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Abstract

The success of inquiry-based learning (IBL) in supipg science literacy can be
challenged when students encounter obstacles iabkence of proper support. This case
study is intended to evaluate the effectivenessmddregon public school district’s
science fair coaching program in promoting inqikills and positive attitudes toward
science in participating high school students. pimpose of this study was to better
understand students’ perception of program suppbstacles or barriers faced by
students, and potential benefits of IBL facilitatgdthe science fair program. Data
included responses to informal and semi-structurelviews, an anonymous survey, a
skills assessment of final project displays, andepth interviews of three students'
experiences. Results suggest that the sciencprtairam can properly engage
participants in authentic IBL. However, when asswgthe participant's final project
displays, | found that previous fair experience md significantly increase mean scores
as identified by the official Oregon Departmentafucation (ODE) scoring guides.
Results of the case study suggest that participlamtsscience self-concept, poor
understanding of inquiry skills, and inability togage in reflective discourse may reduce
students’ abilities to truly benefit from the saterproject support that they receive.
Recommendations to address this discrepancy inatiahifying specific needs of
students through a pre-fair survey to develop nemgeted support, and providing new
opportunities to develop skills associated witlesce self-concept, understanding of

inquiry and reflective discourse. In addition, iessuggest that students would benefit



from more financial support in the form of grardaead more connections with

knowledgeable mentors.
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Chapter 1

Introduction

The latter half of 2012 held many major transitiomsy life that have resulted in
a new career path of informal science educatioterAhoving to Portland, and several
months of long commutes to Corvallis to my Envir@mtal Scientist position at the
United States Environmental Protection Agency (UB\E | came across an online job
posting for an Assistant Program Coordinator focal high school science fair. | have
always been intrigued by the idea of teachingviag intimidated by the challenges of
classroom management or politics associated withdbeducation. Unlike a teaching
position, the role of Assistant Program Coordinatas presented to me as an
opportunity to work one-on-one with students, idtroing them to the intricacies of
scientific exploration, and supporting them in thegry own research. As someone with
a background in research, | was eager for the dypity to engage young learners in
actual inquiry projects. | myself was inspired togue a career in the sciences, in part,
by my own high school science fair experience.didied to accept the school district’s
offer for the position, and over the next few manthransitioned from full-time
employment at the US EPA to a part-time employeeodls a scientist and a member of
the local school’s science fair program.

The science fair program was introduced to the @lathigtrict in 2002 during a
national push to create more Intel Internationa¢sme & Engineering Fair (ISEF)
affiliated fairs. Through a parent’s interest ang®ort by the school board, the program

was created to promote student research and makmutilic school district more
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appealing to “talented and gifted” (TAG) studertattmight otherwise seek out research
opportunities at private schools. As the progravetimed, more emphasis was placed
on ways in which the fair could support incorpavatof inquiry into the classroom.
Science fair projects have been used as “Sciemgeryfi and “Engineering Design”
work samples in both middle and high school. After initial financial support provided
by Intel (through affiliation) was exhausted, thstudct fully committed to funding the
program. At all grade levels, students engage mesform of inquiry as supported by the
program. At the high school level, students pgtite in a district-wide extracurricular
fair program that culminates in a competitive faith eligibility to compete at both the
state level through the Northwest Science Expo ()\&8d international level through
ISEF. High school students are primarily suppoligé Fair Director and me, acting as

the Assistant Program Coordinator.

Personal motivation for this study

My role as the Assistant Program Coordinator istriateted. Aside from
managing databases, websites, and organizing ns@pegis of the fair itself such as
donations and awards, my primary duty is to a@ &ilitator, or coach, to students
participating in the program. In my first year iosking with the program, | found the
experience incredibly rewarding. It was excitingmork with such an eager group of
students. | found that students enjoyed their egpee despite the challenges involved in

completing their own research. One of the greateslienges | faced was feeling
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confident in meeting the needs students with sindrse needs. In our weekly meetings,
| found that each student might be struggling witttifferent aspect of their project
development, and it was critical for me to identtipse needs on an individual basis. In
addition, students seemed to struggle with confiden pursuing their own ideas, or
balancing their school work with deadlines from sleeence fair program. Of greatest
concern to me were students that eventually droppedf the program, and were unable
to complete their projects. | became very curiautoavhy students were dropping out of
the program, and if any interventions by the progcmaches might improve retention
rates. | was also curious to find out the exactibar that students were facing throughout
the process, and what our team could do to impsapgort. | administered an
anonymous post-fair survey to gather feedback fiteerstudents about their experiences.
| found it incredibly valuable to offer student®tbpportunity to reflect on their fair
experience, as well as connect with their role dswvang force in the process. My
curiosity into the value of the science fair expade for program participants also
ignited an interest into whether or not our progtaas the intended outcome of

facilitating successful inquiry.

Science fairs and the Next Generation Science 8tdadNGSS)

In addition to providing TAG students with opporitigs to engage in self-driven

research, it is also the intention of the prograraupport all students in inquiry based

learning. Research suggests that engagement Iasa-scientific investigations, science
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fair projects, and laboratory studies give studémsopportunity to develop “conceptual
learning, techniques and manipulative skills, itigadive skills, and affective outcomes”
such as improved attitudes toward science anaakritninking skills which can be

applied to all aspects of a students’ educatior@agss (Wilkinson and Ward 1997).
Inquiry based learning has been shown to improtvieidés, promote problem-solving
skills, and develop an understanding of the nadfiseience that might not otherwise be
gained from conventional or traditional sciencecadion (Hofstein & Lunetta 2003,

Dolan & Grady 2010, George 2003).In accordance vatent statewide adoption of
NGSS, there is a greater need for more opportgritiengage students in such hands-on
experiences involving both scientific and enginegpractices. Through our fair

program, students are offered the opportunity fae a broad spectrum of disciplines,
including sociology, ecology, plant and animal aces, chemistry, physics, computer
sciences, electrical/chemical/civil engineeringnlam health, math, and microbiology.
Specific to the science fair experience, it isititention that students will gain valuable
inquiry skills as identified in the NGSS practichgghlighted by the opportunity to
intelligibly communicate their findings during tfer itself (Figure 1) (NRC, 2012, p.

42).



Figure 1. K12 Framework for Science Educati- Practices

1. Asking questions for scienca) and defining problems (for engineeringi

| wanted the opportunity to explore whether oudents are utilizing thes
practiceghrough participation in the science fair progr Although both science ar
engineering are represented at our fair, sciengegs take up the greatest proporti
For the 2014 fair, for which this study was conedgtonly 26 of the 12projects (21%)
were engineering-baseWith this in mind, greater emphasis was placeciarse

inquiry projects throughout this study desi

The role of a Science Fair Program in |

Researchers suggest that promoting reflective drseon an informal atmosere
between peers and mentors can promote a healttmyjrigaenvironment “conducive 1
meaningful inquiry” (Hofstein & Lunetta 2003). ld@ition, students with adeque

support from knowledgeable teachers, access tssageresources, and motivatio
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support which fosters science sconcept, all play a critical role in nurturing prodive
IBL (Akinoglu 2008, Syer and Shore 2001). Althowgihdents have been found
benefit from this type of support, many schoolswarable to offer extra coachinor
science fairs, especially when participation infdieis extracurricular (Akinoglu 200:
Syer and Shore 2001).

Through my Masters in Science Teaching progranogtdhd State University,
had the opportunity to develop a study in orddutthel explore our science fa
program’s effectiveness in promoting successfuliingbased learningn order to
properly evaluate the success of the program, stivegessary to determine
relationship between the program, participant, iagdiry-basedéarning (IBL) ashe

intended experience (Figur).

/" Science

/

Fair \

. \ Program |
Discourse, resources, /

\ ,
expertise, motivation \\\ // Guidelines/structui
(SUPPORT) N Y \
o /
v P

Inquiry-
based
learning

PartICIpant \‘ Participation in activities/deadlines

Inquiry/ problem-solving skills, nature of science,
applications of science

Figure 2. Relationship of all components in thesce fair program for promotion
IBL



Who comprises the “Science Fair Program”

Coaches are the primary facilitators of the scidageprocess, and most
commonly have the greatest amount of interactidh students throughout the program.
Alongside Amy Schauer, the Fair Director, | workstgoport students throughout each
stage of their inquiry process, from deciding dogc, to executing their experiments, to
presenting their finding to the public.

The program is also supported by science teacheosaet as “Adult Sponsors,”
responsible for reading research plans and engaiggngarticipants in conversation
about their work. In some cases, adult sponsotsmeilk with students to set up their
experiments or help in gathering participants wregmglicable. Adult sponsors are also
responsible for assisting in the complete of ISEfuired forms. Science teachers also
volunteer to act as “judges” for the practice sysipm, in order to prepare students for

the official fair judging.

Although it is not necessarily offered every ydar,the 2013-2014 school year,
three science teachers from each high school weea ¢extra duty” contracts to act as
category-specific mentors. For the categories afrdbiology, Physics/Engineering, and
Chemistry, teachers were recruited to support stisdeith lab techniques, safety, and
design. In addition, a math teacher at each sakaslcontracted for 0.25 FTE to support

students with statistical analysis.
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For several students, a “Mentor” may be recruitedjing specialized training in a
given area that is beneficial to the project’s gssc Mentors may be researchers,
business leaders, or educators of a variety ofgdises. Typically, initial contact with a
mentor is facilitated by a coach, and studenteao®uraged to work in their mentor's lab
or facility if possible. Not all students are contexl with, or require a mentor, and in
some cases it is difficult to find a person that bast act as a mentor for a particular
project. For the 2014 science fair, 38 out of 1&fqrts were supported in some way by
a mentor.

Additional volunteers help the program coaches ¥athorganization, including
judge recruitment, catering of the event, and farsiing, but they do not work directly
with the students.

In this study, | played the role of coach and eatdu | gathered feedback from
students primarily regarding their interactionshwityself, and the Fair Director, Amy
Schauer, although the helpfulness of support fratal®Sponsors and other teachers was

addressed. Support from mentors was not expliekplored during this study.

What the “Science Fair Program” has to offer Pargiants

Support offered to the student can be charactébygdour different attributes of

the program: opportunities for reflective discoyesepert advice from knowledgeable

adults, access to resources, and motivational stippo
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Opportunities for reflective discourse in an inf@natmosphereThrough weekly
meetings, emails, phone conversations, and afterostiours, we supported students in
developing their own research, discussing with thieair role as an “expert” in their
topic. Coaches performed weekly meetings in anrinéb setting rather than a classroom,
and students were free to discuss their ideas lagteoges with mentors. Discussions

with peers were encouraged through online forundssasial media.

Expert advice from knowledgeable teachers/mentoasftes\When appropriate,
coaches connected students to mentors or profegsicentists that could support them
in their research. This was done through initiaitect via email or phone-calls, followed
up by informal meetings or tours of different faads. Based on a student’s research
topic, they were either assigned or chose an “A8ptinsor”, typically a science teacher,
who worked directly with the student in developthgir project idea and executing their
experiments or design. Students in the fields afikgering/Physics, Chemistry, and
Microbiology were assigned a specific science tentat was contracted by the Fair
Director. These teacher mentors provided expelicadnd scheduled laboratory time.
Coaches were also available as adult supervisoedtiEr school or weekend project

work when science teachers or other mentors wdravaiable.

Access to resources, such as materials, lab sgexcktechnologyThe greatest
proportion of our coaching time is spent in suppd$tudents’ execution of the science
fair process. In addition to ordering necessarybep and helping to organize materials

we worked to organize lab space and equipment sacefor experimentation. We also
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supplied assistance in the form of “inquiry empangtechnologies” such as Vernier
probeware, statistical analysis tools, and otheh sasources (Hofstein and Lunetta,
2003). If requested by the students, occasionatnmitive workshops were offered to
teach basic laboratory techniques (e.g. bacteauitiing). Registration fees for the fair
as well as the cost of many materials needed agdefqraby the school district. In

addition, a need-based reimbursement grant iseaffer all students.

Motivational support that fosters science self-@picAs coaches we encouraged
students when they were faced with issues, anduidest to maintain a positive
environment. We acknowledged when students enecathemotional or psychological
barriers to their learning experience, and attethpaenitigate these challenges.
Specifically, we offered encouragement when stusltsit discouraged because their
hypothesis was not supported by data, or they faballenges in interpreting results

based on incomplete experimental design.

How the “Science Fair Program” helps students depelBL: Structural guidelines for

engaging in IBL

We provided information packets to all studentdifierent stages of the process,
which acted as guides to scaffold the IBL expememackets included suggested
timelines, explanations of key components of agoijresources and tips for

experimental design and data analysis, etc. Intiaddiwe set deadlines associated with
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submission of forms, and key components of theieaech plan, in order to keep students
on track and support healthy time management sklisgram coaches assisted in
completing forms necessary for fair registratiamj anade students aware of project-
specific guidelines when working with hazardousenats, human test subjects, and

other projects requiring Scientific Review Commet{&RC) approval.

What IBL has to offer Participants

One of the key goals of the science fair prograto give students the
opportunity to engage in self-directed inquiry.hdugh students are introduced to IBL at
the primary level in this district, it is only whetudents reach high school that they are
given complete creative license in developing tbein idea. The intention is that
students will gain personal insights into the stepsessary for experimentation and have
the opportunity to acquire skills and abilitiestpent to conducting tests. Students work
in an authentic laboratory setting and are ablditze different equipment and
specialized instrumentation they are not likelgbtazounter in the classroom. We also
help student to improve upon their problem-sol\skils as they face the challenges
associated with carrying out an investigation inalilthey are the principal investigators.
Engaging in self-directed inquiry in an extracutar setting gives students the
opportunity to apply scientific content knowledgmjaired in a classroom setting to

personal interests. These opportunities may oftefests a better understanding of the
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applications of science as well as an improved tstdeding of the nature of science

(Akinoglu, 2008).

Responsibilities of Participants

Students interested in participating in the fag expected to engage in specific
activities throughout the process. As the driviogeé in their learning experience,
students are expected to utilize support from thense fair program to establish
personal goals and timelines for completion ofrtpeoject. Students were asked to
report on progress of different components of tpedject, including their background
research, draft research proposal, experimentajmeand appropriate forms necessary
for experimentation according to rules associated an ISEF-affiliated fair. A specific
benchmark the students were responsible for makingder to complete the science fair
process was submission of necessary forms forcgzation (parental consent, human
subjects, potentially hazardous materials, etcaddition students were required to
submit a completed Research or Engineering Propataktlearly defined Research
Question or Engineering goal, Hypothesis, IntromunctBackground Research,
Procedure, and Risk Assessment. Research plandomagiproved by program coaches,
and in some cases by the SRC, before experimemtadiald begin. Participants were
also required to officially register for the fainlone, attend one of two practice or “mock”
symposiums, and present their findings at the reiscience fair to judges, peers, and

the public throughout the three-day fair.
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This design is intended to give students the oppdst to engage in an authentic
inquiry process in which they make all the key dexis. Students decide on their
research topic, perform searches for backgrourainmdtion, design their experiments,
collect and analysis data, and communicate thedlirigs in an informed and professional
manner at the regional science fair. Participahte@program are required to complete

all these steps in order to qualify for in-clas®lactive credit for their project.

The intention of my study is to evaluate the patdrsiuccess of a science fair

program in supporting IBL by answering the follogiresearch questions:

e How does a student’s initial motivation or leveliofolvement influence their
utilization of support offered by the program?

e In what ways did our students benefit from suppéfdred by the program?

e What barriers were most challenging to overcometorstudents?

e In what ways did students that participate in ttiersce fair program exhibit
proposed benefits of IBL, such as improved probsaiving skills or a better

understanding of the nature of science?

| answered these questions by gathering feedbaok $tudents regarding their
motivation for participation, the helpfulness obgram support, and barriers they faced
throughout the process. This was done throughnmdbimterviews throughout the fair

process, semi-structured exit interviews, and amgmous survey. In addition, |
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explored the role that the science fair programygla directly facilitating successful IBL
through interview, an assessment of students' @rdjsplays, and a series of individual
profiles of participant’s fair experience and inguskills as related to help they received

from the science fair program.

With this information, | intended to learn abgpecific barriers that our students
face throughout the fair process, and what intdreas, if any, the district can offer to
encourage future enrollment in the program thromgfigation of such barriers.
Moreover, my findings from this evaluation couldygest improvements to our program,
and also act as a resource to other district lsadlo are curious about the value of their
science fair, and may wish to know what resourcesreost effective in supporting IBL

and achieving science education goals.
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Chapter 2

Review of Literature

The National Science Education Standards (NatiBeakearch Council, 1996)
suggests that when used properly, “laboratorypee@slly important in the current era in
which inquiry has re-emerged as a central styl@ealed for science teaching and
learning” (NRC, 1996, pg 23). In this literatureviewv, | summarize articles which
further explain IBL as a tool for science literaap exploration of science fairs as
examples of IBL, and barriers of and appropriatgpsut for students’ engagement in

successful science inquiry.

IBL as tool for science literacy

In a review spanning 20 years of research andhtitee, Hofstein and Lunetta
(2003) evaluate the changes to expectations oficeieducation and the role that
laboratory work plays in supporting science litgrdcaboratory activities, when done
properly, give students the opportunity to “stukdg hatural world, propose ideas, and
explain and justify assertions based upon eviddeceed from scientific work” in the
same manner that scientists engage in authentirinHofstein & Lunetta, 2003, p 30).
Such an introduction to “central conceptual anccpdural knowledge and skills in
science” is critical to supporting science litergelpfstein & Lunetta, 2003, p 31).

Science education goals that are supported bydédryractivities include understanding
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of science concepts, interest and motivation, sifiepractical skills, problem solving,
and an understanding of the nature of sciencede®ts without time or opportunity for
metacognitive activities are less successful ifyapg such skills long term. In addition,
IBL should be student-directed, with opportunitiesthe students to improve upon their
science self-concept and attitudes toward scidtotstein and Lunetta cite Polman
(1999) to support their view that if science leagnis to be fostered through projects and
inquiry, teachers and authority figures must playmplex role in discourse with their
students. An informal atmosphere and opportunibemteractions between peers and
mentors can promote positive social interactiordsahealthy learning environment
“conducive to meaningful inquiry” and collaboratikarning. (p 36) The researchers
suggest that there is a need for frequent oppaiesrfor feedback, reflection, and
modification of their ideas. In additional studiessearchers noted that those
opportunities don’t exist in most schools in the @8bin, 1990; Polman, 1999). “If
students’ understandings are to be changed towasz tof accepted science, then
intervention and negotiation with an authority, albua teacher, is essential” (Driver
1995). Hofstein and Lunetta (2003) also discusstel for “Inquiry Empowering
technologies” such as computers, probe ware, aaithaility of instrumentation that aids
in students’ development of analytical skills, adlvas a need for appropriate assessment
of lab work and activities in order to evaluate heffective lab guides and current

curricula are in supporting science education goals
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Researchers and educational consortiums alike stiigeincorporation of

“authentic inquiry” in which students “choose resdaquestion, variables, procedures,
and must explain their results in light of otherdsés and theories” (Brickman 2009).
Beyond these skills, it is suggested that IBL malplio encourage “derived science
literacy” in which students have the ability “tamisfer conceptual understanding and
accurately interpret and evaluate texts dealing saientific concepts” (Norris et al
2003). In a 2009 study, researchers from the Usityeof Georgia led by Brickman
evaluated the effects of IBL on undergraduate gellstudents’ science literacy skills and
confidence (Brickman, 2009). Specifically, the mashers wanted to measure “changes
in science literacy, science process skills, atfcceafidence in doing and writing about
science.” Two groups of students were instructeaiolntroductory Biology lab course
using the traditional instruction methods or usamglBL design the researchers
developed. To assess each type of instructionestadvere evaluated based on
responses to a Science Process Skills Assessneelf-Gfficacy survey (pre- and post
test), course evaluations submitted by studentsgeoup interviews after the duration of
instruction. Overall, students preferred the tiadgl, canned lab experience because it
was easier, despite the fact that they “wouldrdteas much.” However, students found
that “collaborative aspects of struggling togethere both rewarding and frustrating.”
Although challenging, students found the inquirgdxhlaboratory structure
representative of a more authentic scientific eigpee. Based on the Science Process

Skills Assessment, the researchers found greaf@owements in students’ science
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literacy and research skills when using inquirydaasistruction, despite a lower self-

confidence in their science abilities.

In a similar comparative study, performed by Wikon and Ward (1997) in
Victoria, Australia, researchers wanted to exantieeperceptions of Year 10 students
and their science teachers with respect to lab wRekearchers proposed that lab work
helps to develop “conceptual learning, techniquesraanipulative skills, investigative
skills, and affected outcomes.” The desired affectutcomes of lab work, or IBL,
include “attitudes to science such as interesgyenent, satisfaction, motivation, as well
as thinking, objectivity, critical-mindedness, skeism, and willingness to consider
evidence” (Gardner and Gauld, 1990). 139 Studerdglzeir teachers (six in total) were
interviewed regarding their personal experienceatitiides toward the effectiveness of
lab work in supporting authentic science. Ovesdlidents did not think that lab work
was relevant to everyday life. They were not a¢yuscouraged to do their own
experiments, and “most teachers said that theyuraged only their better, more
trustworthy students to do investigative work oeittown.” (Wilkinson & Ward, 1997).
Because of this lack of personalization, studeatsdvery different perception of the
purpose of science inquiry, “often fail[ing] to séae connection between the prepared
laboratory activities and the content to be learh€de researchers concluded that in
order for lab work to support such science literasgponents as investigative skills and

interest toward science, it is highly critical teachers to make the definition of lab work
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explicit, and to engage students in their own nedee which relevance to the real world

is emphasized.

One way in which institutions have chosen to tathéeneed to personalize IBL
is through science fairs. Students are requiratbfme their research, design their
experiment, collect data, and present their fingingilizing many inquiry skills specific
to the emerging framework for science educatiort.dlhlevels, they [students] should
engage in investigations that range from thosettrad by the teacher—in order to
expose an issue or question that they would b&elglto explore on their own (e.g.,
measuring specific properties of materials)—to ¢hitet emerge from students’ own

guestions.” (NRC Framework, 2012, p. 61)

Science fairs as IBL

In a 1996 study performed by Schneider and Lumpeedchers of students
(grades 7-12) participating in the Ohio Academysoience’s District 2 fair were directed
to complete a survey evaluating the success ofisgitairs in supporting key science
education goals. The researchers identified theats gs: exploration of a real world
issue important to the student, hands-on/mindscentific knowledge, scientific
inquiry, higher order thinking, habits of mind,egtation or the interrelatedness of
science disciplines, and social skills. In additithre researchers utilized their survey to

examine potential factors that may influence tHeatifveness of science fairs in
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supporting science education goals, including: tearsus individual projects, teacher
modeling of projects, student support by parentsaher adults, school attendance at a
regional science fair, and grade level. Teachgyarted an overwhelmingly positive
response of science fair participation on achievdroéscience education goals. The
researchers found that teacher and parental sugppeared to positively influence the
teachers’ overall perception of science fairs asaessful tool for improving science
literacy. This study also reflects the perceivetcess of achieving education goals by

educators themselves, and does not interview tltkests directly.

A study performed in 2003 by Senay Yasar aimeck#mene the impact of
science fair participation on understanding anituaés toward science of'grade
students by directly asking students of their expent rather than their teachers. Pre-
and post-tests (instruments) were assigned to iffereht groups, students that
participated in a science fair and those that did Although test scores for both science
understanding and attitude were higher for studeatscipating in the fair, the scores
were not significantly higher based on the largeavece of the comparison group (N =
379 for pretest and N=430 for posttest versus M ard N = 26 for experimental group).
It was noted that post-test scores for both grougre lower, implying a poorer
understanding and attitude toward science aftetitie period associated with a science
fair, regardless of participation. The researchiggssts that additional research as to the
efficacy of science fairs be explored, specificayaluating how a students’ attitude
toward science may influence their perception df #ch as that provided by science

fairs.
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One such study was performed in 2003 by Georgduatag changes in
students’ attitudes regarding the utility of sciermwer the middle school and high school
years. Researchers performed a latent variabletgnmedeling of previously acquired
data from student questionnaire answers to a Lodigial Study of American Youth
(LSAY). The important predictors of attitudes abthé utility of science were identified
as: science self concept, teacher encouragementesfce, achievement motivation and
science activities (such as science fairs), pdudes, and parent support. “Attitudes
influence the students’ academic achievement ensei as well as their selection of
science careers” (Sorge et al 2000). The reseaexénracted data from the LSAY,
following 444 students’ progression frof! # 11" grade with respect to survey answers
about their attitudes of science and their predictdhe results of the analysis show an
overall increase in attitude toward the utilityssfence as students go froff through
11" grade. Self concept had the greatest effect atests’ attitudes. The next strongest
predictor was students’ perceptions about the atnailencouragement they got from
their science teachers. There was also a posgs@cetion between science activities
and attitudes, as “it is found that participatiarscience activities such as science fairs,
and science clubs, are associated with higheudést about the utility of science.”
Students that engaged in activities such as sciirseand those that perceived support
from their teachers had increasingly positive @di#s of science which is suggested to
improve their overall performance and understandingcientific concepts.
There are conflicting results surrounding the iefloe of science fairs on

students’ attitudes toward science, and its conmetd the proposed benefits of IBL.
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These conflicts may result from differences in #igeobstacles, and means to overcome
those barriers, that students face when engagimgjinry. The following studies explore
the types of barriers that students encounter guBh and the most successful types of

support students receive.

Barriers of and appropriate support for studentsgagement in successful science

inquiry

In an investigation performed by Pyle (1996), heghool student researchers
from the 44" International Science and Engineering Fair (IS&EE)e interviewed on the
day of the fair regarding the influences on theisign and their motivations for
completing a successful project. Students repdhatithe ability to “take ownership” of
their own project design is critical to their pawesl success. Pyle notes a flaw in their
own design study, suggesting that more informasioould be gathered (pre- and post-
tests) rather than singular interviews at the dahefair. A study on potential outside
influences that may shift a student to design geerment based solely on the likelihood
to win rather than based on personal curiosityxpiaration should be considered. Only
the highest achieving participants were interviewed their motivations for
participating were primarily based on achievemarthe form of awards. This promotion
of competition may not be a suitable motivationtdas for all participants, leading to

withdrawals or reduced participation.
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The potential benefits of science fair participati@mve been explored and
affirmed by educators (Schneider & Lumpe 1996)rbaearch performed by Czerniak
and Lumpe (1996) found that students’ motivatiangfarticipation was not
overwhelmingly based on a pursuit of knowledgeampetition. In the study, factors
which may influence participation in a science faare predicted using The Theory of
Planned Behavior (TPB) as developed by Ajzen & Mad(1986). The researchers
intended to determine what factors predict studexttisude toward a science fair, and
factors influencing perception of approval and contith respect to participation.
Answers to a TPB questionnaire (by eighty 7-12 g@rstddents) reflected the students’
belief that while science fairs were a good opputjuto learn something (54% of
students) and a great way to receive extra credimprove one’s grade (28%), fairs
wasted time (61%), and required undesirable amafritsard work” (20%). 81% of
students reported that participation in the scidatevas required, and 77% of students
reported that a score was received on their pmjeaiggesting that the students’
behaviors toward participating were driven by geadea motivation to comply with
rules more than a desire to learn. The researshigest that additional research is
performed to examine the influence of mandatoryigigation in a science fair on

students.

In a similar study conducted by Czerniak (1996¢, iésearcher examined the
potential influence that specific factors have oocgss at a regional science fair.
Czerniak postulated that similar concepts with eespo factors influencing academic

success (such as self concept, parental influenuatsyation, anxiety, and selected
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demographic values) apply to science fair suc¢&sgcess” at a science fair was
defined by the relative score awarded to each grbjgthe fair judges, and each factor
was measured through answers to a questionnaitechtaiparticipants after the fair.
Application of a discriminant function analysisdimdent questionnaire results found a
“pressure to succeed” strongly correlated with stuiguccess. Students required to
complete a science fair project (84.5% of 142 sttg)e or those that reported the project
counting toward a grade (92.3%) were “motivatedéaomplete a successful project
through parental and school pressure rather thesupwf knowledge. The results also
suggested that parental pressure and the use pfdjeet as a grade may have negatively
affected students’ science self-concept, or thanfidence toward and general interest in
science. However, based on their study, the reseerstated it was “unclear how
participation in science fairs subsequently affscisnce self-concept” and they suggest

additional research be performed on this topic.

A study was performed by researchers in Istanbwilkdy, in order to assess
students’ perception of the inquiry-based projegtlementation process and how it
influences many factors, including self-concept padormance in science (Akinoglu
2008). In this study, one-hundret-8" grade students, from 24 different schools, were
interviewed during their active participation inestwe projects. Based on their
interviews, researchers discovered several chaketitat students associated with
completing a project. Students were not typicalgpired by their “own interest areas”
(only 10 students were motivated by personal ists)eo decide a topic, and relied on

previously developed experiments they found onl2$8 of students found that finding
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a topic was the most difficult part of their prdjeln addition, 37% of students mentioned
time limits are a significant issue. Although stot$ealso recognized that issues in
finding sources caused delays in progress withr ffreject, the most noticeable “main
problem” that students identified was communicatioth their teachers. The students
(36%) felt that their teachers were not knowledd¢gabout the process, and could not
adequately support their research. Despite deagrd@veral shortcomings to the process,
students self-reported that engaging in the iyguiocess made them “more interested
in their science and technology classes” (47%) theveloped creative thinking skills”
(27%), and noted a rise in their self-confidencE4)l. Some students attributed an
increase in science class grades (38%) to themlvewment in the inquiry project process,
although 21% of students noted a decrease bedagadeded to “work hard for science
projects.” Overall, the researchers concludedwmalie there were numerous barriers that
students faced during their inquiry process, tleelarmed improvement to science self-
concept and interest was a critical aspect of kgt should be encouraged by teachers.
The researchers concluded by stating that “theesscaf inquiry-based active learning
depends on whether the required materials, enviemtnsocio-psychological support and

teaching guidance are offered.”

Syer and Shore (2001) surveyed 24 Canadian highosstudents involuntarily
enrolled in their school science fair in order &tetmine the types of help that students
received (and were aware of) during the processchiallenges they faced, and what

measures they took to overcome them. Specificl/yesearchers wanted to take a
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closer look at pressures to succeed, and the jpatéartcheating in science fairs. Some
of the greatest obstacles the students describesipressure, disappointment or fear of
failure, the difficulty in coming up with ideas, édstaying motivated. Most of the help
students received was from the internet (22 ofa2#) from parents (21 of 24). Students
deemed other resources “fair” to use, includinghess, libraries, fellow students,
siblings, etc. but did not take advantage of theseurces. Overwhelmingly, the students
did not use teachers for help during their projethe students found that teachers lacked
time, knowledge, and even a willingness to helpth@f24 students, five admitted to
cheating on their science fair project, either tighlo copying someone else’s work or
making up data. The researchers suggest that dttitkents perceived the teacher as
unavailable, perhaps they also believed that tlais avproject not to be taken seriously.
In this case study, students were responsibledmgdall lab work outside of the
classroom, and curriculum was content-driven dusssessments, so very little attention
was given to the science fair projects. The re$egiscsuggest that considerations should
be made for time limitations, pressure associatigul seience fair competition, and

improvements to support that students are given.

Closing summary

IBL has consistently shown promise in supporting &eience education goals
such as development of problem solving and invastig skills, and an understanding of
the nature of science (Hofstein and Lunetta 20R8searchers have also found that
engagement in IBL improves students’ attitudes taveaience which is related to their

overall science achievement (Wilkinson and Ward7)9Science fairs have been shown



27
to adequately support science education goals basezhchers’ perceptions (Schneider
and Lumpe 1996) and patrticipation in science fla&s been shown to improve students’
attitudes toward science (George 2003).

The effectiveness of a science fair program toasgmt IBL and its projected
benefits is dependent on many key factors. Studaoésobstacles such as time
limitations, pressure to succeed, motivations othan curiosity, fear of failure, and
challenges in acquiring the skills necessary topeta their project (Czerniak 1996,
Czerniak and Lumpe 1996, Pyle 1996). However, rebesuggests that appropriate
guidance from mentors and teachers, availabilizesburces, and “socio-psychological
support” can support a successful IBL experiencstiadents (Akinoglu 2008, Syer and

Shore 2001).

By studying the effectiveness of the science feagpam, | will be afforded the
opportunity to examine:

e A student’s initial motivation or level of involveent and its influence on their
utilization of support offered by the program

e Ways in which our students benefited from supptigred by the program

e Barriers that are most challenging to overcomeotorstudents

e The potential relationship between support offdredhe science fair program
and proposed benefits of IBL, such as improved lprabsolving skills or a better
understanding of the nature of science

This research will inform our district as to théeetiveness of our program, what

specific barriers students may face, and how thaseers may influence their successful
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completion of a science fair project. In additiany research can help to inform other
school districts that are interested in develog@irsgience fair coaching program on the
specific types of support that are most valuablenoouraging authentic inquiry

experiences.
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Chapter 3

Methods

Overview

| determined that a mixed-methods evaluation isnbst appropriate approach
for comprehensively investigating the effectivenesmy school district’s science fair
program. | gathered data on students’ motivatiorpésticipating, perceptions of support
offered by the program, and barriers they facedgian anonymous Program
Assessment survey. An examination of the program¢sess in promoting IBL was
performed through semi-structured interviews (Br§a@lynn, 2011), examination of
weekly meeting notes and an assessment of pattiapstudents’ final project displays.
| examined the success of the fair program initatiihg IBL through an in-depth
analysis of a subsample of participants, includimegrviews and an assessment of their
project displays. In addition, | developed profitgdghree individual participants in order
to examine the potential relationship between stippftered by the science fair program

and a student's inquiry skills and perceptionscarsce.
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The diagram below represents the chronologyefthdy:

I:)i I:)p xproject O E) Xfair SA | R

Key:

P, = Program introduced to students; by teacher/mé&rger

P, = Program pre-registration, informal survey useddtup meeting times
Xoproject= Participation in a science fair project

O = Informal interviews/weekly meetings/coaching/erimentation

P, = Program official registration, commitment to ggat/compete

Xtair = Presentation of a project at the science fair

Sa =Skills Assessment of project display

| = Interviews

Pa = Program assessment — survey in which studefasfebdback on their overall

experience

Participants

| carried out the evaluation in three differentthaghools within a school district
in a metropolitan area of northwestern Oregon. Adiog to the district website as of
March 13, 2013, enrollment of high school studémtshe 2013-2014 school year was
2,712. 17% of students in the district in questieceive reduced price lunches. The most
common ethnicities are White, non-Hispanic (79% Hispanic/Latino (10%) (Oregon
Department of Education School District Annual Re@zards, 2013). Students
participating in the study were from 9-12 gradeesaj4-19, and registered for the

district’s regional science fair.



31
Science Fair Program Participantsrom the district-wide high school student
body, 310 students, representing 226 projects, si@m interest in participating in the
fair, either through pre-registration, discussiwm science teachers, or informal
meetings with the fair coordinators. On the dayheffair, 124 projects were presented
by 197 students, representing two of the three baflools. Of the 197 students who
presented at the fair, 72 did so voluntarily, 42ewequired to present for a grade in their

science class, and 83 received in-class credth#r projects.

Study Participants: Program samplingarticipants of the anonymous Program
Assessment totaled 70 students, including 62 stadkat had completed the science fair
program, and eight students that did not preset pinojects at the fair. Twenty-one
students offered consent to participate in a mooeough examination of their fair
experience through Interviews and a Skills Assessimietheir final project displays,
representing 18 projects that presented at thafairone that did not. Of those
interviewed, ten students did their project witpaatner, and 11 students worked alone.
15 were female and six were male, and there weseigBce inquiry participants, and
eight engineering participants (Table 1). All staidetaking part in the interview process
participated voluntarily in the program, and eigtudents used participation in the fair to

replace an inquiry-based project in their scierass
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Table 1 . Characteristics of study sample: Detaiwdstigation N=21

Characteristic \ %

Gender Male 6 29%
Female 15 71%
Partnership Worked alone 11 52%
With a partner 10 48%

Completion of Project at fair 20 95%

program :

Incomplete project 1 5%

Project Type Science Inquiry 13 62%
Engineering Design 8 36%

Treatment

For the purposes of this mixed-methods evaluatiomas intended that all
participants were offered the same opportunitiesadteristic of a fully supported
science fair experience. Through the science fagiam, students took part in informal
weekly meetings to discuss progress, were offecedss to knowledgeable mentors,
materials and necessary equipment, were provideét/ational support, and given
guidelines including informational packets and dead associated with successful
completion of their inquiry-based project. The f@irector and | acted as “coaches” of
the inquiry process, as well as researchers ferstiidy, documenting student’s progress

and providing anonymous surveys and interview ofpoaties to gather feedback.
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Instruments
Pre-registration surveysAn online form was created to gather basic inforamat
including names, proposed topic ideas, and whekigestudent intended to work with a
partner. Students also provided information regaydneir primary science teacher and

class period which was used to schedule their wesgihointment times (Appendix A).

Semi-structured interviews/advising meetir@se of the key aspects of program
coaching was weekly one-on-one meetings with ppeids. Each student was assigned a
five minute meeting time during one of their sciertasses for the term. The designated
meeting time allowed them the opportunity to discasy questions they had, give me or
the program director an update on their progress discuss challenges or barriers they
may have been facing in completing their projeoivds my opportunity to get a better
understanding of their time management skillsfuaté or motivations toward their
project, and what additional support, if any, timegded to stay on track with their
project goals. It was my intention to touch on bayriers students were facing at the
time of the meeting, and what mitigation we as acbing staff might offer to help them
to overcome the barrier. | documented their respots these questions in an electronic
spreadsheet specifically designated for weekly mgetexample entry, Appendix B).

During weekly meetings, participants were als@giappropriate forms,
information packets, and were reminded of workshmydanch time seminars available.
These meetings were our primary contact with sttedearing school hours, and were

supplemented by emails and correspondence thraaihl snedia.
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Semi-Structured Exit interviewSollowing the same format as utilized in Bryan
& Glynn’s 2011 study, | conducted semi-structurgd mterviews. All participants that
consented were interviewed, either in person dutheg science class on their high
school campus, or via submission of an online un¢er due to time constraints.
Interviews took roughly 15-20 minutes and were doented through dictation of
responses into an electronic spreadsheet. | pegtbath interviews, using an “interview
guide” which includes an orientation and a setu#sjions. | developed questions after
careful reading of previous studies investigaticigrsce fairs’ validity in supporting IBL
(Schneider & Lumpe, 1996) and discussions witheaglues regarding the value of each
guestion posed. In addition, flexibility in theentiew structure allowed for more open
discourse with the participant regarding their petons of science throughout their fair
experience. Students that did not complete thigpfacess were given a slightly altered
set of questions. From the original question guadiglitional discussions took place

prompted by student responses.

Orientation for Students:
To better understand your science fair experieftdéike to ask you a few
guestions. Your answers will help us to improvefthefor next year, and we appreciate

any feedback you can offer.

Question 1) What motivated you to do a sciencegdiaject this year?

Question 2) What was the most challenging pieggoaf project and why?

Question 3) What did you think of the scierige experience? Did you learn anything
from it? If so what? Was it a negative experiefuzceyou? If so how?
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Question 4) Do you feel that your science fair eigree helped you to better understand

the way science is really done (nature of scienCa)? you give an example?

For Students that did not complete the fair program

Question 1) What motivated you to do a sciencedaiject this year?

Question 2) What did you think of the sciemeeject experience? Did you learn
anything from it? If so what? Was it a negativeeence for you? If so how?

Question 3) What obstacles did you face that madedyop-out of the fair? How did this
make you feel?

Question 4) Do you feel that your science fair exgree helped you to better understand

the way science is really done (nature of scien€C&)? you give an example

Skills Assessment of a participant's final progisplay | assessed a sample of @i®ject
displays and 20 participants (some students warkéeams of two). Adhering to the
(2011-2012) Oregon Department of Education Scaguides for High School (either
Science Inquiry or Engineering Design, dependinghenstudents’ research topic;
Appendix C), | awarded a score (1-6; 4 = “profi¢cfesr meeting standards) for the

categories of:

Science Inquiry -

- Forming a Question or Hypothesis
- Designing an Investigation/
- Collecting and Presenting Data

- Analyzing and Interpreting Results

Engineering Design -
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- ldentifying and Defining a problem to be solved
- Generating Possible Solutions
- Testing Solutions and Collecting Data

- Analyzing and Interpreting Results

The official ODE Scoring Guides were developed theos as a response to a need for
new assessment tools in alignment with the adogtidhe 2009 Science Content
Standards. As of 2012, Oregon state requires thatrla sample of student's performance
in developing these inquiry skills be evaluatedhgghe official Scoring Guides (Fiser,
2013). As new assessment tools have not been geeefor NGSS to date, | utilized the

most recent tools available.

Program Assessment via an anonymous online sultelge end of the fair
process, all students, regardless of successfupledion of the program, were asked to
fill out an anonymous, online survey generated bgl@ics to gather feedback on how
successful the fair program was in supporting te#orts (Appendix D).Students were
asked about their perceptions of all aspects ofdingrocess, including the types of
barriers they faced as well as the usefulnesspgat offered. The survey was
accessible for responses starting on January 3, &0d remained open until four weeks

after the fair on March 28, 2014, to allow as meggponses as possible.

Procedure
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The entirety of this study was carried out at eithe participants’ respective high
school campuses or the high school where the siancis hosted. During the first
month of school, students were introduced to thense fair through flyers, hand-outs by
teachers, and presentations in their science cdgsa program mentor, teacher, or a
previously enrolled student. The fair program weespnted to students as a way to study
a topic of their personal interest that offeredbesibly of scholarships and awards. All
students enrolled in the Advanced Placement (A&jssits course of one high school
were required to participate in the fair program.

Students had the opportunity to informally registe the science fair near the
end of September by filling out the online pre-sdgition survey. All data from students
was transferred into a database in order to mésttefely monitor participant progress
and compile contact information. Consent forms veenet home with all students that
had informally registered for the fair informingetin of the opportunity to take part in a
research project regarding the effectiveness opoagram, and were asked to return
consent forms to me or the fair director duringfihs week of meetings.

In the weeks that followed, students attended lyamketings with me or the fair
director to discuss their research interests areé weesented with information packets
outlining the predicted timeline and deliverablesdompleting the science fair program.
Meeting notes were documented by me or the fagrctr, and | attempted to record my
observations and insights without bias or judgmmegéarding the student’s efforts.
Students were encouraged to start a logbook t& thesir own progress. Students were

asked to report on progress of different componehtiseir project, including their
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background research, draft research proposal, iexpetal design, and appropriate forms
necessary for experimentation according to rules@ated with an ISEF-affiliated fair.

During this time, students unable to continue whiga program dropped out of the
fair process by informing a coach or teacher oirttiesire to quit. Once removed from
the program, student information was transferrechftActive” to “Withdrawn” status in
the database. Just prior to winter break, in dadgember, official registration took place
whereby students input their intended researahditid category to the online registration
site for the regional fair. At this point, studemtere required to have a finalized research
proposal including background information, expemtaé design, materials, and risk
assessment, in order to proceed with the fair m®degenerated an informal end-of-term
teacher’s report based on each student’s progaadssent it to all respective science
teachers with students participating in the fair.

Over winter break, and throughout the month of danuwstudents finalized
research plans, performed experiments, and thraughis process coaches advised them
on appropriate data collection and analysis tealesqWeekly meetings, e-mails, and
hand-outs acted as support throughout the expetati@m process. Roughly 3-4 weeks
before the fair, lunch-time seminars were offe@dttidents as mini-workshops on topics
such as data analysis, display design and coratedtabstract writing. Two weeks prior
to the fair, students were required to attend driee “Mock Symposiums” in which
they presented their work to science teachers@asrjudges. They were given feedback
from “judges”, primarily regarding data analysigigresentation improvement. The fair

itself spanned three days (February 26-28); tis¢ éivening the students set-up their
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display boards at the host high school, the sedaydhe students were judged by
professionals in their respective category, anditiad day the students presented their

work to the public, followed by a keynote speakail an awards ceremony.

On the evening of judging day, images of all progsplays were taken by a
colleague in order to perform a Skills Assessmenprojects chosen for the profiles. |
documented scores and feedback on designated veetisstor further analysis and
comparison. Upon completion of the fair, | sent émgmninders to students to participate
in the anonymous Program Assessment. | utilizedhgosthemes to analyze open-ended
gualitative responses (Saldana, 2013; Trochim, 20B&er coding, | analyzed data from

the anonymous survey for descriptive statisticagidicrosoft Excel data analysis tools.

| contacted students involved in the in-depth asialyia emails to setup exit
interviews. Many students that were participatimghie study placed in their category for
the regional fair and were preparing to competdénstate-level science fair, so
interviews were postponed and in some cases respavese submitted via an online
form. Responses from exit interview questions wesed as a component of the profiles
examining the influence of the science fair prog@mndividual participants’
understanding of science inquiry. In addition, mesge quotations were used to support
findings from the quantitative data collected ia #rogram Assessment. Coding schemes

were utilized to analyze open-ended responses.



40

Chapter 4

Results

In order to most cohesively present data collefitethe purposes of this program
evaluation, the results below are organized wisipeet to specific questions posed
including student motivation to participate, sugpafered by the fair program, barriers
faced by participants, and possible benefits of #8kociated with the fair experience. |
developed profiles of three participants in the & a way to examine links between
support offered by the program and acquired bemefitBL, and to illustrate findings

from the larger population of students.

Student motivation for participation

As | have identified, one of the key componentsuoscience fair program is the
student and their role as a participant (Figurd &xamined a student’s initial motivation
to participate in the program, collecting data froath the anonymous Program
Assessment as well as interview responses. Wheniexea responses of the anonymous
Program Assessment, | found that students wereapitymmotivated by the prospect of
strengthening their college applications (33%) tredexcitement of developing their
own idea (29%). 21% of respondents expressedititenest in participating based on
their belief that the process would be fun. Thepprton of students with intrinsic and
extrinsic motivations was very similar (54% and 46&spectively) and no respondents

participated based on their parent’s request (T2ble
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Table 2. Students’ motivation for participatingtive science fair program; according to

Program Assessment N=70

Motivation Statement [\ %
Intrinsic  I'm excited about developing my own idea 20 2P%
| think it will be fun 15 21%
I'm looking for a bigger challenge than my 3 4%
classes provide
TOTAL 38 54%
Extrinsic | think it will look good on my college 23 33%
applications
| want to compete for awards and 5 7%
scholarships
I'm a junior or senior, and want to earn 2 3%
college credit
My parents want me to do it 0 Opo
My friend wants me to do it 2 3%
TOTAL 32 46%
TOTAL 70 100%

When asked about a student’s motivation for pgudiithg in the science fair
during exit interviews, the preponderance of answentered on learning about a topic

of their interest. A 9 grader with science fair experience from middleost stated that
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“[my motivation for participating was] mainly thdea that | could research something |
was really interested in.” Another prevalent matima by those participating in the study
was the possibility to create new knowledge, oniidig a problem to be solved. Several
students expressed a desire to “make a differemc&reate something of relevance in
the field of science.” In addition, students redagd the value of participation on college

applications, and a few students mentioned petvamher support as a motivating factor.

Students’ perception of support offered by program

In order to determine student’s perception of suppiered by the program,
several questions were posed in the Program Assessmd interview process.
Questions addressed the key components of ourgrogupport, including reflective
discourse, contextual knowledge from teachers amd@ches, access to resources,

motivational support, and guidelines for the praces

Reflective discours&our different questions within the Program Assessm
were identified as relevant in addressing whethetents felt that they had the
opportunity to engage in reflective discourse tigtoaut the fair process (Table 3). As the
primary method of communication with coaches, “mnfal discussions during meetings”
were found “very helpful” or “helpful in combinatigwith other support]” by 83% of
survey respondents. In addition, 67% of studeniadd’emails/phone call/text
messages” a helpful form of communication. 49%espondents to the anonymous

survey did not find the program social media pagspful, and 33% found it only
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“somewhat helpful.” When asked why they did notfihhelpful, many students claimed
that they did not use the social media tool, onfbthe information redundant and

unnecessary.

Table 3. Students’ perception of opportunitiesrédtective discourse according to
Program Assessment; N=70

Helpfulness of support; Frequency

N (N)/Percentage (%)
Opportunities for

_ . not . Total
Reflective Discourse ~ somewhat helpful in very
helpful/did -
helpful combination helpful
not use
Informal | N 4 8 34 24
discussions during| % 6% 11% 49% 34% 100%
meetings
Emails/phone| N 6 17 22 25
calls/text message] % 9% 24% 31% 36% 100%
Social | N 34 23 11 2
media/Program | % 49% 33% 16% 3% 100%
site*
Support with | N 7 15 20 28
judging/presenting | % 10% 21% 29% 40% 100%
(Mock)

*Wording altered to exclude social media company nae

Responses from the Program Assessment suggestullants found access to

opportunities for reflective discourse helpful, atis supported by responses to open-
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ended survey questions. When asked whether thegmogpaches established a positive
environment to explore ideas, several studentsiored opportunities in which positive,

constructive exchanges took place.

“ [Coaches] let us give ideas at the beginning eétimgs and then helped

us grow the ideas into actual projects.”

“They helped my partner and | enormously with hedpdeveloping our

ideas which just needed some refining.”

“[Coaches supported us] by offering help but legvdmough to us so that

we weren't dependent on them for our researchagress.”

“My ISEF mentors [coaches] were very helpful thrbagt the process so
| could understand my project better and realizereh was going with it

when | was lost.”
“[My coaches] gave feedback on ideas and helpegeshrey project.”

Informal dialogue also took place after completdreach student’s science fair
project through practice judging at the Mock Sympirs 90% of students found support

with judging or presenting their presentation aste'somewhat helpful.”

Support from knowledgeable teachers/mentors/coatmesder to take part in
reflective discourse regarding their science famjgrts, students relied on access to
knowledgeable teachers and mentors that could effeertise. Such expertise included
contextual knowledge of the student’s researclictapiwell as knowledge regarding the
inquiry process such as a familiarity with designan experiment or analyzing and

interpreting results. Questions within the Prograssessment addressed the helpfulness
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of “connecting to mentors/adult sponsors/teachensd, “help with research
plan/experimental design” (Table 4).

Table 4. Student responses regarding support dffeoen knowledgeable

mentors/teachers according to Program Assessmeéefl N=

Helpfulness of support; Frequency

Type of Support from (N)/Percentage (%)

Knowledgeable not . Total
~ somewhat helpful in very
mentors or teachers = helpful/did -
helpful combination helpful

not use

Connectingto | N 10 16 24 20
mentors/adult | % 14% 23% 34%  29% 100%
sponsors/teachers

Help with N 2 11 22 35
research % 3% 16% 31%  50% 100%
plan/experimental

design

50% of survey respondents found assistance witkldping ideas associated
with their research design “very helpful”, and 9@%students found this support at least
“somewhat helpful.” 86% of survey respondents folowhnections to mentors...” at
least “somewhat helpful.” Open-ended responsesmiktie Program Assessment
supplied additional evidence that the majoritytofients felt supported by the program’s

coaches. One student directly stated that “[theyhtl good connections to resources and
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other mentors specifically related to [their] resbaguestions” from the program

coaches.

Although the majority of students (86%) respondeslifively regarding the
helpfulness of connections with mentors or teaglsgeral students noted that they did
not utilize support in this area rather than a lackelpfulness. Some thought they were
not offered the opportunity to connect with a menso did not receive any help from

their adult sponsors or teachers.

Access to Resourcestudents’ perceptions of the accessibility and foéless of
resources were evaluated using Program Assessasganses (Table 5). 71% of survey
respondents found assistance in gathering resoantematerials to be “helpful in
combination” or “very helpful.” All students tha@sponded “not helpful/did not use”

described themselves as “self-reliant” or not irdhef help with gathering materials.

A large proportion of respondents (50%) did notwribat a research grant was available

to them, and did not receive it.
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Table 5. Students’ perceptions of “Access to Reszsiraccording to Program
Assessment

Helpfulness of support; Frequency
(N)/Percentage (%)

Access to Resources not _
~ somewhat helpful in very
helpful/did - Total
helpful  combination helpful
not use
Gathering N 6 14 28 22
resources/materials % 9% 20% 40% 31% 100%
N 35 7 14 14
Research Grant

% 50% 10% 20% 20% 100%

Motivational support that fosters science self-apicThe presence of
motivational support for the purpose of fosteriogeace self-concept was investigated
through responses to open-ended Program Assesgoesitons and interview responses.
A coding scheme was developed to identify phraskesing to motivation or
encouragement provided by program coaches. A quregtised in the Program
Assessment addressed whether students felt pragraches established a positive
environment to explore ideas. In addition, respemmetaining to facilitation or

improvement of a student’s science self-concepewdgntified (Table 6).
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Table 6. Key words/phrases used to search for @undival support” responses from

students
Phrase or key word used to identify response

motivation, motivated
encouragement, encouraged, reassuring
my ideas, my interests, feedback

Themes that emerged when examining participanbresgs included:
encouragement by coaches to pursue their own idedseassurance by coaches of
student’s capabilities in science. Students fatbenaged to follow-through with their
project despite setbacks because of support offgy@daches. One student noted that
“[they] had almost no boundaries on our ideas ammly®ne’s idea was supported fully
by our [coaches].” Other students mentioned beingwated by “supporting and
reassuring email”, and “great feedback and iddasohe case, a student described the
coaching environment as a place that “encouragddalped to renew our interest and
enthusiasm in the project.” Several students desdmeassurance from coaches that

helped them to feel more confident in their sciecejeabilities.

“meeting every week helped me to motivate myseéixplore ideas.”

“My original motivation was increased [because gfenaches]. I'm now
curious about my topic, and where | can go witimgfead of not caring

and just trying to complete a project.”

“Yes, | was always helped along with my ideas amad wever put down”
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Guidelines/structure of inquiryrhe perceived helpfulness of guidelines for a
completed inquiry project, including deadlinespimhation packets, and help with time
management were explored through questions inrtbeyanous Program Assessment
(Table 7). 93% of respondents found timelines wiplicit deadlines at least “somewhat
helpful”, and 47% of those found them “very helpfllll students found “help with
forms”, required to compete in the ISEF-affiliafed, at least “somewhat helpful.”
Handouts and support documents, including inforomapiackets given to students
outlining the inquiry process, were found “veryfal” by 40% of respondents, and at

least “somewhat helpful” by 91%.

Table 7. Students’ perceptions of helpfulness oidglines/structure” according to
Program Assessment

Helpfulness of support; Frequency
(N)/Percentage (%)

Guidelines/Structure not . Total
~ somewhat helpful in very
helpful/did -
helpful combination helpful
not use
Hand-outs /support | N 6 13 23 28
documents % 9% 19% 33% 40% 100%
Timeline with N 5 12 20 33
explicit deadlines | % 7% 17% 29% 47% 100%
. N 0 13 30 27
Help with forms
% 0% 19% 43% 39% 100%
Support with time | N 8 18 27 17
management % 11% 26% 39% 24% 100%
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Additional support suggested by responddmntaddition to specific questions
regarding components of support offered by the faspondents were asked to suggest
other types of support they might benefit from pesdly. A coding scheme was applied
to responses to identify support categories (T&8pldhe majority of support categories
identified by students were consistent with preslgudentified support offered by the

program.
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Table 8. Coding scheme for “Additional support” gagted by Program assessment

respondents

Category Example(s)

None/no change needed/don't

know

"Perfect the way it is"; "No ideas come to mind"

More time with program coaches

"Maybe more time with [coaches] over the week¢
for people with busy weekday schedules”; "final

look over of your project with your [coach]"

end

Guidelines/Structure

"Make a schedule that is posted outside of the I
doors. Make sure there are specific deadlines th

need to be checked off. More time management'

EF

Connection to outside mentors

"have better ways for people to get mentors or
connect with professional scientist in their fiedd

get help"

Opportunities for Reflective

Discourse

"l wish there was a website where we could go gnd

talk to other ISEFers to discuss our

projects/problems/questions. Like a forum"; "Mofe

challenging judges at the mock symposium®

Access to Resources (funding)

"Further funding for the CS category as a way to

get more kids involved!"

Administrative Support

"ISEF needs to be recognized as something peo

can go to state for, just like our sports program

Teacher Support

"Better coordination with teachers would vastly

streamline the ISEF process"

Motivational support

"Staying focused with the subject”
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43% of students suggested no change, either hawaisgiggestion or saying the
program was fine “as is.” Of the different typessapport suggested, additional
guidelines or structure was dominant (23%). Prilmastudents asked for stricter
deadlines and help associated with time managen2d8 of students described a need
for more knowledgeable mentors (11%) or more tinith their program coaches to
develop their ideas (10%). Students also acknowegagential room for improvement in
support offered by teachers and school adminisgd&%0), more opportunities for
reflective discourse with peers and judges (4%node access to resources, specifically

funding (3%) (Figure 3).

Access to resource
3%

Reflective discourse

4% Teacher/adminstrative
/motivational support
6%

More time with
program mentors
10%

None/no change
needed/don't know
43%

Connection to outside
mentors
11%

Guidelines/structure
23%

Figure 3. Program Assessment respondents’ suggsgto additional support, by

category
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Barriers/challenges

Data was collected regarding specific challengasstudents faced during their
science fair experience through Program Assess(abte 9) and Interview responses.
Students were selected to identify all the barrileey faced, as well as describing their
most challenging barrier. The predominant bariaeetl by survey respondents was an
issue with “time management” (69%). In an open-enm@sponse to their “most difficult
barrier”, students described starting “too latel anshing to complete their projects just
prior to the fair. They also mentioned a need tbgohoolwork before their
extracurricular projects, and having trouble bailag¢ime. 49% of respondents
mentioned a “conflict with other extracurriculatiaties” as a barrier they faced. In
addition, 31% of students had difficulties in coetplg key components of their project,
such as writing their research plan. 25% or respotsdfound a “lack of resources”
challenging in completing their science fair proj€eumulatively, 34% of students
claimed a “lack of support” from either facilitatoof the program (coaches/teachers) or
family and friends. For 13 of the 70 students,sslof interest or motivation contributed
to challenges they faced (18%). For students thaattified “Other” as a barrier, the
primary challenge described was issues with padaemmunication or equitable
separation of responsibilities between partner8a)1713% of students said one of the
barriers they faced was a lack of support fromhees; primarily associated with a lack

of assistance in gathering resources.
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Table 9. Barriers identified by students accordm&rogram Assessment; N=70

Type of Barrier \ %

Time management 49 69%
Difficulty in completing key components (research 22 31%
plan, experiment, analysis)

Lack of support from coaches 3 4%
Lack of support from teacher(s) 9 13%
Lack of support from parents/extended family 4 6%
Lack of support/encouragement from peers 5 7%
Lack of resources available 18 25%
Conflicted with other extracurricular activity 35 49%
Partner dropped out 3 4%
Lack of interest/didn’t stay engaged in project 13 18%
Other or None 12 17%

When asked about their greatest challenges thraiighe science fair process,
interview respondents had similar experiences. Mdngents described issues with key
components of their project, specifically taking time for background research or
“finding information about people doing it, liket@ates.” Many students described
procedural challenges, specifically with carrying new techniques and managing
setbacks when things didn’t go as planned. Otlwmsd balancing time between

activities and the fair difficult, and managingithieme accordingly.
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Project Display Assessments

During my in-depth study of 21 participants, reprasg 18 projects total, | had
the opportunity to individually assess each studgmbject display using the ODE
Official Scoring Guides. | identified 12 Scienceylnry projects, and 6 Engineering
Design projects to be assessed. In order to exatmengotential impact of participation
in the science fair program with development oting skills, | examined not only
overall mean scores for each category, but alsonten scores of students by grade level

as well as by fair experience.

Science Inquiry projects (n=12)

| calculated the mean scores for each categomsdbas all participants, as well as
comparing mean scores by grade (Figure 4) andvelexperience with the science fair
(Figure 5). On average, students engaging in Seibgrguiry projects showed proficiency
in “Forming a Question” (4.25) and “Analyzing/Inpeeting data” (4.08). Students were
able to clearly identify a testable question, aadelop a hypothesis that clearly
represented variables to be tested. In additiowlestts developed conclusions based on
evidence, and identified limitations or improvenseta study design.

However, students did not meet minimum proficiesdor “Designing an
Investigation” (3.25) or “Collecting/Presenting daf3.00). Students appeared to

struggle with communicating their procedure cleaglcluding definitions of variables,
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controls and steps associated with the use of speciaigaghment. Data was pool
organized, in some cases lacking proper units pla@ations. In many cases, the gra
or tables did nbseem to clearly represent the procedure thatdessribed, and littl

explanation was offered with respect to how the deds analyze

4 [ | | | —
[ | | | | | | |
E | | — | | | |
[«] 3 | | [ | [ | | | | | |
O [ | | | | | | | | | | | | | | |
L] | | [ | [ | | [ | | |
[= 2 | | [ | [ | | [ | | |
g [ | | | | | | | | | | | | | | |
1 — = E——— | - [  ——— | =
Forming a Designing an | Collecting/Pres | Analyzing/Inte
Question Investigation enting Data rpreting Data
m Overall (n=12) 4.25 3.25 3.00 4.08
9th grade (n=6) 4.33 3.17 2.67 4.33
m 10/11th grade (n=6) 417 3.33 3.33 3.83

Figure 4. Comparison, by grade level, of mean SKiBsessment scores for Scie
Inquiry projects N=12

When examining student scores by grade, no sigmifidifference wafound
between 8 graders and 10/ graders with at least one additional year of s
coursework (unpairedtest, P > 0.05Previous fair experience did not result in a hic

mean score on any categ (Figure 5)( unpaired t-test, P > 0.05).
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. L . erpreting
Question Investigation | esenting data
results
m Overall (n=12) 4.25 3.25 3.00 4.08
Previous fair experience (n=>5) 4.60 3.60 3.60 4.00
® No fair experience (n=7) 4.00 3.00 2.57 4.14

Figure 5 Comparison, by fair experience, of mean Skillséssment scores for Scier

Inquiry projects N=12

Engineering Design projects (n=

In assessing the Engineering Design project displlayaw similar trends with respect
an average "emerginmgoficiency” (mean score< 3). For all categories except "Defini
a Problem" (mean 4.00; n=6), students appeareuuggte with fully communicatini
their engineering skills (Figure). In 4 of the 6 project displays assessed, st
approached thegngineering phases with a single solution, andmescases referenc
their solution incorrectly as a "hypothesis". Irdaibn, for the majority of projec
displays, only anecdotal data was described, exajuahy data tables or representa
of trials performed, despite references to data in thdtsesections of each board. Th
was no significant difference found between stuslégtgrade level or fair experient
though these differences were represented by the,ssamall population (unpaird-test,

P > 0.05, n=6).
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Figure 6 Comparison, by grade level/fair experience, oamgkills Assessment scol
for Engineering Design projects N

Despite the appearance of higher mean scoresdse tstudents participating

Science Inquiryrojects (Figure), there is no statistical difference between nsaomes

of Science Inquiry and Engineering Design projéetgaired -test, P > 0.05). O

average, all project displays that were assessee@ither "emerging proficiency"”

"proficiency"”.
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Figure 7 Comparison of mean Skills Assessment scoresn&eimquiry & Engineerin

Design

Profiles: Exploring the connection beeen science fair program supp and benefits of

IBL

In order to examine the potential direct influen¢support offered through tt

program on inquiry skillscquired | developed in-depth profile§three student

representing typical experiences through the seiéaic prograrn In addition to

reviewing notes taken from weekly meetings and eneg the sudent’s responses

interview questiond, evaluate each student’s projeasing the Skills Assessment

order todetermine the extent to which this project dispkfjects support they receiv:

from the program.

In observing no difference in mean scores of pigditt project displays, desp

grade or science fair experience, | identified éhpeojects that represented decide
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different relationships between the student, thense fair program, and the achieved
benefits of IBL as perceived by the student aneéss=d through scoring of the display.
For each student, | examined their science seléeoin motivation, the perceived
helpfulness of support they received, how much stdpom the program the student
utilized, the barriers they faced, and how all thesislated to their ability to communicate

their learned skills through their final projecspliay.

Profile #1: Student with strong science self-coteaml inquiry skills reaffirmed through
participation of the science fair program, insuéfid understanding of engineering design

apparent in display; limited program support uétizout found support helpful

StudentJessica is a high school senior, and this year edanker fourth year
participating in the science fair program. Durireg pre-registration, Jessica mentioned
Biology and Anatomy & Physiology as her favoritasdes. She runs the Health &
Medicine club at school, in which doctors are iadito “come as a guest speaker once a
month.” In previous years, she worked with partraerd her research interests centered
on different behavioral studies. For her proje® ffear, she intended to do an
engineering project, focusing on a “biological evegring project geared towards the
brain or the heart.” Her project focused on an eegiing goal to design an application
for monitoring a change in spinal fluid pressuréwm Ventriculoperitoneal shunts. For

her project, Jessica was awarded first place ircaegory, an award for
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“Multidisciplinary Research”, and was chosen as ofree projects to represent our

district at the International Science & Engineeriagr (ISEF).

Involvement and motivation for participatidfor the first month of the science
fair program, Jessica was unable to attend weekkgtimgs because she was focusing on
college applications. She checked in with prograemtors occasionally to confirm her
interest in the program, but was confident in Helitg to successfully complete her
project with limited support. She described heriwatton for participating as a drive to
“do something significant” during high school, améntioned that the science fair
program “presented such a wonderful opportunitgrigineer something and move
forward with a significant idea with immense suggoir hroughout the fair process,

Jessica maintained her independence from the proguh was dedicated to her project.

Perception of support offeredessica acknowledged that she did not make use of
many resources provided by the program, such asnation packets or emails, but
spoke highly of the availability of support. Mostevant to her science fair experience

was motivational support provided by program coache

“I believe the program itself is excellent. It feke you and Amy were
very willing to find me the help needed when facamy obstacle. It was
also clear that you guys had my best interest att lzexd were willing to

go out of your way.”
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Barriers faced during the proces&s with the majority of students, Jessica’s primary
barrier throughout her science fair experience tvas management. Her engineering
project required many complex phases and she fawhéllenging to apply enough time
to each step. In addition, she described the aigeéle of modeling different scientific

concepts, and designing components to support eagng goals.

“Not only was it difficult to make the circuit itfgbut creating a display
to showcase my work required a process. For exarofdating a water
pump of some sort in order to test the circuit widiscult because it had

to imitate spinal fluid in a brain and work eveiyp¢ it was tested.”

Understanding of inquiry and applications of scientessica attributed her
science fair experience to many skills and peroegtbf science she did not receive in a
classroom. She claimed to learn more about thaiévaf timely work and preparation”
than in “any of [her] scheduled classes” and hadagbportunity to “experience the
scientific method, which high school experimenta’tprovide.” Applications of the
scientific method during her science fair expereehelped her to understand that “one
learns more when something that was predicted t& dowesn’t yield the expected
results.”

Jessica was also able to make direct connectidmgebe classroom content, such
as electricity and circuitry, that she could “puttol practice” with this year’s project. She
felt that the science fair program inspired hétkimow the material to satisfy the long-

term goal of creating [her] own functional circuas opposed to generally knowing the
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material for a test [in a classroom].” Jessica alale to utilize scientific concepts like
Ohm'’s law, the function of resistors, and voltage karned from her physics class, and
reinforce her understanding through a hands-onresquee.

Although a connection to the science fair expereasaot explicit, Jessica
appeared to have a comprehensive understandiihg oftture of science. She described
the complexity of science on scales from “the bedgher autonomic process, to human
behavior, to the structure of the Earth itself, &ndlly the Earth’s role in the solar
system.” Jessica described the nature of scienaayaal to “tackle these complexities
and attempt to integrate what seem to be sepamateiplex entities into an interlaced
network”, touching on inherent patterns in naturd acience’s role to help understand

them.
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Table 10. Skills Assessment of Jessica’s Engingddiesign project display

Identifying and
Defining a Problem to

Generating Possible
Solutions

Testing Solutions &
Collecting Data

Analyzing/Interpre
ting results

resistance of spinal
fluid, constraints

associated with desigr|\

approach

inquiry rather than

engineering, with a

hypothesis (single
approach)

be Solved
D
3 6 2 3 4
n
descrlpes Wha.t avp described only one created and
shunt is, how it can . o .
. approach to solving the modified a used observations
fail, and why ; e |
e ; .| identified problem, but| prototype, collected to describe
notification of failure is . .
= ; - e described phases or| data on multiple strengths and
c important; identifies . )
o | stages and iterations components - weaknesses of
e problem to be solved; - . o :
c : S based on trials; treated models/diagrams of design; described
describes criteria . : ; .
= . i the project as science process included design
O associated with

but no data

tables/measuremer

s on display just
observations

modification and
t future plans basec
on into gathered

Figure 8. Images of Jessica’s project display
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Skills Assessmernitessica’s project display, presented at the fag scored based
on its alignment with requirements of an Enginegiesign work sample for high
school. Jessica shows a clear understanding otdadentify a problem, and present
evidence that supports a design solution (TableS3l0¢ appeared to misunderstand the
structure of an engineering project, describingngls solution to her design problem,
represented as a “hypothesis.” Her display includedels and diagrams of the
prototype she developed, and she described obsrrsdhat were made but no data
tables or information about trials or replicatiam Yerification of functionality. Jessica’s
analysis of data that was provided touched on dtiwits and strengths of her design, and
future plans for improvement. Overall, her dispiiag not display proficiency in

engineering design skills as defined by the DOEisgayuide.

Jessica’s past experiences with the fair prograranderstanding of inquiry from
the classroom, enabled her to successfully compktscience fair project with limited
support. She was confident in her abilities asense-minded person, and could clearly
describe the complex nature of science. Howeverdshnot seem to have a clear
understanding of requirements for completion ofiecessful engineering project, and did
not identify multiple solutions to her design preml. She seemed to have a clear
understanding of the structure of a science inqoiiogect, but did not make a distinction
between inquiry and engineering project structuféss is an example of potentially
greater need from the science fair program for sctgp understanding engineering

design.
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Profile #2: Student with poor science self-concapt basic inquiry skills with

difficulties in utilizing program support; limiteldenefits of inquiry

StudentAbby is a high school sophomore, and this yea fna first time
completing a science fair project. She enrollethenprogram last year, but did not
complete it. Over the summer, she took a worksleoies | hosted regarding key aspects
of the science fair process, and showed a renewterest in the program. During her
pre-registration, Abby mentioned interests in wgti bike-riding, hiking, art, and
environmental science. For her project this yslag, and a partner were interested in
exploring the relationship between memory and msgecifically looking at either
“musical therapy for degenerative diseases” orrdtleaefits to playing music. Her final
project examined the relationship between braistidy and musicianship. Abby’s

project did not win any awards or recognitions @sauct of the judging process.

Involvement and motivation for participatidfrom the beginning of her fair
experience, Abby exhibited tendencies of self-dautat anxiety. In weekly meetings, she
discussed issues with communicating with her parared “was really anxious about
deciding on a topic, and understanding what itsdkedo any experiment.” After not
being able to “follow through” with her project tagear, she “really felt like [she] should
do, and of course, wanted to do” a project thig.y8he wanted to add the fair program
to her list of “things I've tried” and consideredai challenge worth exploring.
Throughout the fair process, Abby struggled witklifeg confident in her ability to make

decisions and found the more student-directed eatithe process very challenging. In
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one specific entry | made from our weekly meetindepk note of her need for

additional support:

“Concerned that they are not far enough in progmdssds help with
reviewing RPA[Research plan] and giving reassurabe# comments on
RPA [research plan] and chatted with [Abby] abobatneeds to be
completed to get approval (on g-chat 11/21 nigBite is anxious! But |

think she is feeling better. She just needs reasser:)”

Abby met with me shortly before official registi@ti, the cut-off date to withdraw
from the program, feeling insecure about their peeg. | noted that she was “incredibly
anxious and concerned about deadlines, and fealiagvhelmed. | reassured her that
she is doing a great job, and | am proud of theughtfulness in the process.” She
decided to continue the project, but continuedg@bxious about her performance and

competence throughout the program.

Perception of Support offerednlike Jessica, Abby was present for every weekly
meeting and came prepared with specific questiodshar logbook. Despite her
attendance, she wasn’t sure “how to utilize thefectifzely, and ended up
communicating better through email.” She contatidprogram coaches frequently
through emails and scheduled additional meetingsnwiecessary. She recommended
additional structure to meeting times or progregmrts, like a “physical list of ‘things

I've completed’ and ‘objectives’.
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Abby found the “guidance packets and many sheetsseadf-standing, organized
and helpful.” They gave her the information necesfar her to maintain a “balance
between the individual’'s work and creating the ueitgdea, and having the help of adult
guidance/mentoring.” She understood that the ogrvas intended to facilitate a

learning experience, but did not offer strict dezel or grades as in the classroom.

“For me, this program pretty much relied on thedstu to be self-
sufficient and set their own deadlines and pacek matrigid demands.
(Which | somewnhat liked, but also disliked the ffem... | have problems
when something doesn't have a due date with &' 'jiatealty.)”

Abby was very grateful for motivational supportextd by coaches throughout
the process. In describing the helpfulness of supytered by her program coach, she
had this to say:

“I cannot thank you enough for all that you haveegi us--- you've really
transformed our very-general-idea-of-a-projectwn paragraphs...into an
entire potential experiment!-- or a detailed sdalifty of one. You have
provided us with a clear path to do what's nexinjgleting that research
plan), clarified and answered our confusions arestjans, and snuffed
my concerns of falling behind. Thank you, thank yixank you. | have a
true understanding of what a project would loole Ifow, and | am

excited! We have so much to do!"

Barriers faced during the processbby identified her greatest challenge as
management of time, between school work, the proged effectively using time with

her partner. She found it difficult to balance m@sgibilities of school work in addition to
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extracurricular activities. Communication with lpartner was also a challenge.
Specifically, working with a partner led to “creatidifferences” and inconsistent levels
of communication. In addition, they were not “alwayn the same track of knowing what
the other person was doing.” For Abby, she fourtdifficult to make decisions about the
project, and her partner was not as anxious alenisidns that were made. This resulted

in delays to the project, and added stress to Abby.

Understanding of inquiry and applications of scierféor Abby, the science fair
experience gave her the opportunity to feel mordident in her problem-solving and
communication skills. She approached the fair witkiety that she would not be able to
complete the program again, but through her expeeishe was “really happy, and
almost proud of [her]self, and [her] partner, thiaey] could follow through with it and
complete a project.” Despite not winning any awastie felt it was accomplishment in
itself to finish because they “really went througgime hard times, and challenges” which

they overcame.

“I learned a lot of valuable skills in understarglend communicating
with people, and what working together in a grougegxt (creating ideas
together, organizing, and communicating) really nseghat | can

certainly use for future reference.”

In addition to supporting her communication andgbem-solving skills, Abby
saw the science fair program as a way to obserow ‘dtience can be applicable in the

‘real world’ outside the classroom.” Although stenducted a behavioral study that was
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unrelated to content in her Chemistry class, Aldhtes that “in a way doing a project
brings more meaning and purpose, and enthusiaswhyowe are learning these things
in class’. What | mean is, it's maybe not ‘bettadarstanding what | learned in my
science class’ but see the bigger picture of seféhim describing her understanding of
science in general, Abby acknowledged that theitiseif helped to reconfirm her views

on the “broad range of knowledge ... that sciencemmpasses.”

“Science is about exploration, discovery, and qaastg about the world,
and why things are the way they are. How the wanddks... | suppose
that the final moment when we got to see other lg&oprojects was the
most interesting~ because there were people thaté didn't even know
were into science, or doing a science project-tliey were pursuing

what they were interested in.”

Skills Assessmerbby did an outstanding job of forming a testahlestion backed by
extensive background knowledge. Her descriptionesfexperiment was fairly well
formed, but lacked a definition of test groups. 8itka good job of describing potential
patterns or trends, but her presentation of datadificult to follow. She had described
challenges with understanding the relevance andnbethods to analyze qualitative data
through emails and meetings. This confusion is egpan her lack of organized data on
her display. This was also represented by a laditatistic evidence to support her
findings. Despite her challenges in working withadaAbby did a sufficient job in

describing her results and possible limitationedostudy (Table 11).
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Table 11. Skills Assessment of Abby’s Science ingproject display
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Question Investigation data results
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3 6 4 3 4
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identifying procedural overview
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specific, great | questions/factors to be Thorough analysis of
guide to expt | examined in relation tg data_l record_ed and results; no statistical
%) . . i | consistent with plan -
c design, identifying test groups; evidence but great
< | . g X but somewhat .
£ | identifying test | outlines self-reported . . evaluation of study
. unorganized/difficult ST )
(S groups and score tracking and ] limitations; good
o ‘ ) o . to follow; some . . :
§) what will be brain training game; -~ ) discussion regarding
) ) missing/confusing
tested; touches on observing labels future research based
extensive trends/patterns; on results
background | difficult to ascertain the
information quality/quantity of data
pertinent to that will be acquired
study with in-
line citations

The. correlafion bebueen mused back ground 2nd brain plastiehy among
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of cognitive [x.t‘hmaw.-r:

ety using affertion and foos 26 nesemeds

Figure 9. Images of Abby’s project display
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Profile #3. Student with low science self-concéytt igained limited benefits from

inquiry experience

StudentBeverly is a high school freshmaﬁh(grader), and this year was her first
time completing a science fair project. She sadftified as not being “a science-oriented
person”. By completing the science fair prograng mplaced an in-class inquiry project.
During her pre-registration, Beverly identified heterests in playing softball, taking
pictures, and painting her nails. For her projb year, she was interested in “creating
something” and showed an immediate interest inpa@ish. She also mentioned the
possibility of making “something useful for catsfer final project examined the
presence of toluene in “3-free” nail polishes ttlatm to exclude toluene in their
contents. At the fair, Beverly was given a “Promgslyoung Scientist” award in her

category

Involvement and motivation for participatioBeverly entered the science fair
program with a great attitude, excited for the gmbty to participate in something of her
own interest. Her original motivation for partictpay was to “learn new things” and
because she considered it “a good experience.W@kemost interested in learning more
about nail polish because she wanted to learn whjy polish stinks” and to “do
something original that barely anyone has done.liketcancer or something like that.”
Although her initial motivation was to learn somathnew, or create something, she

noted her disappointment during the judging expeedan not winning more awards.
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Perception of Support offerefihroughout the entirety of the fair program,
Beverly attended every meeting with her progranthes, and engaged in conversation
about background information, experimental desagal the best approaches to address
her research question. Within the first few week#he program, she had connected with
an expert on chemical safety, and discussed pes&bis she could conduct.

For Beverly, she would not have “done anything neaat [she] did” without the
program’s support. She was appreciative for alltitthe coaches spent with her in
creating her idea, and answering questions. Outdittee program coaches, Beverly did
not feel supported, stating that “teachers expgt¢bulo it on your own completely, and
most parents (my parents) are not the ‘helpingniath’ kind because they don't get it
either.” Beverly found feedback from peers and ggigt the fair encouraging because
they “learned from her topic.” She made no mentbmformation packets, explicit
timelines or resources when describing the supgw@treceived from the program,

primarily focusing on motivational support and h&fpm knowledgeable mentors.

Barriers faced during the proceds describing the challenges that she faced,
Beverly identified several different barriers sine@untered. She had trouble developing
her project idea, and completing key componentseofroject like background research
and experimental design. She was concerned thaippeoach would generate “data
[that] wouldn’t have the right information”, expetg specific results. Beverly attempted

several different measurement techniques, viewergritial attempts as failures rather
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than understanding that a hypothesis unsupportethtaycan represent accurate results.
As with all students, she also struggled with tmmenagement, and “finding time for

school work, tests, studying, [and] hanging outwvirtends.”

Understanding of inquiry and applications of scieri@espite Beverly’s
enjoyment in participating in the science fair piog, she did not seem to acquire
benefits of IBL as with Jessica or Abby. Beverlkmmawledged that she has “never been
a science-oriented person” but the fair experiehdeive her an opportunity to make
connections to class she wouldn’t have made belftoeever, she stated that she doesn’t
“like science at all” and did not see the fair asogportunity to learn about content. She
did hint at the idea that science fairs give yadpportunity to apply knowledge, but
described the fair itself as something separata fiscience.”

“Science can be really cool, like at the scientedad experiments
with people, and things we do and how it effectsBug other
things like atoms, and things, | never really mtémeconnection in

my mind. It's really boring.”

Beverly did gain some insights into her own orgatianal skills and focus. She
described other projects at the fair with detaitggbooks, saying that “I need to be that
focused, and that I could be organized if | putmmgd to it.” She also seemed to harbor
misconceptions about science inquiry when desaibar desire to get the “right

answer.” Her experimental design yielded inconeleisesults, and Beverly found this
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very difficult to understand. She was offered add#l support through an outside

facility to examine her samples using more soptaséid equipment, with similar results.

Skills AssessmerBeverly’s challenges in understanding basic inqakils were
well represented in her project display. She shoaredbility to form a testable question,
and gave sufficient background information, butekact approach for testing her
hypothesis was difficult to find. The method shea#ed was incredibly limited, and
she did not define variables or replication. Widkverly made an attempt to describe
observations from the study, she did not includedata tables or an explanation for the
absence of data. A single HPLC spectrum was atthiththe board with no associated
explanation or analysis. Her conclusion includembmplete explanations, and a poor

connection between the original intent of her prognd findings (Table 12).



Table 12. Skills Assessment of Beverly’s Sciemmpulry project display
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Figure 10. Image of Beverly’s project display
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Chapter 5

Discussion

Evidence from a multi-faceted evaluation of therdiss science fair program
suggests that participants have access to an diatirequiry based learning experience.
This claim has been supported through examinati@eweral findings, including the
participant’s motivation and perceived reward atipgpation, students’ perception of
support offered by the program, barriers that sttsleace specific to this program, and
benefits of IBL that students attribute to the scefair experience. Here, | would like to
discuss why and how the science fair program hapadtential to adequately support IBL

as illustrated by these findings.

Students are motivated by their own ideas or aemant (awards)

The science fair program is presented to studendsm avenue for exploration of
their personal ideas as well as an opportunityitbawards or improve upon college
applications. Students most likely to benefit frins program are those that seek out
such opportunities. Data suggests that the primeagons for participation included
strengthening one’s college applications (33%) @&xkloping one’s own idea (29%).
Because the science fair is an extracurriculavidigtior the majority of participants, the
experience is perceived as a personal investmeichvdnds itself well to the necessity

for student-driven learning associated with theuingprocess. Rather than approach the
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program as a teacher-directed learning experietadents understand and are
welcoming of the opportunity to set the pace ofrtlearning and define the topic they

will research.

Students find support offered by the program heélpfu

Overwhelmingly, participants found support offetsdthe science fair program
very helpful. Opportunities for reflective discoarthrough informal meetings were seen
as “very helpful” or “helpful in combination” by 88 of respondents. Help with
development of inquiry skills by knowledgeable noeatwas perceived as at least
“somewhat helpful” by 97% of survey respondentsd8nts spoke highly of their
experiences with coaches, and the motivational aippey were offered throughout the
fair process. In addition, many students spokelfziightimelines and explicit deadlines
(at least “somewhat helpful” 93%), hand-outs (asté¢'somewhat helpful” 91%), and
support with forms (no student identified this ast‘helpful”). Of the 13 different
parameters that were examined for “helpfulnessly two were identified by the
majority of participants as “not helpful/did noteu549% of students did not find the
social media sites associated with the fair helphd 50% of students mentioned that
they were not aware of the opportunity for a resegrant. In both cases, less emphasis

was given to advertising these components of thgram support.
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Primary barriers do not result from a lack of suppfsom the program but how that

support was utilized

“The high school experience is characterized bg\arage of 5-6 hours of
sleep at night, maximum. This is to ensure goodegan classes,
participation in enough extracurriculars, voluntkeurs, and time logged

for sports and violin practice.”

As stated by one of the science fair participaalieve, a high school student’s
schedule is packed with activities inside and oletsif the classroom. For many students
intending to go to college, they see high schodlagely a contest” and do everything
they can to fill their schedules with extracurreuéctivities. With this in mind, it is no
surprise that the primary barrier students faceauigfhout their science fair program was
“time management” (69%). In addition, 49% of stueiound that their commitment to
the science fair program was challenged by othaexrricular activities. Additional
barriers that students mention can be attributediamk of time to invest in their project.
Students noted issues with communicating or coatatig with partners (17%) and the
desire for more time with mentors after school mmeeekends (10%). Several students
suggested stricter deadlines and more explicitungbns as a way to better manage their
busy schedules (23%). Although this key barrigiimne management is a systemic issue,

not created specifically by the science fair progré is something that can be addressed.
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Students attribute the science fair program witkhedepment of inquiry skills and an

understanding of the nature of science, and appboa of science

Comments from students’ exit interviews were inigaged for evidence that
participation in the fair resulted in benefits itited to an IBL experience. Several trends
emerged from the data with respect to participaitiatime fair and perceptions of science.

These are presented below as a series of assertions

Assertion 1: The science fair represents the dityec$ scienceOne-third of
students participating in post-fair interviews désed the fair as an opportunity for them
to broaden their perception of the definition aksce, noting the diversity of projects at
the fair. One student mentioned that they “look fdcience] a little differently... as a
broader subject than | did before. Especially wajkihrough the fair, | saw all the
different things about science | wasn't really aabout.” Another student succinctly
described the value of observing other projectdirg that “there are so many possible
projects that are based around a million diffesmince concepts that, even with the
excessive amount of high schoolers participatingcience fairs, cannot all be touched
on.” One student described the fair experiencdfamation of her understanding of the
diversity of science, stating “my impression ofesae hasn't changed because I've
always been really aware of the diversity of scgegrike plants and invertebrates and etc.
Even within my group [life & environmental scienczgegory], everyone had their own

thing that | thought was really cool. Even in bebeal and electronics and engineering.”
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This representation of the diversity of scienc® @lave students a heightened perception
of their peers’ capabilities in science, and broadetheir perspective regarding the types

of people that engage in scientific research.

“the final moment when we got to see other peapbedjects was the
most interesting because there were people thaté ¢idn’t even know
were into science, or doing a science projectfhey were pursuing what

they were interested in.”

“It [the science fair experience] helps you realize genius of others,
something | often overlook. It gives proof of theazing intelligences and
capacities of others.”

Assertion 2: The science fair program gives stuslém opportunity to explore
their ideas with supportn describing their experience with the science fabgram,
many students noted their original motivationsxplere new ideas, and confirmed the
program’s ability to support their exploration. &umts described the science fair
program as a facilitator of investigating persdan#rests that would not otherwise be
supported in the classroom. Below are several guoden students supporting this

assertion.

“I think every school should have this, many kidsé great ideas but

never get to explore them because of school aret things in life”
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“I really like the science fair program becausefidr the sake of the
students who really want to make their ideas redlget rewarded for
their personal ideas. Without it there'd be a fatleas that probably
wouldn't be able to come to life and be noticedllfon support the
science fair program whether or not | continueddttie fair] just because

it encourages the scientific side of students”

“It was so great. I'm so glad that | was givendbpeortunity to actually
watch my ideas come to life. Some people may Hawedieas but not the

resources but | was fortunate enough to be givéni’bo

Several students explicitly described the scieaggpfogram as a program

developed to support them in engineering somethirggeating new knowledge.

“I had support and it was a program that was mpsttor that if

previously | didn't have the resources for it”

“[I was motivated to participate in the fair byjtlopportunity to be able to
build something and have a purpose to build somegttAnd to have some

backup support in doing that”

“[The science fair program] was the best way inckhiknew | could
create something of relevance in the field of smewith amazing minds

to help me along the way.”

Assertion 3: The science fair program gives stuslepportunities to learn about
applications of sciencé®ne of the main goals of IBL is to give students dipportunity

to engage in hands-on experiences which utilizaimgcskills (Schneider & Lumpe,
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1996). In addition, a proposed by-product of IBlarsintroduction to the applicability of
different scientific concepts. The assertion thatgrogram allows for these

opportunities was supported by several studensgamrses.

“I think that my goal was exceed[ed]. | was ablexpand my
understanding of science and its applications. Very different from
learning in a class because you are teaching ybtineanformation at a

speed you are comfortable with...”

“Participating in ISEF always helps with the sciemmtass unit based
around the scientific method; learning the basfagaphing; x and y

variables, qualitative/quantitative observatioasyd, theories, etc.”

“I guess | better understood fermentation from wiverlearned it in
biology because we just learned about the spegiiies because we didn't

go too far into detail. So it was cool to see theppening”

These students had the opportunity to apply whegt kbarned in the classroom,
and found the application of these inquiry skikdgiul. The hands-on experience of their
projects gave them the opportunity to go furthéo ildetail” about the techniques
introduced in class. Several students worked abariatory setting, either at their school
or in a university setting, and attributed theiwr@und inquiry skills to their science fair

experience.

“Beyond everything that | researched to plan myqut | learned about

how a real lab actually works, and what a caresciance might be like.”
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“l got to do a lot of new things, like extractinget DNA of my plants and

doing gel electrophoresis”

“I became more interested in chemistry and workmigbs. | always
thought it would be interesting to work in a lalt hiended up being a lot
more fun than | thought it would be. It was someghi'd never done
before. It was a lot of hands on and that's whi&etl about it.”

Results from this evaluation strongly suggest thatscience fair program offers
participants the opportunity to engage in autheiic It is also the case that while many
students find the program components helpful, #reyunable to utilize support in such a
way to promote successful IBL. In examining restriben the Skills Assessment, | found
that on average, participants of the in-depth stlidynot meet "proficiency" in the
categories of "Designing an Investigation" and 1€dling and Presenting data" (Sl) as
well as "ldentifying solutions”, "Testing solutidosllecting data”, and
"Analyzing/Interpreting results" (ED), regardledgast science fair experience, grade
level, or whether they received awards or categtagement at the fair itself. According
to these results, it appears that despite the pedtéhelpfulness” of the program and
potential to support authentic IBL, students maybable to access program support or
the benefits of IBL.

In order to further examine the relationship betwearticipants, support offered
by the program, and benefits of IBL, | performedradepth study of three different

students’ fair experiences. Findings from thesdilposuggest that the benefits a student
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receives from the science fair program are higlejyeshdent on the student’s prior
experience with and understanding of inquiry. hittheed three different key
characteristics of participants that are necedsaufyll utilization of the program’s
support: science self-concept, an understandit@sit inquiry skills, and an ability to
engage in reflective discourse. Each charactegsaticbe gained through the science fair
process, but the benefits of inquiry based learoangnot be fully realized without the

presence of all three.

A student must have science self-concept, comkdi@rtheir abilities or a
willingness to development such confideddeough the fair program, this can be
facilitated through motivational support offeredfmers, mentors, coaches and teachers.
Without science self-concept, students find itidifft to choose a research topic, or feel
confident in their ability to design an experimerithout considerable guidance. |
observed this in the case of Abby in which her atyxioward making decisions caused
unnecessary stress and setbacks. Beverly, who nemnsidered herself “science-
oriented” did not feel capable of completing heawjpct without the program’s support. In
contrast, Jessica exhibited a strong relationsliip science, describing her favorite
classes as science-based and hosting a medicatsakib at her school. Doubt in her

ability to perform was not a barrier Jessica haovercome.

A student must have a basic understanding of igg8tudents within the district

are introduced to the concept of inquiry in thesstaom beginning at the primary level.
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Through the fair process, opportunities to streagttheir understanding can be
facilitated through information packets, guidelinasd background research. In addition,
discussions with knowledgeable coaches and teacharkelp to instruct students on
skills necessary to design and carry out experiméfiithout a basic understanding of
inquiry, students are unable to develop testabésiipns or develop appropriate
experimental designs without extensive scaffoldifay. students new to the science fair
program, it is important to offer them additionapport in developing these skills.
Beverly did not have a strong background in ingutgr inability to represent these
skills in her project display may have resultedrrohallenges in interpreting information

packets geared toward students with basic inquipgeence.

A student must have the ability to engage in céfle discourseOne of the key
features intended to promote successful inquirgugh the science fair program is the
opportunity for reflective discourse. The abilibydiscuss ideas, misconceptions, and
guestions pertaining to one’s research are crifaralleveloping a project, and reflecting
on what a student has learned throughout theirreeqpee. Reflective discourse can be
facilitated through informal meetings with coachgiscussion with peers, and
presentation of projects to judges. However, witlsmience self-concept and basic
inquiry skills, a student would find it incredibdiifficult to engage in genuine discussions
regarding their research. They would find it difficto communicate ideas in the absence
of appropriate background knowledge. For Abby, ohleer biggest barriers was

communicating her ideas with her coaches and parfinés inability to thoughtfully
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reflect on her findings was evident in her lacldata organization or analysis on her

project display.

Through an initial motivation to participate, suie self-concept, basic inquiry
skills, and reflective discourse, students are nikety to make connections between
their science fair project and science in genelefining their experience in the fair as an
application of science that can be connected tiggeb picture. Without these
characteristics, it appears to be difficult fotadent to satisfy their original motivations
of “creating something new” or winning awards. St may also find components of
the fair helpful, but are incapable of utilizingetbupport that is offered. In order for the
fair program to effectively promote successful B the greatest number of students,
characteristics that the students enter the progreould be more closely examined, and

more opportunities to develop these skills shog@adnsidered.

Recommendations in order to make program more atuedo all participants

Identify the stage at which a student enters tihense fair program through a
modified pre-registration survey to give programmoes the opportunity to provide
more targeted supporit may also be worthwhile to offer slightly differeguidelines or
scaffolding to optimize time spent with studentsl@veloping specific skills. In addition,

specialized progress reports for students thatpatphasis on “development of basic
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inquiry skills” or “ability to engage in reflectivéiscourse” would help a program coach

and student to track their progress in developegessary skills.

Develop new opportunities for students to acquieeriecessary skills to benefit
from program supportin order to increase the number of participands tmprove their
understanding of the nature of science and inquoigre opportunities should be offered

to improve upon science self-concept, basic ingskills, and reflective discourse.

In the case of science self-concept, it may betlwdrile to host a science
showcase at the beginning of each school usingriangous years’ project displays. For
many students, witnessing the diversity of projectd types of individuals participating
in the program on fair day was inspiring. A shovecatthat diversity at the beginning of
the fair program would introduce students to treaithat anyone can be a “scientist” and

a wide range of personal interests can be explardte name of science.

Students that self-identify a need to develop biasjairy skills through a
modified pre-registration survey could be offereddified information packets and
scaffolding for developing these skills. Currentl,students receive the same
information with the intention of following the sanimeline, and slight deviation is
expected based on the type of project rather theuparticipant’s skill level. In addition
to modified handouts, additional workshops or semsirtould be presented to students

new to the fair in order introduce them to inquskyils.
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The lack of helpfulness found in the program’s abgiedia sites represents an
opening for improvement in opportunities for reflee discourse with peers. It would be
worthwhile to investigate new options suggestegéyicipants, including research study
groups of similar topics, early-bird classes oeafichool sessions, or an additional
practice symposium were students present to tleeirsp Different social media sites may
be more actively utilized by participants, and cbioé seen as another option. Additional
opportunities for students to reflect on their &tperience may also be a possibility for
encouraging reflective discourse. One student recended that all participants have “a
time for you to see what people think about thepegience. | think that more input on
people's experiences, what they had trouble wittatwhey thought was easy, what could
be improved [would be helpful].” Another studenquested that | give her a copy of her
interview responses for the sake of “personal gnbvgtating that “these questions and

responses will be good for me to reflect uponh&ppen to do [the fair] next year.”

Create more access to research grants and finastipport Few students were
aware of or utilized the research grant. 50% gboeslents didn’t use or know about it.
Those that used it found it helpful, easing finahpressure for students and parents and
reducing that barrier on their projects scope. Thne area that requires additional
attention. In order to make the experience moressible to students with limited access
to financial support this should be more emphasiked a few students, | recall
conversations in which they had to put off startingir project because they couldn’t

afford supplies, but felt uncomfortable to talk abi with us. Offering the grant
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application as a normal part of the fair process éveryone does, and having the grant
be need-based, would encourage more students Iy &ppddition, it could act as a
learning experience and mimic the grant applicapimtess that scientists must undergo
in order to support their research. Students whalge to apply for a grant and give clear

justification for their research approach basethackground research.

Establish more connections to outside mentors aal inom teachersAlthough
the majority of respondents found connections tators helpful, comments suggest that
students found it challenging to connect with mentw teachers outside the program.
For those with more sophisticated experimentsremgiire lab space or specialized
equipment, connection to a mentor can become &b#orsuccess. When asked for
suggestions regarding additional support, 21% sfoadents noted wanting more time
with their program coaches, or more access toaritsientors. Students found the
expertise from program coaches helpful, but didthiok their need for more expertise
was satisfied. One student stated “I did not haslesagnated mentor, and my teachers
didn't help out. [The program coaches] were vetgfag but outside of them | didn't
have any other ISEF affiliated help.” Another désed the challenges they and their

partner faced without a connection to a mentor:

“It was hard to find a mentor that could give us ttelp we needed. We
struggled with that but we did have some peoplpihglus but they were
not experts in that field so it was hard to workl &arn everything on our
own. The people with mentors definitely have anaadage over those
who don't and it would have been really good ifaseld have gotten a

mentor to help us.”
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More support in this area is worth exploring, eitttgough earlier access to
mentors, earlier identification of the need for oes, or more collaboration with
teachers as mentors. Oné"Igrade student, in her third year of the scienaepfagram,

offered her insights into support offered througbntorship connections:

“One of my suggestions for next year would be teehassigned teacher mentors. Ours
wasn't really suited to us because we were mutilisary, [the assigned teacher] didn't
really understand our project and we had to reamphings to him. Because we worked
with [our science teacher] for two years, we fetirenconfident working with her
because she knew the project and could get thioge.dHaving the designated teachers

would be good for freshman/sophomores but maybéonatpper classmen...”
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Appendix A Pre-fair Survey

ISEF 2013/2014 Pre-Reqistration

Thanks for your interest in ISEF! This is where ymi to experiment, innovate, and

learn what you want to learn. You must pre-regibge to participate in ISEF, but you
aren't 100% committed until official registratioagpens on November 5. We look

forward to talking with you about your project!

If you have any questions about ISEF, please feeltb e-mail Amy Schauer at

schauera@wlwv.k12.0or.us

* Required
Your name?*
If you have a partner, you'll add his/her name @orttact info in a bit.
Your grade level (9, 10, 11, or 12) in Fall 2013?
Your science teacher in Fall 2013?
Wilsonville AP Statistics students, please select$thauer
What class period do you have this teacher?

Your phone number? Format ###-###-#### pleasé \We rarely use this, but might

need to reach you with an update about your project

Your e-mail address?* Please enter an address you actually do checkjlesmaally

important in ISEF.
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What topic or idea are you thinking about for your ISEF project? * This is just a
starting point - you (and your partner, if you have) can change your minds later.

Please give as much detail as you can.

What are your favorite classes or favorite thingsa do outside of school? Answer
for you and your partner, if you have one. Schoblects, extra-curriculars, hobbies...let

us know what interests you most and it will helpadsise you on your ISEF project.
Why do you want to do ISEF?*

Answer for yourself - your partner's info comesmé&hoose the BEST answer that fits

you.

I'm excited about developing my own idea

I think it will look good on my college applicatis
| think it will be fun

| want to compete for awards and scholarships
My parents want me to do it

My friend wants me to do it

I'm a junior or senior, and want to earn colleggdd with ISEF

o oaono0nnaan

I'm looking for a bigger challenge than my clagsewide

Do you have any questions about ISEF?

Questions will be answered at your first advisipg@ntment in October, or by e-

mail at the address you provided.

Are you working as part of a team?*

If 'no’, then you can stop here.

o B vYes



L No

Your partner's name?

First and last, please...

Your partner's grade level (9, 10, 11 or 12) in F&R013?

Your partner's science teacher in Fall 2013?

Wilsonville AP Stats students choose 'Mr. Schauer'.

What class period does your partner have this tea@n?

Your partner's phone number? Format ###-###-#### glase.

Your partner's preferred e-mail address

One that he/she will actually check!

98
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Appendix B. Weekly Meeting notes

Below is an example of meeting notes taken by naéoarthe Program Coordinator
during our scheduled meeting time with studentsd&tt and teacher names have been
replaced with pseudonyms to maintain confidengiaMotes taken during meetings can
be valuable to assess at what stage a studentendyring their science fair process,
what obstacles they are currently facing, and wbpaport or interventions we may offer

at that time.

Class Meeting Student

Period Time Name* Teacher* Comments for September 23, 2013 meeting

video gaming effects on human performancs

gave him 4 things to do and a logbook. He ig
looking for another variable or variables that
Ms. extend what we know about the effects of
3 10:40:00John  Smith gaming on humans.

urbanization/stream ecology; Oregon City
Springwater environmental school k-8 (outdgor
school); 7th grade opal creek water quality
(measured by looking at invertebrates
(sensitivity to different factors); run-off from
non-porous surfaces, littering; natural versus
urban waterways - field-based study; talk abput
3 10:45:00Jessica Mr. Boydgetting in contact with Tryon Creek groups
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Appendix C: ODE Science Inquiry and Engineering Deign Scoring guides (2011-

2012; High School level)
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Appendix D Program Assessment Survey

Program Assessment Survey (hosted by Qualtrics)

Participation in this survey is voluntary, and ayrmous. By taking part in this survey, |
acknowledge that | am a willing participant andeggto have my responses included in
the current research study.

1. Did you complete a science fair project thisry@e you present your project at the

CREST Jane Goodall Science Symposium)? Yes  No

2. What was your original motivation for doing thaence fair? [This question was

asked during pre-registration and answered bytadients]

. I'm excited about developing my own idea

| think it will look good on my college applicatis
| think it will be fun

| want to compete for awards and scholarships
My parents want me to do it

My friend wants me to do it

I'm a junior or senior, and want to earn collegedd with ISEF

O 0O 00 onn

I'm looking for a bigger challenge than my clagsewide

3. Based on your fair experience, do you feel yoar original motivation was supported

or satisfied? Explain.

4. Throughout the process, do you feel that yo&H&entors established a positive
environment for you to explore your ideas? Why aywot?

5. Please choose the most appropriate responkeviohelpful, or effective, each aspect
of the ISEF program was to you



Informal discussions during ISEF

meetings

Emails/phone calls/text messages

Facebook page/”ISEF” Group page

Hand-outs provided/support docume

ISEF Timeline with explicit deadlines

Help with forms

Gathering resources/materials

Connecting to mentors/adult
sponsors/teachers

Research Grant

Support with time management

Support with judging/presenting
(Mock)

Help with research plan/experimente

design

Not helpful,

Useful in

105

Somewhe combination Very

did not helpful

experience

L e
L e
L i
L e
L e
L e
L e
L e
L e
L e
L e
L e

with other
methods

helpful
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If you chose “Not Helpful” for any of the categasiabove, briefly explain why.

6. What additional support, if any, might you sugjges an improvement to the current

program?

7. Which of these barriers did you face that madficult to finish your project?
Choose all that apply.

£ Time management

L Difficulty in completing key components (reseaptan, experiment,

analysis)

Lack of support from ISEF mentors

Lack of support from teacher(s)

Lack of support from parents/extended family
Lack of support/encouragement from peers
Lack of resources available

Conflicted with other extracurricular activity
Partner dropped out

Lack of interest/didn’t stay engaged in project

OO o0 o0o0nonononono o

Other — Please explain

8. What was the most difficult barrier and why?

9. Overall, what was your impression of your sceefair experience?



	Portland State University
	PDXScholar
	Summer 9-25-2014

	Evaluation of a High School Science Fair Program for promoting Successful Inquiry-based Learning
	Julia Nykeah Betts
	Let us know how access to this document benefits you.
	Recommended Citation


	Microsoft Word - 303483_supp_E2B9C9B4-32BD-11E4-B766-AE69EF8616FA.docx

