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Final Report 
Ohio’s Evaluation and Assessment Center for Mathematics and Science Education (E & A Center) 
has served as the external evaluator for the Research Experiences to Enhance Learning (REEL) 
project, based at The Ohio State University and involving 15 diverse institutions of higher 
education (IHEs) across Ohio. Each year’s annual evaluation report has focused on the extent to 
which the project was meeting the following goals.  

x Goal 1: To transform the first- and second-year chemistry curriculum to a research-
intensive curriculum;  

x Goal 2: To increase the retention and graduation rates in STEM fields; and  
x Goal 3: To generate new knowledge in the chemical sciences through multi-site 

faculty-student research projects. 
 
This final evaluation report assesses the project’s overall attainment of the project’s three goals 
across the 6 years of REEL. Specifically, data are summarized that address Goal 1 in Section 1. 
Data that assess attainment of Goal 2 are summarized in Section 2. Tables with detailed 
information concerning the data summaries in Sections 1 and 2 are in a separate Technical 
Report.1 Information concerning the project’s success in addressing Goal 3 may be found in the 
Project’s final report, which lists faculty-student research projects by REEL institutions.  
 
This report is divided into three sections. Section 1 summarizes 6 years of the external 
evaluation’s data and their analyses. It provides evidence that REEL has transformed first- and 
second-year chemistry courses across the state (Goal 1). Section 1 also reports findings from the 
Classroom Undergraduate Research Experiences (Lopatto, 2009), which also support the success 
of REEL in meeting Goal 1. Section 2 provides the longitudinal analysis of registrar data, collected 
at Miami University (MU) and at The Ohio State University (OSU), that addresses Goal 2, 
increasing graduation and retention rates in STEM fields. The final section (3) summarizes the 
overall success of REEL.  
 

  

                                                 

1 The Technical Report may be obtained from either the project’s Director or from Ohio’s E & A Center. 
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Section 1: Evidence of Meeting Goal 1 
Introduction 
The REEL project provided opportunities to impact students enrolled in first-and second-year 
courses2 in chemistry departments across Ohio by involving students in authentic research 
experiences. Those experiences, developed by faculty at many Ohio universities as independent 
modules, were shared among the cooperating IHEs. In addition, a system for sharing up-to-date 
research tools and equipment facilitated the teaching of the modules and added authenticity to 
the research experiences.  
 
Undergraduate Student Questionnaire 
The E & A Center’s Undergraduate Student Questionnaire was used across the period of the 
project to gather data concerning instructional strategies, learning activities, student 
career plans and views of science as well as demographic data. Responses of students in courses 
and/or sections of courses that included the modules were compared with those of students in 
courses/sections without modules. In all cases, student responses were voluntary and were 
collected locally. Therefore, the numbers reported here are based on returned questionnaires and 
under-estimate the number of students reached during the project’s 6 years.  
 
As shown in Table 1, from Spring 2006 to Spring 2011, 8,315 students, who experienced a REEL 
module, and 1,184 students, who enrolled in a non-module course/section, responded to the 
Undergraduate Student Questionnaire.  

Table 1. Number of Undergraduate Student Questionnaires Received across Years 

Year/Semester REEL Module Non-Module Total 
Spring – Summer 2006 409 484 893 
Spring – Fall 2007 1599 577 2176 
Spring – Fall 2008 2067 37 2104 
Spring – Fall 2009 1626 86 1712 
Spring – Fall 2010  1456a 0 1456 
Winter/Spring 2011  1158b 0 1158 

Total 8315 1184 9499 
a Includes 203 REEL student data from Spring – Fall 2009.  
b Includes 229 REEL student data from Spring – Fall 2010.  
 
Although the number of students returning questionnaires is lower than actual course 
enrollments, the numbers in Table 1 indicate the scope of REEL. In 6 years of data collection, 
over 8,000 undergraduates in Ohio returned questionnaires about their experiences with 
research-based science through one or more REEL modules. This final report summarizes findings 
by year and across the years.  
 
                                                 

2 The courses targeted were General Chemistry (1st year) and Organic Chemistry (2nd year) as well as second-year 
courses that were grouped as Analytical Chemistry.  
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Demographic Information  
Across the 6 years of the REEL project, most students (68%) were in their freshman or 
sophomore year in college. There were more female (56%) than male students (44%) in the 
total sample, and about 77% of the students in the total sample were Caucasian. The next 
largest group of students (11%) selected Asian/Pacific Islander as their background. In General 
Chemistry, similar numbers of males and females were enrolled in module versus non-module 
sections. However, in Organic Chemistry and Analytical Chemistry proportionally fewer males 
were enrolled in non-module, compared to module courses/sections. Most students involved in 
the REEL project were first- or second-year students. From 2006 to 2011, responses from The 
Ohio State University accounted for about 45% of all the data collected. Student demographics in 
2010-2011 were similar to those of the 2007, 2008, 2009, and 2010 student samples. Therefore, 
the data and analyses that follow present data and compare findings across the six years of the 
REEL project.  
 
Because project leaders, faculty, and evaluators were concerned that a student’s future career 
plans might affect responses to items on the Undergraduate Student Questionnaire, information 
concerning those plans was collected as shown in Table 2.  

Table 2. Student Career Plans by REEL Module across Years  

 Spring – 
Summer 2006 

Spring –  
Fall 2007 

Spring –  
Fall 2008 

Spring –  
Fall 2009 

Spring – 
Fall 

2010 

Winter/
Spring 
2011 

Career Plan 
REEL 

Module 
(%) 

Non-
Module 

(%) 

REEL 
Module 

(%) 

Non-
Module 

(%) 

REEL 
Module 

(%) 

Non-
Modulea 

(%) 

REEL 
Module 

(%) 

Non-
Moduleb 

(%) 

REEL 
Modulec 

(%) 

REEL 
Moduled

(%) 
Attend 
graduate 
school in a 
scientific 
discipline 

61 
(15%) 

68 
(14%) 

291 
(20%) 

95 
(17%) 

407 
(20%) 

7  
(19%) 

312 
(20%) 

21 
(25%) 

284 
(21%) 

195 
(17%) 

Attend 
graduate 
school in non-
scientific 
discipline 

15 
(4%) 

8  
(2%) 

40 
(3%) 

15 
(3%) 

42 
(2%) 

0  
(0%) 

47 
(3%) 

3  
(4%) 

28  
(2%) 

29  
(3%) 

Attend 
professional 
school 

246 
(60%) 

339 
(71%) 

799 
(54%) 

337 
(60%) 

1102 
(55%) 

24 
(67%) 

811 
(52%) 

48 
(57%) 

769 
(57%) 

657 
(58%) 

Pursue job 
opportunities 
in science 

44 
(11%) 

33 
(7%) 

198 
(13%) 

52 
(9%) 

245 
(12%) 

3  
(8%) 

227 
(15%) 

10 
(12%) 

166 
(12%) 

98  
(9%) 

Pursue 
teaching 
career (K-12) 

9  
(2%) 

4  
(1%) 

24 
(2%) 

11 
(2%) 

31 
(2%) 

0  
(0%) 

40 
(3%) 

1  
(1%) 

25  
(2%) 

52  
(5%) 

a Only 37 non-module students responded to the Undergraduate Student Questionnaire from Spring 2008 to Fall 2008. 
b Only 86 non-module students responded to the Undergraduate Student Questionnaire from Spring 2009 to Fall 2009. 
c No non-module students responded to the Undergraduate Student Questionnaire from Spring 2010 to Fall 2010. There 
were 203 REEL students from Spring 2009 to Fall 2009 included in this year’s data. 
d No non-module students responded to the Undergraduate Student Questionnaire in Winter/Spring 2011. There were 
229 REEL students from Spring 2010 to Fall 2010 included in this year’s data. 
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Table 2 (continued). Student Career Plans by REEL Module across Years  

 Spring – 
Summer 2006 

Spring –  
Fall 2007 

Spring –  
Fall 2008 

Spring –  
Fall 2009 

Spring – 
Fall 

2010 

Winter/
Spring 
2011 

Career Plan 
REEL 

Module 
(%) 

Non-
Module 

(%) 

REEL 
Module 

(%) 

Non-
Module 

(%) 

REEL 
Module 

(%) 

Non-
Modulea 

(%) 

REEL 
Module 

(%) 

Non-
Moduleb 

(%) 

REEL 
Modulec 

(%) 

REEL 
Moduled

(%) 

Don't know 22 
(5%) 

19 
(4%) 

91 
(6%) 

40 
(7%) 

107 
(5%) 

2  
(6%) 

95 
(6%) 

1  
(1%) 

64  
(5%) 

50  
(4%) 

Other 10 
(2%) 

9  
(2%) 

25 
(2%) 

16 
(3%) 

58 
(3%) 

0  
(0%) 

25 
(2%) 

0  
(0%) 

24  
(2%) 

23  
(2%) 

Total 407 
(100%) 

480 
(100%) 

1468 
(100%) 

566 
(100%) 

1992 
(100%) 

36 
(100%) 

1557 
(100%) 

84 
(100%) 

1360 
(100%) 

1134 
(100%) 

 a Only 37 non-module students responded to the Undergraduate Student Questionnaire from Spring 2008 to Fall 2008. 
b Only 86 non-module students responded to the Undergraduate Student Questionnaire from Spring 2009 to Fall 2009. 
c No non-module students responded to the Undergraduate Student Questionnaire from Spring 2010 to Fall 2010. There 
were 203 REEL students from Spring 2009 to Fall 2009 included in this year’s data. 
d No non-module students responded to the Undergraduate Student Questionnaire in Winter/Spring 2011. There were 
229 REEL students from Spring 2010 to Fall 2010 included in this year’s data. 
 
From 2006 to 2010, students’ in module courses/sections plans to pursue advanced degrees in 
science rose from 15%-21%, while non-module student plans to continue in science rose from 
14%-25% from 2006 to 2009. The percent of students intending to pursue professional degrees 
(medicine dental veterinarian school) was higher in non-module courses/sections, probably due 
to self-selection of those courses/sections. Across the years, the percentage of students planning 
to pursue a job in science rose slightly in both module and non-module courses/sections. In 
summary, the career plans of students did not vary much across the years, indicating comparable 
student samples. 
 
Because undergraduate involvement in research is a goal of REEL (Goal 1), information 
concerning opportunities for students to engage in research was collected. Table 3 provides 
information across the project’s years.  

Table 3. Student Participation in Research/Independent Projects by REEL Module across Years 

 Spring – 
Summer 2006 

Spring – Fall  
2007 Spring – Fall 2008 Spring – Fall 

2009 

Spring 
– Fall 
2010 

Winter/
Spring 
2011 

Experience 
REEL 

Module 
(%) 

Non-
Module 

(%) 

REEL 
Module 

(%) 

Non-
Module 

(%) 

REEL 
Module 

(%) 

Non-
Modulea 

(%) 

REEL 
Module 

(%) 

Non-
Moduleb 

(%) 

REEL 
Modulec 

(%) 

REEL 
Moduled 

(%) 

High school 128 
(47%) 

144 
(39%) 

482 
(40%) 

238 
(51%) 

653 
(41%) 

15 
(50%) 

550 
(45%) 

39 
(60%) 

518 
(46%) 

401 
(50%) 

Summer job 
20 

(7%) 
66 

(18%) 
92 

(8%) 
46 

(10%) 
157 

(10%) 
4  

(13%) 
121 

(10%) 
14 

(22%) 
119 

(11%) 65 (8%) 

Undergraduate 
research 

72 
(26%) 

102 
(28%) 

401 
(33%) 

88 
(19%) 

469 
(30%) 

4  
(13%) 

357 
(29%) 

5  
(8%) 

340 
(30%) 

228 
(28%) 

a Only 37 non-module students responded to the Undergraduate Student Questionnaire from Spring 2008 to Fall 2008. 
b Only 86 non-module students responded to the Undergraduate Student Questionnaire from Spring 2009 to Fall 2009. 
c No non-module students responded to the Undergraduate Student Questionnaire from Spring 2010 to Fall 2010. 
Responses from 203 REEL students from Spring 2009 to Fall 2009 were included in the 2010 data. 
d No non-module students responded to the Undergraduate Student Questionnaire in Winter/Spring 2011. Responses 
from 229 REEL students from Spring 2010 to Fall 2010 included in the 2011 data. 
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Table 3 (continued). Student Participation in Research/Independent Projects by REEL Module 
across Years 

 Spring – 
Summer 2006 

Spring – Fall  
2007 Spring – Fall 2008 Spring – Fall 

2009 

Spring 
– Fall 
2010 

Winter/
Spring 
2011 

Experience 
REEL 

Module 
(%) 

Non-
Module 

(%) 

REEL 
Module 

(%) 

Non-
Module 

(%) 

REEL 
Module 

(%) 

Non-
Modulea 

(%) 

REEL 
Module 

(%) 

Non-
Moduleb 

(%) 

REEL 
Modulec 

(%) 

REEL 
Moduled 

(%) 

Employment 26 
(10%) 

43 
(12%) 

124 
(10%) 

52 
(11%) 

157 
(10%) 

4  
(13%) 

103 
(8%) 

7  
(11%) 

82  
(7%) 

59  
(7%) 

Special project 
26 

(10%) 
14 

(4%) 
105 

(9%) 
40 

(9%) 
145 

(9%) 
3  

(10%) 
83 

(7%) 
0  

(0%) 
72  

(6%) 
52  

(6%) 

Total 272 
(100%) 

369 
(100%) 

1204 
(100%) 

464 
(100%) 

1581 
(100%) 

30 
(100%) 

1214 
(100%) 

65 
(100%) 

1131 
(100%) 

805 
(100%) 

a Only 37 non-module students responded to the Undergraduate Student Questionnaire from Spring 2008 to Fall 2008. 
b Only 86 non-module students responded to the Undergraduate Student Questionnaire from Spring 2009 to Fall 2009. 
c No non-module students responded to the Undergraduate Student Questionnaire from Spring 2010 to Fall 2010. 
Responses from 203 REEL students from Spring 2009 to Fall 2009 were included in the 2010 data. 
d No non-module students responded to the Undergraduate Student Questionnaire in Winter/Spring 2011. Responses 
from 229 REEL students from Spring 2010 to Fall 2010 included in the 2011 data. 
 
The percent of students enrolled in module courses/sections who were engaged in 
undergraduate research hovered around 30% across the years, while the percent of students in 
non-modular courses/sections who were engaged in research fell during the same period. Similar 
trends were found for the percent of students who engaged in research through special projects. 
The increase in the number of students, experiencing a REEL module, who were engaged in 
undergraduate research as well as in special research projects suggests that studying a REEL 
module contributed to student interest in research science. 
 
In summary, student enrollment data indicate that REEL reached over 12,000 undergraduates in 
15 diverse institutions across Ohio, over 8,000 of whom returned questionnaires. Further, the 
gradual loss of comparison data was due to institutions adopting REEL modules in a course or in 
all sections of a course after an initial trial period. These findings suggest that REEL has changed 
the nature of first- and second-year chemistry courses. Additional data indicate an increase in 
undergraduate research experiences. Both of these findings address Goal 1. 

Subscale Reliability and Data Analysis 
In addition to demographic items, the Undergraduate Student Questionnaire had three subscales 
that assessed aspects of an undergraduate’s experience.3 The first subscale, “What Instructors 
Do,” asked students how often their instructors used research-intensive teaching practices. This 
subscale had 12 items. The next subscale, “What Students Do,” had 15 items regarding how 
frequently students were involved with active, experiment-based learning. The final subscale, 
“Views about Science,” consistd of eight items that assessed students’ understanding of the 
nature of science. The first two subscales were on a 5-point Likert-type scale with responses 
ranging from almost never (1) to very often (5). The “Views about Science” subscale was on a 5-
point Likert-type scale with responses ranging from strongly disagree (1) to strongly agree (5).  
 

                                                 

3 The questionnaire may be found in Kahle, Li, & McFaddin (2008), Research Experiences to Enhance Learning: Year 3, 
2007 Annual Report.  
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Reliability coefficients (Cronbach’s coefficient alpha), calculated for each subscale using data from 
all years, are shown in Table 4. These values indicate that the subscales are moderately to highly 
reliable for students in first- and second-year chemistry courses in Ohio.  

Table 4. Subscale Reliability for the Undergraduate Student Questionnaire, Spring 2006-Spring 
2011 Data Combined 

 Subscale n Number 
of Items Item Cronbach’s alpha 

What Instructors Do 9081 12 1-11, 12F* 0.83 

What Students Do 9100 15 13-23,  
24F-27F 0.68 

Views about Science 9086 8 28F, 29-35 0.90 
*F indicates the item was reverse coded before conducting the reliability analysis. 

 
Analysis of Undergraduate Student Questionnaire by Module or Non-Module  

by Course across the Project Period 
Each year, Item Response Theory (IRT)—the Rasch Model—was used to compute a linear 
subscale measure for each respondent for each subscale on the Student Questionnaire, using 
Winsteps Program of Linacre (2004). All of the statistical comparisons of student data on the 
subscale level used Rasch mean scores. Rasch mean scores were calculated for each subscale, 
and t-tests were used to assess any differences between the mean responses of students who 
studied a REEL module and of those who did not across the years of the REEL project. Two 
subscales were considered key to assessing whether or not REEL was transforming chemistry 
curriculum to a research-intensive curriculum (Goal 1). Those subscales assessed teaching 
methods and learning activities. A higher mean Rasch score on both subscales reflected active, 
open-ended, exploratory teaching or learning activities. Table 5 includes a summary of significant 
differences, favoring module courses/sections, found for those two subscales across the years 

Table 5. Significant Differences Favoring REEL Module Courses/Sections for Teaching/Learning 
Subscales, Years 1 - 6, All Students 

    Course 
Questionnaire 
Subscale   General 

Chemistry 
Organic 

Chemistry 
Analytical 
Chemistry 

 Year p p p 

Teaching: What 
Instructors Do 

1   .020 .006 < .001 
2   .006 .010 None 
3   .038 None None 
4 < .001 .005 None 
5 < .001 .004 None 
6 < .001 None   .011 
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Table 5 (continued). Significant Differences Favoring REEL Module Courses/Sections for 
Teaching/Learning Subscales, Years 1 - 6, All Students 

    Course 
Questionnaire 
Subscale   General 

Chemistry 
Organic 

Chemistry 
Analytical 
Chemistry 

 Year p p p 

Learning: What 
Students Do 

1 < .001 < .001 < .001 
2 < .001 < .001   .005 
3 < .001 None   .001 
4 < .001   .005   .021 
5 < .001   .001   .001 
6 < .001 None   .012 

 
As shown in Table 5, significant differences were found between the responses of students in 
courses/sections with a module, compared to those in courses/sections without a module, for 
General Chemistry students each year for both the teaching and the learning subscales. The 
findings suggest that REEL modules were effective in transforming the curriculum in General 
Chemistry to a research-intensive one (Goal 1).  
 
Findings for second-year chemistry courses, Organic and Analytical, vary by year. With four 
exceptions, students in Organic Chemistry who studied a module, compared to those who did 
not, noted that they were more frequently involved with a research-intensive curriculum (both 
teaching and learning subscales). Students in a module, compared with non-module, 
courses/sections in Analytical Chemistry more frequently responded that they were involved with 
research-intensive learning activities. However, a significant difference was found in instruction 
(teaching subscale) for only Years 1 and 6 for Analytical Chemistry. A variety of second-year 
chemistry courses were grouped into the analytical category, most of which were laboratory 
intensive or field courses. Because those courses—with or without a REEL module—were already 
using a research-intensive approach, few differences in instruction were noted. Although the 
findings are less conclusive for second-year chemistry courses, in most years Organic Chemistry 
students, studying modules, indicated that the curriculum became more research-intensive. In 
addition, students in Analytical Chemistry courses/sections with, compared to those without, 
modules noted significantly more research-intensive learning activities. Findings from the 
Undergraduate Student Questionnaire provide strong evidence that REEL met its first goal.  
 
Analyses of Responses to the Undergraduate Student Questionnaire by Student 

Gender and Career Plans  
Analyses also were conducted to ascertain if experiences with one or more REEL module were 
effective in encouraging students who did not intend to be scientists or who were under-
represented in the sciences to continue to pursue studies in a STEM field (Goal 2). Therefore, 
data were analyzed by future career plans and by gender.4  
 

                                                 

4 The number of under-represented minority students was too low to conduct statistical analyses.  
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In order to assess whether both women and men chemistry students were equally affected by 
the changes noted above, data were disaggregated by gender and summaries of the findings can 
be found below in Tables 6 and 7. 

Table 6. Significant Differences Favoring REEL Module Courses/Sections for Teaching/Learning 
Subscales, Years 1 - 6, Female Students 

   Course 
Questionnaire 
Subscale  General 

Chemistry 
Organic 

Chemistry 
Analytical 
Chemistry 

  Year p p p 

Teaching: What 
Instructors Do 

1   .042 .032 .004 
2   .006 None None 
3   .006 None None 
4 < .001 .009 None 
5 < .001 .023 None 
6 < .001 None None 

      

Learning: What 
Students Do 

1 < .001 < .001 < .001 
2 < .001 < .001   .024 
3 < .001 None   .008 
4 < .001 < .001 None 
5 < .001 < .001  .019 
6 < .001 None  .044 

  
Responses of women General Chemistry students consistently showed a significant difference in 
learning and teaching activities, when module sections/courses were compared with non-module 
ones. The data are not as clear-cut for the second-year courses; however, women in module 
sections of Organic Chemistry note significantly more active, research-oriented learning for 4 of 
the 6 years.  

Table 7. Significant Differences Favoring REEL Module Courses/Sections for Teaching/Learning 
Subscales, Years 1 - 6, Male Students 

   Course 

Questionnaire 
Subscale  General 

Chemistry 
Organic 

Chemistry 
Analytical 
Chemistry 

  Year p p p 

Teaching: What 
Instructors Do 

1 None None .039 
2 None None None 
3 None None None 
4 None None None 
5 < .001 None None 
6   .035 None None 
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Table 7 (continued). Significant Differences Favoring REEL Module Courses/Sections for 
Teaching/Learning Subscales, Years 1 - 6, Male Students 

   Course 

Questionnaire 
Subscale  General 

Chemistry 
Organic 

Chemistry 
Analytical 
Chemistry 

  Year p p p 

Learning: What 
Students Do 

1 < .001 .010 None 
2   .001 None .037 
3   .009 None .043 
4 < .001 None None 
5 < .001 None .010 
6 < .001 None None 

 
Men in module section/courses of General Chemistry, compared to those in non-module 
courses/sections, noted significantly more active learning across the years. There were few 
differences noted in teaching and learning in second-year chemistry courses by men in module 
versus non-module courses/sections. 
 
In summary, both men and women in module, compared to non-module course/sections in 
General Chemistry, indicated significantly more research-oriented learning activities (Goal 1). 
Further, women indicated significant differences in instruction (teaching) between module and 
non-module courses/sections of General Chemistry. The findings for women are particularly 
interesting and suggest that REEL modules provide opportunities for the active involvement that 
women may avoid, or lack, in traditional chemistry laboratories. This finding suggests that 
experiencing a REEL module could increase the retention and graduation rates of women in 
STEM fields (Goal 2).  
 
Data also were analyzed by students’ future career plans. The highest percentages of students 
intended to attend a professional school or to earn an advanced degree in a science discipline. 
Responses of students in those two groups were analyzed by module or non-module 
course/section for each of the three types of chemistry courses. The hypothesis tested was that 
experience with a REEL module might impact interest in, and skills with, research among 
students who had not previously considered graduate school in a STEM discipline. Findings for 
students who indicated that they plan to go to graduate school in a scientific discipline are 
summarized in Table 8. 
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Table 8. Significant Differences Favoring REEL Module Courses/Sections for Teaching/Learning 
Subscales, Years 1 - 6, Students Who Plan to Go to Graduate School in Science Discipline After 
College 

   Course 
Questionnaire 
Subscale  General 

Chemistry 
Organic 

Chemistry 
Analytical 
Chemistry 

  Year p p p 

Teaching: What 
Instructors Do 

1 .008 None None 
2 None .045 None 
3 None None None 
4 None .026 None 
5 .009 .014 None 
6 None None None 

      

Learning: What 
Students Do 

1   .022 None None 
2   .050 .029 None 
3 None None None 
4 < .001 None None 
5 < .001 .010 None 
6   .003 None None 

 
For General Chemistry, significant differences in instructional strategies in a course/section with 
or without a module were noted only in REEL’s first and fifth years. However, there were 
significant differences in the responses of students with and without modules on the learning 
subscale, suggesting that prospective scientists noted the increase in research-oriented learning 
activities. The analyses for Organic Chemistry are mixed, while responses of students in 
Analytical Chemistry who were intending to pursue a graduate degree in a science area did not 
indicate any differences in teaching and learning activities between courses/sections with and 
without a REEL module. 
 
Data also were analyzed for students who intended to attend professional school. A summary of 
those findings for modular and non-modular courses/sections of first- and second-year chemistry 
courses is shown in Table 9.  
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Table 9. Significant Differences Favoring REEL Module Courses/Sections for Teaching/Learning 
Subscales, Years 1 - 6, Students Who Plan to Go to Professional School After College 

   Course 

Questionnaire 
Subscale  General 

Chemistry 
Organic 

Chemistry 
Analytical 
Chemistry 

  Year p p p 

Teaching: What 
Instructors Do 

1 None   .001 < .001 
2  .005 < .001 None 
3  .015 None   .013 

4 < .001   .002 None 

5 < .001   .002 None 

6 < .001 None   .038 
      

Learning: What 
Students Do 

1 < .001 < .001 < .001 
2 < .001 < .001   .003 
3 < .001 None   .001 
4 < .001   .007 None 
5 < .001   .011   .001 
6 < .001 None None 

 
Compared to responses of students planning to pursue advanced degrees in science, significant 
differences between courses/sections with and without a module were more often found in the 
responses of students intending to enter professional schools (medical, veterinarian, dental). For 
the first-year course, General Chemistry, significant differences in favor or courses/sections with 
modules were found every year after REEL’s first year. In addition, students planning professional 
careers more often noted significant differences in teaching and learning activities in second-year 
courses—Organic and Analytical. This finding not only suggests that REEL met Goal 1 but also 
that students who may not have had a conceptual understanding of the way a scientist works 
and draws conclusions gained insights. One does not know whether or not such insights may 
change the students’ career plans, but one can assume that they will contribute to a scientifically 
literate population that understands and supports science research.  

Summary of Undergraduate Student Questionnaire Findings 
In summary, analyses of Undergraduate Student Questionnaire responses across 6 years of REEL 
indicate that REEL has met its first goal; that is, the transformation of first-year and, to a lesser 
extent, second-year chemistry courses to a research-intensive curriculum. This transformation 
seems to be noted—and particularly important for women students and for those who plan to 
pursue professional careers. Women and students planning on professional careers in 
courses/sections with a module, compared to their peers in courses/sections without one, more 
frequently noted involvement in research-oriented activities. That is, experience with a REEL 
module seemed to provide women increased opportunities to experience scientific research. The 
impact of those experiences on continuation in STEM courses or majors is analyzed as part of a 
longitudinal study, discussed in Section 2. Next, additional evidence of changes in first- and 
second-year chemistry courses through the implementation of REEL modules is provided through 
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analyses of responses to the Classroom Undergraduate Research Experience (CURE) 
questionnaire (Lopatto, 2009). 
 
Classroom Undergraduate Research Experience (CURE) 
In the spring of 2011 at the request of REEL’s project director, the evaluator’s collected 
and analyzed data from the Classroom Undergraduate Research Experience (CURE) 
questionnaire.5 The E & A Center was given permission to adapt the questionnaire by 
adding the demographic items used on its student questionnaire (Lopatto, personal 
communication, October 25, 2010,). Students at OSU in General Chemistry and those at 
MU in Organic Chemistry responded to CURE questionnaires pre-and post-participation in a 
course/lab with a REEL module. Findings also addressed whether or not REEL was meeting 
Goal 1.  

Demographic Information 
Table 10 below provides the total numbers of students who responded to the CURE 
questionnaire. Responses of students who returned both pre-and post-questionnaires have 
been used in the analyses of the CURE data. 

Table 10. Number of Responses to the CURE Survey by Course, Spring 2011 

Course Pre Post Matched 
OSU Chem 123 342 373 227 
OSU Chem 163 67 82 54 
MU Chem 245 87 180 66 
MU Chem 255 37 29 19 

Total 533 664 366 
 

Students provided information about their rank, major, gender, race/ethnicity, and future 
career plans. Although the second-year sample at MU had essentially equal numbers of 
males and females, the first-year sample at OSU was predominately female. Most students 
were White, with Asians as the second most numerous group at both institutions. In 
addition, most of the students in both courses selected attend a professional school as 
their future career plans. In summary, the CURE sample of students was comparable to the 
samples responding to the Undergraduate Student Questionnaire across the 6 years of 
REEL.  

Subscale Reliability and Data Analysis 
The evaluation began by running a factor analysis to assess if the same items, identified by 
Dr. Lopatto’s factor analysis, formed the three subscales that address a research-intensive 
curriculum. The factor analyses were done using responses to the pre-questionnaire, and 
factor loadings were similar to those found by Dr. Lopatto. Three factors (subscales): 
“Research Course Elements,” “Engagement,” and “Negative Perception of Science,” were 
identified and used in the subsequent analyses. The reliabilities for those subscales, shown 

                                                 

5 The Classroom Undergraduate Research Experiences (CURE) questionnaire was developed by Professor David Lopatto, 
Grinnell College, with support from the Howard Hughes Medical Institute.  



Evaluation of Research Experiences to Enhance Learning – Final Report 17 

 

in Table 11 below, indicate that the subscales are moderate to highly reliable for this 
sample of students.  

Table 11. Reliability for the Subscale, Spring 2011, Pre-Data 

Subscale Subset of Subscale Number of Items in the 
Subscale 

Cronbach's 
Alpha for the 

Subscale 
Course Elements  
(24 items) Research-Like Course  11 items: Q11.3, Q11.5, 

Q11.9-Q11.17 0.804 

Student Opinion about 
Science (22 items) 

Engagement 5 items: PartII.1, PartII.3, 
PartII.10, PartII.13, PartII.18 0.679 

Negative Perception 
6 items: PartII.6, PartII.7, 
PartII.8, PartII.12, PartII.15, 
PartII.22 

0.664 

 
Next, t test comparisons were made between the pre-and post-means for the matched 
samples of students at each university. A summary of those analyses is shown in Table 12.  

Table 12. Significant Differences Favoring Post Responses to the CURE Questionnaire, Spring 
2011 

  OSU MU 
Item p p 
Research Course Elements: Students are expected to do the 
following course elements...     

3. a lab or project where no one knows the outcome. < .001 None 
5. a project in which students have some input into the research process 
and/or what is being studied. < .001 None 

9. become responsible for a part of the project. < .001 None 
10. read primary scientific literature.. < .001 None 
11. write a research proposal. < .001 None 
12. collect data.    .049 None 
13. analyze data. < .001 None 
14. present results orally. < .001 None 
15. present results in written papers or reports. < .001 None 
16. present posters. < .001 None 
17. critique the work of other students. < .001 None 
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Table 12 (continued). Significant Differences Favoring Post Responses to the CURE 
Questionnaire, Spring 2011 

  OSU MU 
Item p p 
Engagement: Opinions about Yourself and about Science     
1. Even if I forget the facts, I'll still be able to use the thinking skills I 
learn in science. None None 

3. The process of writing in science is helpful for understanding scientific 
ideas. None None 

10. I get personal satisfaction when I solve a scientific problem by 
figuring it out myself. None None 

13. I can do well in science courses. None None 
18. Explaining science ideas to others has helped me understand the 
ideas better. None None 

Negative Perceptions: Opinions about Yourself and about 
Science     

6. I wish science instructors would just tell us what we need to know so 
we can learn it. None None 

7. Creativity does not play a role in science. None None 
8. Science is not connected to non-science fields such as history, 
literature, economics, or art. None None 

12. Science is essentially an accumulation of facts, rules, and formulas. None None 
15. There is too much emphasis in science classes on figuring things out 
for yourself. None None 

22. If an experiment shows that something doesn’t work, the 
experiment was a failure. None None 

 
The findings differ by first- or second-year course; that is, after experiencing a REEL 
module, responses of students in General Chemistry (OSU) indicated that they had 
significantly more experience with items on the “Research Course Elements” subscale. 
Highly significant differences, favoring post responses, were found for all items. In the 
second-year course (Organic Chemistry at MU), however, no significant differences were 
found between the pre-and post-responses for that subscale. By 2011, students in Organic 
Chemistry at MU would have experienced REEL modules in their General Chemistry course. 
Therefore, they had experience with collecting and analyzing data, presenting results, 
becoming part of a project, etc., leading to similar pre-and post-response means. 
 
As was done with the E & A Center’s student questionnaire, the data also were analyzed by 
gender, as shown in Tables 13 and 14. 
  



Evaluation of Research Experiences to Enhance Learning – Final Report 19 

 

Table 13. Comparison of Students’ Responses to the Three Factors by Gender, Spring 2011, 
Using Pre and Post Matched Data, Pre 

Subscale Gender n M SD t df p 
Research-Like Course 
Element Female 196 1.99 0.37 -1.66 356   .099 

  Male 162 2.05 0.40       
Engagement Female 196 4.03 0.49 -3.77 358 < .001 
  Male 164 4.23 0.48       
Negative Perception Female 196 2.54 0.50 2.86 312   .005 
  Male 164 2.37 0.63       

Note. Significant findings are indicated in bold. 

Table 14. Comparison of Students’ Responses to the Three Factors by Gender, Spring 2011, 
Using Pre and Post Matched Data, Post 

Subscale Gender n M SD t df p 
Research-Like Course 
Element Female 201 2.30 0.40 -0.18 363 .859 

  Male 164 2.31 0.40       
Engagement Female 201 4.03 0.57 -2.63 362 .009 
  Male 163 4.18 0.53       
Negative Perception Female 201 2.56 0.62 2.38 362 .018 
  Male 163 2.39 0.71       

Note. Significant findings are indicated in bold. 
 

Responses by students (combined MU and OSU samples) before and after experiencing a 
REEL module show significant differences on two of the subscales in favor of men.6 
However, there was no significant difference in the responses of women and men—either 
pre or post—on the “Research Course Elements” subscale.  
 
CURE also has a group of items that assess a student’s reason for taking a course. 
Although this subscale does not address the goals of REEL, one item is of interest; that is, 
the item that asked why students chose the chemistry course they were in. Responses to 
that item, to get hands-on research experience, are shown in Table 15. 
  

                                                 

6 A lower value on Negative Perception indicates a more positive mean score. 



Evaluation of Research Experiences to Enhance Learning – Final Report 20 

 

Table 15. Frequency of Students’ Responses to the Reason of Taking a Course by University, 
Spring 2011, Pre  

  MU (CHM 245 & CHM 255) OSU (CHEM 123 & CHM 163) 

Item   Not 
Imp. 

Moderately 
Imp. 

Very 
Imp. N/A   Not 

Imp. 
Moderately 

Imp. 
Very 
Imp. N/A 

Importance of 
the reason to 
your decision 
to take this 
course 

n % % % % n % % % % 

h. To get 
hands-on 
research 
experience. 

83 24% 45% 29% 2% 278 16% 41% 41% 2% 

 
At Miami University, 74% of the students enrolling in Organic Chemistry indicated that 
getting research experience in the course was moderately to very important for them. At 
OSU, 82% of the students in General Chemistry responded similarly. Students in both 
courses responded overwhelmingly that getting research experience was an important 
reason for choosing the course. 
 
In order to provide context for the CURE findings, comparisons were made among the mean post 
scores for MU, OSU and the Lopatto sample, as summarized in Table 16. Pre-and post-mean 
scores on key items are shown in Table 16. The self-confidence of students in a second-year 
chemistry course is evident as MU post-mean scores are higher than the post-mean scores of the 
OSU or Lopatto samples.7 

Table 16. Comparison Mean Scores by Item for the “Opinions about Science” Subscale, MU, OSU, 
and Lopatto’s Sample,* Pre and Post Matched Data 

Item MU OSU Lopatto's 
Sample Comparison 

Opinions about 
Yourself and about 
Science 

Pre Post Pre Post Pre Post  

1. Even if I forget the 
facts, I'll still be able 
to use the thinking 
skills I learn in 
science. 

4.21 4.26 4.09 4.14 4.14 4.15 MU > Lopatto > OSU 

3. The process of 
writing in science is 
helpful for 
understanding 
scientific ideas. 

3.89 4.00 3.80 3.82 3.91 3.98 MU > Lopatto > OSU 

  

                                                 

7 Data for CURE may be found in Lopatto, D., (2010). Science in solution: The impact of undergraduate research on 
student learning. Council on Undergraduate Research and Research Corporation for Science Advancement.  



Evaluation of Research Experiences to Enhance Learning – Final Report 21 

 

Table 16 (continued). Comparison Mean Scores by Item for the “Opinions about Science” 
Subscale, MU, OSU, and Lopatto’s Sample,* Pre and Post Matched Data 

Item MU OSU Lopatto's 
Sample Comparison 

Opinions about 
Yourself and about 
Science 

Pre Post Pre Post Pre Post  

 

10. I get personal 
satisfaction when I 
solve a scientific 
problem by figuring it 
out myself. 

4.40 4.35 4.30 4.24 4.29 4.19 MU > OSU > Lopatto 

13. I can do well in 
science courses. 4.38 4.39 4.09 4.00 4.05 4.03 MU > Lopatto > OSU 

18. Explaining science 
ideas to others has 
helped me understand 
the ideas better. 

4.33 4.31 4.17 4.14 4.14 4.09 MU > OSU > Lopatto 

*Lopatto’s sample was collected between January 12, 2010 and June, 2010. 

Summary of CURE Questionnaire Findings 
Although the differences found between the pre-and post-mean scores on the “Research Course 
Elements” subscale are of the most interest, other comparisons suggest positive changes. 
Specifically, the significant differences found for all items on the “Research Course Elements” 
subscale support findings from the E & A Center’s student questionnaire and again document that 
REEL transformed the first-year chemistry curriculum to a research-intensive one (Goal 1). 
Responses of students in Organic chemistry did not indicate a transformation of that course; 
however, all of those students had already experienced a research-rich curriculum in their 
introductory chemistry course. Further, approximately three quarters of the first- and second-
year students indicated that they choose their chemistry course in order to get hands-on research 
experience. Last, the positive post-responses of second-year students to items assessing their 
opinions about science and themselves suggest that continued experience in research-intensive 
courses boosts self-confidence in doing science.  
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Section 2: Evidence of Meeting Goal 2 
(Registrar Data) 
Introduction 
In September, 2010, Dr. Ted Clark, Project Director for the REEL project and the evaluators at 
Ohio’s Evaluation and Assessment Center for Mathematics and Science Education (E & A Center) 
explored the possibility of doing a longitudinal study, focused on the effect of REEL to increase 
retention and graduation rates in STEM. Permission was sought to obtain registrar data on 
students at two universities, The Ohio State University (OSU) and Miami University (MU). Both 
institutions were instrumental in developing the REEL proposal and were the first institutions to 
implement REEL modules. Dr. Clark and Dr. Kahle (lead evaluator) were able to negotiate using 
registrar data for students prior to REEL and during REEL. The effect of the REEL project on 
students in General Chemistry (a first-year course) was assessed at OSU, while its effect on 
students in Organic Chemistry (a second-year course) was evaluated at MU. Both assessments 
addressed the Project’s second goal, to increase the retention and graduation rates in STEM 
fields. 
 
Dr. Clark also requested that the longitudinal study focus on the goals of the National Science 
Foundation’s Promoting Research and Innovation in Methodologies for Evaluation (PRIME) 
program, which he explained in the following way. 
 

The PRIME program looks to fund, among other things, “innovative new approaches for 
determining the impact and usefulness of evaluations of STEM education projects or 
programs, with appropriate rigor.” This should be our focus…tangible rather than 
theoretical…A central goal of REEL has been broadening participation in undergraduate 
research. This is a program goal that is well aligned with educational trends and, once 
again, should be a point of emphasis in any proposal [for additional funding] (Clark, 
personal communication, September 27, 2010). 
 

The subsequent longitudinal evaluation is based upon analyses of registrar data for students who 
had studied at least one REEL module and for those who had not had a REEL module in the 
targeted chemistry course.  
 
Research Questions 
The following questions guided this part of the evaluation. 
 
1. What factors (and/or combination of factors) affect student retention in STEM?  

 
x ACT, SAT, and math placement scores (e.g., math ability) 
x Grades in General or Organic Chemistry 
x Undergraduate GPA in STEM courses 
x Undergraduate research experiences/courses 
x Demographic variables (Gender/Race/Ethnicity) 
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2. What factors (and/or combination of factors) affect student successful completion of an 
undergraduate degree in a STEM field? 

x Same series of factors as in Item #1 
 
Analyses were done separately for Miami University (MU) and for The Ohio State University 
(OSU). A summary of the analyses and the findings for both institutions follows. 
 
Miami University: Organic Chemistry 
The longitudinal registrar data for MU were collected on students enrolled in Organic Chemistry 
(CHM 244/245 for non-chemistry majors or CHM 254/255 for chemistry majors) from Spring 2000 
to Spring 2009. Beginning in 2006, all Organic Chemistry courses offered in the fall and spring 
semesters were courses with REEL modules. Courses offered before 2006 did not include REEL 
modules. Because students could take more than one Organic Chemistry course, the number of 
REEL modules experienced ranged from none to two.  
 
Three sets of analyses were conducted on the MU longitudinal data. The first set of analyses 
focused on students who graduated with a stated graduation major. The second set of analyses 
focused on students who did not graduate or who graduated but without indicating a major. The 
third set of analyses used Chi square procedures to examine outcomes based on whether or not 
the student studied a REEL module.  
 
In order to assess both retention and graduation rates (Goal 2), analyses were run for graduation 
with a STEM major and for number of hours in research courses (a measure of retention). The 
following points summarize the findings of the logistical regression analyses.  
 
Graduation with a STEM Major: 
 

x Grades in General Chemistry labs and courses were a negative predictor of a STEM 
major; students with higher grades were 30% less likely to graduate with a STEM major. 

x Neither student race/ethnicity nor gender was a significant predictor of graduation in a 
STEM major for Organic Chemistry students. 

x Students who took Organic Chemistry in their Junior Year were 30% less likely to 
graduate with a STEM major. 

 
Number of Hours in Research Courses: 
 

x Participation with a REEL module was a negative predictor for the number of research 
courses/hours taken. 

x Gender was not a significant predictor for number of research courses taken; however, 
race/ethnicity was. That is, under-represented minority,8 compared to White, students 
were more likely to take a high number of research courses. 

x Both the number of STEM courses taken after Organic Chemistry and grades in Organic 
Chemistry labs were significant predictors of number of research courses/hours taken.  

 
The next summary of findings is for the Chi square analyses.  

                                                 

8 Under-represented minority includes racial/ethnic groups who are under-represented in scientific fields. Asian students 
were not included in this category. 



Evaluation of Research Experiences to Enhance Learning – Final Report 24 

 

 
Graduation with a STEM Major: 
 

x For students who studied one or more REEL modules and for those who did not study a 
REEL module in Organic Chemistry, the percent of students graduating with a STEM 
major was statistically different, favoring REEL modules.  

x The actual number of STEM majors who studied a REEL module was higher than the 
expected number. 

 
Number of Hours in Research Courses: 
 

x Chi square analyses indicated no statistically significant relationship between REEL and 
hours enrolled in research courses, when data for sophomore, junior, and senior students 
(student rank) were combined. 

x When the data were analyzed separately by student rank, the number of sophomores 
who had studied at least one REEL module and who did not enroll in any research 
courses/hours was higher than expected.  

x For juniors who studied REEL modules, the number who enrolled in research 
courses/hours was slightly lower that the expected number; while, for seniors who 
studied one or more REEL modules, the actual and expected numbers who enrolled in 
research hours/courses were approximately the same. The findings for junior and senior 
students were not statistically significant. 

 
Historically at Miami University, about 75% of the students who complete Organic Chemistry and 
graduate have STEM majors, while approximately 25% have non-STEM majors. Factors such as 
race and/or gender are not significant predictors of graduating in STEM. Rather, student grades 
in Organic Chemistry are significant predictors. After controlling for variables such as ACT and 
SAT math scores, one finds that students with higher grades in Organic Chemistry laboratories 
and courses are significantly more likely to graduate with a STEM major than those with lower 
grades. Students who ‘do well’ in Organic Chemistry are thought to have overcome a noteworthy 
hurdle and are much more likely to persist and remain in a STEM discipline. 
 
In summary, the analyses of longitudinal date assessing any effects of experiencing one or more 
REEL modules in the second-year chemistry course, Organic Chemistry, on retention and 
graduation rates in STEM suggests that: 1) studying one or more REEL modules significantly 
increases the percent of students graduating with a STEM major; 2) taking Organic Chemistry in 
the Junior year is a negative predictor of graduating with a STEM major; 3) the number of STEM 
courses taken after Organic Chemistry and grades in Organic significantly predict the number of 
research hours/courses taken;9 4) student race (favoring under-represented minorities) 
significantly predicts number of research hours taken; and 5) experiencing a REEL module in 
Organic Chemistry is a negative predictor of future research hours/courses. 
 
The Ohio State University: General Chemistry 
The longitudinal registrar data for OSU were collected on students enrolled in CHM 123 in the 
spring quarter each year from 2000 to 2007. Because the REEL project began in 2005, 2000-
                                                 

9 Historically, very few students enroll in independent research courses at MU; For example, between 2000-2009, 83% of 
students did not enroll in any independent research courses, while 69% of those who did enroll registered for three or 
fewer credits.  



Evaluation of Research Experiences to Enhance Learning – Final Report 25 

 

2004 data were defined as baseline data, while 2006-2007 data were experimental data. Student 
data were collected across 2 years (6 quarters) during which REEL modules were used.  
 
In addition to descriptive information for the longitudinal sample, three types of analyses were 
done. The first set of analyses examined the quarters/years enrolled in STEM courses after 
completing Chemistry 123 using Chi square statistics. Because of the low number of students in 
some cells, the results were not reliable and are not summarized here. The second set of 
analyses used ordinary least square (OLS) regressions to examine predictors of future STEM 
course enrollments. The third set of analyses focused on examining how math ability (ACT and 
SAT math scores), chemistry grades, and gender might combine to affect enrollment in future 
STEM courses using Chi square tests.  
 
Descriptive data indicate that higher percentages of students in Chemistry 123 who studied REEL 
modules, (2006-2007) compared to students without REEL modules (2000-2004), enrolled in 6 
quarters of STEM courses (retention). All of the OSU analyses focused on retention rates in STEM 
fields.10  
 
The following points summarize findings of the regression analyses. 
 
Enrollment in STEM Courses after General Chemistry: 
 

x The only significant predictor of the number of STEM courses enrolled in after Chemistry 
123 for freshmen and sophomore students was the average Z score, calculated from a 
student’s ACT and SAT quantitative scores (referred to as mathematics ability). There 
was a significant gender difference in average Z score for mathematics ability, favoring 
males.  

x When all students (freshmen, sophomores, juniors, and seniors) were combined, 
significant positive predictors for the number of future STEM courses taken were: 
average Z score for mathematics ability and grade in Chemistry 123 (with math ability 
controlled). Enrolling in Chem123 as a senior was a significant negative predictor. A 
student’s grade in Chemistry 123 was the strongest predictor of further enrollment in 
STEM courses. 

 
The following section summarizes findings from the Chi square analyses. 
 

x With only 2006 freshmen and sophomore students in the analysis, no association was 
found between gender and further enrollment in STEM courses. The expected and actual 
numbers for men and women were similar.  

x Because regression analyses determined that student’s average Z score for mathematics 
ability was a significant predictor of STEM course enrollment and that men had 
significantly higher Z scores for math ability than women had, Chi square analyses 
assessed any effect of math ability on future STEM course enrollments. For freshmen and 
sophomore students, enrolled in Chemistry 123 sections with or without a REEL module 
in Spring 2006, mathematics ability was not a predictor of enrollment in future STEM 
courses for men or for women students.  

                                                 

10 Graduation data were not included in the Registrar’s data set for OSU. 
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x There is a stronger relationship between grade in Chemistry 123 and future enrollment in 
STEM courses for women, compared with men, students. 

 
Mathematics ability (Z score) was found to differ by gender, favoring males, at both MU and 
OSU. However, a comparison of the regression analyses at the two institutions, found that 
although math ability predicted enrollment in future STEM courses at OSU (first-year course), it 
did not predict future enrollment in research hours/courses at MU (second-year course). The 
difference is likely due to the academic level of the two courses. Women enrolled in Organic 
Chemistry are more likely to have decided on a STEM major and may be more confident in their 
mathematical ability. However, freshmen women may not be as committed or confident. The Chi 
square analysis of OSU data indicated that for freshmen and sophomore’s gender was not a 
significant predictor of future STEM enrollment.  
 
Discussion and Implications of Findings 
Differences in the findings for MU and OSU are partially related to differences in the two courses 
for which registrar data were requested. Organic Chemistry in MU is a second-year course, 
usually taken in the sophomore year and enrolling primarily students with a high degree of 
interest in, and aptitude for, quantitative science. Chemistry 123 at OSU is a General Chemistry 
course, usually taken in the freshman year. Often it is a student’s first college level chemistry 
course. Although Chemistry 123 is not restricted to chemistry majors; it is a requirement for most 
STEM majors at OSU. 
 
In general, it is important to note that the findings above are from analyses of the first iteration 
of REEL; that is, they are based on initial data, when the REEL modules were being tested and 
refined. Therefore, in most cases, the findings are what one would expect; that is, math ability 
and course grade, not participation with one or more REEL modules, predict retention and 
graduation in a STEM major. It is unrealistic to think that a 6- or 9-week experience with a REEL 
module could outweigh quantitative ability and academic achievement. Further, at both 
institutions, analyses by student rank indicate that students who took either course out of 
sequence (e.g., later in their academic careers) were less likely to graduate in a STEM major or 
to take research courses/hours. However, other findings, summarized above, indicate that 
studying a REEL module positively affects both retention in and graduation with a STEM major 
(Goal 2). 
 
As indicated earlier, the longitudinal study had two aims. The first aim was to assess any effects 
of studying a REEL module on a student’s college experience, including graduation major and 
hours in research courses. The second aim was to explore “innovative new approaches for 
determining the impact and usefulness of evaluations of STEM education projects or programs, 
with appropriate rigor.” Findings from analyses of the longitudinal data from both universities 
describe several positive effects of participation with REEL modules on student academic choices. 
For example, at MU an increase in the percent of students majoring in STEM was found after, 
compared to before, REEL modules were implemented. At OSU, Chi square analyses of Spring 
2006 data found that mathematics ability was not a predictor of enrollment in future STEM 
courses for men or for women students. 
 
When one considers the stated aims of the PRIME program, (e.g., innovative new approaches to 
evaluation), the longitudinal study also provides guidance and information. For example, it was 
possible to obtain 9 years of longitudinal data through the registrars of two major universities. In 
most cases, evaluators and/or project directors assumed that obtaining such data would be either 
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impossible or too time consuming. However, it was not, and the data provided many insights. In 
addition, several different types of statistical analyses were necessary to probe the data. 
However, that probing eventually led to evidence that the REEL project broadened the 
participation of several groups in STEM fields; that is, female student participation was positively 
affected by studying a REEL module in General Chemistry, while under-represented minority 
student participation was positively affected by involvement with a REEL module in Organic 
Chemistry.  
 
In summary, the longitudinal analyses of the REEL project allowed the evaluation to assess 
progress made toward reaching REEL’s second goal. Findings indicated that REEL positively 
affected both retention and graduation rates in STEM fields. Further, the analyses of the 
longitudinal data suggested innovative ways to assess the success of a project or program.  
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Project Summary 
This report summarizes extensive data that attest to REEL’s success in meeting Goals 1 and 2; 
that is, transforming first- and second-year chemistry curriculum to a research-intensive 
curriculum and increasing retention and graduation rates in STEM fields. But, the data do not tell 
the full story of REEL—nor do they fully describe how and why it reached its goals. In fact, the 
foundation for a cooperative, collaborative, multi-university effort in chemistry was firmly 
established prior to NSF funding the REEL project. That foundation had much to do with the 
success of REEL. Therefore, the successes reported above need to be placed in context of the 
collaborative network already in existence in Ohio. 
 
Through OSU’s leadership, a network of chemistry department chairs were established to discuss 
undergraduate curriculum, graduation rates, research experiences, etc. prior to REEL. That 
network ensured a common commitment to REEL’s goals. In addition, there was agreement 
among those chairs about how to begin to insert authentic research experiences into first- and 
second-year chemistry courses; that is, through research-rich modules—some of which had been 
field tested at Miami University and The Ohio State University. As the project developed, a 
support system was established and expanded. It included: 1) helping community/technical 
colleges obtain IRB approval for data collection; 2) assisting with data collection by centralizing 
data entry at OSU; 3) establishing a resource network by which institutions could exchange and 
share expensive equipment; and 4) facilitating cross-university research by students and faculty 
through an exchange of information about research interests and sponsoring annual REEL 
Symposia. In all of these efforts, OSU was the lead institution, and much of the success of REEL 
is due to the leadership taken by that university.  
 
Therefore, within the context of a collaborative network, REEL was able to transform first-year 
chemistry and some second-year chemistry courses to research-intensive ones. Although positive 
changes in teaching and learning activities were consistently identified through two valid and 
reliable questionnaires, those changes were particularly positive in the retention of two groups of 
under-represented students. That is, women in first-year General Chemistry (data from all 
institutions) and minority students in Organic Chemistry (data from MU). Further, there is 
evidence that students who were considering professional schools reacted positively to the 
curriculum changes (data from all institutions).  
 
The data are particularly rich primarily because the project fully cooperated with the evaluation. 
Recommendations for mid-project changes were received and acted upon. In addition, the 
evaluation was improved by suggestions of project personnel. The success of REEL goes beyond 
its accomplishment of meeting its three goals (Goal 3 information is in the project’s final report). 
It provides a prototype for other states/universities to follow (and for NSF to consider in 
determining guidelines for new programs), that is, an established, solid, collaborative relationship 
across diverse IHEs; leadership invested in the fiscal agent; respect and cooperation between the 
project and its evaluation; and the flexibility and resources to meet emerging needs and/or 
changes.  
 
REEL was an ambitious project that could easily have been unwieldy. However, this did not 
happen. As more Ohio IHEs joined the project, the support networks and resources needed were 
developed. As questions arose concerning aspects of the data, new instruments were added. In 
addition, as the need for longitudinal data to address Goal 2 became evident, a separate study 
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was undertaken. On reflection, the real story of REEL’s success goes beyond the data indicating 
that its three goals were met. Rather, the real story describes a climate of cooperation and trust 
across diverse institutions, firm and far-sighted commitment and leadership at one university, 
and flexibility to adapt and change as the project progressed.  
 
The transformation of first- and second-year chemistry curriculum, the positive changes in STEM 
retention and graduation rates, and the increase in multi-site faculty/student research are well 
documented in annual evaluation reports and are summarized in this final evaluation report. The 
impact of REEL on chemistry education across Ohio is significant and sustainable. For example, 
all modules are freely shared and new modules continue to be developed. The success of the 
annual symposium suggests that it will be continued. The logistics of sharing research equipment 
through inter-institutional loan have been solved. Indeed, chemistry education is Ohio has been 
transformed by REEL.   
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