presented in this report are promising, there are several 
limitations to this study. The most significant limitation is the size of our sample. With any 
longitudinal study, attrition is expected. But, because we started out with a fairly small 
sample size at Time 1, our final sample size was less than ideal. The small sample size limits 
our ability to detect significant effects in the population, and our ability to generalize the 
results to other samples. We would like to continue our study, perhaps with some 
modifications, and collect more data.  
 The second limitation which is related to sample size has to do with additional analyses. 
Agnes Scott College is a diverse community, and in the future we would like to look at 
similarities and differences based on racial or ethnic characteristics. Previous research has 



found that African American women, in general, have higher levels of self-esteem than their 
European American counterparts. Perhaps self-esteem is not as strong a predictor of grades 
and future ambitions for African American students. With a larger sample size, we will be 
able to conduct analyses such as these. 

Classroom Applications 
Given the connection between self-esteem and performance, the next question is how to 

increase students’ self-esteem, and that is the second part of the project.  (This part is also 
still ongoing, and probably will be indefinitely.)  We collected techniques both from experts 
(in psychology, learning theory, and education) and from practitioners (math and science 
teachers).  We were aware of some of the techniques before, of course, but the perspective 
gained from the research in the first part of our project made it much easier to judge whether 
the techniques might be useful for our purposes.  (Many of them seemed aimed simply at 
making the class more fun; an important goal, but perhaps not as directly useful.) 

Some examples are:  Having students tutor other students in lower-level classes; giving 
easier tests (or at least including more easy problems on the test); discussing examples of 
successful female professional scientists/mathematicians; discussing examples of successful 
female former students (the Math Learning Center can be very helpful for this); giving easy 
weekly quizzes; allowing students to redo missed questions on quizzes and exams.  Having 
students work in groups is also useful, partly because it allows them to get help from each 
other, but perhaps more importantly because it gives them the experience of helping someone 
else. 

One of the most common techniques is group projects. (A list of websites with some of 
the most useful projects is attached to the bibliography.) Almost all of the successful 
assignments involved at least some choice by the students about the topic, which gives a 
sense of investment and ownership.  An important issue with projects is the timing; the usual 
end-of-semester project is clearly not as useful for purposes of building self-esteem 
throughout the course.  Another issue is the amount of class time that the group presentations 
(an important part of the process) take, so some experts suggest a poster session instead of 
Powerpoint or similar presentations 

Many sources suggest assigning projects that involve a creative component, or allow the 
students to relate math/science to their other interests.  This can be very helpful in reducing 
anxiety.  The danger in this, however, is that it might actually reinforce negative feelings (“I 
can draw pictures and write essays about math/science, but I still can’t do real math/science 
problems”).  Thus it is important that any projects at least involve a component that is clearly 
related to the core material of the course. 

Of course, it is certainly not clear that increasing self-esteem will improve math and 
science performance; perhaps the students have low self-esteem because of their poor 
performance, and not the other way around.  (Most of the literature suggests that it works 
both ways, so that increasing self-esteem should have at least some effect.)  It would be 
interesting to follow up this study by testing the effect of self-esteem-building methods in 
classes.  This would be a hard experiment to conduct rigorously, since each class is unique, 
but one approach might be for the same professor to teach two sections of the same course 
the same semester, and use self-esteem-building methods in one but not the other. 

 



 
Table 1 

Intercorrelations Among Variables at Time 1 

 
Perceptio

ns 
Future 

M/S 
Perform CSE 

Gender 
ID 

Self-
Esteem 

Positive 
Emotions 

Negative 
Emotions 

Stereotyp
es-

Women 
Perceptions of 
Future  --        

M/S 
Performance .31 --       

Collective 
Self-Esteem .13 .28 --      

Gender 
Identification .10 .11 .45** --     

Self-Esteem .22 .29 .64** .44** --    

Positive 
Emotions .40* .58** .39* .20 .47** --   

Negative 
Emotions -.23 -.43* -.56** -.21 -.66** -.49** --  

Stereotypes-
Women .12 .17 .05 .13 .14 .19 -.01 -- 

*p < .05. **p < .01 



Table 2 

Intercorrelations Among Variables at Time 2 

 
Perceptio

ns 
Future 

M/S 
Perform 

Private 
CSE 

Gender 
ID 

Self-
Esteem 

Positive 
Emotions 

Negative 
Emotions 

Stereotyp
es-

Women 
Perceptions of 
Future  --        

Math/Science 
Performance  .10   --       

Collective 
Self-Esteem  .23  .32 --      

Gender 
Identification -.01  .08 .26 --     

Self-Esteem  .37*  .29 .52** .28 --    

Positive 
Emotions  .23  .39* .33 .12 -.34* --   

Negative 
Emotions -.18 -

.50** -.09 .11 .45** -
.52** --  

Stereotypes-
Women  .28 -.18 -.03 .16 .23 .33 -.02 -- 

*p < .05. **p < .01 
 



Table 3 

Means and Standard Deviations of Survey Measures at Time 1 and Time 2 

 
Time 1 Time 2 

Measure Mean SD Mean SD 

Perceptions of Future  2.63 1.82 2.57 1.91 

Math/Science 
Performance 4.32 1.30 4.22 1.33 

Collective Self-Esteem 6.10 1.04 6.00 0.99 

Gender Identification 4.62 1.08 4.44 3.32 

Self-Esteem 3.79 0.81 3.75 0.83 

Positive Emotions 4.15 2.09 3.81 2.15 

Negative Emotions 2.12 1.39 2.96 1.79** 

Stereotypes-Women 6.93 4.38 6.33 4.47 

Grade -- -- 78.39 13.86 

**p < .01 
 



Table 4 

Regression of Final Grade on Time 1 and Time 2 Independent Variables 

Independent Variable 
R2 β P 

1. Time 1 Negative Emotions  .231* -.315 ns 

2. Time 1 Self-Esteem  .206 ns 

    

Independent Variable    

1. Time 2 Negative Emotions  .463** -.645 <.001 

2. Time 2 Self-Esteem  .076 ns 

N =31  
*p < .05. **p < .01 
 

 

 

Table 5 

Hierarchical Regression of Time 2 Perception of Future (PF) Scores on Independent 

Variables 

Step/Independent Variable 
R2 R2 Change β P 

1. Time 1 PF  .603 .603** .777 <.0001 

2. Time 1 Self-Esteem .669 .066† .264 .02 

Time 1 MS Performance   -.126 ns 

Betas and p values are from the final regression equation; R2 change and R2s are from the step at 
which the particular variable entered the equation.  
N =34, *p < .05, **p < .01, †p < .07 
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