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Spatial Ability in High School Geometry Students

Abstract

Spatial ability is a skill necessary in a numbedistiplines, particularly in engineering
education, the focus of this research. This steshewed literature regarding the development
of spatial ability and considered possible impimas$ not only for engineering education but also
for mathematics education, with specific regargeometry. The focus of this study was to
observe the differences in spatial ability amorghtschool students in PreAP Geometry and
students in an Introduction to Engineering Desigarse. We hypothesized that the students
who were enrolled in both courses would have bsgtatial ability skills than those students
who are solely enrolled in the geometry course.

Of the 207 students enrolled in geometry at thiesiesool, there was a smaller
population (n=57) simultaneously enrolled in anieagring graphics course. No direct or
special intervention was given to either grouptatients; however, the curriculum between the
two classes differed greatly. Near the end ofateedemic year all students were administered
the Purdue Visualization of Rotations test (ROREsults showed that students enrolled in the
engineering design class performed better tharetbtuglents not enrolled in the course.
Furthermore, the males outperformed the femalesahletudents were considered. However,
there was not a significant difference among theemaor was there a difference between males
and females within engineering. Further reseascteeded to understand these particular
differences and to determine how geometry educaiays a role in the development of spatial
ability.

1. Introduction

Change is inevitable, and the world today is chaggit a far quicker rate than ever
before. Many of the jobs that existed 25 yearsargdbecoming obsolete due to numerous
improvements and developments in technology. Aers#ary educators attempt to prepare
students for the future, it is vital to understanat the future is unknown and ever changing.
According to Jukes and McClairfwe must recognize that the current educatiotesyhas
been set up to prepare students perfectly for é&dwiat no longer exists.” As education in the
United States is in the process of great transfoomaeducators and policy makers have the task
of determining the components and skills that aseetial in education and that are vital in the
preparation of students for the future.

Science, Technology, Engineering, and Mathem&8d&M) Education is at the
forefront of this change. Educators are strivin@rid better ways of not only imparting
knowledge but also building communication skillsydloping analytical skills, getting students
to think and problem solve, and challenging stusiémbe innovative. It is not a matter of
whether the students have the knowledge to peréotask that has been modeled before them;
rather, they must have the ability to take thatvidedge and think about tasks in new ways to
arrive at appropriate solutions, solutions whictymat have previously existed. In order for
students to be successful in this innovative walgaming, they must possess a number of vital
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skills and abilities. One such ability that see¢mbe essential in STEM education is spatial
reasoning ability.

This paper discusses the need for spatial aleititycation by examining the multiple
approaches students use on spatial ability task$iaw this skill can be developed with time
and intervention. Differences in curricula and tbkes these differences potentially play in
developing spatial ability are identified. Finaltisis paper discusses the results and analysis of
one study in which spatial ability was measured particular group of high school students to
determine the role that engineering plays in deyalpthis ability.

1.1 Spatial Ability Defined

Scholars have defined spatial ability in a numdferays over the years. Olkun divided
spatial ability into two main categories: spat&htions and spatial visualization. According to
Olkun, the spatial relations category is definedimsgining the rotation of 2D and 3D objects
as a whole body” whereas spatial visualizatioreisngéd as “imagining the rotations of objects
and their parts in 3D space in a holistic as wielt@ by piece fashiorf McGee described spatial
ability as one that requires “changing, rotatingndiing, and reversing an objeéti addition,
Thurstone divided spatial ability into three categ®: “ability to recognize the identity of an
object when it is seen from different sights, thdity to imagine the movement of internal
displacement among the parts of a configuratiom athility to think about those spatial relations
in which the body orientation of the observer issarential part of the probleriNo matter the
precise definition used, spatial ability as a wheleompasses one’s ability to generate, recall,
and manipulate 3D objects within one’s mind.

Spatial ability is significant in a number of dgmes including, but not limited to,
engineering, architecture, biomedical scienceptiog, and geographical information systems.
Due to this significance, educators are forcedsto ddow does one develop such a skill?
According to Piaget, spatial ability is develophtbugh three stages. The first stage is

topological spatial visualization where one caredeine the distance between objects as well as

an object’s location in reference to other objedtle second stage is projective representation
where one can visualize what an object will lodde lfrom various perspectives. In the third
stage one can combine projective representatidntivit idea of measureméithough the
development of spatial ability in education is aofeessociated with engineering education, this is
not the sole discipline in which this ability islizted or developed. Geometry education
contributes significantly to the development oftsdaability. As educators look for ways to
develop spatial ability in engineering studentsytbhould not overlook the geometry education
of such students.

1.2 Spatial Ability in Geometry and Engineering Education

Geometry education can be defined as the studizef shape and location of objects in
reference to one another. It is generally in & lsighool geometry course that students find
themselves intensely studying three-dimensionailréig. According to the National Council of
Teachers of Mathematics, high school geometry siistsre expected to “analyze properties and
determine attributes of two- and three-dimensiatgects; explore relationships...among
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classes of two-and three-dimensional geometricotdyjenake and test conjectures about them,
and solve problems involving therfiln addition, geometry students are expected tov @rad
construct 2D and 3D objects, visualize 3D objeamfdifferent perspectives, and use geometric
ideas to solve problems in other disciplines sichraand architectufeThe Texas Essential
Knowledge and Skills for Mathematics states that obbjective of high school geometry is that
of geometric thinking with spatial reasoning. thtes “spatial reasoning plays a critical role in
geometry; geometric figures provide powerful waysepresent mathematical situations and to
express generalizations about space and spassibreships (TEKch 111.34.2)From these
standards alone it is evident that one underlyooy$ of geometry education is the development
of spatial ability.

It is this spatial ability that researchers halaneed has a direct effect on the success of
engineering students. Sorby and Veurink claim teéatial skills have been shown to be
important to success in many technical fields aaekhbeen found to be particularly important to
success in engineering graphiésStudies have shown that at the collegiate letatiests with
better spatial ability do better in engineeringpdrias courses. Engineering graphics is a
foundational course for most engineering disci@inghile engineering graphics courses at
some universities are becoming less important agugition requirements due to the perceived
importance of other classes, spatial ability remamecessary skill to possess. It has been
shown that spatial ability is not a skill that agmn either has or does not have. Spatial alslity
a skill that can be developed, and even at a égeimproved with interventicit ' *°
Therefore, it is worthwhile to consider various hats that might be successful in the
development of spatial ability.

Although there is abundant research investigapagial ability in engineering education
as well as in mathematics education, there ig littlno research investigating the spatial ability
of high school students who are simultaneouslyle&ton geometry and engineering. The
purpose of this study was to look at precisely fhat. The hypothesis for this research was that
students who are enrolled in both high school Pré&&Bmetry and Introduction to Engineering
Design would have better spatial ability skillsriilthose students who are solely enrolled in
PreAP Geometry.

2. Review of Literature

“Many of the well-publicized engineering failurgsthe recent past (including the
Challenger explosion, the Hubble space telesctypelacoma Narrows Bridge, and the USS
Vincennes Aegis system among others) occurredliabgeause of the elimination of visual,
tactile, and sensory aspects from the engineerimicalum of today.” This claim by Fergusén
certainly causes an educator to pause and cortbel@nplications of the curriculum which they
teach. As a result, this visual perception andialpskill set of students must certainly be
addressed. There is much evidence to supportetbe for spatial ability. Therefore a deeper
look into the need for spatial ability, the devetamt of spatial ability, how students approach
spatial tasks, and how spatial ability is assessad important step in the process of
determining what is essential in STEM educatiorayodin addition, numerous approaches have
found success in further developing the spatidlssiaf students and hold great implications for
STEM education as it continues to evolve.
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2.1 Need for Spatial Ability

A survey conducted by the American Society for Begring Education stated there
were two graphical communication outcomes that wiesst important in engineering graphics.
The first was the ability to create models of 3dlids on the computer, and the second was the
ability to sketch engineering objects in freeharmblef These skills become vital in the success
of professionals in the engineering field and areatly linked to a person’s spatial ability.
Spatial ability is important in tasks such as “desig and documenting parts to be assembled,
imagining the shape of cut hillsides for highwaystuction, laying out circuit designs, or
finding optimal crystal configurations”.In addition, spatial ability has been linked tmeess in
problem solving in engineerifbas well as the ability to effectively learn aneé esmputer
aided design softwar8. In order to prepare students adequately for @ineering career path,
educators must understand the development of skilh as spatial ability.

2.2 Spatial Ability Development

Although the main emphasis remains on spatialtgbitiis important to note that spatial
ability is rarely used in isolatidror developed solely through engineering instructidhe early
years of one’s life as well as geometry educatemesas important factors in the spatial skill set
that a student possesses. Sorby and Veurink fthaté number of activities appear to assist in
the development of spatial abilityPlaying with construction toys as a young childrticipating
in a sport that requires hand-eye coordination,@aging 3-D computer games are just a few.
In addition, drafting and shop classes in middggitschool and well-developed mathematical
skills all seem to play roles in the developmensdtial ability?

In addition to these activities, Velichova defirtlesee levels at which spatial ability is
developed through geometry education: (1) viewsl@entary solids and drawing simple plane
figures; (2) calculation of geometric propertiesisas surface area and volume, with extension
of these properties to the more complex ones innglealculus, coordinate geometry, and
constructional problems with solids; and (3) usemper level calculus, geometric modeling,
and computers to aid in the constructing and vizimg) of models. Educators involved with the
instruction of geometry must fully understand thpact such education can have on students
and potential future engineers.

Integrated within these three levels of learnisggeometry education as a whole. Baki
states the objective of geometry education asdh@ning: “the student should use geometry
within the process of problem solving, understagaind explaining the physical world around
them”? In order to achieve this level of reasoning, cemuires a solid understanding of models.
Velichova explains that models have been with idation since the beginning of time and have
served as a means of communication. Models h@dtgralue as they are independent and
understood by almost any level of literd@yhe ability to create models such as sketches and
diagrams is directly related to spatial abilityn drder to solve problems using models and
graphical representations, a “relatively high adugion level is required to comprehend the
geometric construction rules needed to perforrmatepth complex graphical representation of
a real situation®? It is this high abstraction level with spatial litgithat educators should aim to
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develop within geometry education, and yet mostassh on spatial ability excludes geometry
education and focuses solely on engineering eductatiowever, it seems as though geometry
education has the potential to be a building bloclengineering education and thus provides the
basis for this particular study.

2.3 Spatial Ability Approaches

In order to educate students to attain this higkllef abstraction, one must first
understand the multiple approaches students migjoinf when attacking a spatial task. The two
primary processing strategies are the holisticamalytical approaches. Bodner and Guay define
the holistic approach, or gestalt processing, toafeen an individual forms and transforms
visual images as an organized whdfé.In contrast, the analytical approach involves a
systematic process where the whole part is brok&mdnto individual pieces using a one-to-
one relationship between the pdft# third approach is the patterned-based approdsrevone
breaks the problem down into simpler and sepatateents that have been used previously.

Hsi describes these differences well in the famdizbe counting task (Figure 1).
Students using a holistic approach on this taskdveigsualize the object as a whole and rotate
the object mentally to determine the number of sutbeaching. Students using the analytical
approach would count the cubes systematically fieftrio right and top to bottom. This
approach does not require much visual rotatibmaddition, the students using the pattern-based
approach would abstract “the problem into famigements such as single columns or planes of
blocks” and reduce “the solution to cases previpsslved.”

Cube Counting:
Assume that:
* all cubes are the same size and shape
* there are only enough hidden cubes to support
the visible cubes
* cubes touch if any parts touch, even an edge or a
corner
For each marked cube on the right, determine how many cubes touch it.

Figurel. Cube counting exercie.

Although gender differences are not the primary$oof this research, it is noteworthy to
mention that males and females tend to approadiabtesks differently. According to Linn and
Petersen, males tend to favor the holistic appredwreas females tend to be more analytital.
This fact might explain why males generally outparf females on spatial tasks, possibly due to
the speed required on some spatial ability assegsmé addition, Cooper found that those
favoring a holistic approach can utilize an anabjitapproach when the task requires an
analytical method to obtain a solutibhlowever, research seems to focus on spatial ahsita
whole rather than homing in on the means of approgcsuch tasks.
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2.4 Improving Spatial Ability

A number of studies have investigated the developmkspatial ability through specific
means of intervention. One particular study foduse a small test group of 16 middle school
students who were enrolled in an Integrated Tedgyotourse at the time. The students worked
with a combination of workbook exercises with cadeg computer tutorials. Results showed
the students preferred working with both the woddband computer and the time spent was
effective in improving the spatial skills of thosidents® However, because of the relatively
small sample size, it is difficult to know if sirail results would follow with a larger population.

In addition to the middle school students, the samaterial was used to examine a group of high
school students. With this group of students, mmoelules were integrated into their regular
geometry course at the beginning of the year. Wgae results showed improvement in spatial
ability. Interestingly enough, this study showkdttthe gender gap may have actually increased
rather than decreaséliHowever, this finding is not consistent with othesearch, and provides
some thought for future study.

Sorby’s research does not stop at the middle agid $ghool levels. In 1993, Sorby and
Baartmans developed a ten week pre-graphics catlegese with an accompanying textbook.
The text was written to follow the sequence neddatevelop 3-D spatial skilfsIn the
beginning of the course, students were introduodtd need for spatial visualization skills and
primarily focused on isometric and orthographictekeng. The curriculum built upon this skill
while adding various application problems, discog®ngineering drawings, and focusing on
pattern development. Approximately half way throtlge curriculum, students were exposed to
wireframe geometry as they concentrated on twotlares coordinate drawings. Transformations
became integral at this point as students usedlataons, dilations, rotations, and reflections to
view objects as they are rotated about axes arebiipated cross-sectionfata shows
statistically significant gains were made by thedshts enrolled in the specialized course. Not
only did the students score better on the spatiéitypexams, but it was also shown that over
time, the students who had taken the course hdebhgyades in their graphics courses and
higher retention rates in engineerfhg.

Although other studies and targeted training atcthikegiate level may not have been as
extensive as the research of Sorby and Baartnamgstill seem to shed light on other targeted
methods of improving spatial ability within studentin one such study, a group of freshman
mechanical engineering students who were enraled@AD course were given the Purdue
Spatial Visualization Test, and based on theirestiney were divided into three groups: low,
intermediate, and high. The low group was givendpportunity to attend targeted training.
This training took place over four weeks with apgpmneately four hours of training each week
using the Physical Model Rotator and the Alternégav Screen, both CAD type applicatiohs.

The results certainly favor the targeted traini@gerall, spatial ability scores for the
group increased, and they improved on every olgjedtrotation type question. The scores were
significantly better than those in the low groupoadihose not to participate in the targeted
training. In addition, the low group that receiubé targeted training essentially caught up to
the intermediate group by the end of the semegthis is yet another example that supports the
idea that targeted training, particularly that ilwieg CAD software, can make a difference in
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the spatial ability in studentsThis also reveals there may be multiple softwaogmams that
can aid in developing spatial ability.

Another CAD software program that has been usedrgeted training is Google
SketchUp. In a study with a group of civil engineg students, this software was used for a
three week targeted training which required 12 sadiwork from students. The training was
broken into three sessions, each containing eigihtshin the classroom followed by four hours
of homeworl Similarly with other curricula, the results ofghitudy showed that using Google
SketchUp had a definite and positive impact onsietial ability of the studenfs.

Cabri 3D is yet another program that can be usel@weloping spatial abilities. This
program was used on a group of mathematics teackersa time period of eight weeks, the
teachers completed various activities using Cabri@ approximately one and a half hours each
week. The data collected provided evidence thatrdining with Cabri 3D did in fact contribute
to the development of the spatial skfils.

Any educator knows that not only is the method ingd in developing spatial skills of
students, but also the time commitment when it ®@toencorporating the selected strategies
into the curriculum. Therefore, it is worthy tadfty mention yet one more study where the
training of students only lasted three hours.hla study, a group of first-year engineering
graphics students was given a pre-assessment bal gjimlity. As a result, at-risk students were
invited to attend a three hour Saturday morningriat session, but it was also open to any other
student who wanted to attend. The session comluoegbuter activities in Block-Stacking and
Display Object with paper based exercises. Poidhé¢ session, males outperformed females on
the engineering items, orthographic drawing andhistoic views. However, no gap appeared
between genders on traditional items such as coinetiog, object rotations, and pattern
matching prior to training. According to the resda gender differences seemed to disappear
after training’ Although this may seem like a quick way to getdisired results, it should be
noted that the post-assessment was not completgdnenend of the semester. Therefore, it
would be interesting to consider how much of thpriowement was based on the intervention
versus the additional time spent in the classroven the semester developing such skills, where
perhaps some of the students would have made sigailas with just the exposure to the
engineering graphics class.

Based on these studies, it is evident spatialtglgia skill which can be improved upon
given the right type of learning environment anstiaction. It has been shown that this
improvement can take place over the course of abwaeks or simply over a few short hours.
Therefore, educators are left with the decisioha# to implement strategies and curriculum
which will be most valuable for students and in ¢éimel improve spatial ability skills as a whole.
Despite the differences in the research, there séefne a common thread among most, if not
all, of the research for improving spatial abilitsst some level two main components seem to be
prevalent: sketching and 3-D models.
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3. Methods

This study was a post-test only design where tildesits were assessed once at the end
of a particular topic of study involving spatialiletly. The study received approval from The
University of Texas at Austin Institutional Revi®ward and Lake Travis (TX) Independent
School District, where the study was conductede Stadents did not receive any special
instruction regarding the topic. The only instrantgiven was that which was consistent with
the given curriculum. All students enrolled in RReRGeometry were given the Purdue
Visualization of Rotations Test (ROT) near the ehthe school year. From the data gained, the
goal was to evaluate the spatial ability of thdselents who were solely enrolled in PreAP
Geometry versus those who were simultaneously ledrot Introduction to Engineering Design.
In addition to this data, gender differences wébpect to spatial ability were analyzed.

3.1 Curriculum

The curriculum was the primary difference amorgtthio groups of students. All
students were exposed to the PreAP Geometry clumigwhile a subset of the sample
population was also exposed to the IntroductioBrigineering Design curriculum over the
course of the school year. Both curricula spentestime dealing with the development of
spatial ability, but they did so in different wasgrsd to varying depths. For all students involved
in this study, the PreAP Geometry curriculum wasgard. Although there were four different
instructors for the PreAP Geometry students, thieaum as a whole was consistent
throughout all classes. The instructors workedalptogether to follow the same scope and
sequence and develop lesson plans. Although theedemay have varied slightly, the same
types of notes, activities, handouts, assignmanis,exams were used.

The geometry curriculum was based on the Texasriiasof Knowledge and Skifls
(TEKS) and followed the scope and sequence sét byrthe school district. The primary
resource for practice problems for the studentsfaiasd in the Holt Geometry textbobKThe
geometry scope and sequence had 12 total unitsowéhunit specifically focused on spatial
ability and its application. The unit was severssldays in length, six of which were instruction
days. The unit began by introducing students tdigllres using nets (developments) and cross
sections. Students were expected to recognizeohgtgious 3D solids and identify the cross
sections of 3D solids when cut parallel or perpeuldr to the base of the solid. The curriculum
then exposed the students to isometric drawingsoahdgraphic views. Students were expected
to take a 3D or isometric view of a basic solid akdtch the six different orthographic views.
From there, the curriculum expanded into surfaea and volume exercises with some exercises
integrating the application of surface area andima to real-world examples. Even though the
unit included six instructional days, only one aegs devoted to nets (developments), cross
sections, isometric views, and orthographic viewke remainder of the unit was spent on
surface area and volume and the application of sanhepts. It is also worth noting that
although research emphasizes sketching and 3D saddbundational to spatial ability
development, minimal time was spent on these tapitdse PreAP Geometry classroom.

In contrast, the Introduction to Engineering Degii=D) curriculum incorporated ample
practice on sketching and 3D models. The courdaifed the curriculum set forth by Project
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Lead the Wa§ (PLTW). This is a project-based curriculum themarily follows the parts-to-
whole approach regarding spatial ability developimmé&tudents who were enrolled in IED not
only received minimal exposure to spatial abilhyough their PreAP Geometry class, but they
also spent much of the year using their spatiditylskill set throughout their engineering class.
With regard to spatial ability, the IED class sp#m@ beginning of the year learning about
isometric and orthographic views. Beyond simptgnition of these items, the students spent
about nine weeks sketching isometric and orthogecapbws of 3D solids throughout their
coursework. The remainder of the year covereduarconcepts, but the emphasis on sketching
remained. For example, students spent a unitvarse engineering where they measured
tangible objects and parts while providing annatateetches of these items. No project takes
place without the use of sketching.

In addition to sketching, students spent a great df time constructing and manipulating
3D objects on the computer. As students beganrmtisilg 3D models on the computer they
used Autodesk Inventdrand they continued to build models in this sofemtaroughout the
entire course (Figure 2). At times this meant stus took existing isometric and orthographic
drawings and created 3D models of the parts. ©@resged, the students were able to assemble
and manipulate the parts to create full working ele@n the computer. At other times the
projects required students to develop their ownsghat would assemble into a larger unit.
These parts were always sketched first and thereledd By the end of the curriculum, students
were expected not only to sketch 2D views and er8Btsolids on the computer but also be able
to transfer back and forth between 2D and 3D reptasions. The large amount of time devoted
to sketching and 3D models served as the basthédnypothesis that students who were also
enrolled in Introduction to Engineering Design waboltperform those who were not enrolled in
the course when it came to tasks requiring spakigity.
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Figure2: Sample screen from Autodesk Inventor software.

Although an entire unit was devoted to spatialitgtin the PreAP Geometry curriculum,
it was evident that very little class time was afifudevoted to the development of necessary
skills for spatial ability. However, the curricufustill expects students to utilize these skillain
number of different applications through surfaceaaaind volume. On the other hand, the IED
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curriculum spent a great deal of time on thesdss&iten though the development of spatial
ability was not generally the primary learning aitjge. However, the combination of sketching
and the usage of 3D modeling software suggestshbatevelopment of spatial ability would
certainly be a byproduct of the classroom currioulu

3.2 Sample

This study was conducted at large high school @7 2 students with 73.5% being White
and 17.4% Hispanic. Of these students 26.9% wansidered at-risk, and 12.4% were
considered economically disadvantaged. In additivencampus had a 94% passing rate on the
mathematics state assessment (TAKS) with 50% cometenScience was similar with a 98%
passing rate with 48% commended The study wadumbed near the end of the 2010-2011
academic year. All students involved in this stugyre enrolled in PreAP Geometry (n = 207).
The two groups of interest were those studentdlledrsolely in PreAp Geometry (n=150) and
those simultaneously enrolled in Introduction tgieering Design (n=57). PreAP Geometry is
optional for students; they can opt to take reggmetry to gain credit for geometry. The
PreAP Geometry classes were selected over thearegjakses due to a larger sample population
of engineering students existing in PreAP Geomiiay in regular geometry. In addition, the
geometry curriculum provided the most content wégards to spatial ability tasks. The PreAP
Geometry class moves at a quicker rate and cowpisstto a greater depth than a regular
Geometry class. The sample consisted of approgrignd8% females and 52% males. There
were nine different PreAP classes involving thrékeiebnt teachers and one student teacher.
The students who were also enrolled in IntroductiBngineering Design were dispersed
throughout six different sections involving twofdifent teachers. This class is also an optional
class, and it counts as an elective towards gramuaHowever, in both instances it is assumed
the level of instruction was as consistent as psshroughout all classes, and no individual
class received any special treatment or instruction

3.3 Assessment

The instrument used to assess the students w&uttae Visualization of Rotations Test
(ROT) which is a shortened version of the Purduati&pVisualization Test of Rotations
(PSVT:R) which originally had 30 questiohés noted earlier, it was administered to all PreAP
Geometry classes at the conclusion of a unit sipallif emphasizing spatial ability. The ROT
consists of 20 multiple choice questions, each ¥Vinth answer choices. A sample question is
shown in Figure 3. The exam shows the studenbgtband a view of the same object after
being rotated in a given direction. Then a seauljdct is presented and the student is asked to
identify the view corresponding to the second dhjfeit were rotated in the same manner as the
first. The instrument provides students with tamgle questions prior to the twenty questions.
In all classes, the teacher read through the direxbon the test and the two sample questions
with the students.
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Figure 3. Sample question from ROT assessntént.

The instrument is designed to be administerednmtinutes; however, a time
modification was made. The high school student®wesen 18 minutes to complete the
assessment. Almost all prior studies using thegssment involved college students. The one
study that used middle school students modifiedjtiesstions to have fewer answer choices.
Rather than having fewer answer choices, it wagldddo extend the time limit to 18 minutes,
under the assumption that was a sufficient amotititne for all students to complete the test.
Although the level of difficulty on the questionsesns to increase as the test progresses, each

guestion was weighted equally. Therefore, the mmum achievement score possible was zero,
and the maximum achievement score possible was 20.

All exams and answer sheets were collected arehdivthe researcher. The items were
then graded and compiled. The data was graphagpimximate normality between each group
being compared; however, not all groups had a nlodistxibution. An independent two-sample
t-test was performed using StatCrufich Since not all groups had a normal distribution,
additional analyses were run using SPSS to obtaapig-Wilk's test of normality, Levene’s
test for equality of variances, and a t-test faradiy of means in order to confirm an
independent two-sample t-test was feasible.

4. Resultsand Data Analysis

For the statistical analysis an independent sasrigiest was used between the two
groups, using the null hypothesisofthat spatial visualization abilities did not vdrgtween the
groups. Results showed that the two groups dfdrdifi spatial visualizations abilitieg;104.00)
=-2.20,p=0.02, Cohen’sl = 0.339, with those students in engineering sgohnigher on
spatial abilities (M = 15.25, SD = 3.34) than thedents solely enrolled in geometry (M= 14.09,
SD = 3.44). This means that assuming the null tgss is true, there is less than a two percent
chance of obtaining these results. Therefore, thiehgpothesis is rejected and we can conclude
that the engineering course had a positive and unalale impact on the students.

Although the primary focus of this study was toKkat the differences in spatial ability
between the students in Introduction to Engineelbegign and PreAP Geometry, differences
between genders were also analyzed. With all aralgn independent samples t-test was used
between the two groups in question, again usingtiihypothesis (k) stating that spatial
visualization abilities did not vary between groupsles (n = 108) and females (n = 99).
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Results showed that males and females also diffarspatial visualization abilitie$(205) = -
2.95,p = 0.002, Cohen’d = 0.40, with males scoring higher (M =15.07, SB.£7) than
females (M = 13.69, SD = 15.07). Therefore, thia dadicates that males were significantly
higher in spatial ability than females throughdw e&ntire sample population.

Further investigation provides more insight ints tifference between genders. When
the data were analyzed between males (n = 60)aandlés (n= 90) for only those students in
geometry, the results showed that males were obrtaetter than femald$139.39) = -2.8831p
= 0.002,Cohen’dsl = 0.47, with males scoring higher (M = 15.03, §004) than females (M =
13.467, SD =3.570). On the contrary, when the d&t@® analyzed between genders for only
those students enrolled in engineering, it wasrassithe males would still outperform females.
However, the results showed no significant diffeeshetween males (n = 49) and females (n =
9) enrolled in engineering such thglt1.273) = 0.630p = 0.541, Cohen’d = 0.22, with females
enrolled in engineering (M = 15.88889, SD = 1.1ddmparable to males enrolled in
engineering (M = 15.125, SD = 3.362).

Due to this difference a further analysis was cletepl with the males and females,
respectively, with regard to enrollment in engimegr There were not significant differences in
spatial abilities between those males that werelkerin engineering (n = 48) in comparison to
those that were not (n = 60). Results shotf®d6) = -0.15p = 0.4411, Cohen’d = 0.029, with
the males enrolled in engineering scoring compar@dl= 15.13, SD = 3.36) to the males only
enrolled in geometry (M = 15.03, SD = 3.03).

In contrast it appears there was a significarfetBhce among females. Again, and
independent samples t-test was used between femadagineering (n = 9) and females not
enrolled in engineering (n = 90). Results show@®) = -2.06p = 0.03, Cohen’dsl = 0.70, with
the females enrolled in Engineering scoring hight = 15.89, SD = 3.33) than the females
exclusively enrolled in PreAP Geometry (M = 13.81D = 3.57).

When examining the results, it appears the hygsighe moderately supported. The
engineering students did perform better than theesits only in geometry. In addition, the
males outperformed the females. However, thisamthe case when it came to students not
enrolled in engineering. A further look revealbadre was not a significant difference among the
males in engineering versus the males only in géyneut there was a difference between the
two groups of females. Therefore, it seems theafesenrolled in engineering are the driving
force for this difference among the students. Bymeining the effect size of each comparison
group, more insight can be gained. According tb&oa small, medium, and large effect size
would be calculated to be 0.2, 0.5, and 0.8, reamdy.}’Although the data was statistically
significant for the engineering students versuggg@metry students, the effect size was
relatively small (d = 0.33). Therefore, it is umkyn at this time as to what the level of impact
the curricula had on the students. Similar resuéige found when looking at gender differences
among the entire sample as well as gender diffesehetween those only enrolled in geometry.
However, these results further support gender riffees in existing researc¢ii® In contrast,
the effect size for the females in engineering wethose solely in geometry was relatively high
(d =0.7). Despite the small sample size, theceBeze seems to further support the idea that the
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females in engineering made a significant diffeesmcthe results of this study and holds some
practical significance as well.

There are certain limitations with this study tehould be considered when interpreting
the results. The sample population was chosendltieeir enroliment in PreAP Geometry.
Optional enroliment in this higher level course nediyninate a number of extraneous variables.
However no data was analyzed regarding variablels as mathematical ability, motivation, and
socioeconomic status. Although these factors naag Iprovided some bias, they most likely did
not compromise the results found between the naaldfemales. These results only further
support previous findings that males tend to odigper females on spatial ability task&2 In
addition7, the results also support research whenelgr differences disappeared after targeted
training.

Additionally, the means by which the assessmentpsastored may hold some
significance. According to Bodner and Guay, thst Ineeasures of spatial ability are those tests
that maximize the gestalt processing and mininfieesnalytical processirtgHowever, the time
limit on this test administration was extendedltova most students, if not all, time to complete
the 20 questions. Since Linn and Petersen reagbaetemales are more analytical and males
tend to be more holisti§ it could be assumed the gender difference miigtapgear in this
study. Interestingly this factor did not make tiedtence with those students only enrolled in
geometry; the difference still remained despiteatiditional time. However, looking at the
students only in engineering, this time limit mawh aided the females. Further research might
allow one to determine if females and males in eegjing would still have the same result if the
ten minute time limit had been in place. Possibg/females in engineering performed better
due to the time extension, or perhaps it was dileg@xposure to the class content or a number
of other unknown variables.

With regard to the males, the extension of timg oetainly have had some
implications. With no significant difference betvethe two groups of males, one could
conclude the class had no effect on the enginestirdgents. However, possibly a difference did
exist, but the extra time allowed the males nobkeal in engineering enough time to process
through additional problems rather than reducirig # test of speed. Or perhaps, by the time
male students are approximately freshmen in higbadhey have developed their spatial
ability skill set for the most part, which meansithspatial ability development throughout
childhood plays a role.

The most significant limitation on this study Ietabsence of a pre-test. Since the
students were not assessed on their abilitiesadteginning of the year, there is no baseline to
which we can compare results. Although a preftest not have aided in the understanding
behind the males outperforming females, it wouldstiigely shed light on the other
comparisons. Even though the engineering stugmtermed better than the geometry
students, it would be worthwhile to know if thosedents had better spatial ability skills
entering the year. Furthermore, baseline dataavalldbw for many more insights when looking
at the results of males and females respectiv&i§ith no significant difference between the
males, it may be possible to conclude that theresgging class did not help these students
develop better spatial skills, but without a stadd# comparison that idea cannot be ruled out.
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In addition, a pre-test would allow a further laako the nine females enrolled in engineering.
Although the sample size was small, the resultsvedaa significant difference between females
in engineering and those only in geometry. It ddag concluded that the class certainly had a
positive effect on the spatial ability based onfthdings. Without a pre-test we do not know if
the results are from a gained ability or an exgstbility these particular females possessed.

Based on the results of the data and an exammatithe study, a number of
recommendations can be made for further analysistady. Initially all potential bias should
be removed to the extent possible. Further ddtaatimn on the samples could potentially
eliminate any factors such as mathematical akalitg socioeconomic status which could skew
results. Additionally, it is recommended to revaatk to the original time limit of ten minutes.
This would most likely result in a closer to norndatribution of the scores. This might also
allow us to see if there is potentially a differemwithin males. Future research should utilize a
pre-test and post-test, allowing for far more casidns to be reached. It is also recommended
to perform further analysis regarding the effezesand whether the effect size represents a
practical significance between groups of studeAis Coe cautions, effect size can be somewhat
limited since the average is many times based odéety differing components” and therefore,
the best estimate of effect size is when the shadybeen repeatéi. With that knowledge, it is
recommended to further explore the effect sizénefsample populations and determine the
relevance the effect size has, if any, on the malcsignificance of these results. Despite the
limitations of this study, the results still allayg to consider the geometry education of students
with regard to spatial ability. Findings like tHigther support the idea that experience with
some form of CAD software aids in the developmdrgpatial ability, which is consistent with
prior researcR:>"* ! Therefore, geometry educators need to considersumiv software can be
integrated into the curriculum in a meaningful way.

5. Conclusions

As educators in STEM education attempt to imprgvenuthe existing curriculum, they
need to consider the significance that spatialtgthiblds. According to Alias, “enhancing spatial
visualization skills in engineering students is ortpnt as this ability has been associated with
success in problem solving in engineerinylt is because of this importance that educatoes ne
to fully understand what spatial ability is and thBerent approaches students take when solving
spatial ability tasks. Once this is understoodticulum can begin to be evaluated and modified
in order to improve the spatial ability of studen#ss noted in the literature, this can be
accomplished in a number of different ways, and itp to STEM educators to determine what
this change will look like and which approach wileet the students’ needs and prepare them for
the unknown challenges of the future.

As noted earlier, geometry education holds gregtificance regarding the development
of spatial ability in students and thus improvingldem solving skills.Improving upon these
skills in a geometry classroom will not only helijp$e students pursuing career paths in
engineering, but can also help students in margr@MEM related career paths. In light of this
research, it is evident that a skill such as spakidity can be improved and developed within
students:*"*° Therefore, geometry educators need to ask howaittipally implement
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strategies to improve such a skill in our studefisis alone provides a foundation on which we
can build and make recommendations.

At this point in this research, it is recommendeat geometry teachers start with
themselves. They first need to become educatédeoimportance of spatial ability within
students, so they can see what a vast populatistudénts is in need of this skill. When the
geometry teacher can see beyond his/her own ctassaad place this vital skill in a much
larger context, he/she is able to begin to lookifays to develop this skill. Within the
classroom, it is recommended that geometry teactarsby requiring their students to do more
sketching, particularly 3D sketching in free-handda. Geometry provides a great context for
students to be sketching on a continual basisc@uimany times seem like an insignificant skill
compared to others necessary for student compreimen®ne potential flaw in geometry
curricula is that students can be academicallyessfal in geometry and understand and apply
the concepts without being able to sketch and qunedly understand the 3D context.
Therefore, students walk away from the geometrgscizom with tools and knowledge; however
they have not improved or developed their spabdita along the way.

In addition to sketching, teachers should lookdftvgare programs that can enhance their
instruction and aid in the development of spatmlity if implemented correctly. As noted in
the literature, the best intervention strategietuithed both sketching in free-hand mode and the
use of 3D software programs. Geometry teacherd toekrst determine which software
programs would best suit the needs of their stidand then integrate them into geometry
curricula. Teachers can also explore novel waygetting students to think in the 3D manner,
such as ways to visualize rotations without sofeva®ne such example could be the use of a
Rubik’'s Cubé™. Teachers can use the Rubik’s Cltb® further push the limits of students in
regards to 3D objects and visual rotations by mhog them with a tangible object to explore.
This would not only allow teachers to explore aithons with their students, but also allow for
students to explore a three-dimensional object a/tiexy are continually being asked to rotate
various faces while taking into account the obgsca whole.

This study not only reviewed literature regardinhg significance and development of
spatial ability, but it specifically examined sgiability within high school geometry students.
The results of this study revealed differences betwPreAP Geometry students and students in
Introduction to Engineering Design regarding spatiality. In addition, the results showed there
were definite gender differences in spatial abikith males outperforming females. However,
this only seemed to be the case when the femate=nnalled in engineering were taken into
account. The females enrolled in engineering wereparable to the males, thus making one
consider the impact the engineering design cutriouhad on the students, females in particular.
Further research is needed in this area to in\astithe practical significance of the statistical
findings and to further explore developing spadiaility as a means to improve problem solving
and the avenues in which to pursue this. Howeliex study demonstrates that spatial ability
differences are present at the high school leliek supporting the need for spatial ability
development to be an integral part of geometry atioic. It is here that students can potentially
develop the high abstraction level required fortigpability tasks. The geometry classroom is an
ideal place in STEM education to provide a fourmlatind assist other disciplines as they utilize
the necessary skills of spatial ability.

9T'T/.T1 G2 obed



Acknowledgement

This material is based upon work supported by thgaddal Science Foundation under Grant No.
DUE-0831811. Any opinions, findings, and conclusi@r recommendations expressed in this
material are those of the authors and do not naobseeflect the views of the National Science
Foundation.

Bibliography

1. Jukes, ., McCain, T., & Crockett, L. (2010ed@mber/2011 January). Education and the
role of the educator in the futur@hi Delta Kappan92(4). Retrieved from
http://www.napls.us/superintendent/files/2011/0%/€&ation-of-the-future-Jukes.pdf

2. Guven, B., & Kosa, T. (2008, October). Thieets of dynamic geometry software on
student mathematics teachers’ spatial visualizagidlis. The Turkish Online
Journal of Educational Technology(4).

3. Sorby, S. A. & Baartmans, B. J. (2000, Julihe development and assessment of a
course for enhancing the 3-D spatial visualizatiskiis of first year engineering
students.Journal of Engineering Educatip801-307.

4. National Council of Teachers of Mathematic000). Table of Standards and
Expectations: Geometry Standard. Retrieved from
http://standards.nctm.org/document/appendix/geam.ht

5. Texas Education Agency. (2006). Texas Essadtiowledge and Skills for
Mathematics Subchapter C. High School. Retrieveshf
http://www.tea.state.t.us/index2.aspx?id=6148

6. Sorby, S., & Veurink, N. (2010). Are the va@dization skills of first-year engineering
students changingAmerican Society for Engineering EducatidRetrieved from
EBSCChost

7. Hsi, S., & Linn, M. C., & Bell, J. E. (1997 pAil). The role of spatial reasoning in
engineering and the design of spatial instructidournal of Engineering Educatioi51-
158. Retrieved from http://www.jee.org/1997/am@b.pdf

8. Martin-Dorta, N., Contero, M., & Saorin, J. 2008, October). Development of fast
remedial course to improve the spatial abilitiegdineering studentslournal
of Engineering Educatiqrb05-213.

9. Onyancha, R. M., Derov, M., & Kinsey, B. L.0@, April). Improvements in spatial
ability as a result of targeted training and corep@iided design software use: analysis of
object geometries and rotation typd&urnal of Engineering Educatipd57-167.

10. Sorby, S. A., (2009, February). Educatioeakarch in developing 3-D spatial skills for
engineering studentdnternational Journal of Science Educati@1,(3), 459-480.
doi:10.1080/09500690802595839

11. Akasah, Z. A., & Alias, M. (2010). Bridgirtige spatial visualization skills gap through
engineering drawing using the whole-to-parts apgno@ustralasian Journal of
Engineering Educatigril6(1), 81-86.

/T T.T1°G2 abed



12.

13.

14.

15.

16.
17.

18.

Velichova, D. (2002). Geometry in enginegreaducation.European Journal of
Engineering Educatiar27(3), 289-296.d0i:10.1080/03043790210141979

Cobos-Moyano, A., Martin-Blas, T., & Onate-GexnC. (2009). Evaluating
background and prior knowledge: A case study omneeging graphics learning.
Computers and Educatipb3, 695-700. doi:10.1016/j.compedu.2009.04.010

Bodner, G. M., & Guay, R. B. (1997). Thedrug visualization of rotations testhe
Chemical Educatqr2(4).doi:10.1333/s00897970138a

Antinone, L., & Whitman, C. (2007Holt GeometryTexas Edition). Holt, Rinehart
and Winston.

Pearson Education. (2010). StatCrunch [cden@oftware]. http://statcrunch.com

Cohen, J. (1969%tatistical Power Analysis for the Behavioral Sciem New York, New
York: Academic Press, Inc.

Coe, R. (2002, Septembki3.the effect size, stupid: What effect sizend why it is
important. Paper presented at Annual Conference of the Biithicational Research
Association, University of Exeter, England. Retad from
http://www.leeds.ac.uk/educol/documents/000021&2.ht

8T'T/.T1 'Sz obed



