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Abstract 

 

While science subjects intrigue a large percentage of young students, the numbers 

continually drop over the course of pre-college exposure to the STEM (science, 

technology, engineering, and mathematics) topics. Therefore this study was designed to 

assess the effectiveness of ‘One Touch’ STEM education programs in changing students’ 

perception of STEM and/or scientists. It in particular asks if it affects one gender or age 

more than another. The results indicated that 1st grade students began with the least 

ability to identify with STEM and scientists (with pre-survey questions averaging 2.13 on 

a scale indicating ‘positive identification’ while 5th, 8th, and 11th grade students averaged 

2.45, 2.32, and 2.42, respectively) and also showed the greatest potential for change (with 

an average change of 42.34% while 5th, 8th, and 11th grade students averaged 30.25%, 

24.15%, and 26.70%, respectively). The results also showed that female students began 

with the least ability to identify with STEM and scientists (with pre survey questions 

averaging 2.30 while male students averaged 2.42), and showed a greater potential for 

change (with an average change of 31.97% while male students averaged 24.55%). 

Results of this study suggest that STEM education should begin early and address gender 

stereotypes. With this information, STEM advocates in Tucson will be able to better 

utilize funding and understand their target populations. 

 

  



 

Introduction 

I took a few deep breaths as I always did before walking into an auditorium to 

speak to hundreds of students. I was used to the routine by now: enter and be introduced, 

give speech, answer questions and talk with the students, and this was my last speech of 

the year. My speech was well rehearsed and committed to memory from the number of 

times I had said it before, and this time was to be no different. So I walked into the 

auditorium and looked at the faces of six hundred elementary students bright eyed and 

some a little confused as to what this “pageant girl” could possibly have to say to them. I 

was Miss Arizona 2011, and the opportunities I had to inspire the next generation were 

some of my favorites of the year. By the time I was finished with my inspirational speech, 

the room erupted with little arms flying in the air to ask questions. In typical fashion, 

about half of the “questions” were more like stories that they couldn’t wait to share with 

me, and that I couldn’t wait to hear. I called on a third grade girl, who then proceeded to 

tell me that she, like me, loved science, but she always felt embarrassed to admit it 

because “science was for boys”. This, too, was part of the routine of giving this speech: 

hear all the other young girls who could relate to my love of science, but felt 

embarrassed or discouraged to pursue it because of some stereotype that surrounded 

STEM fields. I decided then that when my year as Miss Arizona ended, I would do 

something to find out why these girls felt this way. 

And so I did. As a sophomore, I applied and received research funding from 

Women In Science and Engineering (WISE), through which I discovered that the 

problem stemmed from many causes including stereotypes, socioeconomic status, history 



of family education, among others. I decided to address this issue in my community by 

creating a STEM Equity Lecture series that I could present to local junior high and high 

school students to educate them about STEM fields and the importance of pushing past 

stereotypes. My planning, research, fieldwork, and networking helped me obtain the 

position of Assistant Director to the STEMAZing Project (a state-wide initiative to 

increase science, technology, engineering, and mathematics integration into schools) at 

the Office of the Pima County School Superintendent. This position offered me the 

opportunity to reach more students and to implement real change. But there I learned 

something new: just like I had, many business and outreach groups were targeting older 

students in STEM education. Whether it was because of the quicker investment 

turnaround, a perceived greater impact, or temporal proximity to college or careers, it was 

true that most STEM efforts were being aimed at junior high and high school students. 

However, research was beginning to suggest that we might need to influence students 

earlier in order to make a more significant impact (Spuck & Livingston, 2014).  And so 

the idea for this study was formed: can we truly make an impact on students’ perception 

of STEM fields and self-identification with scientists? Was my method of outreach 

effective? And at what age could I make the greatest impact? With this study, we are one 

step closer to knowing these answers. 

  



 

Background 

STEM is an acronym for science, technology, engineering, and mathematics. 

However, these subjects are not randomly chosen, and collectively represent an 

educational approach. This approach has been defined as “an interdisciplinary approach 

to learning where rigorous academic concepts are coupled with real-world lessons as 

students apply science, technology, engineering, and mathematics in contexts that make 

connection between school, community, work, and the global enterprise” (Tsupros, 

Kohler, & Hallinen, 2009). As mentioned in the introduction, I piqued an interest in 

STEM outreach while I traveled the state doing motivational speaking at K-12 schools. 

Through these interactions, it became apparent that many young students with an interest 

in science “just like me”, felt discouraged by their peers or society from pursuing their 

passion due to feelings of inadequacy, whether from stereotypes, socioeconomic status, 

history of family education, and more. Though there are many forms of STEM outreach 

and education, I focused on one-touch programming, which means that the students are 

exposed to a lesson or program only once.  For both this study and the previous outreach 

program I was involved in, this consisted of a lesson on what STEM is and about STEM 

fields, followed by some type of hands-on activity. As I began to work in STEM 

outreach, I wanted to know which population I should focus on. To know this, I needed 

to know which population I could have the greatest effect on when working to alter their 

perception of and self-identification with STEM and scientists. And with such a diverse 

population in Tucson, the question became clear: to whom should our efforts be most 

strongly directed (e.g., boys or girls? elementary, middle or high school students?).  My 



Senior Honors Thesis encompasses confronting this and other questions, including: will 

my presentation change their perception of STEM or scientists? Does it affect one gender 

more than another? Does it affect one age group more than another? And how can these 

results be used to change the way that we approach early STEM education and STEM-

related stereotypes?  

While working in the Pima County School system, I noticed that although there 

are various efforts being made to focus education on early childhood education (defined 

in Arizona as birth through third grade), many business are still more willing to invest in 

high school students because of the quicker turnaround into the workforce. While it is 

true that investment in education at any age is worthwhile, if the investments can be 

centralized to the most ‘affectable’ population, it could result in a better cost: benefit 

ratio. When students of all ages were asked to compete in the Southern Arizona Research, 

Science, and Engineering Fair, three times more elementary students than middle school 

and high school students combined actually completed a project (Baker, 11 Sept, 2014). 

This is largely because many elementary students are required to participate by their 

teacher or school, but once they reach the high school level, participation becomes 

optional. There is a good reason it is mandatory at that young age: the best time to teach 

something new, and in this case STEM, is during the years of greatest cognitive and 

social development (Spuck & Livingston, 2014). This suggests that we not only have a 

greater opportunity to influence elementary students, but it may be in their best interest to 

begin to introduce them to STEM concepts at an early age. A recent study also 

demonstrates that a third of fourth grade students report having already lost interest in 

science, while half of eighth grade students say the same. One of the most disturbing 



findings is that some of the 8th grade students commented that they could not see the 

relevance of STEM in their futures (Murphy, 2011). Theoretically, this potentially leaves 

less than half of all students entering high school with any interest in learning about or 

pursuing STEM.  

In many areas of life, if something sparks a student’s interest, it can be pursued in 

order to learn more about it. STEM, however, works in a different way (Brooks, 2011); 

most of STEM requires that you must learn basic information or facts as a foundation 

before you are able to build on it and learn more (Taagepera, Arasasingham, Potter, 

Soroudi and Lam, 2002). Additionally, these essential concepts that are used as building 

blocks for STEM fit favorably into the learning patterns of young children who “have 

rich knowledge of the natural world, demonstrate casual reasoning, and are able to 

discriminate between reliable and unreliable sources of knowledge” (Michaels, Shouse, 

and Schweingruber, 2008). This type of learning can be frustrating to older students, who 

are able to enter other fields more quickly based on a newly found interest rather than 

based on ordered mastery of concepts that requires time. This is one of the reasons that 

STEM could appear more appealing to younger students, who are already learning the 

fundamentals in all areas. 

It appears that gender is also a factor in this trend. Although there are more female 

college graduates than men, only 25% of the math-based fields such as geology, physics, 

and engineering are women, and that number has been declining continually since 2002 

(Ceci, 2014). Research shows that this discrepancy could be due in part to females’ 

beliefs that they are innately less capable.  Even though they have the same ability as 

males, when females believe that they are innately less able, they will give up more easily 



when presented with a challenging subject (Dweck, 2007). Yet it is true that for either 

gender, it is inclusively aptitudes as well as interest and life values that can play a role in 

a student’s motivation to enter a STEM field (Wang and Degol, 2013). Though it is 

extremely difficult to determine the root of a student’s life values, STEM outreach and 

education can help provide the crucial motivation to women to enhance their interest and 

confidence to study or work in a STEM field. 

Building upon those findings, the goal of the study is to determine which students 

(male, female, socioeconomic status, age) will be more amenable to one-touch STEM 

education, if in fact that form of STEM education is helpful at all at increasing student 

motivation to enter into a STEM field. The information gained from this study will 

further extend the platform of hard working STEM advocates and thus have a positive 

impact on the number of future scientists, technologists, engineers, mathematicians, and 

health care professionals in our community and beyond. 

 

 

 

  



Methods: 

This project involves observations and assessment of a One-Touch STEM education 

program in a selected group of classes in 1st, 5th, 8th, and 11th grade students.  The STEM 

education program involved an interactive lecture and an activity and was carried out 

under the auspices of the Pima County Schools Office of the Superintendent. The STEM 

lecture details what STEM stands for, explores STEM careers, and explains what STEM 

stereotypes are and how to combat them. After the lecture, the class participated in a 

STEM activity: a two-loop airplane experiment. The origin of the activity is unknown, 

but was taught to me by DaNel Hogan, Director of the STEMAZing Project at the Office 

of the Pima County School Superintendent (for instructions, see appendix E). This 

activity consisted of utilizing two strips of paper, tape, and a straw, to create a paper 

airplane. After the students made and tested their airplanes, they then, using additional 

amounts of the supplies available, engineered the planes to function differently. The 

change of function was up to each student; for some it was to make their plane go faster, 

and for some it was to make their plane do turns, staying in flight longer, etc. This 

required students to make and then revise a paper airplane with limited materials, to use 

creativity, think critically, utilize the scientific process, and use any existing prior 

knowledge in physics and engineering.  

Before and after the education program, students took a pre and post survey, 

respectively, which contained the same set of statements (also referred to as questions 

because of their inquisitive nature).  (See Appdix B for Survey) The students answered 

by ranking each statement between 1 and 5, with 1=disagree completely, 2=somewhat 



disagree, 3=neutral, 4=somewhat agree or, 5=agree completely. To avoid biasing the 

results, a few questions were asked in both a negative and positive manner. 

Prior to participation, each student obtained parental consent, and gave their own 

assent. Additionally, parents filled out a short demographic survey detailing their child’s 

grade, gender, and ethnicity, their own highest level of education achieved, and the 

annual household income. This information was gathered to provide insight into factors 

influencing the effectiveness of this program with respect to target audience.   

The project proceeded as follows for each class: 

Two weeks prior to evaluation, educators received all necessary documents as well as a 

set of instructions (See Appendix C) with attached student codes (See Appendix 

D for sample set). Students were distributed a permission/consent form as well as 

a demographic data survey to be taken home to their parents to provide consent 

and, if consented, to provide the demographic data. (See Appendix A). The 

demographic survey was given a numeric code to enable it to be linked to the 

student’s responses on the in-class surveys described below. This enabled the 

demographic data, survey and consent to be linked but remain anonymous to both 

the investigator and the teacher. 

On the morning of the experiment, the teacher administered the pre-survey to all students. 

They completed it and return it to their teachers. The questions on the pre-survey 

were intended to evaluate the student’s perception of and self-identification with 

STEM and scientists. (see appendix B) Note: the 1st and 5th grade students had the 

questions orated to them in order to ensure full understanding.  



Later that day, I arrived and gave a presentation educating students on STEM fields and 

careers, after which they participated in a hands-on and minds-on group activity 

that integrated the scientific method, engineering, and physics. All ages were able 

to participate, but were challenged in different ways. The students each built a 

paper airplane using only paper, tape, and straws. No scissors or other sharp or 

hazardous objects were used, and the students were under supervision during the 

entirety of the project. After they built the plane, they tested it. They then were 

asked to define what they felt would make the plane “better”, which varied based 

on the student. Each student then engineered modifications to their own plane to 

fulfill their own standards. After the completion of the activity, I stepped outside 

of the classroom, and the teacher administered the post-survey which contained 

the same questions as the pre-survey. The pre and post surveys were coded to 

enable intra-individual comparison of answers; however, the data was de-

identified, separating numeric codes from student names, to keep the data 

anonymous.  

Following the class I returned to collect the surveys to enable analysis of the potential 

changes that occurred because of the STEM lecture and activity. The entire 

experimental process took approximately 2 weeks to complete for a single 

classroom, including the time frame for sending home a consent form.   However, 

I only spent about one hour in each classroom. Instructions and precautions were 

taken in order to ensure optimization of the time needed, and minimal effort on 

behalf of the schools and teachers involved. It was of great importance that the 

schools themselves not be burdened in any way, but rather benefitted, by this 



process. The entire evaluation data-collection process for all classrooms was 

completed within a month time frame. 

Two weeks later, I asked the classroom teachers to fill out a short online survey regarding 

their experiences with the study and if they noted any other outcomes after the 

students participated. 

  



Results: 

 The results of this study evolved from the analysis of the pre and post survey 

questions responses (see appendix B). There were 135 students who participated in this 

study (30 first grade, 49 first grade, 34 eighth grade, and 21 eleventh grade), but only 73 

students consented to have their data utilized in the study (10 first grade, 28 fifth grade, 

24 eighth grade, and 11 eleventh grade). One class in each grade level was visited, with 

the exception of 1st grade, which had a very low consent number; therefore a second 

classroom was attended. Of those who consented, there was a total of 30 males and 36 

females.  

 The following data refers to the results of the pre and post survey responses. The 

data from the pre and post surveys and demographic surveys were entered into Microsoft 

Excel, and matched up using the student codes. The difference between the pre and post 

survey answers per question was calculated, in order to find the degrees of change in each 

question’s answer. Whenever a student changed their answer by an integer, (i.e., 

changing from 3 to 4 or from True to False) it was called a single degree of change. The 

average degrees of change for each question and for each grade were then calculated. 

Because some questions were asked in a negative form such that the desired result was to 

have a negative degree of change, those means were made positive in order to better 

reflect a positive change in the absolute percent degree of change. 

 In order to be able to better compare the change in degree for each question for 

each grade, the average degree of change for each question was graphed for comparison 

(figure 1).   
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Figure 1: This chart demonstrates the average degree of change for each question in the pre and 
post survey. A degree of change is described as a single jump from one numerical value to 
another on the questionnaire.  
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The students were given the options 1-5 for questions 1-12, thus the maximal 

degrees of change was 4.  For questions 13-16 which were True/False questions, the 

possible degree of change for questions was only 1, from True to False or vice versa. 

Therefore, to obtain the data plotted in Fig 1, the change in degrees was calculated for 

each student, and then averaged per question by dividing by the total possible numbers of 

degrees of change. The greatest average degree of change was for the 8th graders on 

question 10 ("I understand what a STEM career is”) at 2.875 degrees of change. The 

other grades also exhibited high averages degrees of change on this question, at 2.07, 

2.00 and 2.45 for 1st grade, 5th grade, and 11th grade, respectively. 



Although this visually aids in understanding the pattern of degree changes for 

each grade level, further manipulation makes it easier understood. By recording the 

absolute changes, making the negative degree of change averages positive, the shift to 

more positive attitudes towards STEM and science became more apparent (figure 2).#
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The average degree of change, which could be positive or negative based on the 

type of question, has been made positive if it was a question in which a negative change 

actually indicated a ‘desired change’. It can been deducted from this that although the 
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Figure 2: This graph shows the absolute average percent change between pre and post survey 
questions for each grade level.  



5th, 8th, and 11th grade students had a few high average changes, the 1st grade students 

appear to be the most consistent in demonstrating a high positive degree of change. 

 

By averaging all of the question responses from figure 2, an average absolute 

percent for each grade level could be obtained (figure 3). This demonstrates the amount 

that each grade level increased their perception of and self-identification with STEM and 

scientists. This data shows that the 1st grade students displayed the greatest change at 

42.34% increase, and 8th graders displayed the lowest change at 24.15% increase. The 

range for this data is 18.19%. This information, however, becomes even more insightful 

when compared to the data in figure 4, which indicates each grade level’s starting point 

based on their pre survey answers.#  
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Figure'3:'Average'Absolute'Change'for'All'

Questions'by'Grade'Level'

1st#Grade#n=10#
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8th#Grade#n=24#
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Figure 3: The chart displays the average absolute percent degree of change for all questions 
asked on the questionnaire for each grade level. To calculate this data, the absolute percent 
degree of change for all the questions was averaged for each grade level.  
Figure 4: This is the average positive starting degree for all questions in each grade level in the 
pre survey.  

 In figure 4, for the questions where the desired answer was a lower number, the 

answer was subtracted from 5, to obtain the absolute difference and for the T/F questions 



(#13-16) for which there was only 1 degree change possible, the values were multiplied 

by 5.  

Another way of analyzing the change in responses is to look for patterns in the 

mode, as seen in figure 5. By charting the students’ most common answers to each 

question, another perspective is offered as to the most commonly felt answer from each 

grade level. 
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#
While the 1st grade students appear to have the most changes in mode and by the 

largest amount, the 8th and 11th grade students have the only negative change in mode, 
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Figure 5 This graph displays the change in mode for each question between pre and post survey 
responses for each grade level.  
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Figure'6:'Degree'of'Change'in'Pre'and'Post'

Survey'Question'Responses'by'Gender'

Females#n=36#

Males#n=30#

which appears for question 3, "I think science courses are interesting", with no change 

evident for the 5th graders on this question. 

 The same manner of data analysis used for grade level as seen in figure 1, was 

also used to assess effects by gender, seen in Fig 6. Generally, it can be said that both 

genders follow a similar path, and one is not particularly more variant than another. 

 In figure 7, average absolute degree of change, which as indicated above, could be 

positive or negative based on the type of question, were also plotted for gender effects. # #

Figure 6: This chart displays the average actual degree of change in pre and post surveys for 
males and females of all grades.  
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Figure'7:'Absolute'Percent'Change'between''

Pre'and'Post'Survey'Questions'

by'Gender''
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Figure 7: This chart displays the positive percent average degree of change in pre and post survey 
questions for each question for males and females of all grades.  
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The greatest difference was seen in 1st graders where the females averaged a 

30.08% greater positive change than males.  

By averaging all of the question data, the average change for each gender can be 

displayed in figure 9. The female students show 7.42% higher change in perception of 

and self-identification with STEM and scientists.#
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Figure'8:'Average'Positive'Percent'Average'

Degree'of'Change'for'All'Questions'for'Each'

Gender'by'Grade'
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Figure 8: This chart demonstrates the average positive percent average degree of change for all 
questions for each gender by grade.  
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In order to be able to understand figure 9 more clearly, the average positive pre 

and post survey answers for each gender (figures 10 and 11) were plotted to demonstrate 

the true difference between the answers given. In figure 10, males were shown to have a 

perception of and self-identify with STEM and scientists greater than females prior to 

STEM education programming. In figure 11, which shows the post survey average, 

females demonstrated a perception of and self-identify with STEM and scientists by 0.22 

degrees greater than males after STEM education programming.  
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Figure'9:'Average'Change'for'All'Questions'

for'Each'Gender'

Females#n=36#

Males#n=30#

Figure 9: This chart displays the average positive average degree of change for all questions in 
each gender of all grades.  
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Figure 10: This chart displays the average pre-survey answer for males and females in all 
grades.  
Figure 11: This chart displays the average post-survey answer for males and females in all 
grades.  
 



Discussion and Analysis 

Discussion of results for age comparisons:  

Figure 1 provides a visual account of the pattern of degree of change from pre to 

post survey for the students of each grade level. The pattern of change is roughly along 

the same path, indicating that in each grade, students tended to change in the same 

direction after the STEM education program and activity. Figure 2, however, provides 

more insight into the differences between grade levels. Though the questions themselves 

tended to change in the same direction in each grade level, the amount of change 

(42.34%, 30.25%, 24.15%, and 26.70% for 1st, 5th, 8th, and 11th grade students, 

respectively) was very different, as discussed below. 

The average pre survey answer for all questions in each grade level (figure 4) 

provides us with some interesting information about what the students already knew and 

felt before they were exposed to the STEM education program. What we can learn from 

this data is that although all grades responded somewhat similarly to questions related to 

perception of and self-identification with STEM and scientists to begin with, 1st graders 

begin with the lowest scores. The next lowest is 8th graders (an increase of .19) and then 

the 11th and 5th graders are not far away. One of the questions with a particularly large 

difference in average degree change was question 15: “I am good at science”. There was 

a 41% difference between 1st and 11th grade students, with 50% of 1st graders changing 

from answering “false” to “true”, and only 9% of 11th grade students changing their 

mind. This demonstrates the heightened ability to make an impact on 1st grade students. It 

does make sense that the older students would have a better overall understanding and 



exposure to STEM, which could be the cause of their slightly greater familiarity and 

perception of it. 

Figure 3 showing the absolute average change for all questions for each grade 

level allows analysis of the change in self-identification with and perception of science 

and STEM from a more holistic manner, rather than by individual questions. We can see 

that while 1st grade students increased their overall perception of and identification with 

STEM and scientists by 42.34%, the increase was much lower for 5th, 8th, and 11th 

grade students by 30.25%, 24.15%, and 25.70% respectively. The largest drop here is 

12.09% from 1st to 5th grade. There are a few reasons this may have occurred. One of 

those reasons is that, as we can see by the chart containing information about the average 

change in modes (most common responses, figure 4) the 1st grade students were most 

likely to answer their questionnaires with extreme answers (i.e., 1 or 5), while the other 

grades were more likely to have more moderate or ‘in-between answers’ (i.e. 2-4) for 

both pre and post surveys and therefore have a lower average change. While it may be 

true that 1st graders tend to either love or greatly dislike STEM, this data suggests that it 

is crucial  to nudge 1st grade students toward the “love” end of the spectrum, since the 

other option appears to be complete disapproval. Because the 1st grade students feel very 

strongly one way or another about each of the questions, this indicates that this is an age 

at which the students may form an extremely strong opinion about STEM one way or 

another. By the data in figure 3, we can also deduce that these extreme feelings are also 

more likely to change than in the older grades. The 12.09% drop from 1st to 5th grade 

students indicates that if STEM education does not begin until 5th grade, the opportunity 

to influence the students may have already been lost. Additionally, there is another 6.1% 



decrease from 5th to 8th grade students. Again, in the years between 5th and 8th grade, 

the students continue to form more of their own immovable perceptions about STEM and 

scientists. Interestingly, we see a 2.55% increase from 8th to 11th grade students. While 

this may simply be a reflection of the small sample size, it may indicate that although 

11th grade students have preconceived ideas about STEM, they also are in the stage of 

their lives where they are looking ahead to their futures. While in the classroom, I had 

more questions about STEM careers, fields, and STEM studying possibilities from the 

11th graders than any other grade. They appeared to be the most interested in the 

specifics about STEM careers, likely because they are at the point in their education 

where they are making decisions about college and their careers. 

We can also observe from the change in modes that the only question which had a 

negative change in mode was question #3 for 8th and 11th graders. This question was "I 

think science courses are interesting". In comparison with the 1st graders positive degree 

of change for this question, the 8th grade students showed very little change (only 4.16%, 

see figure 2) and the 11th grade students displayed no average change at all, indicating 

that the One Touch education had no effect on their interest in science courses. For the 

sake of uniformity in the assessment of this program, the 8th and 11th grade students had 

to complete the same activity as the 1st and 5th grade students. It may have been true, 

then, based on the mode and average changes in this question, that the activity that they 

completed was not interesting enough to them. When working with 8th and 11th grade 

students individually, it is likely a better idea to have a more challenging activity for their 

education level. It is predicted that this change may allow a more positive reflection on 



their interest in science courses, similar to a more challenging/interesting science activity 

experienced during the assessment. 

According to the information from the teacher feedback forms, filled out by the 

teachers in participating classrooms a few days after the classroom participated, the 1st 

grade students show an increased interest in STEM subjects in class and appeared more 

excited about STEM after participating in the STEM education program. The 5th grade 

students did those things as well, and additionally asked more questions about STEM, 

and acted more confident when approaching STEM-related activities. Localized to 8th 

and 11th graders was an increase in inquiring about STEM fields and careers. Because 

this was not something that 1st and 5th graders demonstrated, this reinforces the idea that 

8th and 11th graders (and other students of junior high and high school age) are beginning 

to view STEM from a more practical view for application to their futures and not just as a 

subject they study in school. However, by categorizing STEM as a field or career, if a 

student already thinks they know what career they want to enter into and it is not directly 

STEM related, then they may automatically show a decreased interest in STEM or 

wanting to learn about it. According to figure 3b, junior high and high school students 

identify no more with STEM than 5th graders, even though 5th graders are likely not yet 

thinking about career paths. Additionally, they showed a much smaller absolute increase 

in perception of and self-identification with STEM and scientists than the 1st grade 

students (figure 3). This could possibly refute the argument supporting STEM education 

in the junior high or high school levels because of their focus on careers and the quick 

turnaround into the work force, and points toward the need to focus STEM education 

efforts on early childhood education. 



Discussion of results for gender comparisons:  

 The difference in each individual question between males and females of all 

grades was significant enough to make conclusions in a few areas. As a control, some 

questions were asked twice (once in a negative manner and once in a positive manner). In 

questions where the females changed their average much more than the males (for 

example, question 2 about showing an interest in learning more about STEM), they also 

answered about the same way in the question's negative form (question 2's negative form 

is question 11). For females, the absolute differences in both questions 2 and 11 changed 

almost twice as much as the males, demonstrating a specific show increase in curiosity 

about STEM.  

 The breakdown of the males and females by grade shows a trend which 

demonstrates little difference between males and females in 5th, 8th, and 11th grade, but 

a rather large difference between the genders in 1st grade. It could be argued then, that 

while 1st graders displayed the greatest increase in their perception and self-identification 

with STEM and scientists, it was in fact specifically the female 1st graders that marked 

the greatest increase of all. 

 When the average absolute degree of change for all questions for each gender in 

all grades was taken, it showed a 7.42% difference between females and males, with 

females being the more influenced cohort. When this is compared with the average pre 

survey answer for males and females (figure 10), the meaning of this data heightens. We 

can see that the males averaged a higher starting point for answers than females. The 

highest possible answer was 5, and the lowest was 1 (for questions that were asked 

negatively, their average was subtracted from 5 to obtain the positive deviation from a 



start value of 1, and for questions with once possible degree of change, they were 

multiplied by 5). This means that although the females changed their answers by a greater 

percent, they also had a slightly farther degree of possible change, since they averaged a 

lower start point. However, while the females began 0.12 degrees lower than the males, 

they ended 0.22 degrees above them, resulting in a greater degree of change compared 

with males. It should be noted, however, while this trend appears persistent throughout 

the data, the differences are not statistically significant, most likely due to the relatively 

small number of subjects for this type of survey response range. Yet with that in mind, 

the females are definitely more susceptible to change in their perception of and self-

identification with STEM and scientists.  

Recall that demographic data was also collected from the parents of the students 

participating in this program.  However, it was decided to not take this information into 

account. After the data was collected and analyzed, there were not enough data points in 

each of the salary income and parental education categories to draw any significant 

conclusions. This may be a reflection of the frequent choice of parents to not complete 

the demographic survey in its entirety, even though they consented themselves and their 

child for participation. Although the parents were notified of the anonymity of the study, 

many were still hesitant to both provide demographic information and allow their child to 

participate. When it came time to analyze the students by gender, there was a similar 

issue. Unless the parent had indicated on the demographic form whether their child was a 

male or female, they could not be used in data analysis. This greatly reduced the number 

of students’ data that could be used in that portion. Additionally, due to time constraints, 



the initial plan to complete the study with about four classrooms per grade was reduced 

significantly to only one or two.#

 Another potential issue with this project is the lack of a control group. Initially, it 

was planned that there would be a control group for each grade level which took the pre 

and post survey without being exposed to the STEM education program. This would have 

enabled us to see if there was any change in the students’ answer not because of the 

education they had received, but rather because they had time to think about their 

answers, had seen the questions before, etc. The reason this did not occur was because the 

districts and principals were generously offering their teachers’ time for my project, and 

they wanted an incentive for their students to participate.  In the normal case this would 

be that their students were receiving a free STEM education program. However, with a 

control group, the classroom’s time and resources to take the surveys would be used 

without any direct benefit to them. Additionally, it was a concern that, the younger 

students, especially, would not react well to being singled out and asked to leave the class 

to not participate in the lesson. In order to make the entire experience not only helpful for 

the research but also beneficial to everyone involved, the feasibility of a control group 

was omitted. 

 One possible explanation for the differences in gender STEM perception is the 

influence of the gender of the teacher of the STEM education program. Three of the 

teachers commented on the teacher feedback form that they were happy their female 

students had a “female role model” to look up to. If students tend to relate to and be more 

influenced by a speaker of their own gender, this could explain the results of the females 



having a greater increase of perception of and self-identification with STEM and 

scientists. 

 In summary, the conclusion can be drawn that of the students tested, 1st graders 

and females displayed the greatest change in survey answer degrees, therefore indicating 

that they displayed the most positive change in their perception of and self-identification 

with STEM and scientists. This is not to discount the ability and effectiveness of STEM 

education on older or male students. However, the data supports the prediction that the 

best possible time to begin influencing students is in early childhood education, and that 

it is important to continue to focus on females in STEM. 

 #
#
' '



Reflection:'

'

#
After years of working with Women in Science and Engineering and the Pima 

County Schools Office of the Superintendent, and reading research about the need for 

early childhood (birth-3rd grade) education, it is satisfying to have obtained some data 

about the populations I have been working to impact. Completing this study provided me 

with the opportunity to assess and explore the STEM One Touch education program that 

I created, as well as the industry I have been volunteering in for the past few years. The 

information from this study provides insight into which specific populations of students 

our efforts in STEM outreach should be concentrated. Additionally, it could serve as 

accommodating data for the Tucson business and industry to donate and support STEM 

education and outreach, specifically in the realm of early childhood education, given the 

strong support for 1st grade STEM outreach. Because the data is specific to the Tucson 

and Pima County population, it serves as insight into the needs of our community, and 

points out the places where change could and should happen in the future.  

#
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E. Two Looper Plane Activity Instructions 

 



Appendix'A:'Demographic'Survey'

Please'answer'the'following'questions'to'the'best'of'your'ability:'

#
1. Please indicate your child’s gender: 
☐Male#
☐Female#
☐I#prefer#not#to#answer#
#
2. Please indicate your child’s ethnicity: 
☐Hispanic/Latino/Spanish#Origin#
☐White/European#
☐Black/African#American#
☐Asian#
☐Native#American#
☐Other#
☐I#prefer#not#to#answer#
#
3. What grade is your child in? 
☐1st#
☐5th#
☐8th#
☐12th#
#
#
4. Please indicate your highest achieved level of education: 
☐Less#than#high#school#
☐High#school#
☐Some#college/technical#school#
☐College/technical#school#
☐University#graduate#
☐Masters#graduate#
☐Doctoral#graduate#
☐I#prefer#not#to#answer#

#
#
5. Please indicate your combined family income level: 
☐Under#$10,000#
☐$10,000!$20,000#
☐$20,000!$30,000#
☐$30,000!$40,000#
☐$40,000!$50,000#
☐$50,000!$60,000#
☐$60,000!$70,000#
☐$80,000!$90,000#
☐$90,000#and#more#



Appendix(B:(Pre(and(Post(Survey(
Student(Code(Number:(____________________(
Please(complete(the(following(form(to(the(best(of(your(ability(
On#a#scale#of#1,5,#respond#to#the#following#statements:#

1=disagree#completely#

2=somewhat#disagree#

3=neutral#

4=somewhat#agree#

5=agree#completely#

I#believe#that#it#would#be#easy#to#become#a#
scientist#

#

Working#in#a#STEM#career#is#not#something#I#

would#like#to#learn#about#

#

I#think#science#courses#are#interesting#

#

Working#in#a#STEM#career#doesn’t#seem#like#

something#my#parents#would#encourage#

#

I#think#math#class#is#interesting#

#

I#do#not#understand#what#a#STEM#career#is#

#

Becoming#a#scientist#seems#difficult#

#

I#would#like#to#work#in#a#STEM#field#

#

My#parents#would#encourage#me#to#work#in#a#

STEM#career#

#

I#understand#what#a#STEM#career#is#

#

I#am#interested#in#learning#more#about#

working#in#a#STEM#career#

#

I#would#not#like#to#work#in#a#STEM#field#

#

Please#circle#one#to#indicate#true#or#false:#
#

I#know#a#scientist###################T#######F#

I#know#an#engineer################T#######F#
I#am#good#at#science##############T######F#

#

1##########2##########3##########4##########5#

#

#

1##########2##########3##########4##########5#

#

1##########2##########3##########4##########5#

#

#

1##########2##########3##########4##########5#

#

1##########2##########3##########4##########5#

#

1##########2##########3##########4##########5#

#

1##########2##########3##########4##########5#

#

1##########2##########3##########4##########5#

#

1##########2##########3##########4##########5#

#

#

1##########2##########3##########4##########5#

#

1##########2##########3##########4##########5#

#

#

1##########2##########3##########4##########5#

#

#



Appendix'C:'Educator'Instructions'

#
Dear#Educator,#
#
Thank#you#so#much#for#agreeing#to#participate#in#this#study.##The#study#will#involve:##

• 1#week#prior#to#the#study,#a#demographic#survey#and#consent#form#sent#to#and#
returned#from#parents/guardians#in#the#yellow#envelope#for#discretion.#

• On#the#study#day,#a#1#hour#STEM#presentation#with#consisting#of#a#lecture#and#
activity#

• A#survey#of#student#perspectives#before#and#after#the#presentation#and#activity#
• 1#week#after#the#presentation,#a#quick#online#survey#of#your#evaluation#of#the#

effectiveness#of#the#STEM#program#
#
In#order#to#ensure#your#students’#privacy,#please#adhere#to#the#following#instructions:#
#
#

1. On a printed copy of your class roster, number the students with the numbers provided to 
you on the piece of paper included in this envelope titled student identification numbers. 
Each student will keep this number, and receive all material with this number for the full 
duration of the evaluation. You may use your numbered roster to ensure that you 
distribute and collect the forms to the same students. 

2. You should have a stack of numbered envelopes. These contain the parent consent forms 
as well as the demographic surveys. Please distribute these to the students one week 
prior to the study date in order to allow time for the parents to fill out the forms and be 
returned to you before the study date. It is recommended but not required that you 
insert a cover letter letting the parents know you approve of this study. 

3. On the morning of the study, distribute and collect pre-surveys to all students.  
4. Immediately after participation in the STEM program, distribute and collect post-surveys 

to all students.  
5. Return the following items: 

a. The student identification numbers sheet 
b. The demographic surveys  
c. The pre-surveys 
d. The post-surveys 

6. The roster with numbers that you used should be destroyed after the study is completed 
in order to maintain student privacy. 

#
Thank#you#for#you#time#and#effort#in#this#process.#We#are#sincerely#grateful#for#your#
participation,#and#hope#to#use#the#information#collected#in#this#process#to#enhance#
educational#tools#for#you#in#the#near#future.#
#
#
Sincerely,#
#
#
#
Jennifer#Sedler#
Principal)Investigator)



Appendix D: Sample Student Identification Codes 
Student Identification Numbers: 
!
4111# ##
4112# ##
4113# ##
4114# ##
4115# ##
4116# ##
4117# ##
4118# ##
4119# ##
41110# ##
41111# ##
41112# ##
41113# ##
41114# ##
41115# ##
41116# ##
41117# ##
41118# ##
41119# ##
41120# ##
41121# ##
41122# ##
41123# ##
41124# ##
41125# ##
41126# ##
41127# ##
41128# ##
41129# ##
41130# ##
41131# ##
!
#

  



Appendix E: Two Looper Plane Activity Instructions 

Materials (extras of all materials are suggested): 

• Plain paper (one piece of paper for approximately every two students) 

• Straws (At least one per student) 

• Scotch tape 

1. Using plain paper, cut the paper into 1 inch wide strips (as many as are 

required for a minimum of two per student, some extras will be needed as well 

for further plane development). 

2. Fold a strip of paper into a circle, and secure using scotch tape. Repeat this so 

that you have two loops. 

3. Thread the straw into the two loops, and tape it to them. It does not matter 

where the loops are located on the straw. 

4. Attempt to fly the plane. Notice how it flies and brainstorm how it can be 

made better. 

5. Using the extras of only the three materials provided, make improvements to 

the plane. 

6. Repeat the trial and reconstruction of the airplane until it flies in the manner 

intended. 


