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Abstract

The findings reported in this paper are based on surveys of U.S. high school students who
registered and managed their science and engineering fair (SEF) projects through the online
Scienteer website over the three years 2019/20, 2020/21, and 2021/22. Almost 2500 stu-
dents completed surveys after finishing all their SEF competitions. We added a new ques-
tion in 2019/20 to our on-going surveys asking the students whether their high school
location was urban, suburban, or rural. We learned that overall, 74% of students participat-
ing in SEFs indicated that they were from suburban schools. Unexpectedly, very few SEF
participants, less than 4%, indicated that they were from rural schools, even though national
data show that more than 20% of high school students attend rural schools. Consistent with
previous findings, Asian and Hispanic students indicated more successful SEF outcomes
than Black and White students. However, whereas Asian students had the highest percent-
age of SEF participants from suburban vs. urban schools— 81% vs. 18%, Hispanic students
had the most balanced representation of participants from suburban vs. urban schools—
55% vs. 39%. Differences in students’ SEF experiences based on gender and ethnicity
showed the same patterns regardless of school location. In the few items where we
observed statistically significant (probability < .05) differences based on school location, stu-
dents from suburban schools were marginally favored by only a few percentage points com-
pared to students from urban schools. In conclusion, based on our surveys results most
students participating in SEFs come from suburban schools, but students participating in
SEFs and coming from urban schools have equivalent SEF experiences, and very few stu-
dents participating in SEFs come from rural schools.

Introduction

In recent years, ideas about how best to accomplish science education have focused increas-
ingly on hands-on science and engineering (S&E) practices [1-3]. Science and engineering
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fairs (SEFs) offer one way that students can experience for themselves the practices of science
and engineering described by Next Generation Science Standards (NGSS) [4, 5].

SEFs potentially can promote three important and desirable outcomes: (i) mastery of S&E
practices; (ii) interest in science; and (iii) interest in science careers [6]. The idea that SEF par-
ticipation can have a positive impact on high school students is consistent with research show-
ing that science project-based learning advances students’ STEM understanding and interests
at both the high school [7-9] and undergraduate levels [10-12].

The number of U.S. high school students who participate in SEFs each year is not known
exactly. However, the 2009/12 NCE-HSLS report found that 5% of high school students partic-
ipated in science competitions during high school [13], which would correspond to an upper
limit of about 750,000 students given the overall U.S. public high school population of about
15 million [14] (does not include about 10% of students attending private schools [15]). Simi-
larly, about 5% of the almost 16,000 undergraduate students surveyed in the college Outreach
Programs and Science Career Intentions survey (students in introductory freshman, mostly
English, classes) reported participating in SEFs in high school [16].

A national study of middle schools identified three major SEF types: mandatory SEFs with
high support (curriculum, class time, teacher engagement) (23% of students); mandatory with
low support (57% of students); and voluntary with low support (20% of students) [6]. Teacher
support for students was more limited in high poverty schools and schools with a higher pro-
portion of Black students [17]. Higher income parents and those parents with greater educa-
tional attainment were more likely to provide greater SEF support for their children [18].

Some national studies with high school students suggested that the main overall effect of
participating in SEFs was retention of students who already were interested in S&E [16, 19].
Consistent with this possibility, we found that students who participated in SEFs in 11™ and
12" grades were more likely to be interested in careers in S&E compared to students in 9 and
10" grades and more likely to indicate that SEF participation increased their interests [20].
However, most high school students who participated in SEFs were required to do so, and that
requirement decreased the positive impact of SEFs on the students [21]. Also, the national
cohort of students in our studies indicated that help from scientists and teachers was more
important than help from parents, and the most common source of help for students was the
internet [22].

Innovative high school programs that combined student participation in SEFs with student
and teacher support promoted STEM engagement and learning for all students including
those from under-represented ethnic minorities and low socioeconomic backgrounds [23-27].
We found that experiential factors such as help from scientists, coaching for the SEF interview
and help fine-tuning the SEF report all correlated with greater likelihood that students indi-
cated SEF participation increased their S&E interests [22]. Earlier work by others also showed
that access to outside of school facilities [28] and research resources [29] enhanced students’
SEF experiences.

Because the overall goal of our research has been to establish a base of knowledge regarding
student experiences in high school SEFs, we periodically add new questions to our ongoing
surveys. For the cohort of high school students that we surveyed beginning in 2018/19, we
added a new question about ethnicity. Ethnicity trends with students in the 2018/19 and 2019/
20 survey groups showed two important sets of ethnicity-dependent differences. First, com-
pared to the general high school student population, Asian students were over-represented in
SEFs by 5-fold or more, whereas students in other ethnic groups were under-represented.
Overall, the ethnic distribution of student SEF participants was similar to the percentages of
students in the national NCE-HSLS (2009) who indicated that they planned to pursue a STEM
major when they reached college [30]. Second, Asian and Hispanic students had more positive
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SEF outcomes than Black and White students [22], a pattern different from general studies of
ethnicity in relationship to student academic achievement [31, 32].

In 2019/20, we added another new question in our surveys. this one asking students
whether the location of their high school was urban, suburban, or rural. In this paper, we
report findings for this question with the students who completed SEF surveys in 2019/20,
2020/21, and 2021/22. According to the survey results, most students participating in SEFs
came from suburban schools, but students participating in SEFs and coming from urban
schools had equivalent SEF experiences. Unexpectedly, very few students participating in SEFs
came from rural schools. Details are reported herein.

Materials and methods

This study was approved by the UT Southwestern Medical Center IRB (#STU 072014-076).
Study design entailed administering to students a voluntary and anonymous online survey
using the REDCap survey and data management tool [33]. Survey recipients were U.S. high
school students who participated in SEFs during the 2019/20, 2020/21, and 2021/22 school
years using Scienteer (www.scienteer.com) for online SEF registration, parental consent, and
project management. Although we treat the Scienteer SEF population as a national group of U.
S. high school students, it should be recognized that these students come from only 7 U.S.
states: Alabama, Louisiana, Maine, Missouri, Texas, Vermont, and Virginia. We have no infor-
mation about the locations where SEF fairs are held in the seven states.

After giving consent for their students to participate in SEFs, parents could consent for
their students to take part in the SEF survey. However, to prevent any misunderstanding by
parents or students about a possible impact of agreeing to participate or actually participating
in the survey, access to the surveys was not available to students until after they finished all of
their SEF competitions. When they initially registered for SEFs, students whose parents gave
permission were told to log back in to Scienteer after completing the final SEF competition in
which they participated. Those who did were presented with a hyperlink to the SEF survey.
Scienteer does not send out reminder emails, and no incentives were offered for remembering
to sign back in and participate in the survey.

Since 2016, when we began surveying the national Scienteer cohort of SEF students,
135,000 parents have consented and more than 4,000 students have completed surveys, an
overall response rate of about 3%. Given that student participation in the surveys involves an
indirect, single electronic invitation without incentive or follow-up, this level of response
would be expected [34-36]. Because the students who participate are not personally identifi-
able, they can share their opinions openly. Also, because these “subjects” are anonymous, we
can make the original survey data itself public in supporting information. Other types of
research approaches that involve personal student interviews or comparison of student opin-
ions pre vs. post science fair experience would be valuable but are outside the scope of our
research.

The survey used for the current study can be found in supporting information (S1 File).
The current version is similar to the original survey adopted in 2015 for use with combined
groups of regional high school students and national bioscience post high school students [37,
38]. Since then, new questions have been added. Major changes included new questions about
level of SEF competition, interest in a career in S&E, and whether SEF experience increased
S&E interest in 2016/17 [21]; about student ethnicity in 2018-19 [22]; and about location of
the student’s high school (urban, suburban, rural) in 2019/20.

Survey data were summarized with frequency counts and percentages. Significance of
potential relationships between data items was assessed using Chi-square contingency tables
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Table 1. Scienteer registration and ethnicity.

for independent groups. Results are presented both graphically to make overall trends easier to
appreciate and in tables to show the actual numbers. A probability value of p = 0.05 or smaller
was accepted as statistically significant but actual p values are shown. No adjustments were
made for multiple comparisons.

Results
Overview of survey responses

Table 1 shows Scienteer registration numbers and ethnicity trends for the three years covered
by this report. In 2019/20 and 2021/22 almost 40,000 students registered each year for SEFs.
About 40% fewer students registered with Scienteer in 2020/21. In relationship to U.S. high
school data (last row of Table 1) [39], obvious differences in ethnicity between Scienteer regis-
tration students and the overall U.S. student population were overrepresentation of Asian stu-
dents and underrepresentation of Black, Hispanic, and White students. Also, compared to U.S.
high school data and to survey respondents (below), many more Scienteer students indicated
“Other” as reported previously [22].

Most of the surveys submitted by students (83%) were complete and non-duplicates. In the
completed surveys, students answered almost all the questions (>96%) except the question about
level of SEF competition, which was less, about 80%. The completed surveys were used for data
analyses, and year by year datasets can be found in Supporting Information (S1 Dataset).

In our previous work, we analyzed survey results for two consecutive years to increase con-
sistency, reliability, and reproducibility. However, for the current analysis we utilized three
years to allow for a possible effect of COVID in 2020/21. Fig 1 shows year-by-year student sur-
vey demographic trends. Consistent with 40% decrease in overall Scienteer registration, almost
40% fewer students completed SEF surveys in 2020/21. Student participation grade, school
location (except the percent of students who indicated rural schools), gender, and ethnicity
were similar for all three survey years. S1 Table shows few differences in the entire year-by-
year set of results for 100+ possible survey questions and answers regarding student demo-
graphics, opinions about SEF, help received, obstacles encountered, and ways of overcoming
obstacles. Some small differences might have been COVID-related, e.g., more students doing

Data Set All Students Asian Black Hispanic White Other*
survey year % of students
# of students
Scienteer SEF registration 2019/20 14.6 6.6 24.5 26.1 28.1
38570 5365 2504 9207 10010 11484
2020/21 15.7 5.7 15.3 24.3 39.0
23646 3720 1345 3619 5746 9216
2021/22 12.5 6.2 17.6 23.6 40.1
39148 4908 2409 6875 9246 15710
Totals- 3 yrs 14.3 6.1 19.1 24.7 35.7
101364 13993 6258 19701 25002 36410
US High School** 2019/20 5.5 14.7 27.0 48.0 4.8
15227541 838619 2231971 4106253 7314416 736282

*Includes American Indian; Hawaiian Native/Pacific Islander; various mixed-race combinations; and students who choose not to answer.

**from NCES Table 216.60 [33].

https://doi.org/10.1371/journal.pone.0291049.t001
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Grade School Location Gender Ethnicity
Survey Year (# students)
Questions Amswers 2019-20 2020-21 2021-22
(900) (583) (951)
% (#)
9th 432 (389) | 453 (264) | 41.1 (391)
What grade are you 10th 34.0 (306) | 31.0 (181) | 32.9 (313)
in? 11th 169 (152) | 17.7 (103) | 17.9 (170)
12th 58 (52) 58 (34) 7.9 (75)
Location of hih Suburban 73.4 (661) | 72.6 (423) | 75.1 (714)
OCaSé‘}’:;;? ' Urban 216 (194) | 257 (1500 | 22.0 (209)
' Rural 5.0 (45) 1.7 (10) 2.9 (28)
Gender? Male 40.8 367) | 395 (230) | 442 (420)
Female 59.0 (531) | 59.9 (349) | 53.3 (507)
Asian 354 (319) | 355 (207) | 333 (317)
Ethnicit t Black 8.8 (79) 115 (67) 9.3 (88)
nicity mos 5 3
identified with? HlSpa..nIC 17.2 (155) 19.2 (112) 15.0 (143)
White 33.8 (304) | 28.0 (163) | 37.4 (356)
Other 41 (37) 53 (31) 42 (40)

Fig 1. Student survey demographics-year-to-year similarity.

https://doi.org/10.1371/journal.pone.0291049.9001

individual projects and fewer getting help from other students in 2020/21. For subsequent
analyses, the 2019/20, 2020/21 and 2021/22 student survey results were combined.
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School location and student ethnicity

Fig 2 shows survey trends for student ethnicity and school location. Ethnicity findings for
Scienteer students who completed surveys followed a similar pattern overall compared to
those who had registered with Scienteer except the category of students who selected “Other”
was less than 5% rather than over 30%. Compared to national student enrollment (Table 1),
Asian students participating in SEFs were overrepresented almost 6-fold, whereas Black, His-
panic, and White students were underrepresented by about one third.

Most students indicated that they were from suburban schools-about 80% for Asian and
White students, 68% for Black students, and 55% for Hispanic students. National student data
shows enrollment of Black and Hispanic students in urban vs. suburban schools at 45.4% and
41.3% respectively [39]. Therefore, representation of urban Hispanic students in SEFs (38.5%)
was close to their overall urban representation. Less than 4% of the students indicated that
they were from rural schools, which contrasts sharply with student attendance at rural school
that ranges from 7% of Asian students to 28% of White students [39].

School location, student experience and SEF outcomes

Figs 3-8 compare results regarding SEF outcomes in relationship to school location for stu-
dents’ overall experiences (Fig 3); ethnicity (Figs 4 and 5); and gender (Figs 6-8). In these fig-
ures we only compare students from suburban vs. urban schools because so few students were
from rural schools.

Fig 3 shows that most students who participated in SEFs were required to do so, 60% from
suburban schools and 67% from urban schools. No differences were evident between suburban
and urban students in the level of SEF competition or the students’ responses to the question
regarding whether SEF participation increased their interests in S&E. About half the students
received help from teachers and less than 10% received help from scientists.

Compared to students from urban schools, those from suburban schools were slightly more
likely (by a few percentage points) to receive help from parents, use the internet and books and
magazines, and indicate an interest in a career in the sciences or engineering.

School location, ethnicity and SEF experience

Fig 4 (control for Fig 5) confirms and extends previous findings from our recent study on SEF
experiences according to student ethnicity [22]. Asian and Hispanic students had more suc-
cessful SEF experiences than Black and White students according to level of competition
reached and on whether students indicated that SEF participation increased their interests in
S&E. Asian students were the most likely to get help from scientists and to be interested in a
career in the sciences or engineering; Black students were least likely. White students were
most likely to get help from parents and help fine tuning their SEF reports.

In Fig 5, we re-ordered the data from Fig 4 and found that students’ experiences by ethnic-
ity were mostly independent of school location. Numerical and statistical details for Fig 5 can
be found organized by ethnic group in supplemental data (S2 Table). The only slight differ-
ences (by a few percentage points) were that Asian students from suburban vs. urban schools
were more likely to advance to SEFs beyond the school level and more likely to indicate an
interest in a career in the sciences or engineering. Hispanic students from suburban schools
vs. urban were more likely to get help fine tuning their reports. White students from urban vs.
suburban schools were more likely to get help from scientists.
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SEF Survey Students Distribution by School Locations
%% (#) Urban Suburban Rural
%o (#) %o (#) % (#)
All 100 (2419) 22.7 (548) 73.9 (1787) 3.5 (84)
Asian 348 (843) 18.3 (154) 80.8 (681) 0.9 (8)
Black 9.7 (234) 27.8 (65) 67.9 (159) 4.3 (10)
Hispanic 16.9 (410) 38.5 (158) 54.9 (225) 6.6 (27)
White 34.0 (823) 18.2 (150) 77.9 (641) 3.9 (32)
Other* 4.5 (109) 193 (21) 74.3 (81) 6.4 (7)
*Qther = American Indian/Alaskan Native, 8; Native Hawaiian or Other Pacific Islander, 8; Mixed, 93

Fig 2. Student ethnicity and school location.
https://doi.org/10.1371/journal.pone.0291049.g002

School location, gender and SEF experience

Fig 6 shows survey trends for student gender, location, and ethnicity. A majority of students
who completed surveys were female (1.37:1). That ratio was lower for suburban schools
(1.28:1) and higher for urban schools (1.69:1). In relationship to ethnicity, for Hispanic and
White students, females outnumbered male students 1:44:1 and 1.37:1 respectively; For Asian
students, the ratio was almost even (1.10:1); and for Black students, females far outnumbered

males (2.47:1).

Fig 7 (control for Fig 8) shows that male and female students received a similar degree of
help from parents and teachers and reached similar levels of SEF competitions. Males were
more likely by a few percentage points to receive help from scientists, to indicate that SEFs
increased their interests in S&E, and to be interested in a S&E career.

In Fig 8, we re-ordered the data from Fig 7 and found that students’ experiences by gender
were mostly independent of school location. Numerical and statistical details for Fig 6 can be
found organized by ethnic group in supplemental data (S3 Table). The only slight difference
(by a few percentage points) was that males from suburban schools received more help from
parents compared to males from urban schools.
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Required SEF Help Level Interest  Career
Student School Location
(# Students)
Survey Questions Answers Suburban Urban VaIl)ue
(1798) (553)
Student Answers % (#)
SEF Required? Yes 60.4 1086 66.7 369 .007
Parents 49.5 (890) 43.9 (243) | .022
Teachers 51.2 (920) 52.1 (288) | .708
(Slffliifg) Scientists 6.7 (121) 7.8 (43) .398
Internet 59.7 (1073) 54.8 (303) | .041
Book/Magazines 24.5 (440) 19.5 (108) .016
Tiishast level School 46.4 (835) 48.8 (270)
of SEF District 12.2 (219) 12.1 _(67) 279
compefifion?® Regional 23.6 (424) 204 (113) | °
State 2.1 (38) 1.3 (7))
SEF participation
increased your Yes 54.6 (981) 539 (298) | .782
interest in S&E?
Interest in a career in Yes 59.7 (1073) 52.6 (291)
the sciences or No 16.1 (290) 18.4 (102) | .014
engineering? Not sure 24.1 (434) 28.8 (159)

* Answer completion rate >96.5% except for the question about level of SEF

competition, which averaged 83%.

Fig 3. School location and SEF help and outcomes.

https://doi.org/10.1371/journal.pone.0291049.g003

Discussion

The overall goal of our research is descriptive. We aim to develop a base of knowledge regard-

ing student experiences in high school SEFs that will help identify best practices leading to

more effective, inclusive, and equitable SEF learning opportunities thereby enhancing success-
ful student participation and outcomes such as described elsewhere [40, 41].
In this paper, we report location trends in U.S. student participation in high school science
and engineering fairs in relationship to student experiences and SEF outcomes. Beginning in
2019/20, we added a question to our ongoing Scienteer SEF surveys to ask students Location of
high school? with the possible answers, urban, suburban, or rural. About 2500 students who
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Questio)llls Answers Asian Black Hispanic White Val;ue
% (#) % (#) % (#) % (#)
Who helped you| Parents 45.4 (383)| 41.5 (97) | 39.5 (162)| 55.0(453)[<.001
with your
SEF project? Teachers 51.5 (434) 49.6 (116)| 50.5 (207)| 53.0(436)[0.749
(inclusive) | Scientists | 10.7 (90) | 3.0 (7) 6.6 27) | 52 (43) [<.001
Fine tuning
Kind ofhelp repistt 31.2 (263)| 282 (66) | 26.6 (109)| 36.9 (304)[<.001
received Coaching
Interview 20.5 (173)] 12.0 (28) | 159 (65) | 13.6 (112)(<.001
Hichest level School 38.9 (328)| 55.6 (130)| 38.0 (156)| 53.9 (444)
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competitiono* |_Regional | 32.5 @74)| 145 34) [ 237 ON) | 164 (135)]
i ) State 3.0 25 04 ()| 22 9 1.3 (11)
SEF increased
inferest in S&E? Yes 67.1 (566)| 41.5 (97) | 60.5 (248)| 43.1 (355)[<.001
. Yes 68.8 (580)| 48.7 (114)] 56.3 (231)] 51.8 (426)
Interéjr:;rS&E No 9.0 (76) | 26.1 (61)] 18.8 (77) | 20.5 (169)]<.001
Not Sure | 22.2 (187)] 24.8 (58) | 24.9 102)] 27.6 (227)
* Answer completion rate >96.5% except for the question about level of SEF competition,
which averaged 83%.

Fig 4. Ethnicity and SEF experience.

https://doi.org/10.1371/journal.pone.0291049.g004

registered and managed SEF projects through the Scienteer website completed surveys over
the three school years 2019/20, 2020/21, 2021/22. As will be discussed, although most students
participating in SEFs came from suburban schools, students participating in SEFs and coming
from urban schools indicated equivalent SEF experiences. Very few students participating in
SEFs indicated that they were from rural schools.

During 2020/21, we observed about a 40% decrease in both students who signed up for

SEFs using Scienteer and the number of students who filled out surveys. To increase the con-
sistency, reliability, and reproducibility of our findings, we have in the past analyzed survey
results for two consecutive years. However, for the current analysis we utilized three years to

allow for a decrease in SEF registration in 2020/21 because COVID disrupted many SEFs.
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Fig 5. School location, ethnicity, and SEF experience.

https://doi.org/10.1371/journal.pone.0291049.g005

Students frequently attended school virtually and were unable to do SEF projects. However,
based on their survey answers, those students who did participate in SEFs during 2020/21 had
similar experiences compared to the other years with only some small differences that might
be COVID-related such as fewer students doing team projects and fewer indicating they
received help from other students.

One limitation of our study is that we treat the Scienteer SEF population as a national
group. However, it should be recognized that these students may not be truly representative of
a national sample since they come from only 7 U.S. states and only attend high schools where
SEFs are available. In addition, we cannot be sure that the 3% response rate of survey respon-
dents is representative of the high school student population participating in SEFs. However,
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SEF Distribution by Gender
Survey
Students Male - # Female - # | Girls/Boys
All 980 1341 1.37
Suburban 777 997 1.28
Urban 203 344 1.69
Asian 396 435 1.10
Black 64 158 2.47
Hispanic 156 225 1.44
White 326 448 1.37

Fig 6. Gender, school location and ethnicity.

https://doi.org/10.1371/journal.pone.0291049.g006

the answers of the national cohort of students surveyed through Scienteer regarding opinions
about whether SEFs should be required, sources of help, types of help, obstacles encountered,
and means of overcoming obstacles closely overlap not only from year to year, but also with
most answers of the regional high school students we surveyed initially with surveys distrib-
uted directly and the response rate 57% [37, 38].

Consistent with previous findings [22], Asian students were overrepresented in SEF partici-
pation compared to the U.S. school population, whereas Black, Hispanic, and White students
were underrepresented. Adding the new location data, we learned that for all ethnic groups,
the majority of SEF students indicated that they came from suburban schools-Asian, 81%;
Black, 68%; Hispanic, 55%; and White, 78%. Although more students from suburban schools
participated in SEFs compared to students from urban schools, overall student experiences
and outcomes for each ethnic each group were very similar including level of SEF competition
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Fig 7. Gender and SEF experience.
https://doi.org/10.1371/journal.pone.0291049.9007

and whether SEF participation increased a student’s interest in S&E. While some statistically
significant differences (p < .05) were observed between students from suburban and urban
schools, all involved only small percentages of students.

Another limitation of our study is that we cannot be sure that the students correctly self-
reported their school locations. Some evidence favoring this assumption is that a higher pro-
portion of Black and Hispanic students compared to Asian and White students indicated they
were from urban schools as would be expected based on national education data. Indeed, the
percentage of Hispanic students in our surveys who indicated that they participated in SEFs
coming from urban schools, 38.5%, was similar to the percentage of Hispanic students
reported to attend urban schools, 41.3% [39].

Previous research showed that access to outside of school facilities, research resources, and
help from scientists enhanced students’ SEF experiences [22, 28, 29]. These findings are consis-
tent with the observation in the education literature that socioeconomic resources are key fac-
tors in educational achievement [32, 42, 43]. Although segregation across districts and
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Not Sure

S&E
Career

communities continues [44-46], it also has become clear that economic and other resources of
individual schools within a single school district can be just as unbalanced and segregated as
across districts [47-49]. Without future research to learn more about the SEF students’ socio-
economic situation, we cannot generalize the findings regarding SEF experience in relation-
ship to school location. However, it seems most likely that opportunities at the school level
rather than the district or community level are most important given the observation that
Asian and Hispanic students indicated the most positive SEF outcomes, but Asian students
had the highest percentage of SEF participants from suburban vs. urban schools- 81% vs. 18%;
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whereas Hispanic students had the most balanced representation of participants from subur-
ban vs. urban schools- 55% vs. 39%.

Education research typically uses urban, suburban, and rural designations to describe learn-
ing environments [50], whereas the U.S. Department of Education uses more nuanced defini-
tions including the category town as a location distinct from city, suburban, and rural [51].
According to the latter, 19.5% of students overall including 28% of White students attend rural
schools [39]. By contrast, in our surveys only 3.4% — 84 out of 2419 -indicated that they came
from rural schools. Underrepresentation of White students in SEFs might be a consequence of
the low participation of students coming from rural schools.

Various reasons could explain the apparent low SEF participation of students coming from
rural schools. One is that rural schools are not using Scienteer. Even if there is a rural school or
district SEF, the school might not consider entering students in a regional competition requir-
ing Scienteer registration if travel and overnight accommodations with their associated costs
would be necessary to compete in a regional fair. We have no information about the locations
where SEFs are held. Another factor might be smaller school size. Only 46% of high schools
nationally participate in SEFs, and smaller schools are half as likely than larger schools to offer
such programs [52]. Organizing a SEF competition requires a critical mass to make the effort
worthwhile. At a rural school with small enrollment, it may not be cost effective for the admin-
istration or time-effective for the teachers to organize a SEF. Finally, lack of rural SEFs might
be another reflection of decreased STEM education opportunities known to exist in rural com-
munities [53-56]. Distinguishing between the foregoing possibilities will require future
research.

Previous work by others showed no gender differences in SEF outcomes but clear differ-
ences in SEF subject area preference, e.g., life science for females and physical science for
males [57-59]. In our surveys, we observed no gender differences in help from parents and
teachers and levels of SEF competitions. However, males were more likely by a few percentage
points to receive help from scientists, to indicate that SEFs increased their interests in S&E,
and to be interested in a S&E career. Nevertheless, none of these gender differences were
affected significantly by whether students indicated they came from suburban vs. urban
schools.

In conclusion, based on surveys of high school students who participated in SEFs over the
past three years, we have learned three new and important features about their experiences.
First, most students participating in SEFs indicated that they come from suburban schools.
Second, students participating in SEFs and coming from urban schools have equivalent SEF
experiences to those from suburban schools. And third, very few students participating in
SEFs apparently come from rural schools. In addition, the new findings confirm the previous
observation that overall, Asian and Hispanic students indicate better high school SEF experi-
ences than Black and White students.
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