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ABSTRACT

The educational objectives of the College of Amsl &ciences includes the need of the
students to possess an ability to apply, studysskiid life-long learning, function effectively
in teams, and demonstrate creativity. The main athje of the below mentioned innovative
pedagogy is to help the students to reach theirimax potential by providing new insights
and to enhance the student thinking skills. Witk th place, Introduction to Engineering
(ENGR 100s) and Strategies for Team Based Engmgé&ioblem Solving (STEPS) classes
have been equipped with innovative teaching metbggao enhance the student learning
experience. There are three aspects that are loakedwith the ENGR 100s and STEPS
classes including embedding visualization, injegttachnology in classroom, and applying
active learning. The three pieces of innovatiors put in place to enrich the student learning
experience with the proper directions and the tdbkt are used in such classes. The tools
that are used in the classroom may vary by instmsstfor example, The ENGR 100s classes
provide a transitional bridge that carries the stud from a state of observation of science
into a state of applying and engineering. At thege, the students are slowly liberating them
from being dependent on the instructors and begisdlect proper tools to find solutions.
Traditional teaching methodologies may still helpt lwill hinder the skills development
keeping the students waiting for the instructionstéad of taking lead. Efforts that are
considered to enhance the student’s maturity inre@ging pedagogy brings the students into
thinking outside of the box when applying spatialial teaching techniques using augmented
learning methods. The abilities and skills to vigeathe concepts leads to better ability to
transfer knowledge and to grasp the problem. Emimedthe latest classroom technologies
puts the world of possibilities in the hands of astudents opening doors for swift
understanding when correct simulations and intelfig props are used. More advance
classroom environment is proposed in this studerrefl to as Active Learning Problem
Solving classrooms (ALPS). Exploiting the ALPs reqrovides the proper environment for
such innovation making it easier to secure theestitsl attention when all the class notes are
saved and effectively shared. Taking it a stefh&rtclassroom technology is optimized when
implementing students’ laptops in class giving thpower to search, design and share
without wasting papers, hence, seeding the meaofisgistainability in their belief. Needless
to say, significant improvement targets the stusigmgrsonality; thus, the students are driven
into leadership through cooperative learning. Enyiig cooperative learning puts the
students in charge of teaching each other whicpr@ssed effective to elevate the student’s
confidence and reinforce their knowledge. Eachgrbjn ENGR and STEPS classes reflects
one of the best ways to get the students thinkadging and sharing information in the
classroom.

INTRODUCTION

Well-developed spatial visualization skills are essary for success in engineering programs (Wadipbinski, D.,
& Benbow, C. P., 2009; Hsi, S. et al., 1997; Alids, et al., 2002). The ability to imagine and visze the
transformation of spatial information is crucialr fdeveloping innovative engineering designs. Spatdls are
essential in engineering graphics in particularomder to understand and create isometric and girdpdic
drawings, which are the tools used by engineetomunicate information about a component’s exaaps and
dimensions. Reaction time to mental rotation tas&s been shown to predict performance on an is@metd
orthographic drawing assessment given at the end af semester (Sorby, S. A. 2001).
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Studies have also addressed the difference betimeate ability and spatial skills that may be erdehthrough
education. Although differences have been found onental rotation task in children as young as arinschool
age (Orion, N. et al., 1997; Sorby, S. A., 2000uaber of factors has been attributed to the dgwveknt of spatial
skills, including prior experience playing with aruction toys such as Legos, experience with bkegcand
drawing, and playing 3-D video games (Sorby, SMauyrink, N. L., 2012).

As research has been predominantly conducted inénVesdustrialized countries, the generalizatibmesults to
non-Western developing regions is increasingly dpejuestioned by scholars as a normative fallacystddy
spanning 16 years compared the spatial skills oéean students and students from the Middle Badlysg at an
American university on a test of mental rotatioBsores on the Purdue Spatial Visualization TesttatRmms
(PSVT-R) indicated that students from the MiddlestHsad lower spatial skills than the American stuslSorby,
S. A., Veurink, N. L., 2012). Another study comedrPSVT-R scores of male students in the previtugyswith

the PSVT-R scores of male’s students at the Petmll@stitute. Although the targeted students scoeter on the
PSVT-R than the students from the same region wéne studying engineering in the US, these studstititscored
lower than the American students on the assessf8erty, S. A., Veurink, N. L., 2012). A meta-anadysf spatial
training programs indicates that visualization Iskdre malleable and can be enhanced through bypataiched

educational programs (Uttal, D. H., et al., 201ahwever, many universities are reducing their ersghan
engineering graphics (Sorby, S. A., 2000).

While a certain level of visualization ability még innate, performance is also based on experi@mtexposure,
making it a learnable skill. Bertoline suggestst tpaoviding a spatially-enriched learning enviromhecan
contribute to the experiences required to improigialization ability (Bertoline, G. R., 1988). Atthgh mere
exposure to computer-aided design can have posiiveomes for students with low levels of spatiallity, a
curriculum that utilizes a variety of learning métias would be even more beneficial to improve shéls needed
by engineers in the industry. As students at thieae been shown to have lower spatial skills thair peers in the
United States (Sorby, S. A., 2000), high qualitperkences with visualization tasks may improve rtladility and
confidence.

Implementing laptops in classrooms improve the estitid communication skills and increases their warfce
making them more independent learners (Tubaishatndl Bataineh, E., 2009). Technology in the ctasn
allows more focus on the learners where teacharallystake the students seat and the tasks is npeefb with
multimedia not only text (Bergman, J. and Sams,2812). Efaw et al. signify that the need to lethe classroom
for library visits is reduced with laptops in tHassrooms, thus, there is no isolation betweerntingediate research
and recourse exploitation. Using laptops allows documentation and data to be always stored antedha
Learning is easier to flip as class preparatioksasn be multi-mode (video, audio, text) and #echer is often
giving the students the lead in collaborative leggr{Efaw, Jet al. 2004).

Interference of technical issues can sometimesehitite learning process and should always be ceredd Issues
like projectors not functioning properly, Wi-Fi fiaig, power outage and others. The overloading esfess is
obviously a much higher risk when there is more aednas in laptop heavy environments. In some igs&this
can cause the network to freeze and immobilizecthes (Hu, W., 2007). Some intrinsic issues mag alise such
as software rights and computer crashidga(ishaar, J.M., & Novak, D.C. 2010

METHODOLOGY

The objectives of the newly adapted methodologfagaching of ENGR100s and STEPS classes can hesadi
with four important capabilities that help studémtsturity as future engineers. The first objectisdo inspire the
students to feel the liveliness of engineering wdhcough providing proper visualization technidfoat keeps them
at the edge of their seats. The second objectii@esgage the students with applied learning aathtwork so that
the learning will be built on stronger pedagogaatl psychological bases. The third objective ingisgchnology to
enlighten the students’ perception by broadeniegsthectrum of resources and opening windows tevtiril while
sitting in the classrooms. Finally this work aimsenable the students to put their knowledge tdkvand take lead
in managing, teaching and producing solutions basgdactical scenarios. Showing in Figure 1, tre¢ pieces of
innovation are put in place to enrich the studeatring experience with the proper directions dwedtdols that are
used in such classes.
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Figure 1: Tools used in ENGR100s/STEPS

VISUALIZATION METHODOLOGIES

This study examines engineering graphics as agbalte engineering design known as STEPS. Studekésthe
sequence of STEPS courses in their freshman arbsupe years after they have completed two Commatinits
courses and one Physics course as prerequisitesSTHEPS program requires teams of students tomddpcclient
requirements by designing, managing and presem¢idgnically feasible solutions to real-world probk In the
first STEPS course (STEPS 201), students are intexti to the engineering design process and therteiogy
required for communication. As the STEPS 201 ckssmsist of a variety of engineering majors, temembers
often represent multiple disciplines. Studentsiai®duced to engineering graphics using SolidWpasomputer-
aided design (CAD) software which enables them ¢vetbp professional graphics to support their desig
However, there is minimal instruction in sketchingh only one class period used to review the taolugy
needed for understanding graphical models and viévisualization instruction is not directly proed, but rather
infused into the CAD component of the course. Sttelare given homework each week to practice thie\Sorks
software. A CAD assessment is given at the erntietemester where students are asked to repradai2figure
and its related top, front, and side views.

The second STEPS course (STEPS 251) is designeabtae more in-depth technical knowledge relatedhe
different majors offered for the engineering studemhus, STEPS 251 courses are divided by majdrthe
projects that students complete are representafitieeir field. At times, the mechanical and eleett engineering
departments may offer a multidisciplinary sectibattcombines students from both these majors, flogua this
case on a project that requires knowledge of bgtiglines. Advanced applications of the SolidWoskstware is
used in the mechanical engineering section of STEHAS

Based on the current studies of male and femaleeadng students involved in this study, it woskkm that an
improvement in graphics instruction would be paitacly beneficial for the women. A hybrid modelioktruction

that consists of traditional content (such as fraed sketching, orthographic projection-views, prutorial views)

and interactive curriculum including computer mawnigland visualization can provide students with eeper
understanding of how to mentally manipulate spatifdrmation. Spatial skills are now introduced rgowith the

CAD component to improve the student skills in ordebe a successful engineer.

AUGMENTED LEARNING METHODS
Augmented learning technology superimposes a canménerated image to user’s view of the real worlckal

time. Augmented reality engineering helps studiaming 3D visualization skills by combining vieiu3D models
with real time video. The Augmented technology veoloé very attractive to the students and can erhidogir self-
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education process. The educators try to exploit géhtertaining features of technology (laptops, d&hl smart
boards) into the classroom to investigate how fhgieation of those technologies effects on stuslextility of
three-dimensional visualization and free manipalatf geometrical shapes. At the same time, thestigators can
see how the advanced technologies could help flarbeginning of the student's academic learningmiorove
their performance in the spatial comprehensiongs®@nd graphic representation skills. Studentsalgib work in
teams to learn the material.

Launch Augmented .| Manipulate the Complete the
. ” . Scan bar code g .
reality engineering 3D model exercise

\ 4

Figure 2: Process for augmented learning

ACTIVE LEARNING

Active learning refer to a critical shift in missi@nd purpose of education aiming to move fromeatuking state in
which knowledge is delivered from faculty to stutteto a Learning state where learning is produdedugh

student discovery and application (Huba, M. E., &dd, J. E., 2000). Cooperative learning is comeitien

engineering classes where students are engagectiea @les rather than sitting passively behinddents disks.
One method encourages students to be the instsuatwt lecture a comfortable part of the class. iSkeoethod
involves roundtable discussions and brain storrpaagicularly in the engineering design applicatibachnology in

the classrooms help to provide students immedigdtfack on their preparation for problem basedstaski case
studies. Projects and reports are not new to theering education but still effective; hence,j€cts and reports
are regularly assigned engaging the students fnegploration of learning material and solutionsetagineering
problems. These and more peer-led team learniatggtes keeping students in cooperative learniadario take
lead exploring solving and communicating effectvel

TECHNOLOGY IN CLASSROOMS

Many argue that technology in the classroom is rafaince on the student’s attention and can be sectur
student’s dependency on the technology rather plieting their brain to work faster and more effeety. This may
be the case in recollection based classes thairesghe students to perceive and build new coscépiwever, at a
certain stage, the students are encouraged toresnarce exploitation as a valuable tool. In faggms and tests
are now being conducted with open books, open rameslately, open internet. ENGR 100s classes geotlie
proper training grounds for the engineering stusléatstart taking responsibilities and learn hoviotk for good
resources and find answers. The students are timumaged to take the driver seat in the STEPSe$aand the
instructors observe and monitor the students malwehnology in the classroom showed great impraréran the
students’ adaptation to resource exploitation. ugtomany freshmen were not familiar with Microsoffice, they
managed to create and interpret their first Welgydgiaog activity, an important tool for petroleum Itinig, using
graphs and other tools provided by Excel. Figuh8ws a sample homework that was submitted bys<hinan
student after generating a Well log and explainiegfindings and potential oil/gas reservoirs.

In the STEPS class, the students were challengedetde their own Gantt chart using Microsoft Pegj@nother
piece of technology that should enhance the staterdturity and elevates their acquaintance withilable design
management techniques. Technology in the classmawvided a vigorous yet robust means for introdgaiew
technical concepts. For example, correct simulat&md smart props were put to work for clarifyihg picture for
the student when the course introduced roboticstifums and programming. The idea behind the connpotgc is
difficult to demonstrate using computer coding, With the help of technology, LEGO Mindstorms rolpobgram
makes it easier to explain and teach the robot/coenpnterface using graphical blocks as showingigure 4.
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The graph (c) gives
comparison between lag
adjusted to the depth. It is
observed that the chart is
uniform except at a single
instance. At that depth, the
ROP has increased intensely
and it is seen that the mud
flowing to surface in
unstable conditions has
occurred. Therefore they
encountered high pressure
of the hydrocarbon in the
layer- due to this they
encountered a “kick” from
the porous layers. If this
progresses, the hydrocarbon
gases would approach the
above surface, resulting into
a blowout.

operations are carried out
by drilling on the rock- it
indicates the rock hardness
and its porosity.

The time is contrariwise -
proportional to the length.
So the lower the time it
takes in drilling, the higher
is the ROP. The drilling
operations and ROP differ
largely on the rock type
like its porosity and the
toughness of the rock.

(W) pdog

There have been two

instances where the ROP

is significantly faster as - -
compared to the others. ~ .

This give us an idea that
there is presence of a
different rock which is
permeable in the reservoir.
However, we cannot
specifically say that there
is presence of oil in the
reservoir. 1960
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In the graph (b), it is observed that

there is a similar movement across the

chart, with slight fluctuations at the 4 .
ends. This occurs because the drilling
engineering customizes the drill
according to the rock formation.

The drilling engineer progressively
increases the input of the mud density
of the drill. This process is carried out
so that the drill approaches the target
formation.

To overcome the possibility of a blowout, the drilling
engineering reacts to it by increasing the force via the
mud weight. The engineer increases this flow to
compress the hydrostatic pressure and prevent it to reach
to the surface, this results in gaining back the original
conditions to continue with further drilling operations.

Figure 3: Freshman student outcomes of Well Logging agtivgting Excel

Embedding technology in the classrooms was optidhizieen the freshmen students were provided withodide
laptops. The initiative aimed to improve the auaility and accessibility multiple resources for engraduate
students and provide key applications such as M8cef TrendMicro, Matlab and SolidWorks. Research
methodologies are significantly engaged with laptap the classrooms putting the World Wide Web he t
students’ disposal during the class time. Thisisied out with team efforts and with monitoring tbrocess by the
instructors, students showed better use of thenetaluring the conceptual design stages to fimggr techniques,
tools, parts and industrial terminologies. Neettedeach such vision, a suitable environment issicered for the
engineering classes. The Active Leaning ProgramdPé initiated by the Center of Excellence in Léagnand
Teaching provide suitable environments for techgplm the classrooms. ALPs were very well exploitedhe
ENGR 100s and STEPS classes to engage the studel#ssin team work. ALPs permit the teachers drmal t
students work comfortably and with higher ratertéraction.
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Figure 4: Robotic programming made easy
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CONCLUSION

Engineering students go through stages of mattaigradually build competent professionals who tileelead and
provide solutions to the society. Maturity of erggning students depend on how the students araneckfor real
world problems. The goal of this work is to propaseovative approaches the guarantees studentsftnanation
from passive roles into active and leading roldse Tfirst skill that this work focused on is enhangcthe capability
to visualize various setups and interpret them @rgp In order to keep the students active, adéeening methods
are implemented giving the student leading rolesabyng over part of the lecture, roundtable disows, project
presentations, report writing, case studies ancenidre embedment of technology in the classroorasdsntial due
to dependence or today’'s world solutions on suchrtelogies. Using laptops in the classroom proeedet helpful
or the students as well as for the instructorsdgjlifating solutions, research and communication.
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