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Abstract

TheGroup Learning At Significant Scale (GLAS$proach is developed to increase the

scalability and efficacy of student desigams during group sessions of a Flipped Classroom
(FC), as well as conventional modality coursesASS utilizesfreely-availablecollaboration

tools to facilitatanstructionaldelivery, assessment, and revieftaams that leverage campus

WiFi connectvity, along with a pedagogical approach using excerpts from actual data sheets and
openlnternet resources. This immersive collaborative design experience is interwoven on a
weekly basis with the technical content provided via video during the precedahkg Tiee

instructor manages multiple design teams to conduct a wE€éldifenge Problenduring in

class time. First, students are randomized by the Learning Management System into small
groups. Second, a challenge problemrisvided delivered via WFi-enaled laptops, tablets, or
smart phonegorming virtual design teamsegardless of where students are sedtkuld,

students utilize their VWi enabled devices to discuss ttallengequestion via chatroorstyle

dialog channels alongside a solutiwwhiteboardand/or figure drawing space, whilélizing

open resources on theternet to postulate a solutidrourth, once the design team concurs that
their results are complete, they submit their answers tbgling Management SystgitMS)

for autograding and scoreecording in the gradeook. Credit is earned by correctly answering
each designategliestionsubpart which provides partial credit. Throughout the team design
activity, the instructor monitors the assignment progoedisein reattime, including windows

for each design team showiagolution draft as it is constructed, and providing feedback via
each groupbds desi gnat eatcavailabietn reatima forrthe butoe L MS st a
graded answer of the first design team havingreecbsolution, dubbed tHéioneer Group

which receives a bonus after its group leader presents their solution to the class. GLASS was
piloted within a FCformat ECE course title@omputer Organizatiarwith anenroliment of 116
students, and also trialedthin the courseSoftware EngineeringndHealthcare Systems
Engineering having enrollments of 140 students each. Results indicate attainment of learning
outcomes while making group sessions significantly more tractable for large enrollment courses
andbringing useful insights to the instructor while learning is transpifstgdent perceptions
indicatedthat71%, 701%, and 6(B% of respondents agree or strongly agree that the GLASS
tools/procedures were sufficiently easy to lednatgroup sessiongromoted useful interactions

with classmates, and that the collaboration mechanisms enhanced abilities to solve engineering
problems, respectively



1.0 Introduction
1.1 Design team activities for learning outcomes, skills, and accreditation criteria

Mixed-mode or blendedjnstructional deliverywhich often utilizesa Flipped Classroom (FC)
approach shows promisén deliveringimproved learning outcomes, suppogtflexibility to
accommodat e | ear nngscalabilitptaseree larga ewlbhentsfL,@)r le ans
FC, the initial phase of knowledge acquisition can be deliveratthsynously through the
viewing of video clips, the review of slides, the reading of written passages, ametdiother
electronic resourcesuch as animations and sqliizzes This capability for asynchronous
delivery helps to facilitate learning @tose times when the student is adequately prepared to
acquire the materigB]. More significantly for technical curricula, it also freesclass meeting
time for reallocaion to problem solving with guided remediatiand the potentiab engage
collaborative learning via student design teg#sThis paper addresses both of these
mechanismsthrough the facilitation of ktlass student design teams tha integration of
collaborative instructional technologiegth problembased learning actities.

This work is motivated by various theorigisinstructionandsignificantevidence that student
design team activities offer valuable opportunities to entgageers irengineering material
especially with FCsForemost, thénteractive, Construote, Active, and Passive (ICAP)
hypothesis states that ttransitioning of learners from passive to active to constructive to
interactive participants, has been shown to demonstrate increases in student [|8arfimg,
based on the asynchronous nature of the knowledge acquisition phase in FC modalities, the use
of student design teams for creative problem solving fortifies learning with constructive and
interactive component&mploying theselistinctlearning activiies canespouse the benefits of
active vs. passive environmentgherebyinteractive modesanincreasdearnerengagemertt,

6]. Moreover, collaborative learning activitirave been shown tteliver benefits of higher
achievement, more ofidence in learning, andcreasedritical thinking capabilities, while
simultaneously elevating soft skillg, 8]. Thus, the availability of viable approaches to
integrating studerdesign teams into tolass activities, such as GLASS proposed herein, offers
several benefits for both FCs and conventional delivery modalities. Finally, the ability to
function on multidiscipliney teams has been embraced aa@meditation criteria acss
engineering prograni9], albeita skill that has previously been quite 8aaging to engage
outside of aenior design course

1.2 Challenges facing the usef design team activities during class sessions

Challenges of integrating design teams and protselving sessions into class sessions arise
from logistical difficultiesof scalinginteractionswith studentsup to thelevels of typical
enrollmentsespeially in engineering gateway coursésthe case of FC deliveryjdeo
delivery and_earning Management SysteifidVSs) assist with handling large enroliments
However,pedagogical and technological approaches are sought to surmount the logistic
challengs of theFaceto-Face (F2F)sessiongn FC modes as well as conventional lecture
courseslin particular, large enroliments may challenge effective group learning activities,
overwhelm guidance capacities, and preclude sufficient remediation assistasibenwrse



require numerous teaching assistants possessing specific technical and instructianethsgjlls
the effective realization of a collaborative learning experigmé&F sessiongemains an open
challenge, yet is vital to realizing effectivegemeering learning outcomes while attaining
accreditation criteria

A studenicentered pedagogy can be effective to acquire the skills requiredda desy/stem
componentor procesg10]. GLASS utilizesone sucltproblemibased learning approach,
whereby students acquire expertiggle applying skills to attempiperrended problesbased
uponsome trigger content. This will al&acrease proficiency on multidisciplinary design teams
by immersing students in alternate pehisolving strategies of their peers, while encouraging
the development of team interaction skills

1.3 Objectives of GLASS

The primary objective of GLASS is to provide the students and instructor with an effective
technological and pedagogical framewérk use diring each group sessidn addition to the
benefits to the learner, GLASS providasinstructorwith a dynamic view of the learning
process, student conceptualizations of content, and challenges with the topic @&hisatiows
the instrutor toreiterate, elaborate, and reinforce concepts that require attentiomagnd
provide more explanatiorss examples. For this reason, FCs témahcludemore time
consumingactivitiesfor instructors such agpreparingadditionalmaterials holding goup
sessions anthcreasedffice hoursand fully explaiing important concepts to larger student
enrollments compared to the traditional lecture method wsthallerenrollment capacity
GLASS assists instructors wieifectivelymanaging time withinhte groupsession period and
obsernngmor e attri but es esblvingdpmoashesudent sdé probl em

The remainder of the paper is organized as foll@&estion 2 overviews previous work,

including approaches to large grogssiors, with an emphasis o8 TEM. Section 3 identifies
selectedreely availablanstructional tolssuitable for group learning at scale. Section 4 presents
the GLASS approachkapplies it toan ECE undergraduate gateway couasel presenta sample
challenge problem anggical sibmissionsreceived. Section 5 provides outcomes including
results from perception surveys administered to students and instrudtmeeiengineering
coursesSection 6 concludes the paper and identifies future work

2.0RelatedWork on Collaborative Learning

Collaborative environments enable peer, content, and instructor interactions, providing
opportunities for students emhancesoft skills andncreaseknowledgeacquisition[11, 12],
which canimproveacademic performang¢é&3]. Suchactivitiesin engineering disciplinesan
alsoprovideopportunitiego participatewithin design teamg9]. Further benefitalign with

those typical obther types o&ctive learning environments, including thevelopment of
critical thinking skills, which are vital for STEM learneEamphasizingn-class collaborative
activitieswithin a FGbased delivery approadan creat@nefficientlearning environment
reduce the number of assignments requiring grading or feefibgcland simultaneously afford
students with pportunities to develop essential interpersonal communication [glé]ls
However promoting effective collaborative learning in large enrollmé@scan be a



challenging taskStrategiesshouldengage all learnersupport open communicatipand
maintain accountability for both the individual studantithe collaborative groupJse of
organizational structuresich as ThirkPairShare, Round RobimandJig-Saw[16] offer
conventionaltechnologyminimal approacks

More recently, amerougechnologybasedoolshave becomavailable to facilitate reaime,
in-class online collaboration¥he ntegration osome the most rudimentary of theésels into
teaching and learning environments is becoming increasingly ubiquoaok.tools include
dedicatedstudent Response Systebased oretlickers, LMS-based toolge.g.,Canvas, Moodle),
web-conferancing tools é€.g, GoToMeeting, Adobe Connect), and Online Collaborative

Document/Space®(g.,Google Drive, Etherpad, TodaysMeet). Table 2.1 provides an overview

of these tools and approaches for supportingtieed collaboratie activities, and their
comparison to the GLASS framework

3.0Collaboration ToolsSelected for Utilization in GLASS

Table 2:1Selected apprdaes for online student respamgineircomparison to GLASS.

Approach| User Class PerOa(t)gllég\lan?\%nug Features
Student CIicI_<e:rs r_ealize a basic stu_dent response systetimfer real _
Clickers | facing & N participation. Supports rud_lr_nentary quiz typestes&lcdxemhpletlp
17 Faculty Tool |Individus trac_klng, and race competitions. anctlonal_lty and pedggpglc
facing appications that support collaborative learning can be limiting
this approach.
LMS webased systems, which manage méateialstional settir
LMSbased often support both synchronous and asynchronous commun
collaboratiq{ gy dent Individus well as document sharing seagsion forums, chat rooms, wikis
tools facing Tool or Tean aqdm/wde_o c_onferencmg rooms. Qoairsed mteractlons', page
14 oriented viewing constraints, and demands for dynamic tean
can limit their effectiveness in supportiggdapgeollaborative
learningld.
Web Webbased muItimgdia pla}tform that supports synchronous a|
conferenciil  Student Tool Team text, screen, and f|I_e sharlng. Bandvyldth, misuses of the tecl
24 facing of familiarity), and limited collaborative capabilities are factor
their effectiveness in suppontgepl@up collaborative lear2ilg
Online Clouebased spaces for primarily text or dobaseshsharing of
Collaborati| Student Tool | Team | content, as well asudtaneous document editing. Limited featy
Documenty facing functionality, and usability limit their pedagogical effectivene!
Spaces group collaborative setfi2ijs
Sogrative fS;gi?]ené Online responseftware frequently used &s Afbased alternati
(Quiz app Facu%[ Tool |Individug to clickers. Supports rudimentary quiz typeslesteideompletion
[22 facing tracking, and race competitidtesnatives include PollEverywhe
GLASS Student Problgnh)aseq learning approach Ieverfagd!hg ayailatﬂtmols and
(proposed facing & Both | Team LMS integration. Emphasigesf randomized virtual teams, op
%er%in) Faculty resources, and omniscient instructoratliltgfguidance via cam

facing

WFi network.




The followingfree collaborationtoolswere selected fahe GLASS approacheingstudied

herein The features of these tools are introducedlarefly comparedThus, eétpending on the

assignment requirements, instructosing the GLAS@pproaclkcanselectatool having the
specific featureseededo facilitatethe group learningnteractionghat they require

3.1 Etherpad

Etherpad 23] is a collaborative online textased editor, allowing participants to edit text
documents simultanedusy
participant s

and

see
communi
color-coded. There is also a chat window on the side to allow live discussions dutiadits. It

is a free program finding increasing popularity in academia for the purpose of collaborative
writing, document editing, and synchronous online med@dg25]. A feature of Etherpad that

is valuable for design teams is that cetoded traceability documents who is adding cordenit

is prominently evident in Ethead, as compared to Google Docs. Similarly, Etherpad does not
require students to signup for an account in order to utilize theTioetefore, the logistics of

their

cation in

tincel Htharpad displays easho
t heir

classroomntegration aregyreatly reduced. Figure 3.1 depicts thterface with a whiteboard
(left) and a chat windoWright). In GLASS, the whiteboard is used by the team to collaboratively

construct e solutiorto agivenChallenge ProblenThe chat window is used by team members

own

to share resources, discuss thppraach to the problem, and reach a consensus when ready to

submit for gradingAlthough Google Docs has be@adopted in teaching and learning in higher
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education for group projects, collaborative writing, peer reviewodmet's in various disciplines
[26-28], Etherpad added increased functionality of traceability,-buthat windows, and
increasd customization for enabling/disabling collaborative annotatiorgyasthus selected

for the GLASS study.

3.2Cacoo0

Cacoo is drawingpased online collabation tool that worken any web browser without the
need to downl oad or i nstal |l [28.rAydissusskedintlzer e

on t

literature, Cacoo enables students to edit diagrams, flowcharts, and designs as a tediman real

[30, 31] and share their work with anyone through cloud resousce$ as Google Drive.

Various diagram templaseand a fredorm drawing tool palette are accessible to all users in the
team design virtual environment to compose in a single whiteboard workspace. Cacoo also
providesa group chateature which facilitates communication among team members to help
makecollaboration more efficient and effecti{@2]. This tool empowers students to think

Vi

improving their collaboratioskills. Figure 32 depicts the Cacoo whiteboaaothat and drawing
palettewindows Multiple students can collaborate to design a process by specifying the

sually, encourages teamwork, and increases

connection on a baseline drawing containing rectangular computation blocks, or alternatively be

ass gned a bl ank sl ate on wh iCachowaspilotedangpaiss e
found to be especially valuable in the laboratory environment, as padaritinuing expansion

within a larger lab digitization effof33].

WEEE 8 DNEELE EAB E——W 08 s

Stenci (ep) |-

uuuuu

Count Digits in a String _‘ [_}

Input Character -
from Console —
Problem: this is an infinite loop . { ]

Increment
string lenght
++

Chat (]

ASCII
less than
59

Trial

How do we get input from the keyboard?

End of Line Character Let's specify the input sequence.
?

Flowcharts = Y

4.0Virtual Student DesignTeamsUsing theGLASS Approach

Virtual studenteamingprotocols such aghe Group Learning At Signitant Sale (GLASS)
environment described herefagilitate intrateamcommunicatiorduring inclasscollaborative

learning activities. Additionally, GLAS$rovidesthe instructor wittreattime control,

Figure 3:Zacoo drawing based tool depicting integrated Whiteboard and Chat wit

t hei



observability, and guidance duritige collaborativgroblem-solvingprocessAs shown in

Figure 4.1, the GLASS learning flow is initiated by the instrutgdractivities agndicatedin
thegreencolored callouts. Once configured, the learning activity proceeds as a sequence of six
steps comprised by 1) convagithe teams, 2) disbursing the challenge problem, 3) technology
enabled collaboration betwestudents4) reaching peer consensus on the correct answer, 5)
submitting machingradable responseand 6) presenting results to the class for discussion.

The instructorfacilitatesthe GLASS flow byconstructing the team learning activity through the
creaton ofaquiz withinthec our s e 6 s e wdssnent tooths depgitt®d imFsgure 4.2,

this LMS-based quiz containsriée componentsRoster GeneratgiQuestionLauncher,and
Response Tabulatofhe Roster Generator is realized with a question randomizer to disburse
groupassignmentso each studentpon release dhe LMS Quiz When the studentcaesses the
quiz using their Wi connected device, the Res Generator acts to launch a random
distribution of students to design teams up to the maximum number of teams specified by the
instructor.The instructor also identifies sm@lled trigger materials for problebased learning in

the assignedhallenge which are providedsseed resource URLSs that contain information
relevant to solving the assigned problem.

During F2F inclass timegach student is required to bring a laptop or tablet degictassn

order to participate in the GLASS team designvitgti As shown in Figure 4.1Step 1lis

initiated to convene thartual design teamssing the Roster Generator proceddentifiedin
Figure 4.2 Thus,based on random assignment from the LMS Quiz, studentsnunicate with
their teammatesirtually via a WiFi connectionregardless of where students are seated in the

. Instructor Roles ) )
Discuss Postulated Solution
Student ROIeS = peer feafnmg

Problem-based Discretized Submissions
Learning peer = responses structured for partial credit
= open internet \Consensus = multiple choice, multiple answer,
resources or numeric value +/- tolerance
Technology- Submlt
LMS

* whiteboard = aufograded with real-time

and chat Enabled scoring feed observable by

Collaboration

channels GLASS instructor
Design Team
Challenge Problem 2) Flow
= design a component, Disburse Student Presentation
process, or system Problem via = group leader invited

within realistic constraints Wi-Fi

to present to class

1)

= |nstantiate LMS Quiz Convene

= [dentify Provacative Teams
Seed Resource URLs

= Solution Process Observability
= Guide Learning

= After-Action Review
Virtual Design Teams

= dispatched by LMS quiz

Figure 4.1: Learning flow for stdelsigh team activiging GLASS.



classroomOneadvantage to convening the groups with randeasigigned team members is
that it eliminates student clique$high/low achieving studentk also engageparticipants who
might otherwise noteadilyseat themselves in group&hin the auditoriumFinally, it provides
a collaborative design experience comparabladovirtual teaming scenarios commonlyuise
today where engineers may need to collaborate with others wphotheact with virtually at
remote locations via email or other electronic media.

During Step 2in Figure 4.1the challenge problem is disbursed to all of the student design teams
who clickon thelink in the Question Launcheshownin Figure 4.2 An example challenge
problem,which wasused during the second weekadomputer Organizatiooourseis shown

in Figure 4.3. The objectives of the exercise were to understand memory capjamies, of

two, and quantities of bits and bytes, while pranticinit conversion methods. These learning
objectives were pursued using a probleased learning approach by assigning three design
problems to the student teams which receive partial cesdghown in Figure 4.3.

During Step 3in Figure 4.1, membexsd the student design teams collaborate to solve the

challenge problem. To access the collaboration tool, each team clicks on the Etherpad link shown
in Figure4.2. This provides the team with a whiteboard to compose their answer document, and
also a chatvindow to discuss various aspects of the solution.

EEL3801 - Module 1 Group Session - Challenge Problem

N~
\
/

Group 5: Roster

= Click this Etherpad link and sign in with your initials. Generator
* Pick a group leader and type his/her name in the Etherpad document.

Work together to solve the problem.

= Use course or web-based resources and ask the Professor questions.

« Team members each submit the solution to receive credit.

*_The first group to submit a correct solution is eligible for bonus by defending their solution to the class,»

o
L]
- -

Y
Question 1 Response Tabulator 10 pts \

Given: The 3D-Plus Brand of “3D SD2G16V54364" memory device using the highlighted data sheet provided. This memory
component is to be used in a ruggedized |laptop.

Partial Credit 1: Ignoring all other memeory interfacing requirements, but considering only capacity then how many of these

memory compoenants would be sufficient for the laptop to run MAC OS-X El Capitan?

Partial Credit 2: Consider the cost of electricity in Florida given here:

then under absolute maximum conditions, if you used this ruggedized Mac laptop for 1 hour per day every single day for a year,
then what was your electric bill due to these memory components alone?

Please express your answer to the nearest penny as an integer number.

Partial Credit 3: If you looked at this chip and saw the below then would the chip be rated for use in applications exceeding 212
degrees Fahrenheit?
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N o e
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Please respond either with the word Yes or No.

\

4
!/
\
\

Figue 42: Structure of LMS Quiz components used in GLASS.



During Step 4in Figure 4.1, members within each student design team discuss elements of their
solution in order to reach a consensus that the solution is correct. For instance, Figure 4.4 shows
a transdpt of conversations among students in a design t&aanc h
to the challenge problem solved in reate isdepictedusing a different text color, indicating
how GLASS provides a higangagement learning opportunity for enginegrcontent. These
interactions are not normally observable in conventional F2F group praolemg activities
that do not utilize such collaborative todf®r instagein Figure 4.4 studentteammate
collaborationgo solve the problem are sees wellas the discussions to obtain conserisas
weredrawn out from the student participants and documented.

team member 6s

During Step 5in Figure 4.1, each member of every student design team submits discretized

responses via the LMS, as depicted in the Response Tabulator section shown in Figure 4.2. Here,

the responses are structured for partialitsadthat they are autgraded and tabulated in the
grade bookSample response formats include multiple choice having a single correct response
which are structured for incremental solution, multiple answer format having multiple subparts
which must bealected for full credit, or a numeric value within some specified tolerance,

usually +f 5%.

EEL38017 Module 11 Challenge Problem

Given: The3D-Pl us Brand of
memory device using the highlighted data sheet provided.
This memory component is to be used in a ruggedized
laptop.

Partial Credit 1: Ignoring all other memory interfacing
requirements, but considering only capacity then how
many of these memory components would be sufficient for
the laptop to run MAC OS-X El Capitan?

Partial Credit 2: Consider the cost of electricity in Florida
given here: where-does-florida-rank-electricity-costs then
under absolute maximum conditions, if you used this
ruggedized Mac laptop for 1 hour per day every day for a
year, then what was your electric bill due to these memory
components alone?

Please express your answer to the nearest penny as an
integer number.

Partial Credit 3: If you looked at this chip and saw the
below then would the chip be rated for use in applications
exceeding 212 degrees Fahrenheit? Please respond either
Yes or No.

Module Marking

3D Plus Logo

Part Number Marking

SHEED )
30X 100X 00XX0 D20
XX 0000

Part Option Marking

Serial Number

Pin 1 Indicator (Optional)

3D SD2G16V54364
MS 1603

Ai3D SD

cpls)
Synchronous Dynamic Ram
MODULE

2Gbit SORAM organized as 2128Mx16, based on 128Mx4

MEMORY MODULE
SDRAM 128Mx16-SOP

3D SD2G16VS4364

Features

- Stack of four 512Mbt SDRam.
- Organized as 128Mx16-bt
- Single +3.3 power supply.
- Fully synchronous; all signals registered on positve
edge of system dock
- Intemal pipelined operation: column address can be
changed every dock cycle.
- Programmable burst lengths; 1, 2. 4, 8 or full page.
- Auo precharge, incudes Concurent Auto
Precharge. and Auto Refresh Modes.
- Seff Refresh Modes.
LVTTL-compatible inputs and outputs.
- Avadable Temperature Range
0*Cto 70'C
40'C 10+85°C
Specific temperature range on demand
- Avalable with screening opton for high refability
appiication (Space, efc...)

General Description

Pin Assignment (Top View)

S0P 4 (Piich : 0.80 mm)

18 [sras T 1 a2 I'sa | vs

FUNCTIONAL BLOCK DIAGRAM

The 30 SD2GI6VS4364 is a high-speed  highly -
Synchronous Dynamic Random Acoess | 09009 s | 3 2CS1 DO
containing 2.147.483,648 bts. A o pmm—— g | e
It is organized with one bank of 2Gbit —
It is particularity wed suited for use in high reliability, o
high perfomance and high density system
applicatons, such as sold state mass recorder,
server o workstation.
DC operating conditions and characteristics ___ Absolute maximum ratings
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Figure 8. Team Design Challenge Problem (left) with Trigger Content high[&hted (ri
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http://where-does-florida-rank-electricity-costs/

Figure 4:£ollaborative Learninyioyual Student Design Teams on an Etherpad Whiteboa

Figure 4.%esign team windgwsjected on auditorium scdeeing observation gaidlancey Instructor / GTA.

During Step 6in Figure 4.1, the instructor observes both the-guéoled scores from the
Response Tabulator as well as the Whiteboard windows, of each desigriténiversity of
Central FloridaJCF), the Canvas LMS is utilized and provides a Moderate Quiz feature, which
displays the scores stibmissions as they occur in réiahe, thus allowing the instructor to
monitor progress and more closely examinedii@ils of submission3 his assists the instructor

in identifying progress and misconceptions as they are occurring, even for large enroliment





















