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Introduction 

The following is a report on the Flying with Swallows (FWS) fall semester Chemistry 

survey. Flying with Swallows is a Research Based Learning program developed at Moreno 

Valley College. This undergraduate research model involves engaging students in 

Ecosystem Surveying and Ecosystem Investigation. Students are able to participate in a 

unique combination of activities that result in progressive achievement of diverse cognitive, 

psychosocial, and behavioral outcomes, building a platform for deeper involvement and 

understanding of research while becoming more connected to their discipline.  

 
The purpose of the FWS Survey is to (A) explore students’ motivators and styles of learning, 

(B) measure learning gains on research-based course elements based on course goals and 

objectives, and (C) probe student’s attitudes about science, chemistry achievement 

expectations, and academic self concept.  
 
Survey 

Many survey questions were derived from the Classroom Undergraduate Research 

Experience (CURE) survey. The pre-survey collects student data based on demographic 

questions, reasons for taking the course, level of experience on various course elements, 

science attitudes, and learning style. The post-survey parallels the pre-survey, with the same 

questions about level of experience on course elements and science attitudes. Additional 

questions were drawn from the Colorado Learning Attitudes about Science Survey 

(CLASS) in order to investigate student beliefs about chemistry and learning chemistry.  
 
The pre and post surveys were administered at the beginning and end of the fall semester, 

respectively, in the Chemistry 1A and 1A Honors (AH) courses by the course instructor. 

The surveys will continue being administered during the evaluation period on a bi-annual 

basis during the Fall and Spring semesters. 
 
Sample 

Overall, 28 students completed the pre and post surveys, 6 students in Chem 1A and 22 

students in Chem 1AH. Thirteen females and 15 males completed the survey. Sixty eight 

percent of students (19) reported their ethnicity as Hispanic or Latino. Of the 19 students, 
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58% are first-generation college-goers. Nine students were non-Hispanic/Latino. Races 

reported included White (8), and Black or African American (3), and Asian (2). Six, or 67%, 

of these students are first-generation. Table 1 below outlines all race/ethnicity responses.  

 
Table 1. Students’ Ethnicity and Race 
 

Race 

Ethnicity 

Total Hispanic or 
Latino 

Non-Hispanic/ 
Latino 

Asian - 2 2 

Black or African American 1 2 3 

White 3 5 8 

No Response 15 - 15 

Total 19 9 28 
 
 
The most frequently reported student majors were Biology (14%), Computer Science (14%), 

and Mechanical Engineering (14%). A full list of majors, broken down by gender, is 

included in Table A of Appendix A. Students were asked to report the highest level of 

education that they planned to complete. Masters Degree and Ph.D. were the top two 

responses, both at 22% or 6 respondents. All 6 students who indicated Ph.D. as their highest 

expected level of education are first-generation college-goers. A complete list of expected 

degrees, broken down by first-generation status, is included in Table B of Appendix A.  
 
Results 

Reasons for Taking Course 

On the pre-survey, students were asked to rate common reasons for taking a course based on 

the extent to which the item was important to their decision to take this course. The scale 

ranged from 1 to 3: (1) Not Important, (2) Somewhat Important, and (3) Very Important. 

Results show that the majority of students believe that all the items listed played a very 

important role in their decision to take the chemistry course in which they were enrolled, as 

seen in Table 2, below. Among the most popular reasons were, “To fill a requirement for 

my major,” and “I need it for graduate or professional school.”   
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Table 2. Factors Influencing Students’ Decision to Take This Course 
 

Item N 
Frequencies 

Not 
Important 

Somewhat 
Important 

Very 
Important 

To fill a requirement for my major 36 0 3 33 

I need it for graduate or professional school. 36 4 4 28 
I need it for my desired employment after 
college. 

36 7 4 25 

Interest in the subject matter 36 2 15 19 

To learn lab techniques  36 6 12 18 

To learn about science and the research process 36 5 8 23 

To get hands-on research experience 36 6 4 26 

It fit in my schedule. 36 7 13 16 
The course and/or the instructor has a good 
reputation. 

36 3 10 23 

 
Learning Styles 

In order to evaluate students’ learning styles, respondents were given a set of bipolar items, 

each consisting of two self-descriptive statement anchors on a 5-point scale. Each pair of 

anchors reflects an emphasis on one of the two experiential learning theory (ELT) 

dimensions1.  The ELT model portrays two bipolar modes of grasping experience - Concrete 

Experience (CE) and Abstract Conceptualization (AC) - and two bipolar modes of 

transforming experience - Reflective Observation (RO) and Active Experimentation (AE)2. 

 
Results show that the average rating for seven of nine pairs stayed within ±0.54 points of the 

neutral rating option, 3, as seen in Table 3 below. When translating the results into learning 

styles, student responses are slightly skewed towards the Abstract Conceptualization (AC) 

mode of grasping experience and the Active Experimentation (AE) mode of transforming 

experience. Students’ answers were more heavily skewed towards the AC learning style on 

two specific pairs: “I like things to be varied and colorful” < “I like to be exact and precise” 

(M = 3.97, SD = 1.10) and “I take a creative and imaginative approach to solving 

problems” < “I take a precise and calculated approach to solving problems” (M = 3.71, SD 

= 1.12).  

																																																								
1 Romero, J. E., Tepper, B. J., & Tetrault, L.A. (1992). Development and validation of new scales to measure 
Kolb's (1985) learning style dimensions. Educational and Psychological Measurement, 52, 171–180. 
2 Kolb, A. Y., & Kolb, D. A. (2005). The Kolb Learning Style Inventory – Version 3.1: 2005 technical 
specifications. Experience Based Learning Systems, Inc.  
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People with this learning style are best at finding practical uses for ideas and theories and 
prefer to deal with technical tasks and problems rather than with social and interpersonal 
issues. In formal learning situations, people with this style prefer to experiment with new 
ideas, simulations, laboratory assignments, and practical applications2. A graphic 
representation of the results is included in Appendix B.  
 
 
Table 3.  Learning Style Scale Item Frequencies & Descriptives 

	
 
Course Elements 

Students were asked to assess their experience on various course elements, both before and 

after taking either Chem 1A or Chem 1AH. The scale ranged from (1) no experience to (5) 

extensive experience, with a “Non-Applicable” option. Students exhibited statistically 

significant gains in seven of 15 elements, including analyzing data and maintaining a lab 

notebook. Students exhibited decreased levels of agreement on five items: working 

individually, writing a research proposal, presenting results orally, presenting posters, and 

discussing reading materials in class. Figure 1 shows the 4 course elements with the highest 

gains and Appendix C includes a table of descriptive data and significance test results.  

Item A 
Frequencies 

Item B N M SD 
1 2 3 4 5 

I would describe myself 
as reflective. 

2 2 14 9 8 
I would describe myself 
as action oriented. 

35 3.54 1.09 

I prefer subjects with 
precise answers. 

10 2 8 8 7 
I prefer subjects with 
multiple interpretations. 

35 3.00 1.52 

I value patience. 4 2 14 6 9 
I value getting things 
done. 

35 3.40 1.27 

I like things to be 
varied and colorful. 

2 1 6 13 13 
I like to be exact and 
precise. 

35 3.97 1.10 

I would describe myself 
as a doer. 

6 3 12 7 7 
I would describe myself 
as an observer. 

35 3.17 1.34 

I take a creative and 
imaginative approach 
to solving problems. 

2 1 12 9 10 
I take a precise and 
calculated approach to 
solving problems. 

34 3.71 1.12 

I would describe myself 
as evaluative and 
logical. 

8 9 10 4 4 
I would describe myself 
as receptive and 
accepting. 

35 2.63 1.29 

I like to watch what is 
going on. 

2 2 14 9 8 
I like to see the results 
of my actions. 

35 3.54 1.09 

I strive for versatility. 10 2 8 8 7 I strive for accuracy. 35 3.00 1.52 



5 

Figure 1.  Four Course Elements with Most Gains 
	

	
	
Attitudes about Science 

Nine rating statements assessing students’ attitudes about science appear on both the pre 

and post surveys. The scale ranged from (1) strongly disagree to (5) strongly agree. One of 

nine statements was proven statistically significant. Students increasingly agreed with the 

statement, “Even if I forget the facts, I’ll still be able to use the thinking skills I learn in 

science” (Mean Diff. = 0.36, SD = 0.56, p ≤ .01). A table of the full results can be found in 

Appendix D.  

 
Colorado Learning Attitudes about Science Survey (CLASS) Items 

Seven CLASS items were included on both the pre and post surveys. Students were asked to 

respond on a Likert-type scale ranging from (1) strongly disagree to (5) strongly agree. In 

general, students responded with relatively high levels of agreement on the pre-survey. Four 

of seven statements yielded average scores above 4.0 on a 5-point scale, leaving relatively 

little room for improvement. One statement yielded a decrease in agreement, with an 

average rating of 4.07 on the pre-survey and 3.74 on the post (Mean Diff. = -0.33, SD = 

1.00). While there were no statistically significant gains observed, students exhibited overall 

positive growth in regards to their learning attitudes about chemistry. Appendix E includes a 

table of descriptive data and significance test results. 
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Conclusion 
When assessing student gains in experience with certain course elements, it’s evident that 

they experienced significant changes during their semester in the course. Such gains in 

experience are directly tied to certain short-term and long-term outcomes. For example, 

students reported increased experience with collecting data as well as being involved in a 

project entirely of student design. According to Corwin et al.’s Ownership Mini-Model, 

collecting novel data and selecting or designing all or part of data collection methods can 

lead to increased project ownership (short-term) and increased motivation in science 

(medium-term)3. Continued monitoring will enable the evaluator to make more concrete 

links between students’ experiences and potential outcomes. 

 
In regards to the CURE statements on students’ science attitudes, while one statement 

resulted in significant changes, the remaining eight statements did not exhibit much change. 

It is possible that the students were confused by certain statements or were not engaged with 

this portion of the survey. It is recommended that these statements be replaced by a different 

subset from the Classroom Undergraduate Research Experience survey for future 

assessment. 
 
Finally, students exhibited high levels of agreement on the CLASS survey items before 

engaging in course work and program activities. With relatively little room for gains, 

students exhibited increases in agreement on six of seven scale items. One item, which is 

categorized as “Enjoyment,” experienced a decrease in average ratings. In order to 

investigate this negative shift, it is recommended to add more statements to the Enjoyment 

construct, enabling a more thorough analysis of student attitudes related to Chemistry 

enjoyment. Many researchers hypothesize that a change in teaching methods to incorporate 

more engaging, interactive course activities will improve students’ attitudes towards 

science4. As students continue to engage in STEM pathways through hands-on, scientific 

research activities, they will have the potential to adopt “expert-like” attitudes towards 

chemistry.  

 
 
	

																																																								
3 Corwin, L. A., Graham, M. J., & Dolan, E. L. (2015). Modeling course-based undergraduate research 
experiences: An agenda for future research and evaluation. Life Sciences Education, 14, 1-13.  
4 Hansen, M., & Birol, G. Differences in student attitudes towards biology – First year versus third year [PDF 
Document]. Retrieved from Lecture Notes on Online Website: 
http://www.cwsei.ubc.ca/Files/EOY/EOY2010/Posters/Hansen_Birol_DifferencesInStudentAttitudesTowa
rdsBiology.pdf 
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Appendix A 
Tables: (A) Majors by Gender and (B) Highest Expected Degree by First Generation Status 

  

Major 
Gender 

Total 
Female Male 

Aerospace Engineering - 1 1 

Applied Mathematics 1 - 1 

Astrophysics - 1 1 

Biochemical Engineering - 1 1 

Biochemistry - 2 2 

Bioengineering - 1 1 

Biology 3 1 4 

Computer Science 1 3 4 

Cytotechnology 1 - 1 

Dietetics 1 - 1 

Engineering 1 - 1 

Marine Biology 1 - 1 

Math & Science 1 - 1 

Mechanical Engineering - 4 4 

Nursing 1 - 1 

Pre-Vet/Biochemistry 1 - 1 

Psychology 1 1 2 

Total 13 15 28 

Highest Expected 
Degree 

First-Generation 
Total 

Yes No 

Bachelors Degree 2 3 5 

Masters Degree* 4 1 5 

Medical Degree* 1 1 2 

Ph.D. 6 - 6 

Ph.D./M.D. 3 - 3 

Professional Program 1 2 3 

Other - 1 1 

No Response - 1 1 

Total 17 9 26 

Table A Table B 

*2 students who did not report first-generation status reported 
Masters Degree and Medical Degree as their highest expected degree 
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I would describe myself as reflective. 

I prefer subjects with multiple 
interpretations. 

I value patience. 

I like things to be varied and colorful. 

I would describe myself as an observer. 

I take a creative and imaginative 
approach to solving problems. 

I would describe myself as receptive 
and accepting. 

I like to watch what is going on. 

I strive for versatility. 

RO 

CE 

RO 

CE 

RO 

CE 

CE 

RO 

CE

AE 

AC 

AE 

AC 

AE 

AC 

AC 

AE 

AC

I would describe myself as action 
oriented. 

I prefer subjects with precise answers. 

I value getting things done. 

I like things to be exact and precise. 

I would describe myself as a doer. 

I take a precise and calculated approach 
to solving problems. 

I would describe myself as evaluative 
and logical. 

I like to see the results of my actions. 

I strive for accuracy. 

Appendix B 
Graphic Representation of  Learning Style Scale Results 
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Appendix C 
Student Experiences with Course Elements: Descriptives and Significance Test 

 

Bolded items are statistically significant (p ≤ .05). 

Scale: (1) No Experience, (2) Little Experience, (3) Some Experience, (4) Much Experience, (5) Extensive Experience  

Course Elements 
Pre-Survey Post-Survey 

t Sig. 
Mean SD Mean SD 

1. A lab or project where no one knows the outcome  3.11 1.066 3.68 .945 -3.15 .004 
2. A project in which students have some input into 

the research process and/or what is being studied 3.21 1.258 3.68 1.020 -1.69 .102 

3. A project entirely of student design 2.57 1.345 3.29 1.117 -3.29 .003 
4. Work individually 4.30 .669 4.15 .770 0.891 .381 
5. Work as a whole class 3.19 1.302 3.63 1.275 -1.40 .173 
6. Become responsible for a part of the project 3.04 1.224 4.37 .742 -6.68 .000 
7. Read primary scientific literature  3.08 1.324 3.54 1.174 -1.466 .155 
8. Write a research proposal  3.78 1.013 3.59 1.248 0.71 .485 
9. Collect data  3.75 1.005 4.75 .441 -5.86 .000 
10. Analyze data  3.21 1.315 4.64 .559 -5.87 .000 
11. Present results orally 3.85 1.084 3.27 1.282 -1.83 .079 
12. Present results in written papers or reports  4.04 .980 4.11 .892 -0.27 .787 
13. Present posters 3.16 1.143 2.44 1.356 3.27 .003 
14. Discuss reading materials in class 4.19 1.075 3.78 1.188 1.89 .070 
15. Maintain lab notebook 3.89 .916 4.46 .793 -2.52 .018 
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Appendix D 
Classroom Undergraduate Research Experience (CURE) Items: Descriptives and Significance Test 

 

Bolded items are statistically significant (p ≤ .05). 
Italicized, negatively worded items are inversely weighted. 
Scale: (1) Strongly Disagree, (2) Disagree, (3) Neither Disagree nor Agree, (4) Agree, (5) Strongly Agree 
  

CURE Rating Statements 
Pre-Survey Post-Survey 

t Sig. 
Mean SD Mean SD 

1. Even if I forget the facts, I’ll still be able to 
use the thinking skills I learn in science. 4.07 .539 4.43 .634 -3.38 .002 

2. You can rely on scientific results to be true 
and correct. 3.46 1.036 3.61 .786 -0.75 .460 

3. When scientific results conflict with my 
personal experience, I follow my 
experience in making choices. 

2.75 1.005 3.04 1.347 -1.137 .265 

4. Creativity does not play a role in science. 3.04 1.138 3.14 1.044 0.55 .587 
5. Real scientists don’t follow the scientific 

method in a straight line. 2.43 .959 2.61 1.066 -0.71 .485 

6. There is too much emphasis in science classes 

on figuring things out yourself. 
2.41 .971 2.26 1.023 -0.81 .425 

7. Only scientific experts are qualified to make 

judgments on scientific issues. 
2.46 1.036 2.07 1.184 -1.65 .110 

8. The main job of the instructor is to 
structure the work so that we can learn it 
ourselves. 

3.46 .962 3.64 1.026 -0.80 .433 

9. If an experiment shows that something doesn’t 

work, the experiment was a failure. 
3.00 .816 2.86 1.044 -0.94 .355 
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Appendix E 
Colorado Learning Attitudes about Science Survey (CLASS) Items: Descriptives and Signficance Test 

 

Scale: (1) Strongly Disagree, (2) Disagree, (3) Neither Disagree nor Agree, (4) Agree, (5) Strongly Agree 

	

 
CLASS Rating Statements 

Pre-Survey Post-Survey 
t Sig.  Mean SD Mean SD 

Real World 
Connection 

1. I think about the chemistry I experience 
in everyday life. 3.67 1.038 3.93 1.141 -1.02 .316 

2. Learning chemistry changes my mind 
about how the natural world works. 4.37 .742 4.48 .580 -0.90 .376 

3. Reasoning skills used to understand 
chemistry can be helpful to my everyday 
life. 

4.41 .572 4.44 .641 -0.33 .746 

Problem 
Solving 

Strategies 

4. To understand chemistry, I sometimes 
think about my personal experiences and 
relate them to the topic being analyzed. 

3.81 .921 4.00 .961 -1.22 .232 

Problem 
Solving  
Effort 

5. When studying chemistry, I relate the 
important information to what I already 
know rather than just memorizing it the 
way it is presented. 

4.22 .801 4.41 .636 -1.04 .306 

Reasoning 
6. If I get stuck on answering a chemistry 

question on my first try, I usually try to 
figure out a different way that works. 

3.96 .759 4.11 .751 -1.07 .294 

Enjoyment 7. I want to study chemistry because I want 
to make a contribution to society. 4.07 .958 3.74 .903 1.73 .095 


