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Capstone field camp courses provide unique opportunities to assess aspects of student preparedness and confidence that are often difficult to evaluate with program Between 2008-2015, students at three field camps (N = 504) were surveyed to better understand their Students bring a wide range of knowledge What students know The 2016 survey was revised to reflect our evolving interest in students’ confidence. The survey “lam 90%9 at thinking in three
: o : : : : e _— : : : e : _ _ : : : : : : imensions”
learning outcomes and exit interviews. Geologic cross section construction and 3D visualization are some of the most significant skills developed at field camp. To better level of preparation and how confident they were with 3D visualization skills. Surveys were _ WO16FieldCamp Cross SectionSurvey to camp — the product of different questions were rearranged to avoid response bias (e.g. demographic questions were moved to o
understand student preparedness, we conducted a study of matriculating field camp students (N = 504) drawn primarily from four Midwestern universities. The results of administered at the start of camp, before students received any additional training. Surveys included universities, professors, field trips, and What elements on a geologic cross section are primary data (original field the end of the survey). In addition to distributing a survey at the start of camp, students were also
. . . . . . . . . . . . . . . e . . . . answers. Please contac.t Dr. Kurt Burmeister (kburmeister@pacific.edu) with any questions you might have. Thank . e . . d t ? . . 00
our study suggest that students lack confidence in using their 3D visualization skills to generate admissible geologic cross-sections. Indeed, only 65.1% feel confident in their questions pertaining to: (1) coursework, (2) experience working with topographic maps and profiles, research opportunities. Given this range of ata) asked to answer some of the same questions at the end of camp. This follow up allowed us, for the o0 Pre
o . o . . . . of o . . o . . . . . R 1. What classes have you completed? (Check the appropriate boxes) R . . . . . . . 0 Post
3D visualization skills and 37.4% of students are satisfied with their ability to construct admissible cross sections. In general, students with ample practice with formal (3) exposure to cross-section construction methods, (4) use of block diagrams, (5) exposure to .. .3 experience and preparation, we focused on \What elements on a geologic cross section are considered interpretations? first time in this study, to assess the evolution of student attitudes over the course of six weeks of 50%
methods of geologic cross section construction (e.g., Busk and Kink) report having higher levels of confidence employing the fundamentals of cross-section construction. fundamental 3D thinking concepts, and (6) levels of confidence and willingness to learn more. 30 T RSN S OO 0 B o areas related to the preparation of geologic | instruction and practice. Not surprisingly, students reported feeling: (1) more confident in their 40%
Furthermore, while 59.2% of students have experience producing cross-sections from textbook exercises and published map data, only 43.3% have experience using their cross sections to resolve fundamental 3D thinking abilities, (2) their ability to construct cross sections, and (3) their ability to use their 20
: : : L : : : : : £ 2§ S § 8 8 2§ & 8§ & § 3 8 2 ;88 oo - : : How are unbalanced and balanced cross sections different? : : : ’
own field data. We hypothesize that these reported levels of confidence are likely associated with insufficient formal instruction, curriculum that focuses excessively on [ S i i e i i s i i i i 6 Whatslamrtscn  gclpi cross secion ar prry dat il fid dta? : W abilities in 3D spatial reasoning. own field data to construct cross sections at the conclusion of field camp than they did at the -
rigorous methodologies that are not always applicable at the undergraduate level, and/or a lack of practice using personally collected field data. The survey results also fth oo e shove and v s GUOMOQ QEsions . How s wlncs and vl s socion s Ae | | | beginning. Overall, students appear less interested in learning a new method of producing cross
= - e . 2, How many tmes have you consirucied topographicprofls rom opograptic 0 12 3 4 6 5 What should ane o for o a gecog map when choosing an approprte ‘I ofsecto Gr A B C Students were asked to complete a What should one look for on a geologic map when choosing an appropriate , , 10%
suggest a significant disparity between self-reported levels of confidence between males and females. Females report feeling overall less confident and less knowledgeable | 3 e men s et one? s o enowled " of fourt ; "line of section” for constructing a geologic cross section along? sections at the conclusion of camp. ;

o o o o o o . o o o o o o o . o o Did the experience(s) help develop your ability to: gg §§ 11. When is it necessary to calculate an apparent dip? A B C o 0
than their male counterparts. Interestingly, we found that while males report completing more geoscience courses, females report having more practice producing Participants were students at the Wasatch-Uinta, Southern lllinois University, and Northern Illinois 23 4 5 wa 12, How wil veral sxegpersan n 3 opeghic profle flsct subsuace det i a geobogic A B G nowiedge survgy oT Tourteen questions 0%

. . . . . . . . . . 2b. Understand & calculate vertical exaggeration 1 2 3 4 5 NA C"OSSSGCﬁO”?. | | N Rather than prOVIde actual answers they . ) n Strongly D|Sagree Nelther Agree Strongly N/A
cross-sections. In a parallel study, we analyzed geologic maps and corresponding cross-sections generated by students during their first and final weeks at camp over an University field camps, which represent an aggregate of enrollments from approximately 25 26 Consiucaccurt pogrshicroios t2s e s A 12 hatr i an o ey s g o o wbsutas? A B C o Y Y / 1 What is an apparent dip and how do you calculate one | have 1o answer disagree agree
eight-year period. Preliminary results suggest that gender differences effectively disappear by the end of the sixth week, supporting the hypothesis of Piburn et al. (2001) universities. The largest source of respondents is the Wasatch-Uinta Field Camp, which draws students Ao sge oo ks oy 01z 1o et e ferenc beveen lrurmtelp & peshe fow oldng? N WETE a.she hto report hOW Cor;d ent.; ©y | know 50% of the answer
that gender differences in spatial thinking diminish with practice. from the University of lllinois, University of Wisconsin, University of Minnesota Duluth, and Michigan | o OmekmpOmbMTOUkd Rtk 0123 4 15 i bty e B e o Kk s ot i crosssection? A B G V\r/]ere wit ,t ea;\}s]werst €y coulaprovi Eto When is it necessary to calculate an apparent dip? ko a detaled ansuer

State University. Respondents comprise 67.7% male 31.5% female students. A vast majority were ot Ay Mot o rotng e s s e ok lamans. refrences 0 I ol secon 90 the quedstlons. e3¢ r(iskpons:esdwere then "I am satisfied with my ability to " am able to use my own field data to "| would be willing to invest the time
pursuing a BS degrees in Geology (82.9%). Most students had recently completed their senior year e vt o g . a4 Hmme ;O hcreate ah oW ] I surVEy How will vertical exggfe.ration " @ 1opograpnic fmf,i?'e affect subsurface construct cross sections constructan agzgtrf:s.geomg'c eross "eEdedtto Ite.am anew mett.hOd.for
o o o o o 5. How many times have you worked with block diagrams of geologic surfaces? 0o 1 2 3 4 5+ ?/g)g g% " a a In a geo Oglc CrOSS SeC |On . 50% Cons ruc Ing cross SeC |OnS
(83.0%), yet a significant number were juniors (8.3%) or in graduate school (7.5%). S Ces e score,” whic vl/las bt en t.use Lo in?he " . "
e experencelohelp develon your bl e o 3, S°0oge mepena lopograptichase) o 1 2 3 45 N comparisons and observations about the . . . - % ;
g?c;s;/jss:;lilozr?arl]Z\Lvr;zge%ﬁzl?jg‘lfzrseunrtric:'?esn\t’g::opr:g#e(:t differently on Pt s e 22. | am able to use dg;ta o:a published geologic map to produce an accurate geologic 1 2 3 4 5 N/A What are dlp domalns and hOW are they used to prOJeCt beddlng Into the y Pre Y 80%
5b. Develop an understanding of apparent dips? 1 2 3 4 5 NA :;OST sectiorT o ” | Studentsl kﬂOWledge aS One Slngle Varlable. Subsurface? :zf Post 60% Pre o oo
5c. Learn to interpret crosscutting relationships? 1 2 3 4 5 NA - Fam Sa.tISfled with rT.1y ability to (.:onstruct cross sectlons. | 1 2 3 4 5 NA 00 POSt 00
. . . 24. Geologic cross sections are an important part of geologic mapping 1 2 3 4 5 NA 50%
The field camp experience is an integral aspectof A~ Q q AB B Crowedg ey s s i sl s s et ot e ot e e e AN We found that students have a wide range Why is it generally important to preserve unit thicknesses in a cross 30% . 60% Post
I iti wrong” answers — so please answer them as honestly as possible. 27. Th_e ability to construct an accurate geologic cross section is an important skilfora 1 2 3 4 5 N/A . . SeCtlon? 25% 00 50%
undergraduate degr.ees In QEO|Ogy. Tradltlo.na”y Z:?IT?/\ZtutIZ::Swt:}l;gtoinvestthetime needed to learn a new method for constructing 1 2 3 4 5 NA Of underStandlngS regardlng key aSPECtS Of 20(7 30(7 40(y
. Page 1 of 2 (Please turn over & complete the second side) cross sections if it would save me time and increase the accuracy of my work. . . Y 0 0
offered near graduation, these courses are an ideal We wanted to understand the breadth of the relevant experiences students brought to field camp. To cross section construction. For example, Whatis the dif etween fexuraloslio & oassive.flow folding? 5 -
opportunity for assessing students’ preparedness Jn set a baseline for these experiences, students were first asked to indicate the geoscience courses the o5 T TTRBNCE DEAEEN T RSl & pssie-on s 0 2
. JtC p / g y 29. Wha::yearln sschool dlcjyou mosst recentl)(;co::ler:e?l oter o o although StUdentS appear tO understand 10% 20%
for future endeavors. This study presents the had completed prior to camp. Then, students were asked to describe prior experiences with producing 0. Whatis yourmaor? BAGeol  BS.Geol  BAEMSH  BSEmiSd  Oher why it is important to preserve unit 5% 0% 10%
ine- : : : : : : 31 Which gender doyou dentiy with?  Female Male N — How are cylindrical and non-cylindrical folds different?
results of a nine-year survey of students enrolled topographic profiles from topographic maps, their use of block diagrams to visualize 3D structures, This completes th suvey - hank you fr partcpatingl thickness in cross section, they report not y y 0% 0% 0%
I i i . Page 2 of 2 ) ) Strongly Disagree Neither Agree Strongly  N/A Strongly Disagree Neither Agree Strongly  N/A Strongly Disagree Neither Agree Strongly  N/A
at tgilee field ?‘amdps n ter:ns of tTEIkr lll)fepa(rjatlhon, and what types of cross section methods they had been exposed to. knowing  the difference  between disagree agree disagree agree disagree agree
' ' ' ' : Explain the difference between parallel & kink folds?
confidence in fundamental spatial skills, and their unbalanced and balanced cross sections. xplai i ween p i
need for further development.
Q H ced with block di oh _ heloed me | t When should you use the Busk (Arc) or Kink methods to project folds in a
. , , dave you worked wi OCK dlagrams e experience neiped me learn to cross section?
For  most StUdentSI field @amp 15 the first A Q Q A B B of geologic surfaces? interpret cross-cutting relationships”
opportunity they have to create geologic maps and . . . . o . 45.0% What elements are necessary when drafting a professional-looking
geologic cross sections using their own data and We believe that creating topographic profiles from topographic maps — a common exercise in introductory geology courses — is an 0.0 geologic cross section (e.g. title block elements, references to line of
Theervations. Our exverience is that students often Jte Jn essential step in establishing a foundation for building 3D visualization skills. For this reason, we wanted to measure how No 3.0% section, efc.)? , _ . | ,
. . . . . . .. . . . . 21%
ciruaale with the 3Dpvisualization ckills needed o experienced students were with this skill. We found that while a vast majority of students have experience with this skill, most have 30.0% 0% 20% 40% 60% 80% 100% Students who completed more geosclence CoUrses prior In addl.tlon o survey data d'S.CUSSQd here, we al§o have also rgtalned all of the
A0e W . | experiences that are limited to working with idealized or simplified maps. We found that few had experience working with published 25.0% to field camp tend to have much higher confidence levels. geologic maps and cross sections generated during the past eight years at the
perform this synthesis. This struggle hinders the . 20.0% However, it remains difficult to determine if those Wasatch-Uinta camp. We are developing a follow-up study to examine how student
. . maps (i.e. USGS), or maps that they produced themselves.
development of key concepts, including the need 15.0% Mean student atitudes students actually perform better than those who have 3D visualization skills improve during their time at camp.
to maintain thickness of bedding, calculating R R . . 100 completed few courses. A student’s level in school also
: . : : ’ ' 5.0% '
apparent dips, and reconciling the relationships | . _ 79% | would invest the time needed to learn a new method for has 3 sianificant effect on confidence — Seniors rebort A number of studies suggest that although female students tend to have lower
- Q Have you constructed topographic The experience helped me better ho% constructing cross sectionsif it would save me time and X " starting scores than their male counterparts, this gender gap becomes statisticall
bEtween topography and the traces Of QEO|Og|C prOfiIes from topographic maps? understand and calculate vertical 32‘2\32;{ Disagree  Neither ~ Agree S;Z)rg%ly increase the accuracy of my work f]a\”ng the greatest |eve| Of COnﬁdence There appears to o % f b . | . p / I g - g p . 3D . I . y
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features (Figure 1). We also observed that a Q o exaggeration . e deve . - | e a correlation between gender and confidence: Women nIgn car;)t.ba (ersu sltantla practice or rcle]gu a:lpar.tlapatlorll U ViU !Zat']?n
o : : A "The experience helped me develop an "The experience helped me visualize :
surprising number of students arrive at camp with Tk No Xperlence help velop The experlence helped me visual  am satifiod with my abilty to construct coss secions report feeling less confident than men. exercises. Piburn et al. (2001) suggest that allowing ample opportunities for
. _ N _ . Tk 7% 30.0% understanding of apparent dips ow the geologic surface will project f liminat der diff Giorai (2015” d that | d
low confidence in their ability to visualize Kk I Is Jte n . 3.0% differently on cross-sectional surfaces The final portion of the survey uses nine Likert scale questions to assess (1) Practice can €fiminate genaer GIrerences. 4iorgis ound thatin a pre-an
: L 0% in different orientations" A, - isualizati iliti
relationships in 3D. Jp 30.0% na e - student confidence, (2) their willingness to learn, and (3) how they expect to use post-test study of 3D visualization abilities among undergraduate students, women
20.0% 40.0% | am currently able to use my own field data to construct an h dh h L ) | k” d
We initiated this study to better understand what ' \ 15 0% 25.0% 35.0% accurate geologie cross section what they have learned in their future. In particular, we were interested showed higher average gains in spatial skills compared to men.
e initiated this study to better understand wha 0% . . .

, Y , , 0 20.00% 30.0% comparing the responses provided by men and women to these questions. We ran
factors mlght correlate with poor understandlng or A AN B B’ 10.0% | 25.0% | am currently able to use data on a published geologic map 3 comparison of means test (t-tESt) between male and female respondents One
low levels of confidence. Specifically, we sought to 5.0% 15.0% 20.0% 'o produce an accurate geologic cross section . . . . . o
determine how varvin Ier\)/els of )r/e aratiog nd Q oxn o o 500 flaw in our survey design worth noting is the failure to include a gender identify

. yt gd et p. P fold Q Storgy Diagree Netter  Agee - Stongy - 10.0% believe | willconsiruct cross sectons duing my carees option other than “male” or “female.” A two sample t-test comparing means of

experience among students entering field cam \ i i i i - i 94—

ffp e b'|‘% t o g . k.”p k 5.0% male and female responses suggests there is a significant difference between Jansen, P. and Heil, M. 2010. Gender differences in mental rotation across adulthood. Experimental Aging Research, 36:94—104.
affected their ability to use spatial reasoning skills. 0.0% . . 0.0% . _ . . _ .
\ | ful in thi | but th \ " . . ; . Strongly Disagree  Neither  Agree  Strongly Stongly Disagree  Neither  Agree  Strongly gender populations on three key attitudes: (A) men report that they believe they Ormand, C.J., Manduca, C,, Shipley, T.., Tikoff, B., Harwood, C.L., Atit, K., and Boone, A.P. 2014. Evaluating geoscience students’spatial thinking skills in a

ot only were we successtul In this goal, but the Kk ] The experience helped me better How many times have you constructed The experience helped me better disagree agree disagree agree | believe | will use cross sections during my career are good at thinking in three dimensions more so than women. p =000, (B) men S . .
data gathered from these surveys is providing Jm Jp Js Jic Jtc ! understand and interpret topographic profiles from topographic maps? construct accurate topographic g g Inthreedim nen, p= Lo, multi-institutional classroom study. Journal of Geoscience Education, 62;146-154.

red inciahts into other i ot t contours” profiles” feel more confident in their ability to construct cross sections, p = .000, and (3)
U?e:pdﬂ i 'n;'él 51n 0d0 €r 'mgm dnt aspects k 60.0% 0 223; Geologic cross sections are an important part ofgeologic women are more likely to invest time learning a new method of producing cross Titus, S.J., and Horsman, E. 2009. Characterizing and improving spatial visualization skills. Journal of Geoscience Education, 57:242—-254.
of student confidence and preparedness. : 4% 0% mapping :
prep 50.0% % 10.0% sections, p =.000.
9%
35.0%
40.0%
30.0% The ability to construct an accurate geologic cross section is
A A" B B’ % 3 % : L . . . an important skill for a geologist to master
00 12% ;Zg; Block diagrams are commonly used tools for visualizing subsurface geologic relationships. We

; | | 20.0% o found that most students have experience working with block diagrams and find them ver

Figure 1. Examples of geologic cross sections Q 5+ 4 15.0% oun P g g y
. i 63% 7% 10.0% . . I; . . | believe | am good at thinking in three dimensions : . . C . : .
produced by students during the first week of camp. Red ~ 100% 0 helpfulin grasping 3D concepts. However, the ability to quickly and accurately project 3D features The authors wish to thank the faculty and students at the Wasatch-Uinta, Southern lllinois, and Northern Illinois Summer Field camps for their assistance
arrows highlight problems associated with subsurface Kk \ m I Jc Jtc Jn 00 o e e 0ot e T onto the 2D surfaces of a block diagram requires a level of spatial reasoning that is often difficult ] 1 ; . . . with student surveys. The authors also wish to acknowledge discussions with and logistical support from Phil Brown, Stephen Marshak, Mark Fischer, Eric
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projections. disagree agree disagree agree for many undergraduate students. oles - Farmales Ferré, Tim Demko, and Kari Godfrey, which greatly improved this work.




