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Abstract

Teaching with GIS Spatial Skills 1n the Geosciences Data Analysis

We desioned an experiment to evaluate change in students' spatial skills
g p g p

as a result of completing an earth science course. Our test subjects

included high school students in earth science classes, college level non- , , , , , o , , ,
A GIS allows students to manipulate and interrogate two-, three- and four-dimensional visualizations in ways not possible with

traditional maps, photographs and satellite imagery. Exploring spatial and temporal relationships in geologic data has the potential of
developing visualization skills as students view both two- and three-dimensional representations of earth processes. For example, a

Courses in the geosciences have ambitious goals for teaching students about complex To measure changes in student spatial ability, we used pre- and post-test scores and paired T-

science majors enrolled in large enrollment introductory geoscience

global processe& Instructors use images SU.Ch 1S graphs and maps 1S tools to tests to detefmiﬂe Whether improvemeﬂt lﬂ Spatial ablhty was StatiSticaﬂy SlgﬂlﬁCﬂﬂt

courses and introductory level geoscience majors. They also varied as to

Communicate geologic Concepts and relationship& Then’ Students must mentaﬂy Improvemeﬂt was ConSidered Sigﬂiﬁcant f()f p Value < OOS TO Compﬂre the iﬂdependeﬂt

whether their course had a hand-on laboratory experience or used
supplemental Geographic Information System (GIS) based activities.
We measured all students' ability to mentally rotate three-dimensional

GIS allows quantitative and visual searches and queries of spatial data sets, as well as changes in data symbolization and overlay of groups, we used one-way analysis of variance (ANOVA) of the mean scores. In addition, we

translate those graphs and maps to interpret complex processes that vary in space and

Andes Mountains
sw
e

different data sets to reveal new relationships. calculated the Hake score for each group, which is a comparison of the improvement by a

time. Spatial abilities are used to mentally form, inspect, transform, and interpret

T
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images. To facilitate student success in the sciences, it is important to understand the group, normalized by the maximum possible improvement. For all groups, the study sample

objects and to construct a three-dimensional object from a two- Two GIS modules were completed b d | . . - .
y students at 4 e | . e .
dimensional representation before and after taking the earth science the high school and college levels, The first | / \ spatial abilities of students and how well they can complete complex visual tasks. 1tr}1lcludes only students who completed the spatial ability tests both at the beginning and end of
, : e course.
course. Exploring the Dynamic Earth, consists of five i, f Spatial relations is the ability to mentally rotate an object

units covering the topics of plate tectonics and

=1\ about its center. In the geosciences, this skill 1s used to

Results show an improvement in spatial skills for all groups after

geologic hazards. Examples of topics in the

evaluate crystal structures in mineralogy or to determine

Study Participants
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completing the science course. We also observed a consistent

modules are shown in ﬁgure 1. = fault planes using a stereonet.
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improvement n Spatial skills overall from hlgh school level science to Schematic diagram of a focal mechanism
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courses for majors, which is possibly related to their increased exposure

View from above

A View from side

, A sub ¢ h b both hioh school and Figure 1. In Searching for Evidence students explore the relationship . st 7 High School
to science. A subgroup of the test subjects among both high school an o - - T . e, . . . : .
sroup ot t ) S S e between topography and the plate boundaries using maps in orthogtraphic and —ove S s a F.m (HSE), students completed seven GIS units which required over 20 hours of instruction in
the college non-science majors Completed supplementary GIS activities. geographic projections, shaded relief maps, three-dimensional block diagrams g B, e h Iah 0 addit : finishi h : h I
. . . . o twvodimensional cross sections et enciocem o 50, the computer laboratory in addition to time spent finishing the questions as homework.
The GIS implementation at the high school level was more extensive and P e Strike sip (HSC), two other high school q ol
L . . . . o TR S e A o other high schools served as a control group.
resulted in significant improvements in both categories of spatial ability. =" = s ’;‘f‘{* 'w?\a&el 00 ’ S STOUP
At the college level, the non-science majors that used the GIS ENETT o
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Large-Enrollment Introductory Courses for Non-Science majots
(Geos 218)- Geologic Disasters and Society, students completed four GIS units
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curriculum showed no significant difference from those that did not, R
Earthquake,
9. July, 1997
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probably because the time spent on the curriculum was too short. At The second GIS module, Exploring Tropical Cyclones, is a

four-unit exploration of tropical cyclones. An example topic

(Geos 212)- Oceanography, served as a control group (did not complete any homework or
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the college level, the geoscience majors had nearly three times the
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other exercises that included activities designed to develop spatial skills)
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improvement of non-science majors in both categories of spatial ability.
This can most likely be attributed to hands-on, weekly laboratory
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is shown in figure 2. A S - Both lectures include a significant number of maps, animations and other types of

7

visualizations of Earth processes.

AT

experiences, which were not part of the course for non-science majors.

: : : : : : : g Fi 2. In Recipe f
Students choosing science majors typically have much higher spatial skills || IETE £ °h Teclbe fora
Cyclone, students view

Geoscience Majors

than the average first or second year non-science major, however there animations of satellite images J§ ARRER N NS Spatial orientation is the ability to mentally manipulate . .
1 ions | i1 abilitv within all Th 1 Cof hurs q U = N\ w2 [« 598 or transform an image or spatial pattern into another (Geos 251)- Introduction to Physical Geology,
were large variaions 1n spatial ability within all groups. €Se results "~ In Volcano Hazards students explore  © urricane mo.vement an N 207l f 8 -_'f'ff/'/"., . (GCOS 05 6)— Computer Applications in Geosciences
suggest that we evaluate teaching strategies in all courses to ensure that " the global distribution and eruptive  €Xplore the spatial N [ RN = A\ \\WZ/ ~ arrangement. For example, geoscience students must - he £ L f’ i , , hus the d
ctudents can interpret and understand the visual imagery used in lectures haz.ards of volcanioes, incl.u.ding 4 ?(l)srt;:;s gn of cyclone ae | St Vo P\ a8 interpret a three-dimensional relationship such as a - These courses are ht e 1rs.tlc01;1iises Ea eri a? fPart of a egrge in geos.cnences, thus the data
| aerial extent of ash deposition fault or fold represented on a two-dimensional map. set represents the spatial skills ot typical first-year geoscience majofts.
Measuring Spatial Skills Conclusions
Results of Spatial Orientation Test Gender Differences Temporal Changes o
bre All subjects improved their spatial relations ability, indicating that this
Results of Spatlal Relations Test R . . L with h f | o * post skill can be improved by simple participation in a geoscience course.
ﬂ ﬂ Spatla orientation abl ty, as measured with the Sur acc DGVG Opmeﬂt test 12/113631)1 SD N i\l/)[ear; SD Change Hake Figure 9. Means and Standard z . GI‘OWth lﬁ Spatlal Orlentatlon ablht-y Occurred both When the Students
_ { ~di 1 { e ost : 2 . . . .
| | ~ | | requires the two-dimensional figure to be mentally folded to align the edges _ S used the GIS curriculum for an extensive period of time (HSE group)
Spatial relations ability, as measured with the Cube Compatrison test A is timed (6 mi lete 6 bl High school Male 42 47| o4 60 149 18(p<0.003) | .1 P 3 -
parfia he subi % I b b P < - Is timed (6 minutes to complete 6 problems) s o1 and in the courses that had a hands-on weekly laboratory experience
-1 1r men r n 1 nter -1 ' ' High school Femal 3.4 4.9 75 5.7 531 23 (p<0.001 A3 - Hj ' 2 : : : - : :
.eq.u 65 t3€ s.u ject to me t? y 201tat€ Bi)l object about its cente 1s scotred by subtractlng the number incorrect from the number correct igh school Female (p ) hHingl sc}}llool Student.s irehcompletlng . O (GCOS 251, Geos 256) DGVGIOplﬁg this spatlal ablhty hkely requires
- 1S time minutes to complete roblems ; ect | . L their freshman year with the average . : : ) : : : .
. ( . P p ) Figure 3. The subject is Figure 4. The subject is il velati : Lilitv of student g morte interactive learning and manipulation of objects or images than is
- 1s scored by subtractmg the number incorrect from the number correct presented with a pair of presented with a two- Non-science major 7.5 4.4 74 8.6 541 1.2(p<0.05 .08 spa % rerations -a ty OF SHACeh ffered 1 ical 1 le 1 . .
Cubes, marked w 4 single dimensional unfolded ﬁgure - - HSC Non-Science Science Majors
Mean (Pre) SD N Mean (Post) SD Change Hake letter, number, or symbol 4 5 and 4 three-dimensional I;:rrr;slzlence major 6.4 4.0 | 100 7.9 4.8 | 1.5(p<0.003) .10 | | | | |
HSC 3.8 48 | 139 5.9 5.1 [2.1(p<0.0001) | .12 on.each fgce. Each face is f representation of the folded Nll)ean SD N 1\1/)168:1 SD Change Hake Drawing conclusions from human subjects data is complex, correlations
HSE 4.3 53 | % 6.8 56 |2.5(p<0.0001)| .15 unlqlge, with no ;ettef ot ) figure and must identify Science major 85 | 62 | 24 119 [62] 33(p<001) | .27 High School (3r§) 18 | 139 ( 503) 51 [21(p=0000D) | .12 can be influenced by other factors related to the course instruction or
;ifsz}z.r:g e;zst ZESOCSE “ s 3 corresponding edges in the gla,‘le : T35 30 T s T A= 000 5 (HSC) curriculum materials. In addition, it 1s important to note that there is a
Geos 212 6.6 4.1 | 96 3.1 53 | 14(p<0.01) | .10 ’ two different drawings. P Aot ' | AT Al e=0.002) Non Science Majors | 6.8 | 42 | 174 | 82 | 5.1 | 1.4(p<0.0001) | .10 significant standard deviation in all groups. In the introductory courses
Geos 218 71 43 | 78 3.4 48 | 13(p<0.02) | .09 whether the two cubes are This requires the ability to T (212, 218) 5 | | STOHUPS | R
ile sla@e ofr c}lifferent. 4 imagine multiple Figure 7. Means and Standard Deviations for Tests of Spatial Relations Science Majors 7¢ | 54 14 115 | 59 | 3.7(p<00001) | 28 for non-science majors there are stude.nts with very h1gh spatlal. skills.
Geos 251 93 10 1 19 76 16 | 33(p<0004) | 28 Analysis of the cubes movements of the unfolded (251, 256) These are perhaps the students most likely to be recruited as science
| | | | P | tavolves mentally rotating figure. Mean | SD | N | Mean | 5D Change Hake majors. However, there are also science majors with very low spatial
Geos 256 6.7 6.0 25 10.6 6.7 4.0 (p < OOOS) 27 one cube to assess if the (Pre) (Post) Mean | SD N Mean | SD Change Hake O ’ . . o
cubes match on the visible Mean (Pre) | SD N | Mean (Post) | SD Change Hake High school Male 37 | 123 | 50 19 | 149 | -1.8(p<0.27) | -.07 (Pre) (Post) abilities. Due to the Pfevaleﬁce of concepts that requirce Spatlal abilities
Figure 5. Means and Standard Deviations for Pre- and Post-tests of Spatial Relations sides. HSC 29 108 | 113 73 13.2 0.1 (p <0.9) 00 e = o 6 T T 6005 - High School 2.2 |10.8 113 2.3 132 | 0.1(p<0.9) .00 throughout the degree program, identifying eaﬂy those students that
igh school Female . . . . 6 (p<0. . : . : . : :
| | R HSE 5.0 115 | 92 8.9 12.3 [3.9 (p<0.000) | .16 ¢ P HSC) . may require additional spatial training could improve retention of
- Each set of students (at their respective levels) began the study with statistically the same performance on the pre-test Non Science Majors | 1.6 | 12.3 164 3.1 14.1 1.5 (p<0.02) 05 : ,
of spatial relations , : (212, 218) science majofrs.
- Improvement in spatial relations is statistically significant for all groups. Therefore, simple participation in a geoscience Geos 218 74 112 | 73 47 11.7 | 1.8 (p<0.08) 07 Male 551 256 ) ' ' ' ' A+ P = '
course results 1n an improvement in spatial relations ability. Non-science major 1.0 12.1 | 93 2.3 126 | 1.5(p<0.11) .07 (251, 256) While there is evidence of self-selection for science majors based on
) . . . . . . . F 1 . oqe . . .
?[Zf d.ld not observe kihffer.ences in }tlhe spatl;l rela.tli)nslsk.ﬂls of stludenésbt‘tm}tl used thel.GIC? Ii:olin those who d1d1not: 1 Geos 251 13.9 121 19 18.1 11.8 | 4.1 (p <0.003) 76 emale . T spatial ability, this may be an effect of previous coursework in the
- The improvements by majors on the test of spatial relations, evaluated by the normalized Hake score, are nearly triple Geos 256 137 109 | 19 18.5 76 4.5 (p < 0.06) 19 : : Figure 10. Means and Standard Deviations ean and Standard Deviation : o - :
. . . Science major 179 [ 105 ] 20 | 203 | 93 | 24(p<0.18 20 0 sciences. While high scores indicate an aptitude, low scores do not
the improvements of the non-science majors. Male J u : for Tests of Spatial Orientation s g;e e g . P > s
20 Mean and Standard Deviion ) Mean and Standard Deviation Figure 6. Means and Standard Deviations for Pre- and Post- Test of Spatial Orientation Science major 03 11.0 18 16.1 10.2 | 6.7 (p <0.002) 33 o 2 ﬂ€C€S§af11Y indicate a laCk Of. aptltud@ With Pfopef tmlﬁlﬁg and
ore pre - Female - High school students are completing their  § experiences, the potential exists for all students to develop the necessary
15 post ) pos - All groups have a Veryiarge standard dev1at10n. 1n.d1cat11ig 2 wide range of ability | Figure 8. Means and Standard Deviations for Tests of Spatial Orientation fre.s:hman year studies With the average g ) spatial skills to evaluate science concepts. Integrating coursework that
. . - The high school experimental group had a statistically significant improvement, while the ability of students entering the University as . improves spatial abilitics at the hich school level will have a pOSitiVG
z 10 ‘, : coritrol group showed almost no change at all.. This difference in improvement could be - For both the high school students and introductory non-science majors, there is non-science majors. g 0 | | _ } o . p . & . i It I
§ £ attributed to the CX'.ECI.lded use (?f the G.IS curriculum no gender-related statistical difference in the spatial relations or spatial orientation " citect on students per orniance 1.Il SCIGHC? an H.lay resultin a larger
8 s : - There was no statistically significant ditference between Geos 212 and Geos 218 (college-level skills in the initial or final tests scores. - There are significant standard deviations, ) number of students choosing science majors. Finally, the low average
£ < g;(()/smence coirlses for non—sc1encfef ma)ofrsilpeéflosrmance i)n the pre—;est or the plostitest revealing a wide range of abilities in all _15 performance of students in the high school and intrOductory coﬂege
K - We were unable to measure an effect of the curriculum on students' spatial relations or - - - ' | : .
’ o ] orientation abili dents in introd i P - There are observable differences by gender among science majors. Males are sroups. HSC Non-Science Science Maiors courses suggests that we also evaluate teaching strategies in all courses
spatial ofientation ability among students 1n INroductory Colege courses starting the courses with a significantly higher ability on both tests; however, h d : d und d the visual ;
5 i i — " i 1mprov.ement.s are seen in the sp.atlal OTICNTAUON SCOLES ff” Geos _251 and Geos 256 that were female students experience nearly double the improvement of males and have - There 1s a marked difference in the spatial orientation ability of incoming students depending on to en.sure that students can inteérpret and understand the visual imagery
HSC HSE Geos212  Geos218  Geos251  Geos256  HSC  HSE  Geos212  Geos218  Geos251 Geos 25 1Ot seen in the introductory geoscience courses for non-science majors statistically indistinguishable skills from those of males at the end of the semester. whether they are a science major or non-science majot, with majors having significantly higher abilities. used in lectures.




