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GK-12 Engineering Fellows Changed Student Perceptions;
Science Fellows, Not So Much

Abstract

The broad objective of this research was to investigate middle school students' attitudes towards,
and perceptions of, engineering and science. Additionally, the research investigated what impact,
if any, long-term school-based collaboration with graduate level students from STEM disciplines
had on middle school student attitudes and perceptions of engineering and science. To capture
student attitudes, two surveys were designed. The first assessed student attitudes towards, and
perceptions of, engineering while the second assessed attitudes towards, and perceptions of,
science. Surveys were administered to middle school students in science classrooms taking part
in a NSF-funded Graduate STEM Fellowship in K-12 Education program. In this program
graduate students in engineering or science (Fellows) worked one-two days a week in middle
school science classrooms, enhancing science education through inquiry and design projects that
support state education standards. Students in classrooms with engineering graduate students
were given the engineering survey; students in classrooms with science graduate students were
given the science survey. In both cases, pre-surveys were administered to the middle school
students before the graduate student’s first visit to the classroom and post-surveys were
administered at the end of the school year. Approximately 1000 pre-post surveys could be
matched for analysis in this study. The findings suggest that students with engineering Fellows
showed significant pre to post change in their attitudes towards engineering and perceptions of
engineers. Conversely, students with science Fellows did not exhibit significant pre to post
change in their perceptions of scientists or attitudes towards scientists. This paper discusses the
differences and similarities in how the middle school students reacted to their interactions with
engineering and science GK-12 Fellows.

Introduction

The National Science Foundation’s Graduate STEM Fellows in K-12 Education (GK-12)
program was established in 1999 and supports fellowships and training for graduate students in
science, technology, engineering, and mathematics (STEM). Through interactions with teachers
and students, the program is designed for graduate level students from STEM disciplines, known
as GK-12 Fellows (Fellows), to improve their communication and teaching skills while enriching
STEM content and instruction in K-12 schools. Through about 300 projects in more than 140
different universities throughout the United States and Puerto Rico’, thousands of graduate
students majoring in engineering, science, mathematics and other technology-related majors have
interacted with hundreds of thousands of K-12 students. The characteristics and focus of GK-12
projects vary by site; however most follow one of two operational designs®. Some projects use an
“Exposition Model” that has Fellows completing presentations in many schools or districts over
the course of a year. Other projects follow a “Classroom Immersion Model” that places Fellows
into the classrooms of one or two teachers so that the Fellow can work directly with teachers and
students over an extended period of time. Investigating the impact that different GK-12 programs
have had on graduate students and K-12 teachers and students is therefore of interest to the
academic community. This study focused on one GK-12 project that followed a Classroom
Immersion model.
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Much of what has been written about GK-12 programs describes the activities of Fellows>™.

Most of the literature that includes assessment - or research-based results has focused on how the
GK-12 program impacted graduate students'®?” and teachers®2. Few studies investigated how
K-12 students were affected by involvement in GK-12 programs®>>°. Preliminary research
focused on students involved in GK-12 programs reveals the potential of such programs to
positively impact students. For example, a previous study by Thompson?® highlighted how
minority students' perceptions and understandings of engineering were enhanced as a result of
program participation. However, this study involved a small student sample size and little other
available research on students involved in such programs exists. This research discussed in this
paper sought to address this shortcoming by studying a larger audience of GK-12 student
participants and attempting to determine if previously reported findings were the influenced by
the project design or discipline of the Fellows. The study reported here contributes to our
understanding of the impact that GK-12 programs can have on the K-12 students.

Many of the GK-12 projects have been themed towards specific disciplines (e.g. marine science,
mathematics or engineering). While the literature clearly indicates the positive effects of GK-12
programs on K-12 students, it is difficult to make comparisons across studies and investigate the
effects of specific variables, such as the grade level (elementary, middle or high school), the
design of the GK-12 program, or the major of the GK-12 Fellow. For the project involved in this
study, GK-12 Fellows were recruited from both science and engineering disciplines, but all were
engaged in middle school science classrooms. All had the common goal of implementing
inquiry-based, hands-on activities for the students. This included efforts to explicitly connect the
Fellow’s research and disciplinary content to classroom instructional activities. The types of
Fellow activities have been previously described (references to be added in final paper). The
study reported in this paper investigated if the GK-12 Fellows degree discipline (engineering or
science) was a variable that influenced student perceptions and/or attitudes towards engineering
and science.

Study Design

To capture student attitudes, two surveys were designed (see Appendix A). The first assessed
student perceptions of, and attitudes towards, engineering while the second assessed perceptions
of, and attitudes towards, science. The development of these surveys has been previously
described in the context of an investigation of how student gender affects attitudes towards
engineering (reference to be added in final paper). The wording of individual items was identical
on both surveys, except engineers were the subject of one survey and scientists the subject of the
other. For example, on the Engineer in Science Class (EISC) survey, students were asked to rate
their agreement with the statement “Engineers make people’s lives better.” The parallel
statement on the Scientist in Science Class (SISC) survey was “Scientists make people’s lives
better.” Sixteen questions on each survey asked students about the characteristics of engineers
or scientists, three questions asked about their personal attitudes towards engineering and
science, and one question asked the student if she or he would like an engineer (or scientist) to
help teach in their science classroom. This last question also asked “why or why not,” which
invited a free response.

The GK-12 program that is associated with this study provides fellowships to graduate students
in engineering and in science to work one or two days a week in middle school science
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classrooms, enhancing science education through inquiry and design projects that support state
education standards. Surveys were administered to sixth, seventh and eight grade students who
attended public schools in or near a metropolitan area in the Southeastern United States with a
population of about 350,000. Two-thirds of these students had a GK-12 Fellow majoring in
Engineering (Biomedical, Chemical, Computer, and Mechanical) and one-third had a Fellow
majoring in Science (Geological Sciences, Marine Science, Biomedical Science, and Biology).

All of the Fellows, regardless of major, worked to implement inquiry-based student-performed
activities that addressed state science standards. However, the way that the Fellows presented
themselves and the way that they discussed the student activities differed. Each Fellow made an
introductory presentation to the students about themselves, their research, and their profession.
Each Fellow wore a badge daily with their name and discipline (e.g. Chris Doe, Chemical
Engineer). When conducting activities with the students, each Fellow made explicit connections
between the middle school science content and their discipline, saying things like “You know, an
engineer would use an understanding of waves to help design buildings that don’t fall down in
earthquakes.” In these ways, students with engineers or scientists in their classrooms received
different messages over the course of the academic year.

To investigate the effects of these messages, students in classrooms where engineering graduate
students worded were given the EISC survey; students in classrooms with science graduate
students were given the SISC survey. In both cases, the pre-surveys were administered to the
middle school students by the classroom teacher before the GK-12 Fellow’s first visit to the
classroom. A total of thirty-two classes were given the EISC survey and twenty-eight the SISC
survey. Parental consent forms were distributed and collected, enabling an analysis of a total of
1008 surveys. Of these, 651 were engineer in the classroom surveys, and 357 were scientist in
the class surveys.

Statistical Analysis

In each survey, students rated 16 belief statements based on a five-point scale: strongly disagree
(1); disagree (2); not sure (3); agree (4); and, strongly agree (5). Scoring was reversed for three
negatively worded statements. Two non-evaluative statements were eliminated from the analysis.
The student’s attitude score was obtained by summing across the 14 item scores. A one-way
analysis of variance (ANOVA) procedure was conducted using the SAS GLM procedure to
determine if students expressed an overall significant difference in their beliefs towards scientists
and engineers after Fellows served as teacher-partners in the science classrooms.

Additionally, two multiple-choice type questions elicited information regarding students’ attitude
toward science and engineering and a third item asked students to indicate the “amount” of
science they learned during the year. One open-ended question asked if students enjoyed having
a scientist or an engineer in the classroom; a follow-up question asked students to provide a
reason for their response. These items were examined and analyzed qualitatively.

Findings

Frequency responses to the sixteen Likert scale questions are shown in Figure 1. ANOVA
results for the engineering pre-post procedure were statistically significant, F (1,1130) = 32.88, p
=.0001. Means (with standard deviations in parentheses) for the pre and post engineering
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surveys were 53.83 (5.67) and 55.78 (5.77), respectively. Although students' understandings of
engineering were fairly accurate on the pre-survey, the possible range was 14 to 60 points on the
survey, students ended with more *“accurate” understandings of the characteristics of an engineer.
These mean score changes also indicate that student beliefs about engineers tended to become
more “positive,” as a group, from the beginning to the end of the school year. This change in
beliefs regarding engineers may be attributable to the inclusion of an Engineering Fellow in the
science classroom.

ANOVA results for the science pre-post procedure were not statistically significant F (1,632) =
2.60, p = .1075 indicating no substantial change in the students’ understandings of science from
the beginning to the end of the school year. The means and standard deviations for pre and post
science surveys were 54.48 (5.71) and 55.23 (6.03), respectively. Although the means suggest
that students held clearer understandings about science at the end of school, there was only a 1
point increase from pre to post measurements. The amount was not sufficient to be significant at
the .05 level. This finding suggests that the introduction of Fellows majoring in a science
discipline did not significantly impact student understandings of science or perceptions of
scientists.

Overall, pre-survey results were significantly different from post-survey results indicating a
slight change in student attitudes and/or understandings. Examination of the response patterns for
each item provides information regarding the type or nature of the changes. Three of the 16
Likert-type statements are negatively worded so that it is expected that students to disagree with
these items. Frequency data confirms these expectations for two or the three items. Students
disagreed with statements that the engineer/scientist “do boring things” and “usually work
alone.” This trend was observed for the pre and the post survey results. Student responses were
mixed for the statement that engineers/scientists always agree on the best way to solve a problem
on the pre and the post surveys. On the post surveys, 31 and 21 percent of the students disagreed
with this statement, 29 and 30 percent of the students were not sure, and 40 and 50 percent of the
students agreed with this statement. Similar results were observed on the pre-study survey.

Individual item analysis revealed additional patterns in the ways that students understood
engineering or thought about engineers. For example, on every pre-survey item students who
completed the engineering surveys were more likely to respond "I don't know" (N) than students
who completed the science surveys. The summaries also showed that every pre to post N
response total declined for engineering, but not for science. This supports earlier findings that
typically students do not have much understanding of engineering or what engineers do
(references already used). These positive changes seem to indicate that exposure to GK-12
engineering Fellows had a significant influence on participating middle school students.

Other response patterns showed how students thought about science and engineering in similar
ways. Three statements elicited a substantially large percentage of “not sure” student responses.
Students were uncertain if engineers or scientists, approximately 56 and 46 percent, respectively,
“get to be the boss.” The remaining students were split between agreement and disagreement
with this statement. Also, on the post survey, students indicated they were not sure if engineers
or scientists work alone; approximately 42 and 38 percent of the students, respectively, selected
the uncertain option. Approximately 48 percent of the students on both engineering and scientist

G'/¥/ 2z abed



surveys disagreed with the statement indicating that they believe engineers and scientists do not
work alone. In addition, approximately 53 (engineers) and 54 (scientists) percent of the students
expressed uncertainty regarding the potential salaries of engineers and scientists. Approximately
42 percent of the students believe engineers and scientist “make a lot of money.”

Four questions on the survey addressed student attitudes towards engineering and science. The
frequency distributions of responses to these questions are shown in Figure 2. The first two of
these questions asked students to select the statement that best reflected their feelings or
“affection” for the engineering or science disciplines. Approximately 63 percent of the student
indicated they either “love” or “like” engineering on the pre-survey. This percentage increased to
72 percent on the post-study survey. When examined separately, by group, post study results
show that 75 (science) and 84 (engineering) percent of the students “love” or “like” science.
Approximately 73 percent (scientist) and 70 percent (engineering) of the students “love” or
“like” engineering. For the total group, approximately 92 percent of the students indicated on
the pre-study survey that they “loved” or “liked” science. On the post survey, only 80 percent of
the students made the same observation. This is the only place I didn't try to edit for meaning.....

A third question asked students to select a statement that represents their belief about how much
science they learned during the school year. On the post-study survey, 78 percent of all students
indicated that they “learned a lot in science class.” Examination of the results by the type of
Fellow participating in the classroom does not reveal a difference in their response patterns for
this item. Post study results for both surveys reveal that 77 percent (engineers) and 79 percent
(scientists) of the students “learned a lot in science class” during the school year.

A fourth question asked students if they enjoyed having an engineer or scientist help teach in
their science classroom. For the total group, approximately 96 percent of the students indicated
that they enjoyed having an engineer or scientist in the classroom. Response patterns by type of
Fellow in the classroom indicate that approximately 95 percent of the students participating in
the engineering survey responded affirmatively. Approximately 98 percent of the students
indicated they liked having a scientist in their classroom.

Students were also asked to indicate why they did or did not like having a scientist or engineer in
their classroom. Student explanations for their responses were varied, but analysis of this data
reveals some major themes. Students frequently indicated that they enjoyed having an engineer
or scientist in the classroom. Students indicated that science class was “fun,” “cool,” “new,” or
“interesting” because they participated in a lot of experiments or activities. Typical student
responses reflecting this opinion include:

e Because we see a lot of cool gizmos.

e Because we get to try new and interesting things.

e At the end of the week we usually would get a break from notes and we would
get to do cool experiments.
He came up with cool ways to teach us new things.
We got to do fun activities
We got to do lots of really cool experiments.
It related to science and it’s fun.
We did a lot more experiments every week.
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We go to do some fun activities and we get to see some cool example and
videos.

We go to do a lot of new experiments and | had a great time.

It was more fun.

It is awesome and very fun doing experiments.

To me it makes science more fun.

Other student responses emphasized the “learning” aspect of the experience. Comments such as
the following were frequently written by the students regarding this aspect of the GK-1 Program.

He opened your eyes to what all they do and it teaches you a lot more...

It helped me grasp some concepts better.

He helped us enhance learning whatever we were learning, he brought in cool
contraptions and inventions and he was a lot of fun.

We learn a lot doing multiple experiments.

Because he taught one a lot.

It’s really cool to know how stuff works and who make them.

It is another way of learning and understanding science.

It is another helpful and easy way to learn things.

It helps me understand the lesson more when he does experiments with us.

It brings out our creative sides and enhances your thinking power.

We learn more by doing.

It’s helpful and we learn more with two good science teachers in the class.

It is helpful and we learn more than reading out of the book when doing hands on
things.

It helps us understand how things work more.

We were able to learn more and we were also able to complete more experiments.
Engineers are a lot of fun and are very creative.

You learn more with them and get to do a lot of hands-on activities.

Many of the students expressed the observation that they learned another perspective from the
Fellow in the classroom. The following student statements reflect this belief.

It was good to have another teacher to get a second opinion.
He gives us another way to look at everything.

We had a different perspective.

She gives a different perspective on how to solve problems.
They help us learn in new ways other than what we are use to.

They help show us different perspectives of science and help us think about things
in different ways.

He showed us and explained to us different ways to look at science.

He helped explained things differently.

You get new views and ideas from someone else, a different perspective. Also our
engineer is very creative and | learned a lot of new things.
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e |t gives another insight on science in the classroom.

Other students emphasized the new information they learned about careers. Here are some of
those student comments.

It helped us learn about the world of engineering.

It helps me understand engineering.

It is something different and it’s interesting to see what an engineer does.

I learned many different things about engineering I never knew.

It gets to show me that they are really good at doing their jogs and that they just
don’t use machines — they have to use their brains as well and their knowledge of
learning.

e His expertise was beneficial to our study and activities.

e Itis neat to see a real engineer in out class and he is very good at explaining
things to us.

There was also the perception that the Fellows in the classroom knew more than the regular
teacher. The following are a few of the comments that make this point.

e \We get a better advantage and more knowledge from the scientist than the science
teacher.

e | think they know more things than a regular teacher so they can help you better in
experiments.

Scientists help explain more than our regular teacher.

They know more than some teachers.

You can learn science from the mouth of a true professional.

The scientist can break it down easier for me to understand.

If we did not have a scientist teacher, we wouldn’t have learned any science.

They help the teachers and the students learn more about what they need to learn.

We learned more about some subjects and things our teacher couldn’t tell us
about.

Concluding Remarks

Comparison of the pre-post survey results helps investigate the effects of the graduate student’s
efforts. The findings suggest that students with engineering Fellows showed a statistically
significant change in their perceptions regarding engineering and engineers at the end of the
school year compared to the beginning of the school year. Students with science Fellows did not
exhibit a significant change in their perceptions regarding science and scientists from the pre to
the post survey. Two items asked students to select the statement that best reflects their feelings
or “affection” for the engineering and science disciplines. Among students with engineering GK-
12 Fellows, there was an increase in the number of students who either “love” or “like”
engineering from the pre- to post-survey. Regardless of whether the Fellow was an engineer or a
scientist, fewer students responded that they either “love” or “like” science on the post survey
than on the pre survey. Whether or not this is a consequence of the GK-12 program, or other
factors that affect middle school students, is not clear. What is encouraging for engineering
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educators is that the change in student attitudes towards science was less significant in
classrooms with engineers than with scientists. This finding may have implications for
individuals and organizations interested in improving scientific literacy among the general public
by improving student awareness of what engineering and science are all about.
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Figure 1 (cont). Pre/post responses to perception questions on the Engineer in Science Class and Scientist in Science Class surveys.
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Figure 1 (cont). Pre/post responses to perception questions on the Engineer in Science Class and Scientist in Science Class surveys.
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Figure 1 (cont). Pre/post responses to perception questions on the Engineer in Science Class and Scientist in Science Class surveys.
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Appendix A
Engineer in Science Classroom Survey

First Name Last Name,

Directions: Please read the following statements and tell whether you agree or disagree with them. Rate

your responses 1 to 5, with 1 meaning "Strongly Disagree” and 5 meaning "Strongly Agree”.

Strongly | Disagree | NotSure | Agree | Strongly
Disagree Agree
1. Engineers do many different kinds of work. 1 2 3 4 5
2. Engineers are creative people. 2 3 4 5
3. Anyone who wants to can become an Engineer. 1 2 3 4 5
4. Engineers make a lot of money. 1 2 3 4 5
5. Engineers make people's lives better. 1 2 3 4 5
6. Engineers do boring things. 1 2 3 4 5
7. Engineers need to be good problem solvers. 1 2 3 4 5
8. Engineers always agree on the best way to solve a problem. 1 2 3 4 5
9. Engineers use lots of ways to communicate ideas. 1 2 3 4 5
10. Engineers need to be good at math. 1 2 3 4 5
11. Engineers do a lot of work with their hands. 1 2 3 4 5
12. Engineers do a lot of work with their brains. 1 2 3 4 5
13. Engineers get to be the boss. 1 2 3 4 5
14. Engineers discover new knowledge. 1 2 3 4 5
15. Engineers design new things. 1 2 3 4 5
16. Engineers usually work alone. 1 2 3 4 5
Circle the sentence that fits you best: I love engineering.
I like engineering.
I don't care about engineering.
I hate engineering.
Circle the sentence that fits you best: I love science.
I like science.
I don't care about science.
I hate science.
Circle the sentence that fits you best: This year I learned a lot in science class.

This year I learned a little bit in science class.
This year I learned nothing in science class.

Did you like having an Engineer help teach in your science classroom? Why or why not?
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Scientist in Science Classroom Survey

First Name Last Name,

Directions: Please read the following statements and tell whether you agree or disagree with them. Rate

your responses 1 to 5, with 1 meaning "Strongly Disagree” and 5 meaning "Strongly Agree”.

Strongly | Disagree | NotSure | Agree Strongly
Disagree Agree
1. Scientists do many different kinds of work. 1 2 3 4 5
2. Scientists are creative people. 2 3 4 5
3. Anyone who wants o can become a Scientist. 1 2 3 4 5
4. Scientists make a lot of money. 1 2 3 4 5
5. Scientists make people's lives better. 1 2 3 4 5
6. Scientists do boring things. 1 2 3 4 5
7. Scientists need to be good problem solvers. 1 2 3 4 5
8. Scientists always agree on the best way to solve a problem. 1 2 3 4 5
9. Scientists use lots of ways to communicate ideas. 1 2 3 4 5
10. Scientists need to be good at math. 1 2 3 4 5
11. Scientists do a lot of work with their hands. 1 2 3 4 5
12. Scientists do a lot of work with their brains. 1 2 3 4 5
13. Scientists get to be the boss. 1 2 3 4 5
14. Scientists discover new knowledge. 1 2 3 4 5
15. Scientists design new things. 1 2 3 4 5
16. Scientists usually work alone. 1 2 3 4 5
Circle the sentence that fits you best: I love engineering.
I like engineering.
I don't care about engineering.
I hate engineering.
Circle the sentence that fits you best: I love science.
I like science.
I don't care about science.
I hate science.
Circle the sentence that fits you best: This year I learned a lot in science class.

This year I learned a little bit in science class.
This year I learned nothing in science class.

Did you like having a Scientist help teach in your science classroom? Why or why not?
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