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CHAPTER |

INTRODUCTION

Background

The National Aeronautics and Space Administration (NASA) has taken steps to
“inspire the next generation of explorers” through its education programshibevachis
objective, NASA tries to engage, inspire, motivate, and challenge students amdgéach
enhance their knowledge of science, technology, engineering, and mathematid3.(STE
One of the numerous education programs of NASA is the Digital Learning Neetwor
(DLN). This program uses two-way audio and video videoconferencing to share the
knowledge and expertise of scientists, engineers, and researchers withssindent
teachers. The DLN began in 2004 with three hub sites. Today, there is a hub at each of
the ten NASA centers. The DLN has approximately forty-four “canned” eMeatso
offers opportunities for classroom teachers to request guest speakespdaifia topic.

NASA's history of education programs date back to 1958 when NASA was
formed. This legislation authorized NASA to share the knowledge of Earth ared spac
with the public to ensure that the United States remains a leader in scienceeengj
and technology. With state of the art laboratories and facilities, andnapeiig
astronauts, engineers, and scientists, NASA’s resources have continued to provide

students and teachers with opportunities to engage, inspire, and motivate in the nature of



science and discovery for over five decades. In 1992, NASA published its firsyagenc
wide educational strategy by stating “it is NASA’s policy to use its rmgpmissions, its
unique facilities, and its specialized workforce to conduct and facilitate egienc
mathematics, engineering, and technology education programs and actiiMA&A,
1992, p.5). In other words, the broad goals of NASA'’s mission in K-12 education include
capturing the students’ interests in STEM and to channel that interest into GrEd#
paths. The 2004 President’'s Commission Report states:
space exploration captures the imagination of America’s children and adults. The
challenge before us is to leverage the journey to the space frontier to engage
learners of all ages and interests. In addition, we must focus on training of the
workforce needed for the success of the long-term exploration program. The
education community, working with NASA, must aggressively educate and train a
new generation of explorers — there is perhaps no greater imperativeuongns
successful and sustainable space exploration by this nation (Executoe @ff
the United States, 2004, p. 41).
The report goes on to say, “the future is for our children and they must be trained to
sustain this nation’s quality of life in a more competitive world through technalogic
achievement and economic growth. We must reverse the decline of studentg amiterin
technical fields and the shortage of well-trained science teachers. Weakeust
advantage of the unique opportunity afforded by this vision to inspire our youth and
teachers to focus on mathematics, science, and engineering education”ijeéxetfide
of the United States, 2004, p. 47). In 2007, NASA states that its mission is “To pioneer

the future in space exploration, scientific discovery, and aeronauticsctes@éational



Aeronautics and Space Administration, 2007, p.2). Loston, Steffen and McGee (2005)
assert “NASA is directly affected by the decline in the number of stugargsing
mathematics and science careers. The size of the Agency’s teahmikfdrce ages 20-
30 is only one-third that of its workforce ages 60-70, and NASA is encountering
shortages in critical skills as older professionals retire” (p. 148).

Paralleling , science education in general was transforming. In the 1960se scienc
curriculum was undergoing a reform from the traditional classroom whetedtieer
was the transmitter of knowledge to a classroom that promoted hands-on learning for
more effective science learning. This allowed students to discover leamdngpnstruct
their own meanings, thus a push for constructivism in schools. In the science and
mathematics classrooms, this theory has manifested itself as ings@g-learning. As
the number of STEM field graduates has decreased over the decades, the pushyor inquir
learning in the science classroom has grown. Several recent reports dioedodhe
United States have some disturbing statistics. In 1983, “A Nation at Risk” report
challenged the public education systems and public priorities and jump-statscf
education reform. This report warned that the education system was not meeting the
needs of a more diversified nation. President George Bush, in 2002, threatened schools to
improve students’ basic skills or face sanctions with the No Child Left Behindnéithe
2005 National Assessment of Education Progress, results show that 29%raél&rs
tested at or above proficiency and 18% of high school seniors performed at or above
proficient levels in science (Grigg, Lauko, & Brockway, 2006, p.1). In a 2009 report,
U.S. students ranked 14th in science and 25th in mathematics when compared to students

in other countries. These students ranked behind Solvenia, Estonia, Canada, Japan, and



Western EuropeHleischman, Hopstock, Pelczar, & Shelley, 2124 & 18). Human

capital has always been the key to the United State’s economic.daviect, the

National Science Teacher’s Association has embedded inquiry into the NatimmaeSc
Education Standards and has encouraged exploring inquiry through the 5 E Instructiona
Model. More doom-and-gloom reports have been released in the last 30 years, but the
most compelling report to warn us about the United States falling behind in education is
“Rising Above the Gathering Storm.” This report states “our lack of prepanaill

reduce the ability of the United States to compete in such a world” (Naficademy of
Sciences, 2007, p. 25). The report goes on to say “at the beginning of trenfiry,

the United States stands at a crossroads. The only way for this nation to rergain a hi
wage, high-technology country is to remain at the forefront of innovation. Achidumg t
goal will require that the nation remain a leader in the scientific and tecicadlog

research that contributes so heavily to innovation” (National Academy of Sgj@0GY,

p. 400).

Statement of Problem

To what extent will student attitudes in science change after participating
NASA's Digital Learning Network’s “Can a Shoebox Fly? Challenge.’®e Di.N has
curriculum modules that are specifically designed for classroom use. T¥éem
identifies an area of need in STEM and then develops a module to meet that particular
need. A rubric is used to help develop and rate the module for developmental
appropriateness, focus questions, objectives, meeting national standards, videncenfer

interactivity and content. The module must rate a 3 or 4 in each category toeveeckvi



and broadcasted. Almost all of the modules are in the 5 E format, and currently some of
the modules contain pre and post tests for the students participating in the DLMetvent
the data is not used to assess effectiveness of the presentation, satenaiy, lor

student attitudes toward science.

Purpose of the Study

The purpose of this study is to assess the degree to which the Digital Learning
Network (DLN) will promote scientific attitudes in the secondary sciefassmom in
South Dakota. This research will be used to ascertain if the secondary students
participating in a DLN event will promote a more positive attitude towarthceie

This information will be used to determine if the Shoebox Challenge will caeate
change in attitude in students in science, as well as, inspire the next genefrati
explorers to pursue STEM careers. It will also be used to determine if axigisde

modify the DLN modules to be more effective to promote scientific attitudes.

Research Questions

The research questions of this study are as follows:

1. To what extent will the DLN module “Can a Shoebox Fly? Challenge” promotes
scientific attitudes in the secondary science curriculum?

2. Is there a gender difference in science attitudes with regards to “Can a Shoebox
Fly? Challenge?”

3. How effective the DLN is with regards to student interest in STEM cé&teers

4. Does a need exist to modify the DLN module “Can A Shoebox Fly? Challenge?”



For research question one, the null hypothesis is that there will be no differences
in students’ scientific attitudes. For research question two, the null hypothdsas i

student population who participated in the DLN events will have no difference in gender.

Significance of the Study

This study is designed to benefit the students in a South Dakota secondary school
science class as well as NASA’s DLN. The National Research Couregifrdeéd in
their 2008 Review and Critique of NASA’s Elementary and Secondary Education
Programs that “the Elementary and Secondary programs is not realizing NASA
potential as a resource for education as effectively as could be hopedh@li&esearch
Council, 2008; p. 9). It goes on to criticize the DLN staff by saying that it heak'w
standards for assessing the educational merits of the modules....Future shoealds
focus on the educational merits and also examine the scientific content of thesnddule

(National Research Council, 2008, p. 72).

Assumptions

The school involved is a small, rural school thus the population size is small. The
basic assumptions in this research are 1. The students who participate wssetkeir
answers honestly, and 2. The DLN presenter is knowledgeable of the information

presented during the DLN event.



Definition of Terms

The following terms and definitions were used throughout the study. Definitions
and explanations are below:

5E Instructional Model — Engage, Exploration, Explanation, Elaboration, and

Evaluation

Engage:The teacher or a curriculum task accesses the learners’ prior
knowledge and helps them become engaged in a new concept through the use of short
activities that promote curiosity and elicit prior knowledge. The activibyishmake
connections between past and present learning experiences, expose prior concegtions, a
organize students’ thinking toward the learning outcomes of current activiiaghée,
et al, 2008, p. 1).

Exploration “Exploration experiences provide students with a common
base of activities within which current concepts (i.e., misconceptions), procasdes
skills are identified and conceptual change is facilitated. Learnercomagiete lab
activities that help them use prior knowledge to generate new ideas, explore questions
and possibilities, and design and conduct a preliminary investigation” (Baybee, et al,
2008, p. 2).

Explanation“The explanation phase focuses students’ attention on a
particular aspect of their engagement and exploration experiences and provides
opportunities to demonstrate their conceptual understanding, process skills or lsehavior
This phase also provides opportunities for teachers to directly introduce a ¢oncept

process, or skill. Learners explain their understanding of the concept. An explanati



from the teacher or the curriculum may guide them toward a deeper understandihg, whi
is a critical part of this phase” (Baybee, et al, 2008, p.2).

Elaboration“Teachers challenge and extend students’ conceptual
understanding and skills. Through new experiences, the students develop deeper and
broader understanding, more information, and adequate skills. Students apply their
understanding of the concept by conducting additional activities” (Baybee, 2208l
p.2).

Evaluation “The evaluation phase encourages students to assess their
understanding and abilities and provides opportunities for teachers to evaluaté stude
progress toward achieving the educational objectives.” (Baybee, et. al, 2008, p.2)

Attitudes— A learned tendency to respond in a consistently favorable or
unfavorable manner with respect to a given attitude object (Fishbein & Ajzen, 1975).

Constructivism- A learning theory in which learners construct and are actively

involved in making their own meanings based on prior knowledge.

Digital Learning Network (DLN)— The DLN provides videoconferencing to

schools at no-charge. It is a two-way audio and video where students and teachers
participate in live lectures and demonstrations with NASA personnel includergists,
engineers, and researchers (Starr, 2007).
DLN Event — A specific DLN module presented at a specific time. Teachers
select from a menu of topics and schedule a time for participating in the vide@rwd.
DLN Module — A self-contained presentation used to address a specific topic
within NASA'’s Mission Directorates (Aeronautics Research, Spaceafipes, Science,

and Exploration Systems).



Inquiry — “A multifaceted activity that involves making observations; posing
guestions; examining books and other sources of information to see what is already
known; planning investigations; reviewing what is already known in light of
experimental evidence; using tools to gather, analyze, and interpretrdgiasipg
answers, explanations, and predictions; and communicating the results. lequirgs
identification of assumptions, use of critical and logical thinking, and consmieti
alternative explanations...” (National Research Council, 1996, p.23).

Scientific Inquiry— “Refers to the diverse ways in which scientists study the

natural world around and propose explanations based on evidence derived from their
work...also refers to the activities of students in which they develop knowledge and
understanding of scientific ideas, as well as an understanding of how scentistthe
natural world” (National Research Council, 1996, p.23).

Scientific Literacy- “The knowledge and understanding of scientific concepts

and processes required for personal decision making, participation in civic and cultura
affairs, and economic productivity” (National Research Council, 1996, p.22).

Science Related Attitudes“A general and enduring positive or negative feeling

about science” (Koballa & Crawley, 1985, p. 222).

Science, Technology, Engineering, and Mathematics (SFEMjis is a term

used in education when discussing the areas of science, technology, engineéring, a
math. The concern is that the United States is not educating a sufficient number of
teachers and professionals in the above careers. The trends in the United&taies a
comforting when one considers that schools have a deficit in scientists, esgamee

mathematicians necessary to maintain our global economic leadership.



Student Attitudes- In this research, attitudes, as in attitudes towards science, are

“feelings, beliefs, and values held about an object that may be the enterprismoé sci
school science, the impact of science on society or scientists themg€lgbsturne et al,

2003, p. 1053).

10



CHAPTER Il

REVIEW OF THE LITERATURE

Introduction

Chapter Il provides a review of the literature pertinent to this study. Togbeom
scientific literacy, NASA’s educational materials, including theifalg.earning
Network (DLN), are aligned to the National Science, Mathematics, and Teckinolog
standards. The DLN modules are designed in the 5E Instructional Model to promote
inquiry learning. This review of the literature consists of Practical aedrEtical
Reasoning in Science Education, Educational Philosophies that underlie scientifi
literacy, Student Attitudes toward science, NASA’s education programs, stada#

learning/videoconferencing.

Practical and Theoretical Reasoning in the Theory

One of the forerunners of learning is constructivism. Students are activertea
and are allowed to construct their own knowledge. It's hard to imagine that
constructivism is rooted in Socratic questioning where students of Socrditesdradnat
they did and did not know. What a learner currently knows is important for future

learning as the learner builds on what he knows and has experienced to construgt or buil

11



new understandings to problems and situations. According to Barnes and Barnes (2005),
“learners need to feel engaged in the learning process by reconciling esvante
experiences with current conceptual frameworks” (p. 63).

The science classroom provides the opportunity for students to learn science by
“doing” science. Constructivism theory provides for the teacher to apply this appoma
learning through inquiry. In a traditional middle and high school classroom, thetesc
the deliverer of knowledge through a lecture format. In a contemporasyasas that
uses an inquiry-based approach, the teacher acts as a facilitator and undérstands
notion that learners respond to their sensory experiences by building or comgtiucti
their minds schemas or cognitive structures which constitute the meaning and
understanding of their world” (Saunders, 1992; p. 136). In other words, students make
connections between prior knowledge and new experiences.

After World War I, there were pressures to change public school education.
Chiappetta states “War World Il brought about political and social pressatrehtaped
the goals of public school education. School science programs stressed ibal pract
aspect of science so that students could take their place as productive members of
society” (p. 21). When Sputnik launched in 1957 by the Russians, it launched a massive
education reform in science and mathematics. This pivotal moment in historjhbtroug
the forefront that science, engineering, and technology in the United Statkmgiag
behind the Russians. Because of this, science and mathematics education under went a
major reform. There were many contributors to this reform movement duringnihbis t
such as Schwab, Ausubel, Gardner and Piaget (Chiappetta, 2008, p. 22). The three-phase

learning cycle was developed at the University of California, BerK8egse et al;

12



2010). There were several reports released during the 1990s that brought to light the
decline in the United States’ ability to compete in the world market and theumivest
theory reemerged as a well-used approach to teaching science, and achajhyaitda

based on cognitive research. Inquiry became the leading theory of sciendeaduca
reform and out of this the three-phase learning cycle morphed the 5E Instruotieh M
which has become a highly effective model to use in science education. The 5E Model
was developed by the Biological Science Curriculum Study (BSCS) and plays a
significant role in curriculum development — including ’s curriculum. Thereiage f

phases in the 5E model and consists of the following phases: engagement, exploration,
explanation, elaboration, and evaluation. According to Bybee, “each phase hasia specif
function and contributes to the teacher’s coherent instruction and the students’
formulating a better understanding of scientific and technological knowlattgades,

and skills” (p. 4). These should be considered processes through which students learn

science.

Educational Philosophies that Underlie Scientific Literacy

Promoting scientific literacy has become the main goal of science ieduicathe
United States and all over the world. It also undergirds the National Sciencaigta
These standards were produced by the National Research Council (NRC) in 1995 to
provide standards that members in the science teaching community strive ve.achie
These standards address six aspects of science education to achievi $ibgzaty for

America. The six aspects are:

13



1. Science teaching

2. Professional Development for teachers of science

3. Assessment in science which provides a criteria to determine achievement
of the standards

4. Science content — what students should know, understands, and be able to
do specific in science at specific grade levels.

5. Science education programs at the school and district levels

6. Science education systems at the district or local levels, state, andInationa
levels including colleges, universities, museums, etc. (US National Center

for Education Statistics, 1996).

NASA'’s Education Programs

Since 1958, NASA has had a responsibility to inspire, engage, and challenge
students. According to the NRC report on NASA'’s education program, “a federadyag
like NASA has a unigue and important role to play in motivating and inspiring students
to consider STEM careers and citizens to become more knowledgeable” (Nationa
Research Council, 2008, p. viii). The oldest continuous education program in NASA is
the Aerospace Education Services Project (formally Program) (ARESP is designed
to provide customized workshops to educators utilizing NASA related curriculum that
provides real-world applications of the curriculum, and also to educate students in STEM
fields and careers. Marks (1975), Grigsby (1979), Robertson (1998), Eskridge (1999)
have all studied the influence of AESP in the classroom and on teacher development.

Eskridge (1999) in his dissertation described how NASA'’s educational mateaet

14



implemented in the classroom to promote scientific literacy. Marks (1975) gindies
dissertation the “characteristics of aerospace education workshop patticgipeelation
to curriculum and instructions utilization after the completion of a workshop which
NASA participated” (p.4). Marks found that 51% of the workshop participants were
utilizing aerospace concepts in their teaching and that greater than 90%oiauats
“felt the aerospace education workshop was beneficial to their teaching mehoss”
& 70).

Robertson (1998) in his dissertation studied how educators of Tennessee Space
Week used and implemented NASA and other aerospace internet websites.

Grigsby (1979) studied in her dissertation the need for aerospace education in
Oklahoma. Her results indicated that approximately 79% of workshop participants
utilized NASA education materials in their classrooms.

Loston et al (2005) state “inquiry shapes the way NASA organizes it®nsss
and the way that scientists conduct their investigation....NASA has adopted inquiry as a
primary approach because research suggests that inquiry is an effechiod foet
improving students’ attitudes toward science and increasing sciernéfacly” (p. 147).

The DLN was established in 2004. It provides students and teachers the
opportunity to videoconference with two-way audio and video with an education
specialist at NASA. It enhances NASA'’s capability to link students andag¢ors with
NASA experts (Loston et al; 2005). The NRC report on NASA’s Education Programs
states an area of improvement in its “weak standards for assessing theaduoerits
of the modules” (National Research Council, 2008. P. 72). It goes on to recommend that

future project reviews to include “focus on the educational merits (effective

15



pedagogy)...” (National Research Council, 2008, p. 72). Since this project igiaivly
there is not much research available specific to NASA’s DLN. The DLN modtdes
written in the 5E model. From August 1, 2009 to July, 2010, the “Can A Shoebox Fly?
Challenge” was conducted 68 times for Part | (students learn about alesifh and are
issued the challenge) and 65 times for Part Il (students conduct formaidtptieses of

their gliders) nationwide.

Student Attitudes

It has been intriguing to researchers how science attitudes and achiesement
correlated. In order for a student to learn science, research has withshbven that
attitudes and interest in science is important for learning to occur even thaggmmre
attention has been focused on scientific literacy and comprehension of thdiscienti
method. The mounting decline in interest in science has affected the number of student
pursuing STEM careers. As adults, their attitude will influence their support or
opposition on political issues. In fact, Novodorsky (1993) discusses this issue amnd state
that when the students have positive attitudes towards science, the likelihood that
students will become “scientifically literate adults who will be able tkemational
decisions about science-related issues” (pg. 27). George’s resear¢hrdpor
International Journal of Science Education, lists several influences ondeatsiearning
process. These influences come from teachers, self-concept, parents, pexsmastti
motivation, science anxiety, and gender (George, 2006). This study concluded that when
self-concept is high, there are higher attitudes toward science. Teaeherthe next

strongest indicator of student attitudes on science (George, 2006).

16



In Hsieh, Cho, Shallert, and Liu's (2008) study, the results indicatecobadstr
positive relationship between students’ self-efficacy and student achievenaent i
technology-rich, self directed environment” (p. 46). And Akinoglu and Ozkardes (2007)
observed in a study conducted on inquiry problem-based learning “a positive change in
the attitudes of the research group students towards science class” (p. 7ppn&ats
of a good science class include hands-on inquiry activities and thus should playha part i
influencing student attitudes (Osborne, 2003).

Numerous studies have been conducted to examine the correlated relationships
between science attitude and achievement in science and have found, in fact, that one
does influence the other. (Castsambis, 1995; Reynolds & Walberg, 1992; Simpson &
Oliver, 1990; Stienkamp & Maehr, 1983; Wilson, 1983). Fleming and Malone (1983)
conducted a meta-analysis of the research that studied grades K through 1B 600t
1983. They concluded that “as age increases, the relationship with achievemeséthcrea
and with attitude decreased” (Sorge, 2007; pg.33) Oliver (1986) conducted a longitudinal
study on attitude toward science, achievement motivation, and science seftcsc
predictors of achievement. He concluded that “attitude toward sciencelaadeament
motivation were significant predictors of achievement for some levels of scienc
students” (p.ii). Perkins, Adams, Pollock, Finkelstein, and Wieman (2004) found that
students who have more favorable attitudes are more likely to have higher agmevem
In their study, the authors found a positive correlation between science attitddes a
conceptual learning gains.

Some studies have even studied the effects of gender and science attitudes and

achievement. Sorge (2007) researched science students from age 9 to 14 in N&w Mex

17



She assessed the differences in attitudes to science and found a signiatanshep
between age and attitude toward science where the students’ attitudeseedretween
the elementary and middle school transition (science attitude mean #gesf-11 =
4.84, standard deviation =1.07; Age 12-14= 3.73, standard deviation = 1.35). Catsambis
(1995) examined gender differences in attitudes and science achievethaniddle
school students. Her findings showed that middle school females are not lagging behind
their male peers in science achievement but they do have less positive aibivates
science and have less aspiration to enter into a science career than thelagsahates.
Weinburgh (1995) conducted a meta-analysis of literature of gender diffeiance
student attitudes towards science and correlations between sciendesimnd science
achievement. She examined 18 studies and found the correlation was positive for both
males and females but it was stronger for females in both biology and physlgs. K
(1981) offers a hypothesis that females are not high achievers in science begause the
have less favorable attitudes towards science than males.
Distance Learning/E-learning/Videoconferencing

Today, the education systems are being pushed to prepare students f&r the 21
century. Students nowadays will have jobs that have not even begun to be needed and yet
school must prepare them to be able to interact with an interdependent world with new
technologies, global cultures, politics and economies. The term “digital nativdselea
used to describe such students and the challenge is to teach them how to think as well as
be able to apply that knowledge in an ever-changing world.

With the fast moving advancement of technology, more and more students are

learning via distance learning. There is a need for lifelong learning andagidéearning
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provides that opportunity for many who may not have had access to learning prior to this
technology. NASA's Digital Learning Network videoconferencing provides oppibigs

for students to present authentic research and findings to obtain feedback from NASA
personnel.

Much research has been conducted on learners’ reactions to distance learning. A
survey conducted by Barron (1987) of college-aged students taking distance education
courses found that these students preferred to be in a traditional classroomtudiegr s
have reported that students felt less focused in distance education classes tha
traditional classes (Barker & Platten,1988; &Wolfram, 1994). Yet, other studies
contradicted this. Egan et al (1992) reported no significant differences in studesdtint
between a distance education class and a traditional classroom.

Ingebritsen and Flickinger (1998) conducted a study on science courses delivere
through distance learning. This study found that grades of students who took the course
over the internet were slightly higher than face-to-face classe®ll as favorable
attitudes towards the internet course (Ingebritsen, 1998). And the purpose of another
study by Kenny, Bullen, and Loftus (2006), was to “investigate the existencatmd n
of student problem formulation and resolution processes in an undergraduate on-line PBL
(problem-based learning) course in agriculture science” and concluded that FiB& on-
can foster problem solving behaviours (sic) (p. 2).

A study was conducted by Glenn (2001) comparing students enrolled in on-
campus versus distance education in a political science class and compared lea
outcomes. Glenn (2001) states an “advantage of distance learning is thatunenésst

can be educated at a specific investment level than can students in a traditional
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environment because instructors can teach in multiple classrooms (p. 5). She concludes
that there is “no statistically significant differences exist inpifeetest performance
between the students who completed political science courses on campus” (Glenn, 2001,
p. 70) and that there was “no statistically significant difference in studecgptions.”
(Glenn, 2001, p. 21)

Videoconferencing provides opportunities for students to present authentic
research and findings and to obtain valuable feedback from peers, sciciatistdske
(2005) states “videoconferencing allowed students to present their findingspeltog
ways that led to important civic actions both in their own community and in distance
places” (p. 50) Agreeing with Wiske, Boone (1996) states “science eslucaiuld
expand its use of distance education technology,” and goes on to say “this technology
seems to be one way in which more individuals of all ages can be exposed to science” (p.

45).
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CHAPTER Ill

DESIGN AND METHODOLOGY

Introduction

This study utilized a mixed method approach to data collection from secondary
science students. The methodology used during this research helped deterntiee whet
using NASA'’s Digital Learning Network (DLN) module, “Can A Shoebox Fly?

Challenge,” could improve science attitudes toward science and interestvh STE

careers. The quantitative data was collected from a pre- (Form A) and aHoost-B)

science attitudes survey completed by the subjects. The qualitative dajathered

from face-to-face interviews with the subjects as well as student cdiopasstebooks.

The subjects were sixth through ninth grade students enrolled in a science tiass i
Kadoka Area School District. The researcher chose NASA’s DLN “Can a Shégliox
Challenge” for several reasons. One, most of these students had not been exposed to the
subject of aeronautics thus, minimal prior knowledge was known. Two, the students were
able to experience the engineering design process by designing,, testegigning,

retesting, etc, which leads to learning by the constructivism approach. Third, the
researcher enjoyed the module because of her interest in aviation. The researche

purpose was to determine whether NASA’s DLN was a viable delivery method to
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increase student attitudes towards STEM — specifically, science. Tégsaleproject

was approved by Oklahoma State University Institutional Review Board (AppBhdi

Explanation of the Research

Research Questions and Purpose

The purpose of this study is to assess the degree to which NASA'’s Digital
Learning Network (DLN) will promote scientific attitudes in the secondargnce
classroom in South Dakota. This research will be used to ascertain if the secondary
students participating in a DLN event will promote a more positive attitudardow
science.

This information will be used to determine the if the Shoebox Challenge will
create a change in attitude in students in science, as well as, inspiretthenseation of
explorers to pursue STEM careers. It will also be used to determine if axigisde

modify the DLN modules to be more effective to promote scientific attitudes.

Research Questions

1. To what extent will the DLN module “Can a Shoebox Fly? Challenge”
promote scientific attitudes in the secondary science curriculum?

2. Is there a gender difference in science attitudes with regards to “Can a
Shoebox Fly? Challenge?”

3. How effective the DLN is with regards to student interest in STEM

careers?
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4, Does a need exist to modify the DLN module “Can a Shoebox Fly?
Challenge?”
For research question one, the null hypothesis is that there will be no differences
in students’ scientific attitudes {Hore=post). For research question two, the null
hypothesis is that student population who participated in the DLN events will have no

difference in gender (jimale= female).

Research Context

The participating subjects were enrolled in a secondary sciencerolass f
Kadoka Area High School (grade 9) and Kadoka Elementary School (gradesdik8). B
schools are located at the same address in Kadoka, South Dakota. The Kadoka Area
School District covers over 2000 square miles in South Dakota and most of the
community economics involve farming, ranching, and tourism (Kadoka is locatesl at t
edge of the Badlands National Park). The district employs approximately 80 staf
members and 350 students (2009-2010 school year) students attend the district schools.
There are 3 elementary schools (Pre-K througgrade) and one high school (grades 9-
12). Kadoka Area School District is a NASA Explorer School. They are one of 26
schools/school districts chosen in 2006 to participate in a 3-year partnership Vi@t NA
The agreement between NASA and the district included $17,500 in technology grants,
professional development workshops for teachers, an increase in family/cagnmuni
involvement, and student classroom visits to increase students’ skills in STEM. The
NASA Explorer Schools project chose schools, through an application process, based on

underserved populations in diverse geographic locations. Both participating sckools ar
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Title 1 schools. Title I is funded by the U.S. Department of Education to “help ethsare

all children meet challenging state academic standards” (U.S. tDedirof Education,

p. 4) in “public schools with high numbers or percentages of poor children “(U.S.
Department of Education). Title | eligibility is determined by how mstuglents are

enrolled in the free and reduced lunch programs — 40% or greater. In the 2008-2009
school year, Kadoka High School had the following students eligible for the free or

reduced lunch program: 31 students in ninth grade, 18 students in tenth grade, 23 students
in eleventh grade, and 17 students in twelfth grade. At the elementary schoot, ninety

three (93) students are eligible for the free lunch program and there are nosstudent

eligible for a reduced-price lunch.

There are 89 total students (31 hgrade) enrolled in Kadoka High School
where the demographics are 40 male and 49 female students:

51 Caucasian students

37 Native American students

1 Asian/Pacific Islander students

0 African American and Hispanic students
Kadoka Elementary School has 203 total students with only 63 in grades 6-8 (22 in the
sixth grade, 23 in seventh grade, and 18 in eighth grade). The demographics for the entire
school are 107 male and 96 female students:

100 Caucasian students

102  Native American students

1 Asian/Pacific Islander
0 African American and Hispanic students
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Population

The population of this study is ninety-four students in 8tii@des. There are
fifty-five subjects in the sample. The subjects were selected based on ddeilayrel
and that they were enrolled in a science class. All of the subjects in grdesré-
required to participate in the “Can a Shoebox Fly? Challenge” as part ofettpelan
class, but were not required to participate in the research and data colleatievgr, all
of the students volunteered and signed a student consent form (see Appendix B)
Parental/Adult consent was obtained by permission forms as well as consettidr
Principal of the Kadoka Area Schools. Even though all of the parent/adult and students
consented, only 55 students were actually able to participate in both the pre- and post-
science attitudes survey due to absences from school or other obligations during school
hours, that is, sports or band competitions. The students in this study have had little to no
exposure to NASA’s DLN modules but have been exposed to NASA'’s educational
curriculum in the classroom by their teachers as well as the Aerdsgacation
Specialist in the Aerospace Education Services Project.
The demographics of the sample are:

6" grade = 21 students — 12 female and 9 male

7" grade = 6 students — 4 female and 2 male

8" grade = 18 students — 8 female and 10 male

9" grade = 10 students — 6 female and 4 male

No other demographic information was obtained.

Treatment

Parent/Adult and student consent forms were sent home the week before Form A
of the science attitudes survey was administered. Permission from thipd®nvers
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obtained verbally at first, then via email (see Appendix A). Form A of the science

attitudes survey was given to the students a few days prior to the firstl Degirning

Network (DLN) event. The surveys were given during the subjects’ sciemssesl Form

A of the science attitudes survey assessed the subject’s initial attitwaErds science.
Depending on when the first DLN event was scheduled, the students participated

in NASA’s DLN “Can A Shoebox Fly? Challenge” two or three days after FowhthAe

attitudes survey was administered. Students were brought, during theaesclass, to

the classroom where the videoconferencing equipment was housed and used for other

distance learning classes. The teachers were in this classroom Harenghts as

observers and the researcher was present to facilitate the events. e@hehersexplained

to the students what they were about to experience and how to use the microphones so

they could ask and answer questions of the DLN Education Specialist. Each DLN event

was approximately one hour in duration in which the DLN Education Specialist showed

the students videos of NASA'’s Helios airplane and a model airplane wing in a avdter t

to demonstrate to the students how the shape of the airplane wing affects @@roslyn

The DLN Education Specialist asked the students questions regarding the uiteas s

“why do you think NASA is using solar energy to power an airplane?” The studemts als

constructed a “wing-on-a-string.” Students used 8.5"x11” paper, tape, a strawjrasnd st

to construct a paper model of a glider wing (see Appendix F). In this hands-otyactivi

students were to experience how Bernoulli’s Principle is applied to the design of

airplane wing to create lift of an airplane or glider. The students weza the

opportunity to ask questions of the DLN Education Specialist as well as the research

Each student was given a composition notebook, provided by the researcher, to record
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data, changes made to their gliders, results obtained because of these ghdagdspe

ratio of the glider, as well as any other pertinent research data. Tkeatstuckre

presented the design challenge to build a glider out of an ordinary shoebox. The students
were given criteria and constraints to their design to simulate what ecceed-world
engineering applications. The criteria were:

The glider must move forward at least three meters

The glider must demonstrate an effective positive glide slope ratio

The glider must not break upon landing

Teams/Individuals will prepare a final presentation of results and
understanding.

apop

The constraints were:

a. The glider must include an in-tack shoebox in its design

b. The glider must be built out of recycled materials

c. Time limit of one month to research, build, and test the glider
Four weeks later the students participated in a second DLN event, where tleeygules
their gliders and their results to the researcher and the DLN EducationliSpeS8iame
students presented their gliders individually and others designed their glideamis df
2 or 3. Each glider was held in front of the DLN camera and the students desdrdied w
materials they used, what changes/maodifications that were made, the sttidakihg
behind these changes, and their results. (Example: how did the glider fly andashat w
the glide slope ratio). Each DLN connection was approximately one hour in length.
Immediately after the second DLN connection, Form B of the science attitugtey s
was administered and collected by the science teacher. The students’ tomposi
notebooks were also collected, graded by the teacher, and mailed to the eesgach
later date. After each of the second DLN events, the researcher conduetéul flace

interviews with the students. Twenty-two of the students were chosen based on their
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willingness to be interviewed (i.e. the students volunteered to be interviewed). The
researcher asked the following open-ended questions to each interviewee:

a. Did you like learning through the Digital Learning Network? Would you
prefer learning with a teacher in the room or with the DLN?

b. What part of the “Can a Shoebox Fly? Challenge” did you like?

c. What part of the “Can a Shoebox Fly? Challenge” did you not like?

d. What was the hardest part of the “Can a Shoebox Fly? Challenge”?

e. Would you want to do the “Can a Shoebox Fly? Challenge” again? Why or
why not?

f. What career field do you think you want to pursue after high school or
college?

During the second day of the second DLN connection, the school held a Family Night.
This allowed the parents, siblings, and community members to view the shoebox gliders

and to see them fly.

Instrument Used

Quantitative Method: The instrument used is a 36-question survey using
Novodvorsky’s science attitudes survey. This instrument uses a Likertebvatial
respondent choosing one of the responses from strongly disagree to stronglylagree
reliability coefficient of this instrument is 0.93 and the construct validity is 0.82
(Novodvorsky, 1993).

Permission was obtained to use the science attitudes survey (see Appendix E).
Form A and Form B (see Appendix D) are parallel forms of each other and contain
guestions that attempts to determine students’ attitudes towards sciescaloived for
a test-retest format and was designed to reduce “problems arisingeBpondents

remembering items from one administration to the next” (Novodvorsky, 1993, p. 51).
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Each survey allowed for the questions to be grouped based on three factorsddantifie
Novodvorsky. These factors are:

1. Interest in science classes and activities in science class

2. Confidence in ability to do science

3. Interest in science-related activities outside of school

Examples of questions for each factor are:

Factor 1 — Form A: | am fascinated by what | learn in science class
Form B: | do not want to study any more science
Factor 2 — Form A: | enjoy the challenge of science class
Form B: | have the ability to be successful in science class
Factor 3 — Form A: | like to share what I've learned in science clalsswyit

friends and family.
Form B: | enjoy reading about science in the newspaper or
magazines.

Form A Science Attitude Survey Form A science attitude survey was emailed

to the two science teachers in grades 6-9. Instructions were sent to thestbgche
researcher to read to participating students (See Appendix C). These teachers
administered and collected Form A science attitudes survey from theintstuideing
science classes. The students were instructed to check whetherahglysigreed,
agreed, neither agreed or disagreed, disagreed, or strongly disagree@ with th

corresponding statement on the science attitudes survey.

Form B Science Attitude Survey Form B science attitude survey was

administered and collected by the same teachers immediately aftentpketon of the
second DLN event. The students were again instructed to check the appropriate box of
strongly agreed, agreed, neither agreed or disagreed, disagreed, or stragggedis

with the corresponding statement on the science attitudes survey.
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Both Form A and Form B science attitudes surveys used a Likert-5 gtale w
ordinal responses of strongly agree, agree, neither agree or disagreegdiziagtrongly
disagree. The positively worded questions received a score based on stroregly agre
agree = 4, neither agree or disagree = 3, disagree = 2, and strongly agregatiteNe
worded items received a science of strongly agree = 1, agree = 21 agithe or

disagree = 3, disagree = 4, strongly disagree = 5.

Qualitative Methods

Composition Notebooks

All of the students in a science class patrticipated in the “Can a Shoebox Fly?
Challenge” as part of their science curriculum. This involved them keeping@osiion
notebook to record their data, design changes, and results of flight based on these
changes. The notebooks were submitted by the students to their science teaeher to b
graded. After the teachers graded the notebooks, the participating students’ notebooks
were returned to the researcher for insight on their learning process anadténest in
STEM careers. Twenty-six notebooks were returned to the researcher.nbielsooks
represent forty-nine students because some of the students worked in groups and
submitted one notebook per group.

The researcher reviewed the notebooks for evidence of learning and the inquiry

process. The indicator of this evidence is the engineering design process.
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Interviews

The researcher conducted face-to-face interviews with twenty-twonssudde

demographic breakdowns of these students are:

6" grade = 6 students — 1 female and 5 male
7" grade = 6 students — 3 female and 3 male
8" grade = 6 students — 2 female and 3 male
9" grade = 5 students — 2 female and 3 male

All of the students and parents/adults gave consent to be interviewed but
ultimately, it was the students who volunteered to be interviewed. The interveaes w
conducted on the day of their final second DLN event but only after the DLN event
occurred.

The students were interviewed in a quiet room by themselves in hopes of
obtaining honest answers without undue influence from their peers. Each interveslv last
approximately 20 minutes. The interviews were not audio nor video taped so the
researcher hand recorded the students’ responses. The researcher dskeddar-
digit number used on their science attitude surveys so that the researcher geldtecor
the interviews with the notebooks and attitude surveys if needed. The reseaketer
the following questions to each of the interviewees in the same order:

1. Did you like learning through the Digital Learning Network? Would you
prefer learning with a teacher in the room or with the DLN?

2. What part of the “Can a Shoebox Fly? Challenge” did you like?
3. What part of the “Can a Shoebox Fly? Challenge” did you not like?
4, What was the hardest part of the “Can a Shoebox Fly? Challenge”?

5. Would you want to do the “Can a Shoebox Fly? Challenge “again? Why
or why not?

31



6. What career field do you think you want to pursue after high school or
college?

Students were interviewed to obtain their description about their DLN experience, the

learning, and their attitudes towards STEM careers.

Data Collection

All of the students who participated chose a four-digit number that they could
remember to allow for test-retest correlations. Anonymity was aiagd because the
researcher did not collect names and the four-digit number to prevent anyone to be able
to identify specific students. Fifty-five students completed both Form A and Fafn B
the science attitudes survey. The data collected during this reseduncle¢hEorm A
(pre-) science attitudes survey, Form B (post-) science attitudes sinwegsearcher’s
notes from the face-to-face interviews and the subject’'s composition notebogks whi
contained their glider research and data. The parent/adult consent formsgéme st
consent forms, composition notebooks, and attitude surveys were kept locked in the

researcher’'s home safe.

Limitations of the Study
The limits of generalizability of this study is the relatively smathple
population. The researcher cannot be sure that the findings would extend to the other
sixth through ninth grade students in South Dakota and across the nation. The researcher
also cannot make generalizations about the rest of NASA’s Digital Leadxaitvgprk’s
event catalog as to whether student science attitudes increase aittgygbeng in a DLN

event, if there is a gender difference, and a change in career choiocascwill
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Furthermore, there were unexpected limitations. All of the 94 students in gr@desre
not able to participate in the research. This was due to various reasons ramging fr
absent on the day(s) the DLN event occurred to non-attendance in scienbectase
of other obligations during school hours (sporting events and band competitions).
Another unexpected limitation was the non-compliance of students submitting
their notebooks. While it was not mandatory to participate in the research,hal of t
students and parents signed the consent forms. It was mandatory that the students
participate in the “Can A Shoebox Fly? Challenge” since it was part of thacutum
to receive a grade from their teacher.
The students volunteered to participate and it is assumed the students answered

the survey questions and interview questions honestly.

Data Analysis

Because of the large number of variables contained in the data, a Principal
Component Analysis (PCA) was performed on the science attitudes surveys. #CA is
method that reduces the number of data dimensionally by performing a cogarianc
analysis between factors and is a tool to uncover unknown trends in data (Jolliffe,2002,
p. ix) PCA explores correlations between samples. There are 79 variatlgs, w
represent the students’ four-digit number, gender, grade level, 2 unused flags (notebooks
and interviews), responses from 36 questions from Form A science attitudesandvey
responses from Form B science attitudes survey. These variablesikateslvariables,
that is, ordinal responses with five possible values. These variables have ¢he sam

direction (5 was most positive interest to science, 1 most negative intevasis$
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science). A paired t-test would be inappropriate because the number of questions
corresponding to each factor differed from Form A and Form B. Furthermore, the number
of questions for each group changed. A single paired means test for eachuodehe t

groups would also not be appropriate since a normal distribution is not supported by the
data.

A paired means test on a latent variable was chosen. The researcher grouped the
attitudes survey questions into three factors and is implicitly statihghtve is an
unmeasured variable that represents a student’s interest in science awlda stay of
acquiring that latent variable is to perform PCA. The three factors are:

Factor 1 - Interest in science classes and activities in science class

Factor 2 - Confidence in ability to do science

Factor 3 - Interest in science-related activities outside of school
A minor barrier to this method is the PCA theory is based on an assumption that the
measures are continuous; however, Kelenikov and Angeles (2009) indicate that
estimating the correlation between two theorized normally distributechconis latent
variables is only slightly better than treating the ordinal data as continuous (pTh3%)

the Likert-5 variables are treated as being a continuous measure ot itteeesls

science.
Form A
Factor 1| Q2, Q6, Q9, Q11, Q21, Q26, Q27, Q30 8
Factor 2| Q3, Q7, Q12, Q17, Q20, 22,Q28 7
Factor 3| Q8, Q10, Q13, Q14, Q16, Q23, Q24, Q25, Q29 9
Form B
Factor 1| Q1, Q6, Q9, Q13, Q21, Q22, Q25, Q27, Q30 9
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Factor 2| Q5, Q11, Q12, Q14, Q15, Q16, Q17, Q18, Q23, Q26 10
Factor 3| Q2, Q3, Q4, Q7, Q10, Q19, Q20, Q24, Q28 9

As previously stated, Factor 1 is general interest in science classadtians
in science class; Factor 2 is confidence in ability to do science; and Bastoterest in
science-related activities outside of school. Each question in the scituceatsurvey
was broken out into their respective factor and a PCA was performed to detérmine i
there existed an underlying variable that summarizes the feelings behiedpgbages
and determine the subjects’ overall underlying feelings towards science.

To compare pre- (Form A) and post- (Form B) tests, a paired t-test viespesdt
and its null hypothesis ¢dpre=post. To compare male and female results, and

independent t-test was performed where its null hypothesis Ho: male=female

Summary of Chapter

This study employed a mixed method approach to determine if secondary science
students in a South Dakota school district improved their attitudes toward science and
career choices changed after participating in NASA'’s Digigarhing Network’s “Can a
Shoebox Fly? Challenge.”

Quantitative data was collected from 55 students using pre-and post- science
attitudes surveys. Due to the high number of variables, it was determined tbanpegf
Principal Component Analysis was the best analysis to be conducted. A Principal

Component Analysis was performed on each of the three factors as well asadin ove
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factor on the students’ underlying interest towards science. Calculationslse
performed comparing pre- and post- scores and comparing gender.

Qualitative data was collected through face-to-face interviews wéhtgatwo
students — six®Bgraders, six 7 graders, five 8 graders, and five"dgraders. The
interviews were conducted to obtain their descriptions about their DLN experiahce a
their attitudes towards STEM careers. Twenty-six composition notebooksolieaed,
which represents 49 students, and the notebooks were reviewed for their evidence of

learning and the inquiry process.
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CHAPTER IV

FINDINGS

Introduction

This chapter examines the findings of this study that assess studétnideatt
towards science who are in grades 6-9, before and after participabi#®SA’s Digital
Learning Network’s “Can A Shoebox Fly? Challenge.” The results are aeghimito
two sections to reflect a mixed-methods approach described in Chapteh#Ifirst
section comprises the quantitative data that was collected from thévétstudents
using a pre and post science attitudes survey. The second section constitutes the
gualitative data collected through twenty-six students’ composition notebooksl as wel
face-to-face interviews with twenty-two students.

The following research questions are answered with the findings prescrilésl in t
chapter:

1. To what extent will NASA'’s Digital Learning Network’s “Can A Shoebox

Fly? Challenge” promotes scientific attitudes in the secondary science
curriculum?

2. Is there a gender difference in science attitudes with regards to “Can A

Shoebox Fly? Challenge?”
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3. How effective is NASA'’s Digital Learning Network with regards todsnt
interests in STEM careers?
4. Does a need exist to modify the DLN module “Can A Shoebox Fly?

Challenge?”

Quantitative Findings

Quantitative data was collected from fifty-five students using pre (AJramnd a
post (Form B) science attitudes surveys. A Principal Component Analystg (RS
preformed to reduce the number of observable variables into principal components — a
smaller number of variables that will account for the variance in the 79 observable
variables. In each of the cases, the first PCA score accounted for thesharesof the
variance in the variables; therefore, the first score serves as alemixsebstitute for
several variables.

To compare Form A and Form B test scores, a paired t-test was perfornsed. Thi
variety of the t-test has its null hypothesis Horm A=Form B. The t-test assumes
Normality of the underlying scores, but is not as sensitive to this assumptiomas in t
ANOVA. Shapiro-Wilks tests of Normality can be used to determine whéther
distribution’s deviation from Normality is of concern. In none of the cases was the
distribution of the PCA score so far from Normal that it endangered the conclusions of
the t-test.

An independent t-test was used to compare the male and female results. This t-tes
has its null hypothesisgimale=female. Also, there is no assumption of equal variances

in the two groupings (male vs. female). This test assumes Normality of thdyingle
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scores and is not as sensitive to this assumption as the ANOVA. The conclusi@ie are s
since none of the t-statistics were close to the significance boundary.

General Science

The PCA variable took care of 94.0% of the variance in the pre-survey (Form A)
and 93.8% of the variance in the post-survey (Form B) variables which indicated the
variables are important latent variables common to all of the questions anduteseas
the students’ interest towards science in general.

When comparing the scores for all students taking the survey, the difference is
statistically significant at the alpha=0.05 level (t=4.8821; df= 44; p<0.0001) indjcati
that the students has a positive change after completing NASA'’s Digitalihga
Network’s “Can A Shoebox Fly? Challenge” than before it.

When examining the data based on gender, the results show that both males and
females exhibited a positive change in attitudes after completing timeAGhoebox
Fly? Challenge” than before it. (Males (t=2.7495; df = 19; p= 0.01275) and females
(t=0.1596; df = 35.611; p = 0.8741)). Furthermore, there is no evidence that the male
students exhibited more change that the female students (t=0.1596; df = 35.611; p =
0.8741) These results are robust to violations of Normality.

The questions from the science attitudes survey are grouped into three factors:
Factor 1: Interest in science classes and activities in sciense clas
Factor 2: Confidence in ability to do science.

Factor 3: Interest in science-related activities outside of school.
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Form A
Factor 1| Q2, Q6, Q9, Q11, Q21, Q26, Q27, Q30 8
Factor 2| Q3, Q7, Q12, Q17, Q20, 22,028 7

Factor 3| Q8, Q10, Q13, Q14, Q16, Q23, Q24, Q25, Q29 9

Form B
Factor 1| Q1, Q6, Q9, Q13, Q21, Q22, Q25, Q27, Q30 9
Factor 2| Q5, Q11, Q12, Q14, Q15, Q16, Q17, Q18, Q23, Q26 10
Factor 3| Q2, Q3, Q4, Q7, Q10, Q19, Q20, Q24, Q28 9

Each factor was broken out into their own group and a PCA was performed on that group
to determine if there existed an underlying variable that summarizes linggdeehind
the responses.

Table 1 — Summary of Form A and Form B Attitudes Survey Analysis

Factor Overall t Overall df Overall p

Factor 1 — Interest in science class4.6382 44 significant
& activities in science class

Factor 2 — Confidence in ability to 9.9946 44 significant
do science
Factor 3 — Interest in science- 4.4752 44 significant

related activities outside of school

General Scienct— overall interest  4.8821 44 significant
in science
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Factor 1

There is high confidence that the PCA scores (Form A = 96.6% and Form B =
95.5%) measure the underlying attitude of the students’ interest in scierscardas
activities in science class. The results for Factor 1 are similartttt@eneral Science
and there is strong statistical evidence that students have a positive thaagls
Factor 1 (Interest in science classes and activities in sciensegladter completing the
“Can a Shoebox Fly? Challenge” than before (t= 4.6382; df = 44; p<0.0001). This
difference was felt by both males (t=3.3837; df = 19; p=0.003117) and females (t=3.142;
df = 19; p=0.004418); however, the differences between genders are not statistically

significant (t=0.7832; df = 37.51; p=0.4384).

Factor 2

There is high confidence that the PCA scores (Form A = 94.1% and Form B =
94.6%) of the variance measures the attitudes of the students’ confidencayiricadd
science. The results for Factor 2 are similar to those for General Samhéactor 1 and
there is strong statistical evidence that students had a positive changistbaetor 2
(confidence in ability to do science) after completing “Can a Shoebox Flyke el
than before (t=9.9946; df = 44; p<<0.0001). The difference was felt by both males
(t=5.901; df = 19; p<<0.0001) and females (t= 8.1018; df = 24; p<<0.0001).
Additionally, the difference between the genders was not statistiggtlificant

(t=0.7437; df = 39.859; p = 0.4614).
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Factor 3

There is high confidence that the PCA scores (Form A = 93.5% and Form B =
92.8%) of the variance measures the underlying attitudes of the studentst interes
science-related activities outside of school. There is a statistsigHificant relationship
between Form A and Form B but, unlike Factor 1 and Factor 2, it is in the opposite
direction of the hypothesis. Thus, there is strong evidence that the “Can a Shoebox Fly?
Challenge” caused the attitudes of the students toward this factor to declidg$2;
df = 44; p<<0.002114). The conclusion also holds when the assumption of Normality is
relaxed and the test is replaces with the Mann-Whitney test. This conclusiorfionolds
males (t=2.851; df = 19; p = 0.01022) and for females (t=3.4443; df = 24; p = 0.002114).
Finally, the data suggested no appreciable difference between male aledderients
(t=0.2832; df = 36.324; p=0.7787).

Reliability

Since Novodvorsky’s survey reliability was based on high school student
responses and the researcher used Novodvorsky's survey with middle school students
(6th-8" graders) as well as high school studentsgi@de), a Chronbach’s alpha was

calculated for each of the Factors to measure the internal reliability.
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Table 2 — Chronbach’s Alpha for Factors on Attitudes Survey

Factor Form A alpha Form B alpha
Factor 1 — Interest in science  0.8594 0.7596
class

Factor 2 — Confidence in ability
to do science 0.7598 0.7172

Factor 3 — Interest in science-
related activities 0.6637 0.7472

Overall 0.8884 0.8821

Qualitative Findings
Twenty-six composition notebooks were returned to the researcher. Even thontyh twe
six notebooks were returned, they actually represent forty-nine students hemaesef
the students worked in groups and returned one group notebook instead of individual
notebooks. The researcher reviewed each notebook for evidence of student learning and
chose student notebooks based on the amount of detail documentation of their
engineering design process via the 5E inquiry learning model of “Can A Shoebox Fly?

Challenge.”
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Figure 1 — Engineering Design Process

Students documented in their notebooks the learning and thinking behind building
designing the gliders. Although they didn’t specifically state which stefigin
Engineering Design Process are used, the researcher was able tondetfeersieps
based on the students’ notes. Excerpts from students’ notebook are below and are offered
as evidence of learning through inquiry using the engineering design procesgghttire
medium of “Can A Shoebox Fly? Challenge.” The students begin by defining the
problem (converting a shoebox into a glider) and taking a vague idea and brainstorming

possibilities given the criteria and constraints. The students then begin tahessr
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construct prototypes and as they test and re-examine their designs, and prodwece a mor

robust design, they are engaged in learning.

Day 1 (* indicates the same student as the interviews)

6" grade female #1*“worked on it and it was terrible | gess [sic] | was in a
hurry but | made it with cardboard with an OP box and with a telephone [sic]book
front page....”

6" grade female #2"-...1 ripped off the top of the shoebox so that when it is
gliding, it will go farther because of the less weight....I tested how far theetlox can
glide by itself so that | can see if the wings will help it go farther. It goes abonit 3
feet by itself.”

6" grade female #3 “Put a little Styrofoam ball in a paper and shaped it was
a cone and glued it to the front; glued popsicle sticks too and put them arodrhe
cone”

6" grade female #4 “started on box — put wings on”

6" grade female #5 “went over plans for construction; used cone for a nose;
using paper plates for wings”

6" grade female #6 “got a shoebox; planned out what to do; cut the wings and
tail wing”

6" grade male #1 “we put a half-cut bottle for the nose of the shoebox then put

two half-cut cans for the tail”
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6™ grade male #2 “got box and objects for glider — paper, scissors, box parts
for wings, glue”

6" grade male #4* “first, | tried to see if the lid affected the aerodynamics; the
lid fell off while it was flying; | tried to see if it would fly better withut the lid- it went
a little farther.”

7" grade female #2- “researched gravity — make as light as possible; lift —
make good wings with camber; to reduce drag — streamlined glider (narrow nose and
tail and wings that don’t stand straight out; thrust — creative — no motor”

7 grade male #1* “the glider was built and tested; thrown then caught as
contact with ground”

8" grade female #1* “We cut holes in the side of the box so we could put the
wings in; we put the nacho trays as the wings; once we got the wings in,treen
colored them.”

8" grade female #2*“Spray painted the top of our box black; spray painted the
bottom red”

8" grade female #3 “Decided to reinforce the wings with second layer out of
a cake pan; decided to have smaller wings (cake pan wings) on top of shoebox and
larger cardboard wings on the bottom with straws supporting the wings in
between.”

8" grade female #4 “examined the box; light foil cake pan (wings); covered
the box with wrapping; decided to use a whole b-day instead of a cut one; covered the

b-day hat (for nose) with b-day paper”
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8" grade female #5 “ehose a rectangular red shoe box; planning on creating
nose cone today; wings need work — used a long piece of cardboard punched through
shoebox wall....”

8™ grade male #1* “we got the tablets and rulers but we didn’t get started on

the project yet; we got instructions on the project we were supposed to anglkeebox

fly.

g grade male #2* “the wings: a. get three willow saplings; b. measured for the
right length; c. shave them down to fully balanced; d. used the three willowisgplto
make a curve shape for the wing; e. used fishing line to bring the tips of timgsvup;

f. used plastic material for the wings because it is light weight and dodseft[sic]
easily; g. | used the Bernoulli’'s principle for the wings and nose and witk thil”

8" grade male #3 “we worked on plans for the 3 main parts. We made the
cone, and we were done for the night.”

8™ grade male #4 “we are gunna]sic] cut a bottle top off and make it
connected to the box so it it more arrowdinamic[sic] and make the top of the box as
wings”

8" grade male #5 44 started thinking what | was going to do. | got started on
my shoebox. | cut my box where my wings were going to go. | first put cardboard on
the bottom to see how that would work — it didn’t. Then | tried Styrofoam and that
made it to [sic] heavy. | tried tag board to see how that would make it fly — it went far
but then it dropped like a duck. “

8" grade male #6 —see responses fréhgidde male #1 (shared a notebook)
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9" grade female #1“Went to the dump and picked up some foam for the
wings; shaped aerodynamic wings with a curry comb.”

Unknown #1 —“spray painted the top of our box black; spray painted red”

Unknown #2 =1 got a pink square shaped box to make my glider. Also, | have
two decent wings on each side that has some writing on them. A tail that tspof
my glider. Two triangles on each side of my box.”

Unknown #3 “Worked on the base of my airplane, and the sides, front, and

back”

Day 2

6" grade female #1*“worked on it. Hopefully it was good”

6" grade female #2“Today, | put on the wings and tested how far it can go,
which was not very far. So | thought of what might help. | came up with a taikéep it
balanced. Once again, it failed and I'm currently thinking of what to do....l thought if
| added a small pair of wings to the tail, it will help it glide instead of crash. So, |
sketched out a design and tested it on another shoebox and it works!”

6" grade female #3 “we put paper around and taped the edges and tip. Had
paper to put on the sides for decoration for the box. Figured out how to make wings
and tail.”

6" grade female #4 “put on tail — restarted tail”

6" grade female #5 “put new and longer wings on; made it more

aerodynamic”
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6" grade female #6 “taped wings and tail to box; tested it — it tumbled and fell
head over head forward; put a tube threw[sic] the middle to make it go farthetetes
flew great”

6" grade male #1 “put a Styrofoam wing. The shoebox name is Black Hawk;
23 feet when we tested it. Flew perfect. You can’t throw it to hard or the nasgav
down.”

6" grade male #2 “made wings and nose for glider; making tail right now”

6" grade male #4* “Next, | cut out 2 pieces of cardboard and taped then to
each sides of the front of the box. | made the two ends touch so it forms an arrow;
better already”

7" grade female #2- student drew out glider design

Figure 2. Student Drawing of Glider Design
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7" grade male #1* “glider went about 10 feet before hitting the ground.
Launched from arms fully extended over head. Nose cone crushed.”

8" grade female #1* “we cut slants in the wings then we folded one side down
and one side up then we colored all of the box then we are going to test it out”

8" grade female #2*“poked holes in the top then put pipe cleaners through
them; put sequence in each black dot; put hair on our box; taped the bottom of the box
to the top so it wouldn't fly off”

8" grade female #3 “decided we needed hot glue; bottom part of triangle
support is approximately 6 inches and the lengths of topsides of triangle sugrts
are approximately 5 inches.”

8" grade female #4 “decided to reinforce the wings with second layer of cut
out cake pan; decided to have smaller wings (cake pan wings) on top of shoebox and
larger cardboard wings on bottom with straws supporting the wings in between.”

8" grade female #5 “ditched nose cone idea; turned wings into shuttle wings;
added top aerodynamic part; Test flight 1 — a little wobbly; Test flight 2 — smooth and
straight; spray painted it chrome”

8™ grade male #1* “we couldn’t decide on the shoebox; first, we discussed the
shoebox we were going to use, we each came up with different ideas faster; someone
wanted a small shoebox, another wanted was a really big shoebox, and | wanted was a
medium size; we started giving ideas; we didn’t want a to heavy shoebox so we picked a
small yellow shoebox.”

8" grade male #2* “Body — the body parts: 1. The tail is a little longer because

throwing structure is heavier — this allows for better stability; a. therizontal and
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vertical stability keeps it from turning and going up and down; 2. Nose — we putwillo
on the nose because the twigs are strong enough that they won’t break; they we
steady to hold weight and move the weight to make it balance”

8™ grade male #3 “we worked on the wing of the plane made out of popsicle
sticks and glue and we started on the cone building it so it is protected.”

g grade male #4 “taped the wings; we know we have to make the back more
heavy so it flys straight; now we put two tail fins on the left and right sideniake the
wind go over the top”

8™ grade male #5 “ added a nose to the front and it worked and added a tail
in my box — it ripped in two; | had to start all over but | found a litter bag so | tried to
use that over the lid as my wings; there was a hole in the front so the airdctiidugh
the box and that is where my box got all of the lift from and it went at least 3 yards
before it hit the ground”

8" grade male #6 —see responses fréhgidde male #1 (shared a notebook)

9" grade female #1“spray painted the wings; we test flew the wings to see how
well they would glide”.

Unknown #1 “poked holes in the top then put pipe cleaners through them;
taped the bottom of the box to the top so it wouldn’t fall off”

Unknown #2 -1 tried it out 4 or 5 times and | think it flys[sic] pretty good. |
finely got it to work. | had to start all over 1 or 2 times but | finally got it just right
think. I'm so proud of myself that | got it done.

Unknown #3 =1 worked on the wings on my aircraft”
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Day 3

6" grade female #1* - no data

6" grade female #2“Today, | put on the wings and tested how far it can go,
which was not very far. So | thought of what might help. | came up with a taikéep it
balanced. Once again, it failed and I'm currently thinking of what to do....I thought if
| added a small pair of wings to the tail, it will help it glide instead of crash. So, |
sketched out a design and tested it on another shoebox and it works!”

6" grade female #3 “used popsicle sticks for wings; used sturdy paper and cut
out pointed wings; glued the sticks to the wings, put more on the paper, glued, and
taped them together on each side. Glued and taped the wings to the box. We tested it to
see if it was good because we thought it was a little too heavy and we didn’t want to go
too far to see if it would break. Tried it a couple of times; the cone broke and theswing
got bent. Instead we used a different box to start over. We got Styrofoam and cut wings
out a little more bigger and made a curve at the end to get better air dynamics'[sic]

6" grade female #4 “designed wings”

6" grade female #5 “on test flight, the glider broke — had to start over. We took
8 feet long Styrofoam wings and rounded them with a Dremel tool”

6" grade female #6 “eut box to put wings through; tested to make sure;
decorated and named it”

6" grade male #1 ro data

6" grade male #2 “put wings on glider and tested it outside; it need more work

because it did flips and then fell to the ground; it didn’t go very far”
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6" grade male #4*“l added wings to the bottom and taped them on and added
two beams connected to the top to support the wings”

7" grade female #2- “noticed front was too heavy so we put 2 wings on the
back”

7" grade male #1* “glider was repaired with new nose cone and flew about 13
feet before hitting the ground”

8" grade female #1* “Test and tune: flight 1 — two desk lengths; flight 2 — 3
desk lengths; flight 3 — one desk length; flight 4 — 3 desk lengths”

8" grade female #2*“wrapped aluminum foil around paper plate wings then
taped on the sides of the box”

8" grade female #3 “decided to do 3 triangles for support between wings;
the inside triangle will be bigger, the middle triangle will be smdeér; the triangles
will get bigger as they go out; hot glued top and bottom wings came up with the
support plan; tail will have cardboard fins.”

8" grade female #4 “decided we need some hot glue; decided to use 3 triangles
for support between the wings; triangles will get bigger as the wings go out”

8" grade female #5 — no data

8" grade male #1* “ (student name withheld) emailed me a picture of
an idea he wanted to use — a skeleton wing — but said let’'s see more ideas of what we

wanted to use. (student name withheld) emailed me another picture, it

was a good idea he wanted a glider that touches to the top.”

8" grade male #2* - no data
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8™ grade male #3 “ested plane. It went far but the cone broke so we started to
make it bigger with stiraphome[sic] wings.”

8" grade male #4 — no data

8™ grade male #5  put tag board on it and it didn't go as far as it did without
the tag board “

8" grade male #6 —see responses fréhgidde male #1 (shared a notebook)

o grade female #1 “brought wings to town and looked for a thin shoebox; we
attached the wings with hot glue; attached back fins with popsicle sticksatiached
the wings with hot glue; attached back fins with popsicle sticks”

Unknown #1 “wrapped foil over wings”

Unknown #2 — no data

Unknown #3 =1 worked on the back part of my propellers; decorated the

aircraft putting on the colors and layers of paper”

Day 4

6" grade female #1* - no data

6" grade female #24've tested my shoebox over 5 times and my shoebox can
glide over 3 to 4 meters. I've decided my shoebox won't have a nose because it would
add more weight to the shoebox and would cause it to crash....”

6" grade female #3 “used green spray paint and sprayed the wings. After, we
spray painted the box black. When both of them were dry, we taped it around the box;

cut 3 pieces of Styrofoam out and layered and glued them together, then smoathed it
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Spray painted it, tried making it as a cone shape. Cut some stuff from thinner
Styrofoam — made it as a tail. The tail broke so we cut more thicker Styrofoam.”

6" grade female #4 “made nose”

6" grade female #5 “We took a new shoebox and the wings and glued them
together with spray adhesive. We made a cone out of Styrofoam to balance out the
weight. We spray painted the box and traced over our hands.”

6" grade female #6 “eut box to put wings through; tested to make sure;
decorated and named it ‘the Hands-on Glyder [sic]™

6" grade male #1 ro data

6" grade male #2 “fixed up glider and retried flying it from my porch — it went
1 yard then crashed and the nose broke”

6" grade male #4* 4 tried to see if the glider would fly 4 meters but it barely
made it. Then tried to see how strong it was to see if it would withstand a ciidsh
front did but the wings came loose. | took off the wings and changed the front”

7" grade female #2- “tested it — it succeeded!”

7" grade male #1* “glider went 13-14 feet — hit the ground with no damage
cause to plane”

8" grade female #1* - no data

8" grade female #2*“taped the second wing”

8" grade female #3 — no data

8" grade female #4 — no data

8" grade female #5 — no data
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8" grade male #1* “Talked with (student name withheld) to see if we
could make the wings solid and bigger.”

8" grade male #2* - no data

8™ grade male #3 “made cone again out of stirophome[sic]; shaped it; painted
cone and wings’ painted shoebox black; made talil; tested it — broke tail; made back
weights; tested — goes good when you tip it up and gently give it a push; painted hands
on it”

8" grade male #4 — no data

8" grade male #5 - no data

8" grade male #6 —see responses fréhgidde male #1 (shared a notebook)

9" grade female #1“we test flew and wings popped off; used black tape and
added more weight and color; hot glued wings; test flew and wings busted off; decided
to use thicker sections of hot glue for a better hold”

Unknown #1 —put in second wing”

Unknown #2 — no data

Unknown #3 — no data

Day 5

6" grade female #1* - no data
6" grade female #2 — no data
6" grade female #3 — no data
6" grade female #4 — no data

6" grade female #5 — no data
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6" grade female #6 “tested it to make sure the paper didn’t way[sic] it down™

6" grade male #1 ro data

6" grade male #2 — no data

6" grade male #4*“l put on a new wing that was just on big 2 foot long strip
of cardboard; to make the wing stronger, | added 2 strips of cardboard to support
them; | tested its flight. | figured out that it was unbalanced so | added anothes@® f
long strip in the back and taped it to the back; | tested it again and it went way farther
than it did but the 2 strips that support the wing weakened so | added 2 square pieces of
cardboard to support then it worked and it flew a little bit farther ”

7" grade female #2- no data

7" grade male #1* - no data

8" grade female #1* - no data

8" grade female #2* - no data

8" grade female #3 — no data

8" grade female #4 — no data

8" grade female #5 — no data

8" grade male #1* “it is now complete and we are playing the waiting game”

8" grade male #2* - no data

8" grade male #3 — no data

8" grade male #4 — no data

8" grade male #5 - no data

8" grade male #6 —see responses fréhgidde male #1 (shared a notebook)

9" grade female #1 — no data
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Unknown #1 — no data
Unknown #2 — no data

Unknown #3 — no data

Interviews

Twenty-two students were interviewed. Students were interviewed to obtain the
students’ descriptions about their Digital Learning Network experiemtéheir attitudes

towards STEM careers. Responses from the interviews can be found in Appendix G.

Table 3: Interviewee Demographics

Grade Level Females Males Total
6 1 5 6
7 3 3 6
8 2 3 5
9 2 3 5
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Interview Question 1

Did you like learning through NASA's Digital Learning Network? Would you

prefer learning with a teacher in the room or with the DLN? Why or Why not?

The consensus among the students interviewed is they liked learning with the
DLN. It was a different way of learning but, essentially, it did not médténe students
how they learned — either with the DLN or with a teacher in the classroom; however
students would have preferred to have more opportunities to ask the DLN Education

Specialist questions as the questions came up in their design process.

Interview Question 2

What part of the “Can A Shoebox Fly? Challenge” did you like?

The consensus of the students interviewed was they enjoyed learning through
inquiry. That is, the students were given an opportunity to apply their prior knowledge
about flight and generate new ideas and possibilities, and to design a product that would

satisfy the criteria and constraints of NASA’s “Can A Shoebox Fly? €ingl.”

Interview Question 3

What part of the “Can A Shoebox Fly? Challenge” did youliket?

The consensus of question 3 from the interviewed students us they liked the
challenge. Most students expressed frustration about documenting their thesigas;

results, etc. in their notebooks. They also expressed frustration with the eingineer
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challenges of designing a shoebox to glide. The frustration became mininmal whe

success was achieved.

Interview Question 4

What was the hardest part of “Can A Shoebox Fly? Challenge?”

For question 4, the consensus among the students interviewed determined the
hardest part dealt with some aspect of the engineering design processidénésdtad to
apply their understanding of flight to construct a shoebox that would glide. They also
experienced the iterative cycle of the engineering design process thie shoebox

design changes as improvements are made.

Interview Question 5

Would you want to do the “Can A Shoebox Fly? Challenge” again? Why or

Why not?

Only one student expressed that he would not want to do “Can A Shoebox Fly?
Challenge” again. The consensus of the rest of the students interviewed woealtbagre
the challenge again. Their responses were various but most stated somecakagige

design of their gliders. The evidence of continued learning is present.

Interview Question 6

What career field do you think you want to pursue after high school or college?
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Out of the 22 students interviewed, eleven (50%) students state they would like to
pursue a STEM career and six (27.3%) students stated they would pursue carees wher
science and engineering background would be beneficial in their careeschoic

(mechanic, pilot, and rancher).

Summary of the Chapter

The quantitative data are representative of the data gathered fromdiet st
attitudes survey from 55 students. The qualitative findings are representdheedata
gathered from the twenty-six student notebooks and twenty-two student interviews
Both the quantitative and qualitative findings presented in this chapter aresdibaus

Chapter V.
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CHAPTER V

CONCLUSIONS

This final chapter represents answers to the research questions on the findings in
the previous chapter. The chapter concludes with the limitations of the studly as we

recommendations for future research.

Conclusions & Discussions

The purpose of this research was to determine whether NASA'’s Digitalihga
Network’s “Can A Shoebox Fly? Challenge” was a viable delivery method to iecreas
student attitudes towards STEM — specifically, science. Overall, thendatates the
“Can A Shoebox Fly? Challenge” delivered through the DLN, is a viable method to
increase student attitudes towards science. Evidence was gathered frandrest
science attitudes surveys as well as from student notebooks and interviewsewi

students.

Research Questions

Research Question To what extent will NASA’s Digital Learning Network
“Can A Shoebox Fly? Challenge” promotes scientific attitudes in the secondary
science curriculum?
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The quantitative data from 55 students in grade 6-9, using a parallel pre- and post
science attitudes survey. Each survey allowed for the questions to be groophcemt
Factors. Factor 1 is Interest in science classes and activitigsncesclass. Factor 2 is
Confidence in ability to do science. And Factor 3 is Interest in sciencedaetivities
outside of school. The data also measured the overall attitudes towards sciemszah g
Factors 1, 2, and the general science test all indicate a positive changade sttitudes
after completing NASA'’s Digital Learning Network’s “Can A Shoeboyx?Challenge.”
Factor 3 indicated a negative change after completing the challergktefature
indicated that attitude toward science is important because it can enbgnitve
development and increase learning thus an increase in scientific literacy.

Qualitative data was also obtained to determine the extent of the “Can A Shoebox
Fly? Challenge” on science attitudes. Twenty-two interviews were ctedlte
determine the extent of their learning and science attitudes via the DEpoi&es to the
interview questions showed that the students enjoyed learning with the DLN despite
some frustration with the engineering design process.

The student composition notebooks also contained evidence of learning of the
engineering design process. Based on the documentation, the researcher tgas able
identify the ways the students were constructing a schema of learning.

With the exception of Factor 3, the findings show that the students’ attitudes
towards science increased after participating in the “Can A Shoebox kéjferige.”

The evidence obtained indicated the students enjoyed learning about flight and the
engineering design process using an inquiry-based approach where theisetheher

facilitator and allows the students to build their own knowledge and construct their own
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schema. The DLN allowed the students to present their findings to NASA and provided
them ownership to their learning. The research believes this fact is soa nghy there
was a positive change in science attitudes among Factors 1, 2, and overall gener
science.

The findings from Factor 3, interest in science-related activities owbgEool,
was not expected; however, after reflecting on the data, the researchesdtie
decline in science attitudes is due to the lack of support and motivation for the students.
The researcher feels that if the students had been able to ask questions pédh “ex
during the design process of their glider, the survey data may not have shomeaidecl
Factor 3. Thus, a recommendation to NASA'’s Digital Learning Network clangould
be to provide opportunities for the students to ask an expert about a particular design
problem. A blog format would work well with the “Can A Shoebox Fly? Challenge.” It
would not take away instruction time from the teacher or students. The students could
blog from home.

Research Question B there a gender difference in science attitudes with
regards to “Can A Shoebox Fly? Challenge?”

The quantitative data gathered from the science attitudes surveys suggest no
appreciable difference in science attitudes among males and fenwlegeBders
showed a positive change for Factors 1, 2, and general interest in science. &yprhers
data for Factor 3 showed a negative change in male and female scie¢ndesatbwards
interest in science-related activities outside of school. The literaidicates conflicting

studies based on gender, science attitudes, and achievement in science.
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The qualitative data obtained from the students’ notebooks and interviews also
indicated no significant difference in science attitudes and learninggamales and
females; however, based on the researcher’s observations during the second DLN
connection, some of the females seemed to be more concerned about the aesthetics of
their glider rather than the performance of the glider.

Research Question Blow effective is NASA’s Digital Learning Network with
regards to student interest in STEM careers?

Only qualitative data was gathered to try to answer this research question.
Interviews were conducted with twenty-two students. Fifty percent of the student
interviewed stated they would want to pursue a STEM career and 27.3% stated they
would explore careers where a background in STEM would be beneficial. Four students
emphatically stated they were swayed towards pursuing a STEM career due to
participating in the “Can A Shoebox Fly? Challenge.” Two students indicated#neer
choices have changed as well. One of these students is interested in becoroiranal pil
the other wants to become a mechanic.

The literature points out that there is a complex relationship among attitudes in
science, achievement in science, and career choices. Educators need to praiéalmor
world experiences for students, which are meaningful, interesting, andnteleva

increase the number of students pursing STEM careers.

Research Question Boes a need exist to modify NASA’s Digital Learning
Network “Can a Shoebox Fly? Challenge?”

The feedback the researcher received from the students and from the evidence

gathered from the composition notebooks, indicated frustration from the students. The
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students frustration stemmed from not having a teacher or facilitator who hadtcont
knowledge of aeronautics and whom could have provided advice to the students during

the design process of the gliders.

Recommendations

The majority of the students enjoyed the “Can A Shoebox Fly? Challenge.” The
students were given a challenge to transform an ordinary shoebox into a gliger. The
researched, designed, built, tested, and repeated the engineering designasratasy
times as the students deemed appropriate and until they were satisfied with the
performance of their glider.

The DLN provided a delivery method that allowed two-way communication
between students in a small town in South Dakota with the DLN Education Specialist at
NASA Ames Research Center in Sunnyvale, California. The students appeassstiple
that NASA would be interested in the gliders they made.

The students were asked to document the changes made to their gliders
throughout this process. Most of the notebooks were not well developed. The researcher
believes this is due to the lack of experience of the students in documenting their
research. One recommendation would be to work with the teacher and subjects
beforehand on how to make good qualitative and quantitative observations and how to
document appropriately — i.e. What details are and are not significant. Also, sdrae of t
students worked in groups and returned a group notebook. The researcher would
recommend that each student submit his or her own notebook. These notebooks could

then be compared to the other students in that particular group.
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Another recommendation for future research on NASA'’s Digital Legrnin
Network and/or “Can A Shoebox Fly? Challenge” would be to expose the students to the
videoconferencing equipment and etiquette several times before makinguthle act
connection. Some of the students were distracted but the technology during the first
connection. For example, the students asked questions about how the green-screen
worked. The researcher also explained about the placement of the microph@ueseyet
students, who were sitting near them, would whisper or tap on the table. The
microphones would pick up this audio and it became somewhat of a distraction to the

DLN Education Specialist.

Summary of the Chapter

The chapter summarizes the findings, discussion, limitations, and
recommendations of this study. A review of the literature indicated thatrégearch has
been done with NASA'’s Digital Learning Network. Further research aboutliNealdd
the impact on student attitudes towards science and STEM career choice® eeds

conducted.
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Date: 5at, 3 Apr 2010 13:50:28 -0500
To: ODIN <lisa.r.brown@nasa.gov>
Subject: RE: NASA's digital learning network

Ms. Brown,

Yes, 1 gave the permission as the Principal to come to Kadoka and conduct your program. T watched some of It and thought it was very good and helpful
education for the students, We appreciate the time you spend in coming here and doing this for the students. I hope this suffices as your written permission.
Again, thank you.

Tim Hagedorn, Principal
Kadoka Area Schools

From: Brown, Lisa R. (JSC-AD4)[PENN STATE UNIVERSITY] [lisa.r.brown@nasa.gov]
Sent: Friday, April 02, 2010 10:08 AM

To: Hagedorn, Tim S

Subject: NASA's digital learning network

Mr. Hagedorn,
Thank you for allowing me to come to Kadoka and conduct my research. | know that you gave me verbal permission but, to cover my bases, |
would like to have “written” permission as well. A response from you to this email should suffice.

To summarize the study, | have attached my methodology document that | was required to submit to Oklahoma State University's Institutional
Review Board {IRB). The IRB has to approve of the research to make sure it is valid and will not harm human subjects.

Please feel free to call me at 814-380-0781 if you have any questions. | am looking forward to working with the students and staff in May.
Again, many thanks.

Lisa

Lisa Brown
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Oklahoma State University Institutional Review Board

[Crate: Monday, Apil 18, 2010
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Shelia Kenaison, Chair
Inslitulic:nal Review Board
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Letter to Parent
Dear Parent or Guardian,

Your son/daughter is invited to participate in a science education researah proje
designed to study the attitudes of students in grades 6-9 toward science at Katttza M
School and Kadoka High School using NASA'’s Digital Learning Network “Can a
Shoebox Fly?”

If you chose to allow your son or daughter to participate, they will be askedhjueate a
survey during their science class. The survey should take approximately 1Bsiarut
your child to complete. The survey contains questions that address your childdeatti
toward science (e.g. how they feel about science; if they are interesteidnce).

While your child is required to participate in the Shoebox Challenge as partrof thei
regular schoolwork, please be assured that survey responses will in no wayymopact
child’s grade in science. In fact, as a way to secure anonymity, your dhifebtabe
asked to write their names on the survey. Additionally, the researcher,rbiwa,Bvho

is a doctoral candidate at Oklahoma State University, will only examine etadpl
surveys. Your child’s science teacher will not have access to the completegssur

Thank you for your willingness to consider having your child participate ingbe&arch.
Sincerely,
Lisa Brown

If you have any additional questions regarding this project, please contact Lisa
Brown at 281-468-7674 or Dr. Steve Marks at 405-744-8125.
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PARENT PERMISSION FORM
OKLAHOMA STATE UNIVERSITY

PROJECT TITLE: The Implementation of NASA’s Digital Learning Network in a South
Dakota secondary school and student science attitudes

INVESTIGATOR: Lisa Brown - doctoral candidate at Oklahoma State University

PURPOSE:

This study will examine the effects of NASA’s Digital Learning Network “Can a
Shoebox Fly? Challenge” and students’ attitudes toward science. This study will also
gather information regarding how participating in the Shoebox Challenge may have
influenced student career choices.

PROCEDURES:

All students are required to complete the Shoebox challenge as part of their regular
schoolwork but your child is not required to participate in this study. If you agree to
allow your child to take part in this study, your child will be asked to fill out an initial
science attitudes survey during his/her science class. Your child will be asked to rate
how much he or she agrees with statements about science. Your child will then
participate in a videoconferencing event with NASA on the forces of flight and about the
Shoebox Challenge. Your child will be asked to design a glider using a shoebox and test
his or her shoebox glider. After the shoebox engineering phase, your child will have an
opportunity to use videoconferencing to report his or her results back to NASA
personnel. Another survey, similar to the survey given at the beginning, will be given to
your child afterward during his/her regular science class. Some students will be asked to
participate in a face-to-face interview about their experience in the Shoebox Challenge
and if it impacted their career choices. The general topics of the questions will be related
to your child’s views of the Shoebox Challenge, if it has influenced his/her choices of
possible careers. The interviews will take place in the conference room at the school
during the normal school day. The interviews will not be recorded so that identifiable
information cannot be obtained.

Your child's participation in this project is completely voluntary. In addition to your
permission, your child will also be asked if he or she would like to take part in this
project. Only those children who have parental permission and who want to participate
will do so, and any child may stop taking part at any time. You are free to withdraw
your permission for your child's participation at any time and for any reason without
penalty. These decisions will have no affect on your future relationship with the school
or your child’s status or grades there. I understand that I may call Lisa Brown at 281-468-

7674 if I have questions or concerns about the consent form.

RISKS OF PARTICIPATION:

The risks to you and your child are minimal. The information that is obtained during
this research project will be kept strictly confidential and will not become a part of your
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child's school record. Any sharing or publication of the research results will not identify
any of the participants by name.

BENEFITS OF PARTICIPATION:

There are no direct benefits for those students choosing to participate is this study,
however, their participation might improve the quality of NASA’s Digital Learning
Network curriculum/modules in future days.

CONFIDENTIALITY:

All information about you and your child will be kept confidential and will not be
released. Questionnaires will be identified by subject number only, rather than names on
them. All information will be kept in a secure place that is open only to the researcher.
This information will be saved as long as it is scientifically useful; typically, such
information is kept for five years after publication of the results. Results from this study
may be presented at professional meetings or in publications. You and your child will
not be identified individually; I will be looking at the group as a whole. It is possible that
the consent process and data collection will be observed by research oversight staff
responsible for safeguarding the rights and wellbeing of people who participate in
research.

COMPENSATION:
Your child will receive a certificate for research participation.
CONTACTS:

I understand that I may contact the researchers at the following address and phone
number, should I desire to discuss my or my child's participation in the study and/or
request information about the results of the study: Lisa Brown, M.Ed., 1102 Mallory
Court, College Station, TX; 281-468-7674. I may also contact Dr. Shelia Kennison, IRB
Chair, 219 Cordell North, Oklahoma State University, (405) 744-3377 or irb@okstate.edu
with any questions concerning participant’s rights.

PARTICIPANT RIGHTS:
I understand that my child’s participation is voluntary; that there is no penalty for

refusal to participate, and that I am free to withdraw my consent and participation in
this project at any time, without penalty.
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CONSENT DOCUMENTATION:
Please place your initials on the line next to the option you have chosen.

I have elected to give my permission for my child
(name of child) to participate in the research
project described above for both the survey and interview processes.

I have elected to give my permission for my child
(name of child) to participate in the research
project described above for the survey process only.

I have elected not to give my permission for my child

(name of child) to participate in the research project
described above. Your child's participation in this project is completely voluntary. These
decisions will have no affect on your future relationship with the school or your child’s
status or grades there.

¢ Thave been fully informed about the procedures listed here. I am aware of what
my child and I will be asked to do and of the benefits of participation. I also
understand the following statements:

e T affirm that I am 18 years of age or older.

I have read and fully understand this consent form. I sign it freely and voluntarily. A
copy of this form will be given to me. I hereby give permission for my child and my
participation in this study.

Signature of Parent/Legal Guardian Date

Signature Witness Date

I certify that I have personally explained this document before requesting that the
participant sign it.

Signature of Researcher Date
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ASSENT FORM
OKLAHOMA STATE UNIVERSITY

Dear Student,

Thank you for your willingness to participate in this research project. The
purpose of this project is to study the attitudes of middle school and high school
students towards science. It is hoped that the information gathered in this study
will be used to improve the quality of NASA’s Digital Learning Network student
learning modules.

Please understand that you do not have to participate in this survey or interview.
You do not have to answer any questions that you do not want to. You may stop
at any time and go back to your regular class work.

If you choose to participate, you will be asked to complete a survey. The survey
should take approximately 15 minutes for you to complete. After completing the
Shoebox Challenge, you will be asked to complete another survey. You may also
be asked to participate in a interview where the researcher will ask you questions
regarding your experience in the Shoebox Challenge. The questions are not
meant to be embarrassing and your responses will not be recorded.

Your name will not be on the forms you fill out, and you will choose a number
that will be put on your answer sheet so no one will know whose answers they
are. If you have any questions about the form or what we are doing, please ask
us. Thank you for your help.

Sincerely,

Lisa Brown
Graduate Student Oklahoma State University

Steve Marks, Ed.D.
Professor Oklahoma State University

I have read this form and agree to help with your project.

(your name)
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(your signature)

(date)
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This survey is designed to gather information about your attitude towardescienc
Before you begin the survey, circle the corresponding answer to your sexignith wr
your grade level on the survey. Write a 4-digit number you can remember Bpthaal
Code" boxes, and check the corresponding box to your an€derst put your name
on the answer sheefThe researchers need your student number only to keep track
of the responses. They will not be able to find out your name from your stedt
number.

Some of the statements in the survey refer to "science." You should think about
any science classes you have taken when you respond to those statements. Some
statements refer to "biology." You should think about any biology classes youskawe t
or any parts of science classes in which you learned about living things. Seneatat
refer to "physical science." You should think about classes such as chemigsigsph
geology, or earth science, or any parts of science classes in which yead lebout
chemicals, the earth, machines, or similar topics. If you have not yet hagkarcl
biology or in any physical science, respond to the statements on the basis of what you
know or have heard about those classes.

Please read the statements and decide how much you agree with each. Using the
following list, check the box that matches how you feel about each statement.

Strongly agree

Agree

Neither agree nor disagree
Disagree

Strongly disagree.

Example: | enjoy reading scary stories.

If you really don't like scary stories, you would probably "strongly disdgvéh this
statement, and would check the box labeled "Strongly Disagree" on the sunay. If y
like scary stories somewhat, you would probably "agree" with this stateameiivould
check labeled "Agree" on the answer sheet.
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Special Code

Form A

Please circle

Male Female

Grade level

Please read the statements and decide how mudchgyea with each.
Check the box that corresponds with your answer.

more science classes than I
have to take.

Strongly Agree Neither Disagree Strongly
agree agree or Disagree
disagree
1 | wonder about stars and
constellations.
2 I do not want to take any

3 | enjoy the challenge of
science classes.

4 | do not enjoy identifying
shells.

5 | have a talent for biology

6 | would not recommend
science classes to anyone

7 | am confident about

answering questions in
science classes.

8 | do not enjoy taking things
apart to see how they work.

9 Studying physical science i
boring

10 | like to share what I've
learned in science class with
my friends or family

11 [ am interested in learning
more about topics in

biology.

12 | doubt I will ever grasp
biology

13 I am not confident about my

ability to understand science

14 | do not think about the

outside of school

things | learn in science class

15 | enjoy participating in
hands-on activities in
physical science classes.

16 | enjoy reading books about
science.

17 | have a talent for physical
science

18 | do not enjoy doing labs in

biology classes
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19 Physical science makes
sense to me.

20 Science classes are too
difficult for me.

21 | am interested in learning
more about topics in physical
science.

22 Biology makes no sense to
me.

23 | enjoy taking care of
animals

24 I do not enjoy watching TV
shows that deal with
science.

25 | like learning about rocks
and minerals.

26 Studying biology is boring

27 Science classes are
interesting

28 | doubt I will ever grasp
physical science.

29 | do not like to read about
different kinds of animals

30 | am fascinated by what |
learn in science classes

31 |Science is fun.

32 | do not like science and it
bothers me to have to study|
it.

33 During science class, |
usually am interested

34 | would like to learn more
about science.

35 If I knew | would never go tg
science class again, | would
feel sad.

36 Science is interesting to me
and | enjoy it.

37 Science makes me feel
uncomfortable, restless,
irritable, and impatient

38 Science is fascinating and
fun.

Thank you for completing this survey.
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Special Code

Form B

Please circle

Male Female

Grade level

Please read the statements and decide how much you agree with
each. Check the box that corresponds with your answer.

Strongly Agree Neither Disagree Strongly
agree agree or Disagree
disagree

1 | do not want to study any more
science.

2 I often ask my family how
mechanical things work.

3 | do not enjoy watching and learning
about birds.

4 | like to repair things such as bicycles
or cars.

5 Learning things in biology is easy fo
me.

6 Paying attention in physical science
classes is hard for me.

7 | would or do belong to a science-
related club.

8 | am not able to easily understand
topics in physical science.

9 |l like going to biology classes
because I learn interesting things.

10 | I would not try to learn about science
on my own.

11 | I have the ability to be successful in
science classes.

12 | Biology seems to be "over my head/"

13 | I do not enjoy doing labs in physical
science classes

14 |Although sometimes science is
difficult, I enjoy trying to
understand it.

15 | | am afraid to ask questions in science
classes.

16 | | feel overwhelmed in science class

17 | Learning things in physical science is
easy for me

18 | I am able to easily understand topics
in biology.

19 | I enjoy reading about science in the
newspaper or magazines.

20 | Ido not enjoy talking about science
with my friends.
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21 | Paying attention in biology classes is
easy for me.

22 | I enjoy science classes

23 | I'would not like to learn more about
the weather

24 | 1do not enjoy reading about
animals that live in the ocean.

25 | Ilike going to physical science
classes because I learn interesting
things.

26 | Physical science seems to be "over
my head."

27 | Science classes should be required
only for students who plan on being
scientists.

28 [ have or would like to have a job
dealing with animals.

29 | Things that | learn in science classes
interest me.

30 | | do not enjoy participating in hands
on activities in biology classes.

31 |The feeling that I have towards

science is a good feeling.

32 When | hear the word science, | have
a feeling of dislike

33 | Science is a topic which | enjoy
studying

34 | |feel at ease with science and | like|it
very much

35 | | feel a definite positive reaction to
science

36 | Science is boring.

Thank you for completing this survey.
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APPENDIX E

CORRESPONDENCE FROM

INGRID NOVODVORSKY
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FROM: Ingrid Novodvorsky <novod@email.arizona.edu>

Date: Tue, 23 Feb 2010 11:12:17 - 0600
TO: ODIN ,lisa.r.borown@nasa.gov>
Subject: Attitude towards science instrument
Lisa

What an interesting study area . . .is that an official major at OK Stat@nettsng
you've put together?

You are welcome to use the instrument | developed for my dissertation, plaase le
know if you need a Word version of the document. I'd be very interested in reading the
results of your research.

Do you have any contact with Caroline Beller in the College of Education thies®v
her from the Physics Teacher Education Coalition.

Ingrid

Dr. Novodvorsky

| am a doctoral student at Oklahoma State University studying Aviation and Spac
Science Education. During the literature review for my dissertation, e eanoss your

1993 research on student attitude science instruments. | would like permission to use the
instrument developed in that paper. | am researching the science attitudesra§stude
(grades 6-9) after participating in a NSASA Digital Learning Netwooklate.

Thank you in advance for your consideration

Regards,
Lisa Brown
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Leszon 1: Pathfinder on a String
Grades 5-8

Oejective
= To demossreie sow L is created as air
m-u—d.un;ﬂ.lwwh‘

Science Stamdards
Srierce = Inquiry
Physicell schence-posicion and gocticn of olgects
Unifying concepts sad proceiscs- Evidescs, mexdel,
and Enplanaines,

Sclence Proces Skills
Ohaerving
o ez
Miking mexleli

This sctivily wies a combizadion of an activity dose in
pairs, asd constructing & model of &y irfodl which is
done individually. Allow ooe i reo clacs periods, 4
43 mimnies: long. 1o compleie both sections. Lo par oo,
ifpcdente reenact the movemsn of wir anand and el
and hoor this movessem affecss air pressore. Soudents
then discuss their chesrvations, deaw o & griss of dei
experiment, and their discovesies in writing. In pan
o, shudenis el consoroet 66 il which srcmisl el
urruhmnm.-iu;a

Bsckgroussd [aformsatben

The MASA Pathfinder |5 & classic design called a fiying
wing. This desigs asd the wing spen of 100 fee allows
the ireralt o fy o1 very high alitudes ead very low
velocilies and maximizes. the smsur of energy used 1o
remain i flight. Pathfinder is o soiar posersd plane
and is part of the prowing ERAST Meet of sircrafl
demigned o assist MASA i s resessh
development wchasiogies Bacuking on envirsametial

PBasic principles af Aeronauties

Lﬂ'"“”
I A

—_—

Daflerends in predsure Benawsen wpper and
Tower surface produss N

-‘_._‘_'_‘—'__—-—._‘_‘_‘_\_\_._;’_._,—-—'—'_'_'_
—— e —— ——
— =

— e F e e——

—_—

Floe of s through 5 Venor fube

i
*

Cureatsrs of grfed and luyer of endisnrhed
dr wet i e cormiction = @ Venlun ube
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Eerncallis Principle
T unsherstand bow Kt is
pocnomenon discovennd in the ke {600 by the
scientist Bemoulli and laier called Bemoulli's Principle:
The pressare of o fTuld (Higuld or gas) decreaser ar
poin where the speedl oif the fluld iscreases In ocher
weards, Bernoull foead that welihin the same fluid, 1n
thix case wir, igh speed fow is ssocinmd with jow
pressure, and low speed wits high presaowe. This
prieciple was frsi ueed 1o explain changes in 2
pressure of Mud Aowing with § pipe whise oms B:
scctional sres varked. In the wide section of e

pradieally narmowiag pipe, the fsmd soves & lre spend,
presluciag high pressun. A the pipe pamrows il mus)

vonisin e same mmouni of Ouid. In this o F3
presire. i

Az imporan! spplisation of this phezomenon is made 4.
in giviag lift 10 /the wing af sn airplans, an srfoll. The

prfiol b8 st pmad b e the velocity of e aiglow
abear ifr marface, theerby decrearing presiune abese

the airfoir. Simulisnecnshy, dhe impacn of the pir on e

Inwer surisce of e mirfnl] incresses the pressoe

below, This combinstion of pressure decresie above

and istresse belre produces: S,

Lin

Probably yoo bave beld your (lasiensd hand oot of the
window of 8 moving amomobile. As you incloed you
o] 1 the wind, dw foree of mir pushed sguire x
forcing your hesd o rise. The airfodl [ b dels case, yoer
bl e desflesting the wisd wiich, in vorn, creansd an
egual end cpposiie dynamic pressurs on the hwer
surfies of fe airfol, fordiag it up and back The
Upwanl compenenl of Wus Porw 18 LT LT 1s sie
defined a2 n fores gracrated by aming & flow of air by
the wing shape. [t & in this respest, an epplication of

Pewion’s Second Law, (Fema) where Fu ihe fofce, me  eim— O

PadhfAnder onw Hriag
Part 1

Materialy and Tools

« Tables, or pets of desks armngesd inio mctangles

* Do copy ol the iudent worksheer for each shudent
+ Opticoal, masking pe

= Opiicoel. overheid copy of the smdem workshee

Frocedurs
Yimsdarion

Priicr io the stan of claks ammnge your Lebies o
el w0 the face the same dErection and here i
enmgh moom bepween them fior the fudents 1o
wili pround them

I ot wiah oo mught mark che path the sudenc
will fallrer with Mg e wped io the oo
Smdents willl neod 6o find, or be wsigned, @

e,
Insmee e sroderns wo wallk gowiy, doulder io
aluldler, wwards the mible or desks as shown in
e digrum below. 'When they resch e desis one
spadest will be abde 1o comiroe waliing sraighn,
fhee ofher shuden) will bave e po smund e whles
Inform them that it i vwery isportanl thil ey gt
20 ches pahile, moad meen ai the opposite side of te
uahle, 5 e game fme Ao, de person walting
afrmeght ihowld mireain the GErme [ace Sy ussd
when they were approaching the mide, that |s, they
hould mot slow dows or gpeed op. The muden
whio s o walk apoundd the: tahles may need 1o
st dhesir spend i order b meed their panse on
e cpposiie side

i
ot

Table

1he Mkl G5 b=ddelaralicn,

Description

Studenty will move sogetier in pais sround a whis o 4
et of dechs b order o simulee the movessesr of alr
arcund en ertodl. Aferesch pair of snidenn hive
compleied B simolation & cluss discussion will lesd
the concepd that Lhe sir moving undernesth an airfoil
s bl mir pressum tham the air moving over the iop
of the wirfoil, ths creating 1if. This is called the 3.
Bemoull , amed afier lakob Bernoul® | L6%d-

1708 ) who was & Swiss physicist el methemanicisn o,
Afer deseribing this property in wriling the wudents

e will CoesrTuSt @ piper &irfoil with 4 leagih of
monafilamen! rasning though & in order io

=
L=

Desk
Desk

Desk
Desk

Have ihe siudenis do s prectics run of this and
chear up sy confusion.

Un0E LY QUISSTORS (LAVE DeEn answersd sl the
wludenty Chat this ime, n sdditen 1o walldng
arceend] the desbs o whle they will bave 1o peess
devwn on the Lop of (he desis or while s chey move
b ie. They should pay close afieation 1 ke
msch pressurs they can pul on e able and
COMTLiT: MOoving & te approprisis pacs.

H
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Eerncullis Primciple
Ta understand bow kft is
phenomenon discovernd in the bsin {600%s by the
scientist Bemoulli and lsier calisd Bemoulli's Principle: =
The pressare of o fuid [ Tiguid o gas) deeeeaser ar .

poin wiere the speed of the luld dscreanes In ocher
weords, Berpoull fouad ihar wiihin i e fluid, 1o
thix case mir, high speed fow is smocinmed with jow
prieciple wos frst used 0 expluin changes in e
preasure of Dud Nowing with & pipe whoke orods L.
seclional ares varzed. In de wile secticn of de

gradeally nerrowiag pife, the Flaid sove o low dpesd,
preduciag high pressur. As the pipe Larrows il mus)

venlain the same moount of fuid. In s saroe 3
resIEE. i

Az impurtan! applizatios of this phesomenon iy mads 4.
in giviag lift 10 the wing &f sn ainplane, an sirfoil. The

aarfiodl i i pmad 1o mcevase the welocity of the aiglow
oborer itr marfuce, theeebyy decreacing presune shse

rhe airfoil. Simuleeecncly, the impact of the wir oo te

Iorweer surfsce of the sirfnll ineresses the pressore

bl ivw, This combinanion of pressuse decredle shove

and isered below produces B

Lin

Probably you kave beld your flasenssd hesd oot of the
window of 8 meving aoiomobide. As you inclasd you
lamd 1o the wind. the foree of air pushed sguirs &
forcing your hesd io rise. The mirfodl { b s case, yoer
hand) was defleciing the wisd which, in mm, created an
gl end opposlie dynamic pressure on the lrwer
surfice of the wirfoil. forcing it up and bhack The
upwanl componenl ol Uus Joron 13 LI L4 s sia
defingd s a foncs graeraied by tarming & fiow of air by
the wing shepe. It &% i this respent, an application of
Mewion's Second Law, (Fema) where P the foce, ms -0

PathAnder on » Siriag
Purt 1

Maberials snd Teols

Tables, or sets ol desks armanged inio mctagle
Ooe copy of the Mudent worksheet for ach shadent
Crptional. masking Lape

Opticazl, cverhesd eopy of the smdem workshees

Procedures
Yirmadaraon

Pricr o the start of clasy arrsnge pour (ehies o
degln an the face the ame dErectios and therr i
enmgh room between them fior the #tudents 1o
Wil Eind daeen

I you wish you mighn mark the path the sudenss
will fallore with msidisg e Wwped 1o the oo
Students will nond bo find, of be assigned, &

T
Irrre i proden o wall glowiy, doulder io
ilsiilder, mowards the mible or desks & thown in
e iagram beloe. 'When they reach @ desks one
srmdeat will be sble o oomines waliieg siraight,
e obeer tadent il buve o g0 sroond the whies
Infiorm them that il is very imporiunt thal (sey ped
&0 the mable, msd meen al the opposie side of the
uhle, & 2 same tme Aleo, the person walking
ifraeghl ahemld maeain the L pace ey ussd
when they were the mabde, thar ls, they
should ot slow dows or igeed o The sudent
wrho Bt o el apcund the abiles miy noed 1
actjuss deir speed in order b mes heir pantee oo
e cpposiie side

i
b L

Table

e i i dmdvelapil i,

Descriplion

Siudenis will move sogether in pairs sround a whie or o
et of deshs b onder o simuleee the movemess of air
arcund en eetiodl. Aler esch pair of ansdents hive
compleied e simolation & class discussion will lesd
the conceps that the wir moving underneath an airfoil

o the sirfoil, tbves creating Iift This is calied the E2
Bemoulli , mamed afier lakob Bervould | DA%

1708 ) who was 8 Swiss physiciss snd mathemaicisn B
After deserining this propeety in wriling the andsnis

tmen will coerust § pilper mirfoil with a leagih af
monafilamen! pesaing through & in ocder o

=]
=]
Lo

L]

Desk
Desk

Desk
Desk

Have the studenis do 8 prectice run af this and
chear up sy oonfusion.

UDE LY GUBSTIRT NEVE een answend el e
siudents uar this ime, In sddition io walldng
arceene] the desks o 1able they will bave io press
deven on the 1op of the desis or whis o they move
by i They should pay close anention 1o how
mrech pressuns they can pui on the iahic and
COtine moving af te spproprsis paor,

H
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Student Worksheet

MName
Dinle

Diraw & diagram of the clasaroom activity, Be
sure o label the pathway, which person
walked faster, which persom walked slower,
which person could exent the mosl pressure,
and which person had 6 exerl less pressare.

Do a cross seclon of &n airtodl, Be sume 10
Iebe] the pathway of the air, labe] which side
of the airfoil the alr moves the fastest and the
slowest, and which side of the airfoll is being
subject to high air pressure and which side is
subject to low air pressine.

From youar dingram above, and using the informarion discussed in class, in compleis seniences
explain bow 1ifi is crested by an airfoil.

40
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Pari 3

Mislerial and Tools,

= O yond af 10-Jh. sest monofilesses, o Rablag line,
[T soudest

+ e grww, pon-Tlexihle, per snudent

= [Foas b six picoes of ansparent bape 1°-3" leag

= (e sheei of & L1 x 11° paper per cuden

= Srimmn

Precvdans

L
L

&

Drisiribuie the materials to the sodenis.

Students will take the sheet of paper and put
Barizontal fodd in i1 &bt foar iaches fmim ome of
the shart edges. The measarement dossn’l need &
ke emact, bt it is important thad they Te0 KOT fald
the papes preciiely in half.

Nea, they nend o slign the thom sdped ol the
paper and tape them iogether im fwo or three
plaes,

) 4 inches b

Have them carefally label the relative mr speed and
air presmore along the botiom aad sloag the op s n
reanfurcement of the clias scivity,

Llning thesir peseil they should poke & hole i= the
Ioinom of the airfail.

O mnd of the strew should be inseried inio the
e,

somdens showd move the sirmw until it sppears w
e s close 1o verlical & posidble, They aeed 10
ek the spol whers e siraw meeds dhe top ol the
mirfoil. Take the s oui and poke & bole in the
wop of the sirfoll with & pescil o the mark
Reinser the raw making suee i exwesls beyond
thw edge of the wirfoil. The strew meeds 10 be ot w6
e is shout 114° extending showve: te top of the
adrfipd] end Below the Isonnm of dae airfoil

Tape the staw in place on the op and the botiom.
Ol ihe MEMafihy (EFWe Ree1on in hall W serve a5
Eandie

. Thmniﬂ:m:nﬂlmtm&mmﬁm

1= Lo airfenl.

15, Pacn one kall of the remaining strw section oe
ihe monofilament. Tie s squame ot & fow inches
teeliow the pirew sextion to creacs § handle

— \
+ —
g i o

13, Repest siep 12 on the other end of the
rennlilamedl.
I4. Haolding e hindle & sk band, positioning the

mvonckileact s il is verlical il pulled ceghl, k=

ke 1y fiodl 5 might sadie wpr the shidents shoakd

-:quqnﬁ:lh'urju;.um_;ﬂimhmd

Ansriamen]

Collbec and mview snidear workshest,
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Lesson 2: Wing Area and Lift
Grades 5-8

Obgective

= Toderermise if & change in the wing ams sfTees the
amaour of B geeaed By the wing

Nefenes Slandands

This lesson i divided inio two sectioms. ‘The first
seciion has the Smdenis consmacting an gefod 10 cerinin
specifiesion, ten Eyieg the sirfoil sd shering the
ampein) of weight § is camying. In the seoomd secticn
from the cless ard drew conclusions s wisg arcs
i the amoint of 1ifl credtml, This lesson i moes
effnctive wien sudents work i small groups of 3-4
siudenis. Allow two cless perinds, Sll4% mimmes in
length i oomplsie both sections.

Elsckgroumd Lnlormaiion

The WASA Pathffinder bas a very large wing span sad,
a5 & pesale, o large wing area. The porposs of thes s o
phsmmest of nemeross. wolar paoels om the fop of the
wings, winch serve s the power souroe for the
propeliers and vancoss other instroments. Second., the
incressed wing area genereies more Lt dan wha
soaller wing arss plancs generuie, This allows e
pethifimder o be very feel-effcien!, pecially =ich s
lLight weight construction,

Description

Studeniz will be coasrucieg srfols smmilas b those
made im petiviey |, ol which must mest cermain
specifications. such aa size of paper and whers o ap:
the rriling edge. Onon the wirfoil i consmacted the
sinoe erea, of wing mrea, will be calaulessd using the
lznght measurement {wing span) and Bie dunance fanm
ihe leading edge to the muiling sdgs & e homom pline
of e wing [wing cord].

i!..

“wrallis (bl |
mrmsrr iowrid ] w4 e

Afrr the caleulitions hive been dores the studeses will
A1y the mirfoil several limes, slding paper clips eack
time, uniil the pirfoil becomes fo beavy 1o Oy, The

will perve a8 L Wy I Mearere te pmoun of
Lify crested by e sirfod.

Once 1l groups bave resched their masimum Bight
wijphes the chiss will pensmte b soafter plot compariag
the wing arce mnd the amaount of weight lifsd
Comclusions om tue relationship will be made through
cless discuscion and & wiiten soalvisi of the wafter
Pl

1}
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Wing Area and Lift

Mlaberiaki and Took

o Class sd af taik cisds, endagh so each proip caf
bave one sk sand

* {Ume yard of 10-1b. test movofilameat, or fishing ling,
er grop

* Une soww, mon-flexible, per group

¢ Foor i sl pisces of massparen wpe 1%:2° long

* One 127 piese of SNy ped group

* {hue ruler per group

= Scimsors

¢ {me box of kagp 1° papenc:lips per group

+ Ten 1o owenty chests of B 1727 x 11 gheets of blank

e
* Ten 1o bwenty shocts af B 1777 1 14" ahasts of hlank

paper

+ Ume copy of ithe student waorkshest per sosdem

* O piece of graph paper per studeat, o oae copy of
ihe insuded grid per stulen

» Caloslator

= Doe peechead imesparency of the stadont workalect,
or & large chert mede of betc her paper for reconding
&l dasts

Procedures

Simulansn

1. Pt the srudesrs o pairs of sl groups
and puinber the grisgs. The pumben: will be =ed
when meorling the claks dala prior o consinaSing
the scaiier plol.

1 Inform the groups that ey will be eonstructing
one airfoil per group similar m e ooe they
conalriiciad in the previcus lesson, et they mus]
mel ceTiaes wpecifications, whick are pristed oo
thee task cand thoy will pocive. Disiribuie the ek
cardk and albow the sidears 115 misutes io
oA their el Reler boihe dirtingd = e
firit esson if nesossary.

3. Dnsimtene ooe copy of the siudeni worksheet in
EALlY peTson.

4, Eaplun thes the siudenis will be comlucting an
experimen] I help delermaes whether the sirfscs
area of & wing. alw called the wing area has an
effect om the amoaet of Hit cremed. Thee Ly will ke
measured by coming how many paperclips the
wimg an hald snd =till fy.

5. The groups will peed o calcolaie the wing
ares by measuring the widch of the wing and the
leagth of the wing. a the botom plase, and
mouliiplying the measuremears., Use & rules o make
thess measameste. This informaiion needs 1o be
meconded on the studeni worksheer

fa

pra—
e mall i e R PR

& Adter calculaling tee wing area bave the groups
first predict how masy paperclips they ihink i will
ks before the adrfoil casndal [y any kager

7. Huve the proups begin condecting their
experiment. Aber each flight they nesd o sdd one
mhmﬁﬂu#ﬁhlﬂﬂ.‘i’hﬂ
ey Bave reachedd the gt st whick deir airfoll
will no ionger fiy they peed to reeond the pumber
of pupersligs they used. , ,

£ Omer all proups hive reached e maximum wedphe
Tifted by the airfoil ave & member from each =am
record thedr mrfoil surface gres and maximim
aumber of paperclips nsad on the overiwad
Ermncdretey O BUlsEET paper Char.

9. Cosduct a class discussion (m any chservalnes the
arnderes mry have made daring the aclivity, Y
) wsl w0 focus on jems sech as whether the
Tocation of the paperclips (ceniered, off io coe side,
eic.} had aay bearing vo the fight of the: mirfoil,
wese they surprisad by the member of paperclips
mied, and armything else the Sodenis may wani io
o,

10, Distriboie s phece af graph paper &0 each sl
Show them bow oo sl up a set of axiy for  seatier
ot lheling the vermicsl axis with B pember of
papenclips. used xad the wing ares aloog te
borizonisl axis.

11. Using the class data from the chart show the
srnderes howw 1o pilot esch pomet beginrieg by
locating he wing & along the honzoncal s, dhe
warmber of pepemclips wesd with than wing ared
along te vertical axis. Theo traces &n imaginsy
Line wp from the homom and across from the side o
fing where tese rwn pleces of data meel nd merk
# with s diot. Continie i do this sl cack plose of
dais. D not coonect the dols,
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1T Comdut o class discussion using ithe scaner plot.
Thes gasstions may be med 15 & guids:

* Do the dow make ey kind of panem? Looking
beft b g o the dots go up, go dawn, af have oo
pamsraY
[hati phould o up)

& A he gurfacy srea inereases for sach wing what
da youl notics about the nomber of paper clips
used? (As v puniacr g inceedied s e of
paper olips wird increines) Remind the sludenls
thar e rressber of paperclips is being wed
messure e amaournd af lift coessed by the airfoil
Wiawe paper clips indicsse more Bt

* What conclusion cen yoo make about the surfsce
erep of & wing ond the amoust of L cresed ¥
e oy qurfoce aned o wing har o o U2
thai iy creates]] Have the sedenis write their
cinclesions in complete seoteaces below the
scatier plol.

Assesament
Caollsct end reveew anaders woilicheets.

Extensions

+ Find the mess, median, and mode of the
wred, sl weaight,

= Ulsz & graphing calculsrce &5 msather
Eseans of presentng ihe data

= Liac » empuber o rmsic 8 sprradsset oo
shere the information.

* Jelake a pictograph thai shows the disa,

ﬁ Pakfinder: & Teackers Giuide with Assvisien in Seience, Malhestation, and Techaclogy
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INTERVIEW QUESTIONS
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Interview Question 1: Did you like learning through NASA'’s Digital Learning
Network? Would you prefer learning with a teacher in the room or with the .N?
Why or Why not?

6" grade male #1 — “ Yes, | liked that we could have a 2-way conversation with NASA.”
6" grade male #2 — “I liked the DLN a lot. | would want to be taught with the DLN.”
6" grade male #3 — “It (the DLN) was pretty good. | liked the DLN and would prefer
doing that.”

6" grade male #4 — “I liked the DLN and Greg (the DLN Education Specialigtisit
more comfortable and something new and different.”

6" grade male #5 — “It was good. It doesn’t matter if the teacher is thére BLN.”

6" grade female #1 — “I liked the DLN a lot. It doesn’t matter to me if it's thsl DLin-
person.”

7" grade female #1 — “The DLN was fun. | learned a lot from Greg and it is different
from regular school”.

7" grade female #2 — “Yes, | liked the DLN but it doesn’t matter.”

7" grade female #3 — “The DLN was awesome. It helped me get to know some more
NASA people and they made me feel comfortable. | prefer the teacher tp&esaon
because you can interact with the teacher.”

7" grade male #1 — “I liked the DLN and watching the videos of the wing design. d woul
prefer the DLN because Greg knew more about planes than the teacher.”

7" grade male #2 — “I liked the DLN and learning how to do a wing design. | want

someone in person because you can ask many more questions.”
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7" grade male #3 — “I liked the DLN. Greg was funny and | got to learn aboutikéuff |

the green screen. It doesn’t matter if it's with the DLN or a teacher.”

8" grade female #1 — “The DLN was fun and | liked it. | got to see other shoebox
designs. I like in-person because you are able to see demonstration’s better.

8" grade male #1 — “I liked the DLN and seeing the videos of the experimental ptanes. |
doesn’t matter to me if it was in-person or with the DLN.”

8" grade male #2 — “I liked the DLN and the videos and the tips on balancing the glider. |
would like to do both. The DLN can tell you what you are doing correct and it can tell
you what you are doing wrong and the teacher can help you put it together.”

8" grade female #2 — “ | liked it and it was fun. It was something new. | woultoliée

it every once in awhile. In person or with the DLN — it doesn’t matter.”

8" grade male #3 — “The DLN is a great way to communicate. There is a 2-way
interaction and it uses the TV, which is something | like. The DLN is betteubete

(the DLN Education Specialist) is a long way away and can still come into the
classroom.”

9" grade female #1 — “The DLN was interesting. | have never done it beftkeitibut

| think | prefer in person so the teacher can help me when | need it.”

9" grade male #1 — “The DLN was alright. | liked the 2-way interaction evixen can

see the person and talk with him. It doesn’t matter to me if the teachersistthath

the DLN.”

9" grade female #2 — “The DLN was fun. It was something different that we did. It
doesn’t matter but it might be better if it was done in person because that person will be

on hand to consult with”
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9" grade male #2 — “ The DLN was pretty cool. It was my first time doing ittamas
interesting. The DLN is a lot cooler and you have to pay attention because | thought
was kind of neat that we could do that.”

9" grade male #3 — “The DLN was alright. It probably doesn’t matter #rhlavith a
teacher or the DLN.”

Interview Question 2: What part of the “Can A Shoebox Fly? Challenge” did you

like?

6" grade male #1 — “I liked building and testing it. It didn’t work the first time so
changed it by adding weight and it worked. | also liked working with a partner.”

6" grade male #2 — “| liked that you can pick out what materials you want to use and
working with a partner. It helped you figure things out with a partner.”

6" grade male #3 — “I liked putting stuff on the box and figuring out what would work.”
6" grade male #4 — “| liked using recyclable materials. It was easier #vamgtto buy
stuff. | used my imagination.”

6" grade male #5 — “The best part was learning how to put on the wings. | had to slant

them for lift and | tested them three times.”

6" grade female #1 — “| liked building it and working together with a friend.”
7" grade female #1 — “| liked the Shoebox because | got to build it by myself and with
my father.”

7 grade female #2 — “I kind of liked the Shoebox Challenge. | liked decorating it and
figuring out how to make the wings. | got to work with a partner to bounce ideaachff e

other.”
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7" grade female #3 — “| liked it, especially building it. | got to work with myesi&t

fourth grade student) and | got to know her a little better. We worked togetht¥aas a

7" grade male #1 — “I liked it — the building and testing it. | had a partner. We didn't
draw it but we put stuff together. We used a commercial airplane as ir@pifati

7" grade male #2 — “I liked doing different designs and seeing which worked better.
also liked working with a partner.”

7" grade male #3 — “I liked it. I liked building it and coming up with a design and putting
it together, trying out different materials, and | worked with my brother, whog"

grade.”

8" grade female #1 — “ | liked it. | liked that we could show off our design, testiagdt
working with partners.”

8™ grade male #1 — “It provided a challenge. You had to come up with different ideas for
gliders. | liked working with a partner. The glider building was a lot of fun.”

8" grade male #2 — “I liked it. | liked the designing and testing it.”

8" grade female #2 — “ | liked the challenge. It didn’t have to look a specific mcaye
could make it the way we wanted. | had two other partners. We did the ladybug design. |
liked collaborating with each other. It was something new and different.”

8" grade male #3 — “I exactly loved it. It was a better way to learn.rdeageometry

and mass and | had to apply math skills and science. | had to do the activity than on a
piece of paper. | had a partner to get to share ideas and mix ideas — two hedatisrare be
than one. | bonded with my friend and it was a good way to spend time with a friend.”
9" grade female #1 — I liked it. | decorated my glider with wrapping paperdema

something that can fly. | liked designing it and working with my littleesiahd cousin.”
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9" grade male #1 — “ Yes. | might have enjoyed it anyway even if it wasret goade.
9" grade female #2 — “It was fun because | got to be creative. | liked trying fasedf
things and to see how well we actually did flying it and getting basic knowledaghtf f
| liked working with a partner since it is easier than doing it by myself. Evetydteas
put together helped a lot.”

9" grade male #2 — “It was pretty cool. | liked trying to figure out how to build it and it's
shape and stuff.”

9" grade male #3 — “It was alright. | kind of threw it together. | worked with a tfam
total of four people.”

Interview Question #3: What part of the “Can A Shoebox Fly? Challenge” did you
not like?

6" grade male #1 — “Nothing. | liked it”

6" grade male #2 — “Nothing.”

6" grade male #3 — “Nothing.”

6" grade male #4 — “I liked the whole thing and would do it again.”

6" grade male #5 — “Nothing.”

6" grade female #1 — “Greg (the DLN Education Specialist) was a littladbri

7" grade female #1 — “Nothing.”

7" grade female #2 — “| did like figuring out how to put it together and was frustrated but
| worked through it. | also didn’t like writing down what we had to do.”

7" grade female #3 — “I had to make it for a grade.”

7" grade male #1 — “Writing down everything.
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7" grade male #2 — “| was frustrated when the thing didn’t work. | wanted to have a good
shoebox to try to win the fartherest [sic] distance.”

7" grade male #3 — “Having to find a shoebox.”

8" grade female #1 — “ | was frustrated when the shoebox didn’t fly.”

8" grade male #1 — “Trying to find materials that would work.”

g grade male #2 — “I didn’t like when it didn’t work the first time — it crashed.”

8" grade female #2 — “ The trial and error and trying to find the weight and wings to fl
right.”

8" grade male #3 — “Nothing. I liked it 100 percent! | liked the hands-on.”

9" grade female #1 — “| didn't like figuring out the different wings to make tideg|
better and more stable.”

9" grade male #1 — “ Nothing.

9" grade female #2 — “I didn't like not having enough time to get it done. It was lots of
pressure. | put it off a little but worked on it every week. It wasn't difficult lgoretty
much liked it all.”

9" grade male #2 — “It was a lot of hard work painting it and trying to get the stripe
straight.”

9" grade male #3 — “Nothing.”

Interview Question 4: What was the hardest part of “Can A Shoebox Fly?
Challenge?”

6" grade male #1 — “It didn’t work the first time | tested it so | changed it,cade@ht,

and it worked.”
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6" grade male #2 — “| changed some things on the design by changing the nose and back
end. | tested my throwing technique. The first time, | threw it really haddtalove

straight down then | threw if softer and it worked better.”

6" grade male #3 — “The wings. | kept the lid and taped it down. | used a cardboard box
to cut out the wings. | had two different wings — one small and one big. | decided to go
with the big wing because | have seen other planes, real planes, and thought it would
help. I used a two-liter pop bottle for the nose because | thought it would @y.fast

6" grade male #4 — “It wasn’t really hard. | had to test it to see if it would work and |
didn’t use a partner because | just wanted to use my own ideas..”

6" grade male #5 — “The hardest part was how heavy the shoebox is. | had to figure out
the weight to make it go far.”

6" grade female #1 — “Finding stuff to help it fly. | used thick cardboard for the Wings

7" grade female #1 — “The hardest part was trying to find a shoebox.”

7" grade female #2 — Putting it together so it didn’t fall apart.”

7" grade female #3 — “Trying to get the wings on. | had to have my sister holdlit and
taped them.”

7" grade male #1 — “The hardest part was getting a design that would work.*”

7" grade male #2 — “Getting it to glide. | had to change the location of the wings on the
box.”

7" grade male #3 — “It was hard to develop a design. | made a testing plane and then |
developed the real one. | didn’t want to cut up the real shoebox. | ended up putting the
wings on top. My whole family got involved. | looked on the internet and saw a bunch of

designs and my mom went to YouTube and looked up Shoebox glider movies.”
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8" grade female #1 — “It was hard to make sure it would fly.”

8" grade male #1 — “The hardest part was making sure that it didn't flip wHew.it f

8" grade male #2 — “I had a hard time finding the right tools — cutting knives for twigs
and finding tape. | worked with my father and it was the first time workinig ih.”

8" grade female #2 — “It was the trial and error and trying to find the balétiténe

wings to fly right.”

8" grade male #3 — “Determining the weight. If you put too much weight in the front, it
does a nose dive and too much in the back, it flips over and too much on the sides, it
tilts.”

o grade female #1 — “It was hard figuring out the different ways to make thez gl
better — more stable.”

9" grade male #1 — “Cutting the wings out was the hardest part and getting them on
straight. | needed them level.”

9" grade female #2 — “It was hard trying to get it to stay in the air and toatal¢he
weight and balancing it out.”

9" grade male #2 — “Painting it was hard.”

9" grade male #3 — “The hardest part was coming up with an idea.”

Interview Question 5: Would you want to do the “Can A Shoebox Fly? Challenge”
again? Why or Why not?

6" grade male #1 — “Probably. I liked working with a partner.”

6" grade male #2 — “Yes. | would learn better if all my class work wasHiké t

6" grade male #3 — “Yes, but | would change my design.”
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6" grade male #4 — “I liked the whole thing and | would do it again.”

6" grade male #5 — “Yes, but | would change the wings to make them bigger — longer not
wider.”

6" grade female #1 — “No. | didn't like the whole thing.”

7" grade female #1 — “Yes, | would do it again. | liked working with my dad.”

7" grade female #2 — Yes.”

7" grade female #3 — “Yes. | would change the decoration. | would add racing stripes.”
7" grade male #1 — “Yes. | would make a different wing design. | would make them
longer and wider to catch the air and float instead of a sharp stop and then falling.”

7" grade male #2 — “Yes but | would make it lighter and make the wings moreidlat. R
now they are used paper towel holders”

7" grade male #3 — “Yes. My whole family was involved.”

8" grade female #1 — “Yes. | would make the box not as heavy to make it fly longer.”
8" grade male #1 — “Yes but | would want to see how well the other people’s gliders
flew.”

8" grade male #2 — “Yes, | got to work with my dad.”

8" grade female #2 — “Yes, | would but | would put a nose cone on it and try different
decorations - something with animals.”

8" grade male #3 — “I would love to do it again. | would change the aerodynamics, like a
car, to make it more slick.”

9" grade female #1 — “Yes. | would make it more stable and test it more. | wonld als
change the wings. | would still keep the 2-wing (bi-wing) but make it go thrinegbadx

to the other side to make them more stable.”
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9" grade male #1 — “Yes, maybe."

9" grade female #2 — “Yes. | would change it though. | would add less weight and
balance it out and have not so thick wings.”

9" grade male #2 — “Yes, but | would change partners. | thought | would get thre bette

end of the stick but the girls, who are straight “A” students, didn’t help with the plane
design. | would put on a nose cone and use Styrofoam and shape it for the wings. | would
also put the wings in the back for more support.”

9" grade male #3 — “ would probably not like to do it again. I'm not into science.”

Interview Question 6: What career field do you think you want to pursue a#r high
school or college?

6" grade male #1 — “I don’t know.”

6" grade male #2 — “Maybe science and engineering.”

6" grade male #3 — “l want to be a rancher.”

6" grade male #4 — “An engineer. This project helped me make a decision. | want to
design airplanes or rocket engines.”

6" grade male #5 — “A rancher.”

6" grade female #1 — “I've always wanted to be a nurse.”

7 grade female #1 — “A veterinarian.”

7" grade female #2 — | would like to be a professional chef.”

7" grade female #3 — “A civil engineer. This project confirmed it.”

7" grade male #1 — “I used to want to work with animals but now | want to work for

NASA as an engineer.”
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7" grade male #2 — “Before this, | didn’t have any idea but now, maybe, an engitieer wi
airplanes.”

7" grade male #3 — “A diesel mechanic.”

8" grade female #1 — “A beautician.”

8" grade male #1 — “l want to be an engineer even before this.”

8" grade male #2 — “A rancher but maybe build airplanes t0o.”

8" grade female #2 — “Zoology or marine biology or childcare. I think | will stick wit
science because it is more interesting.”

8" grade male #3 — “Before, | wanted to be a politician but I've changed my thinking int
becoming a pilot.”

9" grade female #1 — “I want to be a nurse or something to do with animals — animal care
taker or doggie day care.”

9" grade male #1 — “I would like to be a gunsmith but this challenge kind of goes with
gunsmithing. You make a plan and then create it.”

9" grade female #2 — “Medicine technologist. | want to stay in the science Hrstzows

you how you need to use math in science and to keep good notes.”

9" grade male #2 — “| used to want to be a truck driver but now a diesel mechanic or
lineman. This project kind of swayed me toward a mechanic because of building the
glider.”

9" grade male #3 — “I haven't really thought about it but | don’t want to design

airplanes.”

115



VITA
Lisa Ogle Brown
Candidate for the Degree of

Doctor of Education

Thesis: SOUTH DAKOTA SECONDARY SCHOOL STUDENTS’ SCIENCE
ATTITUDES AND THE IMPLEMENTATION OF NASA'S DIGITAL
LEARNING NETWORK'S “CAN A SHOEBOX FLY? CHALLENGE”

Major Field: Applied Studies - Aviation and Space Science Education
Biographical:

Personal Data: Born in 1970 in Midwest City, OK, married to Christopher C.
Brown in December, 2006

Education: Graduated from Alief Elsik High School, Houston, Texas; received
Bachelor of Science degree in Animal Science from Texas A&M Untyersi

College Station, Texas in 1993; received Master of Education degree in
Curriculum and Instruction from the University of Houston, Houston, Texas in
2001; completed requirements for the Doctor of Education degree in Applied
Studies - Aviation and Space Science Education from Oklahoma State University
in May, 2011.

Experience:
High School Science Teacher - taught at-risk high school students in@Mef |
for 9 years; implemented Career Day for the students

Aerospace Education Specialist for NASA - Responsible for developing and
conducting workshops for teachers and administrators in schools, colleges and
universities and lecture demonstration programs for students in schools within an
eight state region.

116



117



Name: Lisa Ogle Brown Date of Degree: May, 2011
Institution: ~ Oklahoma State University Location: Stillwater, Oklahoma

Title of Study: SOUTH DAKOTA SECONDARY SCHOOL STUDENTS’ S(NEE
ATTITUDES AND THE IMPLEMENTATION OF NASA'S DIGITAL
LEARNING NETWORK'S “CAN A SHOEBOX FLY? CHALLENGE”

Pages in Study: 112 Candidate for the Degree of Doctor of Education
Major Field: Applied Educational Studies - Aviation and Space Science Option

Scope and Method of Study: The National Aeronautics and Space Administration
(NASA) had taken steps to inspire the next generation of explorers through its
education programs to enhance student and teacher knowledge of science,
technology, engineering, and mathematics (STEM). One of these education
programs is the Digital Learning Network (DLN), which uses two-way autlio a
videoconferencing to share the knowledge and expertise of scientists, engineers,
and researchers with students and teachers. The purpose of this studyassto ass
the degree to which the Digital Learning Network will promote attitucléisa
secondary science classroom in a rural town in South Dakota. The DLN'’s “Can A
Shoebox Fly? Challenge” was used to determine if participating in the “Can A
Shoebox Fly? Challenge” will create a positive change in attitudes in students in
science and, if there was a change, did it differ among genders. Furtheimsore
study tried to determine how effective the DLN is with regards to studentsntere
in STEM careers.

Finding and Conclusions: This study utilized a mixed-methods approach to data
collection from secondary science students. A parallel pre- and postescienc
attitudes survey, developed by Ingrid Novodvorsky, was used in addition to face-
to-face interviews and evidence collected from the students’ notebooks. The
findings in this study indicate the students’ attitude towards science was mor
positive after the “Can A Shoebox Fly? Challenge” with regards to interest in
science class and activities in science class (Factorl); confiotetiaar ability to
do science (Factor 2) as well as their overall interest in scienceeénage
Additionally, both genders showed a positive change in attitudes for the above
factors and there was no significant difference between males anddema
negative change in attitudes occurred pertaining to student interest irescienc
related activities outside of school (Factor 3). The same negative changeed
among males and females with no significant difference between the two genders.
The implication of this study provides future research with all of NASAgst&)
Learning Network modules to enhance students’ interest in STEM careers and
STEM student achievement.

ADVISOR’'S APPROVAL: Steven K. Marks




