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FIGURE 4: Collaborative nature of the authentic science experience 

Currently, there is a national push for STEM based initiatives in K-12 

classrooms. This model has the each of the elements of a STEM project, as summarized 

in the figure 5. With regard to science, students were learning about photosynthesis and 

renewable energy while learning scientific practices such as those described in the Next 

Generation Science Standards (Achieve, 2013). In addition, technology and mathematics 

were incorporated as students learned how to use Microsoft Excel to analyze data. This 

included creating formulas to calculate biomass production, averaging total solid and pH 

data, and graphing their data to examine relationships between dependent and 

independent variables. Additionally, students learned engineering principles as they 
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helped to design and build bioreactors, as well as operating parameters such as gas flow 

rates. 

 

FIGURE 5: The algae biofuel project as a model of STEM education. 
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Recommendations 

 Creating an authentic science program requires active buy-in and participation by 

all stakeholders, including students, teachers, and researchers. One disadvantage is that 

researcher participation can sometimes get in the way of carrying out other research 

interests (Feldman & Pirog, 2011). While altruism and a personal desire to work with the 

community on the part of researchers is important, funding the project is one way in 

which to create a mutually beneficial partnership. In addition, this is an opportunity for 

engineering or science graduate students to perform pilot work that will further their 

dissertation research. It is also important to consider the interest and motivation of the 

teacher (Feldman & Pirog, 2011). As shown in this study, the teachers commitment to the 

project will make a difference for the students. 

Exposure to Scientists and Engineers 

 The intervention was designed for students to experience authentic science by 

participating in an algal biofuel project, and to interact with practicing scientists and 

engineers during a field trip to the university. Part of the field trip included students 

talking with graduate students from the college of Engineering during a poster 

symposium. The individuals the students interacted with were very diverse based on age, 

gender, and ethnicity, but were also international graduate students. For example, high 
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school student participants were not necessarily interacting with African-American 

students, or Hispanic students that were American citizens. Future studies are merited to 

examine whether this factor influences student perceptions.	
  

Limitations 

All of the researchers (education and engineering) had a stake in this project, due 

to personal reasons and drives that led us to choosing to be involved in this type of study. 

For me, as an education researcher, my passion was and still is creating positive science 

education experiences for all students and sharing my love of science and the thrill of 

self-discovery with my students. For the engineering researchers, I believe their 

commitment to environmental engineering was coupled to their desire to create positive 

environmental stewardship among our citizens. I considered their willingness to be 

involved in this type of project admirable and altruistic in nature as it did not necessarily 

advance their research careers. 

I recognize that I was the sole observer in this study, and that my personal beliefs, 

thoughts, and biases were inherently part of the process. In order to address this 

limitation, I used several strategies. First, I utilized member checking through out the 

study to make certain that I accurately captured their perceptions, thoughts, and beliefs. 
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This took place during face to face and email communications with the teacher. Second, I 

used peer review with other educational researchers to discuss findings and 

interpretations during weekly group meetings. While it was not possible for me as he 

researcher to completely eliminate biases and beliefs it did help me to keep them in 

check. 

One limitation of this study was the selection process for study participants. It 

became necessary to choose a school and a teacher that was willing to collaborate with 

the university. For this reason, we were able to work at an urban high school in the 

southeastern United States. Currently, this school is a science magnet that enrolls regular 

and magnet students and has a very diverse student population. Also, in order to 

minimize disruption of covering the required curriculum, we worked with an honors 

Marine Science class that included AP, honors, and regular students. Thus, the students 

studied were purposefully selected and may not necessarily reflect the general student 

population. As a result, the findings may be replicable or applicable to a more limited 

subset of our student population. Additional studies at different types of schools in 

different areas are necessary before generalizations can be made about the reproducibility 

of the intervention. 
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Another limitation was the IAS instrument. The IAS was chosen as an instrument 

because of the limitations about gender and ethnicity identification with the DAST. 

However, presenting students with a photo eliciting activity and asking them to choose 

from a finite group of photos introduces its own limitations as we are restricting their 

choice to the finite number of photos they are shown. To minimize this limitation, 

interview and journal data were triangulated with the IAS data. 

Delimitations 

The purpose of this study was to investigate how students were affected by 

participation in an authentic science experience. Thus, the parameters of this study were 

designed so that my primary focus was on the learning, attitudes, perceptions, and 

behaviors of students involved in the project. While I am interested in the thoughts, 

beliefs, and experiences of the teachers and researchers involved in the project, it was to 

the extent that it can provide insight into student experiences and how their behaviors 

may influence student attitudes, perceptions, and learning of science.  

In addition, the aspects of the project reflected laboratory-based science. This is 

an important delimitation as research shows that the laboratory based scientist is one of 

the typical stereotypes that students possess and expect (Finson, 2002; Walls, 2012). 

However, this is a limited view of science, as other areas of scientific research may be 
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field-based, laboratory-based, computer modeling-based, as well as observational or 

theoretical in nature. 	
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APPENDIX A: INTERVIEW PROTOCOLS 
Student Interview questions 
Background questions 

1) Why are you taking this class? 
2) Why are you in the magnet program? 
3) What are your dreams for the future? What are you interested in doing after high 

school? 
4) What are your favorite subjects in school? 

 
I’m now going to ask you some questions about this class and the project. 

5) What are you studying in this class now (besides the algae project)? 
6) How well do you understand these concepts? 
7) What helps you to understand them? What gets in the way? 

 
I’m now going to ask you questions about how you responded to the survey and test. 

8) Tell me more about your response about your ability to do science on the pre-
survey. 

9) When you hear the word scientist, tell me what comes to mind. 
10) What do you think you would need to do in order to become a scientist when you 

grow up? 
11) Tell me more about why you chose that individual on the Identify A Scientist 

survey. 
12) Is what you did in this project similar to/different from what you think scientists 

do day to day? How is it same/different? 
13) How does what you did in this project compare to classroom science before this 

project? 
 
Interview questions for professors: 
Intentions: 

1) Why do you work with schools and communities? 
2) What outcomes do you expect from this project? 
3) Is this pure outreach or does it contribute to your research? 
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4) Why are your graduate students involved in the project? 
5) How do your graduate students benefit from being involved in this project? 
6) What effect does this work have on your career? 
7) What did you think your role would be in this project? 
8) What did you think the teacher’s role would be in this project? 
9) What did you think your graduate students’ roles would be in this project? 
10) What did you expect the students to do in this project? 

 
What happened: 

1) What did you do during this project? 
2) What did the teacher do during this project? 
3) What did your graduate students do during this project? 
4) What did the students do during this project? 
5) Tell me about the actual science activities the students performed. 

 
Reflective: 

1) How did it go? 
2) Tell me about the highlights of the project? 
3) Did anything not go as planned? If so, tell me about that. 
4) What would you do differently or will you do differently as you move forward? 
5) Why is this type of outreach important to you? 

 
 
Interview questions for graduate students: 
Intentions: 

1) Why did you become involved in this project? 
2) What outcomes do you expect from this project? 
3) What did you think your role would be in this project? 
4) What did you think your professor’s role would be in this project? 
5) What did you think the teacher’s role would be in this project? 
6) What did you expect the students to do in this project? 

 
What happened: 

1) What did you do during this project? 
2) What did your professor do during this project? 
3) What did the teacher do during this project? 
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4) What did the students do during this project? 
5) Tell me about the actual science activities the students performed. 

 
Reflective: 

1) How did it go? 
2) Tell me about the highlights of the project. 
3) Did anything not go as planned? If so, tell me about that. 
4) What would you do differently or will you do differently as you move forward? 

 
Interview questions for teacher: 
Intentions: 

1) Why did you become involved in this project? 
2) What outcomes do you expect from this project? 
3) What did you think your role would be in this project? 
4) What did you expect students to do in this project? 

 
What happened: 

1) What did you do during this project? 
2) What did the professor do during this project? 
3) What did the graduate students do during this project? 
4) What did your students do during this project? 
5) Tell me about the actual science activities your students performed. 
6) Tell me about a typical day for your students during the project. 

 
Reflective: 

1) How did it go? 
2) Tell me about the highlights of the project. 
3) Did anything not go as planned? If so, tell me about that. 
4) What would you do differently or will you do differently as you move forward? 
5) How were your students affected by this project? 
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APPENDIX B: IDENTIFY-A-SCIENTIST 

 

 
 
After viewing the photographs, students will be asked three questions:  

(1) Who in this group of photographs do you believe is the scientist? 
(2) On a scale of 1 to 5, how sure are you of your selection? 
(3) Why did you choose that particular individual?  
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APPENDIX C: PRE/POST ASSESSMENT & SURVEY 

I. Place an þ in the box indicating how much do you agree or disagree with the 

following statements.  

SD = Strongly Disagree    D = Disagree    U = Unsure  A = Agree   SA = Strongly Agree 

 SD D U A SA 

1. The Algae Biofuel Project will help me to 
understand how scientists do research. 

r r r r r 

2. I will participate in the Algae Biofuel Project 
like a real scientist. 

r r r r r 

3. Participating in the Algae Biofuel Project will 
make me want to do research like a scientist. 

r r r r r 

4. I will feel like a real scientist when I participate 
in the Algae Biofuel Project. 

r r r r r 

5. I can ask a scientific research question. r r r r r 

6. I can create a research hypothesis. r r r r r 

7. I can design a scientific experiment. r r r r r 

8. I can make observations and collect data. r r r r r 

9. I can figure out what the data means. r r r r r 

10. I can explain to others the results of the 
research. 

r r r r r 

 
11. Explain the difference between renewable and nonrenewable resources. 

 
12. What benefits are obtained from growing algae? 
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APPENDIX D: HOW DO YOU FEEL ABOUT SCIENCE? 
There are some statements about science in this survey. You may agree with some of the 
statements and you may disagree with others. That is exactly what you are asked to do. 
By doing this, you will show how you feel about science. 
 
After you have carefully read a statement, decide whether or not you agree with it. If you 
agree, decide whether you agree a little or a lot. If you disagree, decide whether you 
disagree a little or a lot. You may decide that you are unsure or cannot decide. Then, find 
the number of that statement on the answer sheet, and CIRCLE the: 

1 if you DISAGREE strongly or a lot 
2 if you DISAGREE a little 
3 if you are unsure 
4 if you AGREE a little 
5 if you AGREE strongly or a lot 

Please respond to each statement and circle only ONE letter for each statement. 

 
Strongly 

disagree 
Disagree Unsure Agree 

Strongly 

agree 

1. Science is useful for the problems of 

everyday life. 
1 2 3 4 5 

2. I don't do very well in science. 1 2 3 4 5 

3. I would like to do some outside 

reading in science. 
1 2 3 4 5 

4. Science is easy for me. 1 2 3 4 5 

5. Most people should study some 

science. 
1 2 3 4 5 

6. Sometimes I read ahead in my science 

book. 
1 2 3 4 5 

7. I usually understand what we are 

talking about in science. 
1 2 3 4 5 

8. I feel uneasy when someone talks to 

me about science. 
1 2 3 4 5 
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9. Science is of great importance to a 

country's development. 
1 2 3 4 5 

10. I would like a job which doesn't use 

any science. 
1 2 3 4 5 

11. I am good at doing science problems. 1 2 3 4 5 

12. You can get along perfectly well in 

everyday life without science. 
1 2 3 4 5 

13. It makes me nervous to even think 

about doing science. 
1 2 3 4 5 

14. It scares me to have to take science. 1 2 3 4 5 

15. I have a good feeling toward science. 1 2 3 4 5 

16. If I don't see how to do a science 

problem right away, I never get it. 
1 2 3 4 5 

17. I would rather be given the right 

answer to a science problem than to work 

it out myself. 

1 2 3 4 5 

18. It is important to me to understand 

the work I do in science. 
1 2 3 4 5 

19. I have a real desire to learn science. 1 2 3 4 5 

20. If I don't see how to do a science 

problem right away, I never get it. 
1 2 3 4 5 

21. No matter how hard I try, I cannot 

understand science. 
1 2 3 4 5 

22. I often think, "I can't do it," when a 

science problem seems hard. 
1 2 3 4 5 

23. It is important to know science in 

order to get a good job. 
1 2 3 4 5 

24. I enjoy talking to other people about 

science. 
1 2 3 4 5 

25. Sometimes I do more science 

problems than are given in class. 
1 2 3 4 5 

26. I remember most of the things I learn 

in science. 
1 2 3 4 5 

27. Science is something which I enjoy 

very much. 
1 2 3 4 5 
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28. Solving science problems is fun. 1 2 3 4 5 

29. There is little need for science in 

most jobs. 
1 2 3 4 5 

30. When I hear the word science, I have 

a feeling of dislike. 
1 2 3 4 5 

31. I would like to spend less time in 

school doing science. 
1 2 3 4 5 

32. Science is helpful in understanding 

today's world. 
1 2 3 4 5 
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