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M odels of Mobile Hands-On STEM Education

Abstract

Hands-on activities can improve student understanf STEM topics dramatically, and
laboratories are the most common implementationhahds-on learning. However, most
experiments are performed in dedicated laboratovidsich may be costly and inaccessible to
students, and the labs may not be timely with retlsp@ when students learn the associated
theoretical concepts. Mobile hands-on labs ares dhat use equipment that is affordable and
portable, so that students can own the equipmahtarthe labs anywhere anytime. This paper
presents three models of implementation of mobdads-on education: a limited number of
small, in-class labs given in lecture-based cour$elé-scale labs done on student-owned
equipment; and studio classes. These models wema@emented in Electrical and Computer
Engineering programs, though the modules are aed in K-12 outreach activities.

1.0 Introduction

Hands-on activities are an essential part of tteniag experience for STEM students to
demonstrate theoretical concepts in practice andotinect students with the experimental
component of our STEM disciplines. Historicallyesie activities were relegated to structured
experiments conducted during formal lab coursedinmted access, centralized laboratories
utilizing expensive equipment and requiring exteeasiupport infrastructure. Portable, low-cost,
experimental platforms that utilize student resesarsuch as laptops and other mobile devices
allow for ubiquitous hands-on experiences available to students anywhere and anytime: at
desks in a traditional classroom, in a dorm roama istudy group setting, at a coffee shop, etc.
These types of experiments allow for a new pedagdgnodel that promotes a more complete
integration of theory and laboratory experienceisTiew paradigm opens new avenues for
inquiry-based learning that will enhance and deegiadent learning of fundamental concepts,
experimental concepts and skills, and give themee&pce in system level design and
integration.

Imagine mobile hands-on learning activities thabiae both the
student and the faculty member in the learning ggsawithout
considerable time or effort by the instructor. Aisdppose that
there are freely available resources to assistcaltfiamember,
educated under the old lecture system, to introcheneds-on
learning modules and rapidly develop his or her onodules
using validated procedures. Now, let's consider twivauld
happen if this pedagogical approach is integratedughout a
STEM curriculum so that students see how conceapts fone =
course can be applied in other course to build siegylevel
understanding of their discipline and how theory amactice are used in the design process.
Suddenly, we have STEM graduates who know, andeamie, the complexities of their
discipline and who are able go out into the worgéoand immediately contribute to product
development.

This paper summarizes current models for delivennadpile hands-on education in engineering,
including in-class labs, labs done at home, andilmahudio classes. The authors of this paper
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come from three different institutions, each havamgNSF grant on mobile hands-on education
in engineering and each using a different modeledivery. The generic aspects of these models
are discussed along with a discussion of the bastipes in each model; evidence of the success
of the different approaches are included.

2.0 Models of Deployment

This section discusses three particular models ngblementing hands-on activities in a
curriculum: small in-class activities in lecturesked courses, student-owned equipment in lab
courses for students to complete at home or ataschod mobile studios where the hands-on
activity is fully integrated into a lecture clas3.he level of commitment for students and for
instructors differs for these different models.

2.1 Small In-Class Activitiesin L ecture-Based Cour ses

The implementation model for mobile hands-on ingtan that has the lowest threshold for both
students and for instructors is to introduce a$enple hands-on experiments into lecture-based
courses. Lecture courses normally suffer from & td@connection to physical devices and
systems, so a hands-on experience provides aafffperspective to the theory and motivates
students who are more practically oriented. Soméethallenges of hands-on instruction are
alleviated by using only a small number of simptpeximents and targeting them strategically
to the most difficult concepts in the class.

The main challenges of this model are the concefrtbe instructors and the logistics of the

implementation. Instructors who teach theory clasasee not generally as comfortable with

laboratory instruction as are lab instructors ararw about procedural problems, perception
issues, and time/effort. Procedural problems ireleduipment malfunction, problems in the

laboratory steps, and trouble-shooting the experimé\ perception issue is the worry that the
instructor may feel inadequate or be perceivedoagkmowing a topic if he/she fumbles with the

experiment. Finally, instructors worry about tived needed to do hands-on activities with the
worry that the coverage on other topics may beaedwas a result. They also worry that it will

take a lot of their own time to develop a modulelearn a module that someone else has
developed. Logistical challenges include buildingpegh of the experimental platforms that

students can do the experiment in small groupsiduwiass, storing and bringing the experiment
to class or handling check-out procedures for sttsdevho do the experiment at home, and
organizing staff or TA help during the experiment.

This model was tried as part of an NSF CCLI grdrd large ECE program across 15 different
courses, 37 instructors, and 2700 studéhtsThe corresponding experiments include ones on
circuits, signals and systems, electromagnetic,camdrols. Experience gained during this grant
period helped to develop implementation strategied best practices to address the faculty
concerns and logistics challen§esTo be successful, the model requires an esteuliset of
experimental modules using common platforms, laboyastaff support, teaching assistant
support, a sufficient number of experimental sef-dpr each experiment, and a faculty
champion or facilitator for the experiments.

The costs and benefits of this model are discussédierbach and Ferrand summarized here.
The costs include items for which a monetary valae be assigned such as the cost of materials
and supplies for the experiments and personnes ¢osfTA and lab staff time. Other costs are
harder to assign a value; these include instrumoe and effort to prepare for the experiment
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(running the experiment him or herself and detemgirwhen to insert it into his/her schedule),
loss of lecture time that might be devoted to otbpics,

A working list of guidelines for developing in-ckaexperiments:

Select two or three topics from the class thatvemy difficult to understand based on
lecture alone, and make associated in-class labplaBe some of the examples or
problems done in class on these topics with thel$r@m activity. Using only one lab in
a course does introduce students to the experiianoizess in that subject area, but there
is an overhead as students must learn the expdamplatform. Students feel more
comfortable with a second lab and can concentraiee ron the concepts than on the
platform.

Test all of the experimental modules with TAs amtlergraduates who have recently
taken the course. Streamline the lab procedurethathey can be finished in 30
minutes, thus allowing for students who are slowvbp want more exploration time as
well as unforeseen instrumentation problems.

Ask exam questions on the concepts demonstratditabs, and add some minor (low-
point value) exam questions on the associated empetal procedures or equipment to
encourage students to understand the experimaoiz$s.

Limit the number of TA checkpoints in the labs téegel that can be completed by the
available number of TAs during the allotted classq.

Add instructions in the lab for students to switokes during the lab to ensure that they
all receive the same experiences (rather than tuderst always taking measurements
and the other always recording data).

A working list of guidelines for implementing inads experiments

Ensure adequate time in class for both instruchod implementation phases. The
experiment should not be seen as an add-on, tatseedh through. Instructions may be
pretaped and posted online for students to viewrbeflass.

Emphasize repeatedly to all students to come pedpfar the lab (or risk not completing
it). Preparation includes completing prelab aswignts, reading the fundamental
concepts tutorial, printing the lab instructions fdass, and viewing the instructional
video.

Have a ratio of at least one facilitator (instructdA, or lab assistant) in class per 10
groups. A more ideal ratio is one to five.

Provide a fall-back for students who do not congtbe lab during class. Allow them to

complete the lab during TA office hours or open tedurs. This fall-back removes the
panic that some students feel while trying to catelthe lab during the 50 minute
period.

Assign course credit to the lab to motivate stusléatcome to class and to participate
fully in the lab.

The three expected student outcomes for in-cldss far lecture-based courses are specified

below:
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1. Student achievement on tests/homework/assigsmenl benefit from the hands-on
instructional approach.

2. Students will be more positive about the coarsd/or course material as active learners using
the modules as well as show more interest in thie tarea.

3. Students will benefit from the hands-on approatchsubsequent courses in terms of
performance and interests.

Assessment to measure the three outcomes incltaidsns test performance on exams and on
concept inventory tests, pre-and post-experimenteys, and a follow-on survey taken one
semester later. Since this model only targets sconeepts in the class, a control groups is the
set of concepts that were not related to the issckctivities. A sample of the final exam data
taken from one class where only one in-class expai was used in shown in Figuré IThe
exam consisted of questions on basic conceptspfalwhich were written to be of equal
difficulty. One of the questions was on the conagrnonstrated by the in-class lab. Figure 1 is a
scatter plot of student scores on that questiosugethe other questions on the exam, with the
solid line shown to indicate equal performance be two types of questions. Most of the
students in the class are above the solid lineaioig that they performed better on the concept
guestion related to the experiment than questionstioer topics. Another class had three hands-
on activities (two in-class experiments and onestiadme project). For this class, a concepts
inventory pre- and post-test were taken as wellsaslent surveys of their self-perceived
understanding level for concepts. One of the sigwegs taken one semester later to determine
the retention of knowledge. Results for this clstssw significant performance improvement on
concepts related to the experiments versus otheasepds in the class, including persistence of
the differential knowledge one semester fater

120

100+

B0+

BO -

ant

Cuestion on Experiment

0

i} Qh 4ID EID BID 100
Other Questions

Figure 1: Final exam performance comparison of tijpres on fundamental concepts related to

in-class experiments versus questions on conceptsonered by experimerits

Since the experiments were done in multiple clasgsesnultiple instructors, the worst case
scenarios was found to be where the instructors nditl place emphasis on the pre-class
preparation for the hands-on activities (a predald viewing a short video on the experimental
platform), did not do the lab themselves, and dit give the activity any weight in the course
grade. In these cases, students had little preparfar the experiment, little technical help from
the instructor, and little motivation for compladinthe lab. Despite the disadvantages in the
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worst case scenario, student performance and dtadéoudes on the concepts related to the
hands-on activities was no worse than other togee®red in the class. The benefit, that was not
measured in those studies, was the skills gainedxippsure the experimental methods in the
subject area. Thus, even in the worst case scerstidents gained good experience without
sacrificing conceptual knowledge. In the best sasdere the guidelines for implementing the
labs was followed by the course instructor, studpetformance and student attitudes
significantly improved when using the hands-onwaitéis even one time in the semester.

2.2. Student-Owned Equipment in Lab Courses

A second model for hands-on instruction is to off
‘traditional’ lab courses that are not taught in-d
campus laboratory classroomhe students own thei _
breadboards and measurement equipment, wl| |
includes a digital multimeter and a USB-power
oscilloscope. Typically, the department provideg |
components needed for each of the experiments ks
as extra components to replace devices that may
damaged, to allow flexibility in circuit designspdto
support independent exploration of concepts. | Figure 2: Student working on hands-
addition, students will use a circuit simulatiorfta@re | on activity in an open classroom.
package such as OrCAD PSpice and a computatitrro

software program such as MATLAB. The students perfthe experiments in any location that

they chose — in their dorm rooms or apartmentgjystaunges on campus, empty classrooms
(Figure 2), on-campus cafeterias, off-campus co$teeps, or anywhere else that has sufficient
space for the breadboard and a laptop computer.

The design of the laboratory experiments are stradtso that no more than two new simulation
and/or experimental techniques are presented im @guerimental procedure, though most build
upon techniques introduced in prior experimentsid&nts are exposed to several important
techniques multiple times during the semester itoface learning and to demonstrate various
ways in which the techniques are applied. The ghoefor each experiment is written to follow
Gagne’s instructional evefitsuch that each event is presented to the stuteatsonsistent and
systematic manner. A template based upon thesdselieas been developed and is completed
during the design of the experiment so that eaelmteig presented to the students in a systematic
manner. The template, which becomes the experahpricedure, has the following sections.
e Learning Objectives: The expected knowledge that $tudents will gain from the
experiment including a deeper understanding of tort&/o0 concepts explored in the
experiment.

e Preparation: The sections of the textbook in whilkh concepts are discussed are
identified.

e Background: A brief explanation of the theory isgented along with a short discussion
of the practical applications of the theory in dayday life, products used commonly by
students, and/or in areas of research that undkrgra students would be aware of. In
addition, the experimental set-up is explainedhe@tatics of the circuits and images of
students performing specific measurements are dedu Ties between the current
experiment with experiments performed previoust/aso made.
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e References: Books other than the course textbimaknical papers, and websites are
provided so that interested students can read eéiurtm the topics covered in the
Background section.

e Materials: The components required to performetkgeriment are listed.

e Experimental Procedure: A step-by-step set ofuiesibns are provided in the following
order — (1) Analysis, which are hand calculatiomsl aMatLAB programs that are
expected to be done before the student start théshan section of the experiment, (2)
Modeling, which are any simulations that the stusleare expected to perform using
software packages, (3) Measurements, which cowersét of instructions on how the
components should be assembled and what measuse@m@ento be made as well as
guestions interspersed in the instructions thatirgended to guide the students as they
analyze the results of the measurements and totepor to consider why differences
may exists when the students compare the resuts the measurements with those
obtained from the steps performed in the Analysi lModeling.

The goals for these lab courses are similar toethioat underpin the other models for hands-on
learnind and have comparable learning outcomes to thoskeotlassroom-based lab courses.
However, the expectations of students are diffentthey are required to carry out the
experimental procedures with limited face-to-fagestiuctional support. The instructional
support for these lab courses is provided via twoues depending on whether the course is
taught during the academic year or online durirgslimmer. During the academic year, there is
a dedicated classroom called the Open Electrorat®iatory (OpEL) where graduate TAs have
regularly scheduled hours to answer questions.iguhe summer, the online students Skype the
graduate TA to obtain real-time instructional suppd Flash presentation on each experiment
has been developed, which a brief overview of thedaives of the experiment, description of
the capabilities of the measurement equipment,odioiction to information contained in
component datasheets, and helpful hints on cidesign and construction. Approximately fifty
Flash tutorials are available that describe howeédorm particular measurement techniques,
how to program in MATLAB, and how to run specifiSpice simulations, and to address
commonly asked questions. The Flash presentatindstutorials are grouped in modules for
each experiment on the course site in Scholar, lwlgcahe Virginia Tech implementation of
Sakai platform. Video demonstrations are also abéel as hotlinks in the report templates that
are provided to the studefts®

In order to obtain credit for each experiment, ehtd must demonstrate a subset of
measurements that are mentioned in the lab proedduhe TA. Given the emphasis on learning
objectives associated with experimental practisegjents are provided with report templates to
document the results of their analysis, simulatiomsd measurements and to detail their
conclusions on the causes of the differences beterpected and measured parameters.

There are several factors why this approach waptadapproximately 10 years ago at Virginia
Tech. First, there was insufficient laboratory sta®m space for the estimated 14 sections of lab
classes per semester that would have to be tadigblassroom-based circuits labs were
introduced into the ECE curricula and, later, th&79extra sections of circuits lab classes
(depending on the semester) when labs were alsadinted into the circuits course taken by
students in the BSME programSecondly, budgetary constraints meant that theurees were

/'0T6°SC 9bed



not available to increase the number of graduadehiag assistants and laboratory staff or to
purchase lab equipment required to teach the additiclassroom-based lab courses. The stand-
alone laboratory courses, as opposed to integrdtamgls-on learning modules into existing
lecture courses, allow the students who transfermd schools within the Virginia Community
College System to continue to receive credit far lcture courses, but have to to take the
companion laboratory course at Virginia Tech ifithastitution did not offer a suitable lab
course. This allows the existing articulation agreats to remain unchanged. Another
consideration is that there were few classroomshtad a sufficient number of electrical outlets
at the time when the hands-on experiments weretadapto the curriculum, which presented
significant complications to the scheduling of @mg if the hands-on activities were conducted
during the class session. Lastly, the instructessgaed to teach the lecture courses change every
semester and include adjunct professors, facultylpees from other departments, and graduate
students who have completed their Masters degrBes. effort to continually instruct the
instructors on techniques to incorporate the hamdgarning modules into their lectures each
semester is not sustainable.

To insure that the desired student learning outsofren the hands-on activities are obtained
each semester, a single faculty member was giveponsibility to oversee the new circuits
laboratory courses for ECE students. Recently,régponsibility was transferred to a member of
the department’s lab staff. A second member ofléhestaff is responsible for the hands-on
laboratory course for ME students. A total of eigindaduate teaching assistants per semester
during the academic year provide technical assistam the four nontraditional lab courses that
are currently taught at Virginia Tech. One addisibgraduate student is employed during the
summer semester to support the online lab course.

The response by the faculty to these courses has tery positive. Several of the other
engineering departments have made multiple requleatsshe ECE department offer a similar
circuits laboratory experience for their studemiswever, limitations on resources within the
ECE department have prevented the expansion. Assessof the two circuits laboratory
courses taken by the electrical and computer ergimg undergraduates has been conducted for
the past two years. Students are invited to ppgtei in two online assessment surveys; one
survey is conducted in the first week or two of seenester and the second survey is conducted
upon the completion of the final experiment of #emester. Students are given extra credit
towards their final grade in the course when thayehcompleted one or both of the surveys,
even if they elect to have their data excluded ftbm study. The initial analysis of the results
has shown that the two courses have achieved tals gb motivating students’ interest in the
field, supporting learning of the concepts presgénte the companion lecture courses, and
increasing students’ self-confidence to designukite, construct, and characterize circdit&
longitudinal study of the impact of the hands-dmolatory courses is planned.

2.3 Mobile Studios

A Mobile Studiois technology-based pedagogy based on inexpenangdsvhre/software which,
when connected to a PC (via USB), provides funetipnsimilar to that of electronic laboratory
equipment (scope, function generator, power suppDdMM, etc.) typically associated with an
instrumented studio classroom. The Mobile StudidBd@d (Figs. 3 and 4) is a small,
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inexpensive hardware platform for use in a homasstbom or remote environment. When
coupled with theMobile Studio Desktosoftware, the system duplicates a large amourteof
hardware often used to teach Electrical Enginee@@mputer Engineering, Physics and K-12
technology-related courses; in addition to a myaaohdustrial and commercial utilizations.

In the 1990s, Rensselaer embarked on a large stfale to develop and implement a new
pedagogical model called Studio. Studio Pedatfogs originally developed for1and 2°
year science and math courSeand then used in essentially all of the core E@Hrses. A
typical Studio class meeting begins with a shartuee, demo or hands-on activity to introduce
the key topic or topics of the day. The introduetis followed by paper and pencil calculations,

simulation, and/or experiments, with breaks forcdssions and additional lectures as needed.

Lectures could be any length from a few minutesver an hour, with most around 20 minutes.
The majority of all class time is dedicated to stisfocused activities with instructors and other
course staff generally working as a ‘guide on tlde’'srather than a ‘sage on the stage,” which
was an expression heard constantly at the timedi®Gtwas found to be a very good way to
deliver engineering education and attracted a gtea@am of visitors to the new classrooms
built specifically for this purpose. Nearly all #¥@s went away hoping they could implement
something similar. However, very few were succdsb&cause the costs were so high. The
facilities necessary to provide lectures, paper @ewkcil problem solving, numerical simulation
and traditional experiments all in the same roorst @bout $10k per seat. The investment in
these remarkable rooms required elaborate secsydtems and placed a hard limit on the
number of students that could be accommodated im@inidual section. The learning and
teaching environment was amazing, but implementdtigistics were problematic.

At the end of the 1990s, Don Millard and his cadlieas developed a vision for a new,
inexpensive studio for teaching electronics basedeplacing the very expensive standard set of
instruments found on a typical f4bWhen no commercially available product was fourel)ed

an effort to design and build a small board thati¢@uplicate the needed functionality. With the
help of Analog Devices and ADI Fellow Doug MercBR| student Jason Coutermarsh, funding
from NSF and Hewlett-Packard, and the help and @wmb a growing, but small number of true
believers from RPI, Howard, and Rose-Hulman, hetwleough several designs, with varying
degrees of success, until what is called the REB&dbecame generally available in 2008.
Earlier designs (including RED and BLUE) showed tha educational vision could be realized,
but were, as a colleague at Rose-Hulman has saidjuite ready for prime time. The RED2
board had all the necessary functionality requared the robust design to survive regular usage
by undergrads. The cost of each was about the aaragextbook or about $150.

The RED2 board has two analog input channels $cepe or DMM inputs), two arbitrary
waveform outputs (i.e. function generator outpuasid D.C. voltages supplies (#4V. The
hardware package also incorporates 16 digital H@naels, 2 PWM outputs, digital GND and
analog outputs to drive earphones or speakers #o @wlog and digital electronics can be
addressed. The Mobile Studio Desktop software pesviaccess to scope, function generator,
spectrum analyzer, arbitrary waveform generatoalaninput (i.e. DMM), and audio output
functionalities. The hardware can also work witlograms written in a very wide variety of
languages such as LabView, Matlab, C, C#, and Pytl@r example, an extensive set of
LabView executables come with the Desktop packagenwt is downloaded. Sample programs
written in other languages are available from th&bNé Studio Project website, including a data

6°'0T6°Se abed



logger program written in C# that samples analagmas every minute or so for an almost
indefinite amount of timE.

The Mobile Studio was first used in the same ECHrs® in which Studio Pedagogy was
introduced — Electric Circuits. This"2year course is the first serious introduction talag
circuits in the Electrical Engineering and Compuaexd Systems Engineering curricula. The
original implementation of Mobile Studio addressewnly the existing studio activities, but
without requiring the expensive classroom used iptsly. This made possible larger
enrollments because any room in which the studbats access to power for their laptops
became a studio classroom. All of the charactesstif Studio pedagogy were incorporated.
Topic introduction with a short lecture, demo ondis-on activity was followed by paper and
pencil calculations, simulation, and/or experimemigh breaks for discussions and additional
lectures as needed. Lectures could be any length & few minutes to over an hour, with most
around 20 minutes.

Mobile Studio pedagogy was then moved to the elaas course taken by non-majors:
Electronic Instrumentation. Again, the original idowas on replacing expensive equipment with
the student-owned Mobile Studio kit which also a#al for larger sections. For both courses, the
hardware used was the first RED board, which wa#tdid to audio frequencies and required
assistance from good support staff to keep thingskiwg for students. Figure 3 shows the
experimental setup using the RED board to charaeténe motion of a cantilever beam. Note
the decaying sinusoid on the laptop screen andrtiadl toolbox which holds everything needed
to do the measurement, except for the beam. M&iilelio was also tested and implemented at
Howard and Rose-Hulman. A team from the Evaluat@onsortium at U Albany provided
assessment, which included pre and post surveydaokground and attitudes, classroom
observation and student and faculty interviti§$

For a variety of reasons, there were three gemamalels utilized for Mobile Studio course
delivery. In the full implementation model, eachdsnt (e.g. in Electric Circuits) or each team
of two (e.g. in Electronic Instrumentation), pursia a kit consisting of a Mobile Studio board,
some simple tools (screwdriver, wire stripper, meedose pliers), protoboards, circuit
components and a storage box. Occasionally, othersi (e.g. DMM) are included. The total
cost of the kit has varied from $125-$175, depegdin the cost of components and tools. The
student-owned kits are not stored in the classra@tngdents are completely responsible for them.
Damaged hardware, which only very rarely occurdiasdled by temporarily swapping boards
while a technician makes repairs. Typically, onptor three boards per term (out of 60) require
any work. A second fully Mobile Studio model is liead by loaning kits (with or without a fee
of some kind) to students for the term, which mgbessible the same pedagogy, but adds costs
to department or school budgets. When studentshpsectheir own kits, they then own a fully
functional portable lab that can be used anywheangtime, and all coursework is based on the
latest versions of both hardware and software. i&d tmodel, in which the kits remain in the
classroom and are shared by all students, is onlyilmin that class meetings can be moved to
any room in which there is power available for stutdor department owned computers. It is this
last model that has been popular at institutionth wery limited budgets (e.g. universities in
Sub-Saharan Africa, high schools, community cokggdecause fully functional, hands-on
classes can be realized with a much smaller investithan for standard instruments. All three
models also make it possible to add mini-lab exgmes to almost any class without requiring a
special purpose classroom. Experiments can be ath $rat they can be done on any reasonable
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sized desk. Staffing requirements vary with clage.dt is, in fact, possible to carry a Mobile
Studio for two dozen students in a carry-on suédcaghich makes it ideal for recruiting and
other outreach events. Sections with enrollmergatgr than 50 may have 2-3 TAs in addition to
an instructor. The availability of online learningaterials also reduces staffing requirements. In

essentially all cases to date, there has beenhdylggalified technician available for occasional
repairs.
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Figure 3: Cantilever Beam Experiment with RED Board

With the introduction of the more capable and @8aRED2 board, Mobile Studio pedagogy
expanded to new universities (e.g. BU, Morgan S$Stétssconsin, and other four and two year
institutions in the US and abroad) and to additimoarses (e.g. Electronics at RPI and courses
for non-majors at Rose-Hulman). The use of a REG&db at a workshop in Ghana is shown in
Figure 4. In addition to making possible the usdafds-on activities at universities with very
limited operating budgets, such as those founduimSaharan Africa, the most exciting changes
were to the pedagogical model itself. Rather thest providing a much lower cost approach to
studio instruction, entirely new ideas could be lenpented that were never possible using
standard classroom tools. These were based oneealikference between mobile learning
platforms like Mobile Studio and the Digilent Angldiscovery — that they can be used by
students anywhere and anytime. Thus, students greem hardware homework because they
carried their lab in their backpacks. They workddotugh the assigned tasks and then
demonstrated their results when they were nextagscin a manner similar to the Virginia Tech
Lab-in-a-Box. Flipped classrooms were also impleim@&n most notably in Electronic
Instrumentation, where students can watch videtules and try ideas out experimentally as
they are learning the course material. There an@ynraany more ideas to be explored that are
now possible with this new approach to instructighi*®
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Figure 4: RED2 board at a workshop in Ghana.

Pre-surveys were administered to students in tis¢ Week of the course; post-surveys were
completed the last week of each course. Obsengati@re conducted throughout the semester;
and interviews were conducted via telephone orarsgn at the end of the semester. Specific
variables and constructs examined included modaliand frequency of use, confounding
variables of instructor experience, student expegeand background knowledge in electrical
engineering, support and resources, and studeasstc the Mobile Studio hardware as well as
indicators of learning and preparation for learnifigis external validation of use and outcomes
found Mobile Studio Pedagogyl) Met sound educational practic€®) Was easy to integrate
into the curriculum;(3) Facilitated retention and transfer of knowledgeg &) Met national
technology standards. The platform had multiplérutdional uses, which met diverse student
needs. It enabled hands-on practice of course cbatel was effective in stimulating reflection
on course contelft?®> The multi-stage scaffolding of fundamental corisagsing paper/pencil,
in-class hardware problem analysis, and an outasscproject was very beneficial. In-class
activities and take-home experiments were desigie¢kloped, utilized, and evaluated.

3.0 Summary of Assessment Tools Used

Surveys and test performance are the main assessmetimods for these studies. One type of
control group used are classes taught in a traditigetting, that is, did not have hands-on
activities. More recently, since all classes hagerbreverting to using hands-on activities at the
universities hosting these projects, another typeoatrol group has been utilized: the set of
concepts that are not related to the hands-oniéesiv

Pre and post student surveys. The goal of these surveys is to determine stupgeferences on
teaching styles and to determine students’ seligeed competence on topics covered in the
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class. Student preferences on teaching style amrndi@ed by asking students to rate the
following methods: lecture, instructors workingoplems in class, students working problems in
class, instructor-led demos, hands-on demos, hamds<periments). Students self-perceived
competence is measured by asking students to mate understanding of different concepts
covered in the course).

Survey taken one term later: The goal of the survey taken one semester aféeetial of the term

in which the hands-on activities were done is ttedeine the persistence of the effect of the
hands-on activity. Students are asked to rate ttwimpetence on the concepts covered in the
course and whether they took any or would take faligw-on elective courses in the subject

area.

Concepts Inventories. Concepts inventory tests are taken at the begjnointhe term and
repeated at the end of the term. Some conceptwarelated to the topics covered by the hands-
on activities while others are. Relative improvemen knowledge of concepts related to the
hands-on activities versus concepts that are tetedeto hands-on activities are compared.

Course Exams: Student performance on questions related to cemaEwered by the hands-on
activities versus concepts not related to the dietbvare compared across sections that did not
have the hands-on activities.

Focus Groups. Open ended questions are asked of a small grogprobrs to obtain input on
courses in which the hands-on learning activitiesied be beneficial to student learning and on
areas of improvements to overall hands-on pedagbgpproach.

Senior Exit Surveys:. The goal of the survey is to determine the impddtands-on learning as
students reflect on their academic experiencesledtunput also reveals the expected value of
these experiences in their professional careeitsegshave, typically, completed their job search
and have an understanding of the knowledge anldsgitd that will employ in the near future.

4.0 Comparison

The three models of implementation of the handsaivities can be compared against several
criteria as shown in the table below. The modelcdeed in Section 2.1, Small In-Class

Activities in Lecture-Based Courses, is abbreviated “Small In-Class Labs.” The model

described in Section 2.2, Student-Owned EquipmentLab Courses, is abbreviated as
“Ubiquitous Lab Classes.” And the third model désed in Section 2.3 Mobile Studios does not
need further abbreviation in the table.

Benefits Small In- Ubiquitous Mobile
ClassLabs | Lab Classes Studios

Level of integration across material within aow NA High

non-lab course [1]

Level of integration across courses in| ldigh Medium High

curriculum [2]
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Achieving learning objectives focused oHigh
fundamental theoretical concepts [3]
Achieving learning objectives focused phow High High
experimental methods [4]

Medium High

Explanatory Notes:
[1] This is a key difference between the studio sl@hd the in-class model.

[2] The Small In-Class Labs model is a curriculuemitic model where it introduces a few
experiments per course but then reuses the same iooseveral different courses. The Mobile
Studios model is introduced in three courses iarsx@ and engineering and then used in follow-
on courses. The Ubiquitous Lab model is similadptered on laboratory-style courses. Both of
these two models can be reproduced across allesioolrses in a curriculum.

[3] The Small In-Class Labs model is meant to beeasy first step in a school’'s adoption of
hands-on by gaining wide impact (across many ceussd instructors) with very little change to
the existing instructional methods, facilities,cmurse content. As such it has high impact on a
few theoretical concepts (ideally, the most abstia¢he course), whereas the Mobile Studios
model has a much larger impact on all conceptlarcburse but requires a larger deviation from
standard teaching styles.

[4] Both the Ubiquitous Labs and the Mobile Studimdels emphasize laboratory methods,
including trouble-shooting skills. The experimemtsrror those found in regular centralized

labs, but done with mobile platforms. The SmalCliass Labs are streamlined to be done in
class, or perhaps as take-home projects, so thagrtiphasis is a demonstration of theoretical
concepts rather than experimental procedures.

Costs Small In- Ubiquitous Mobile
ClassLabs | Lab Classes Studios

Learning curve for students [5] Low Low Medium

Learning curve for new faculty (represenisow Low Medium

how easy this model can be adopted by new

faculty and other schools) [6]

Material costs to students [7] Low Low Low

Material costs to school [8] Low Low Low

Personnel costs: staff and TAs [9] Medium Medium eddim

Facility costs [10] Low Low Low

Explanatory Notes:

[5] How easy is it for students to use any oftiedules without assistance from an instructor or
TA? All self-contained modules can be made edsiestudents with sufficient guidelines and
trouble-shooting help. The equipment in the mobtladio model falls under the same category
of having a low learning curve; however, the natir¢he studio model of instruction requires
that the students put effort into discovering catsand learning from failures.
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[6] Similar to item [5], the learning curve for falty is based on the level of self-containment of
the modules. The Small In-Class Lab model is ragdaving a low learning curve since the
modules are built for instructors who primarily ¢edecture courses and are not very familiar
with laboratory instruction. The Ubiquitous Laba€$ model would be reasonably easy for any
instructor who is already familiar with laboratomystruction. The hands-on activities in the
Mobile Studio model are relatively easy to learme darger difficulty would be in teaching
faculty how to instruct in a studio environment.

[7] The costs of the kits (board plus parts) rafrgen $125 to $225 for all the cases, which is
comparable to textbook prices. In some cases, sopital textbooks are available for free
online, such as one available by Digilent [Dig].

[8] In cases where students purchase an electrpaits kit, the material costs to universities is
minimal. In cases where the experimental platfoeguires more than basic electronics, such as
a motor control experiment, the platform can becpased by the university. Since so many
students must use these experiments at once, $ie sfwould be less than $50 per unit. Ideally,
these units might be used in multiple courses. &@mple, a guitar string experiment [Fer5]
costs less than $25 per unit and can be usedgnalsi and systems courses as well as vibrations
courses.

[9] Compared to regular lecture classes, the issclabs do require more TA help and more lab
support. However, since only 2-3 labs are donegess per term, the additional support is
minor since regular course graders can providenfoéass support on the days of the labs. The
Mobile Studio model has many more hands-on expearisnéhan does a regularly scheduled
lecture course and would require dedicated laldé ata/or TA support to facilitate the classes.
Compared to a regularly scheduled lab classesT#esupport and lab staff support for the
Ubiquitous Lab Class model is much smaller sinces DAly need to be present when students
need to demonstrate their labs and to be ablegswemquestions not answered by the self-help
trouble-shooting guides.

[10] No additional facilities are needed for anytlitse models since the hands-on activities are
either done in regular classrooms or by studentdein own. In the case of the Ubiquitous Lab
Class model, there is needed space for lab denohg Aroffice hours; however, this space is
dramatically reduced from that of regularly schedubbs in centralized lab facilities.

4.0 Summary

The three models of hands-on education use diffestrategies and take different levels of
commitment from universities and from instructof$ie first one, in-class experiments on a
small-scale level, aims at targeted interventiod &as the lowest threshold for instructors,
students, and administrations. The mobile studiodehhas the highest threshold but may have

the largest impact by fully integrating classeswriinds-on activities. The model where regular,
full-scale labs are done by students using studemied equipment can serve to replace the
centralized laboratory model, which is costly toivensities, with a mobile version where

students have more time to explore the lab actwiti
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