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ABSTRACT

In this work-in-progress paper, we describe how we
Implemented active learning through collaborative online
laboratory experiences. The Iimplemented strategies
Include integration of open-ended design experiences Iinto
lab work, accomplishing virtual teamwork, creating an
online learning community and overcoming the isolation,
Incorporation of pre-lab simulations and videos.

. INTRODUCTION

Institutions are going to online courses and online labs due to
cost and demand. Challenging Issues must be addressed,
particularly regarding the best way to educate undergraduates In
online engineering laboratory courses. Until very recently, lab
courses stayed as the main obstacle in offering a fully online
electrical engineering degree. Simulations alone do not adequately
present problems that students may see in an actual lab nor
provide adequate hands-on experience necessary for effective
learning [1]. One solution to having online laboratories in Electrical
Engineering (EE) has been the use of lab-in-a-box approach .

In the Lab-in-a box approach, students get hands-on design
experience by wusing a portable and affordable test and
measurement device such as the Analog Discovery. We offered our
first EE online lab (circuit’s lab) in 2014 using the “Lab-in-a-box”
approach. Following this, all remaining lab courses have been
successfully converted to online labs. Our department began
content delivery in Digital eLearning format effective Fall 2015.

Since we have a very tight integration of online labs in our
curriculum, it is imperative that we study the effectiveness of
online lab experiences. The improved quality of labs would greatly
contribute to the student success improving student retention .

We have developed high-impact online lab teaching practices
that are instrumental for teaching online labs and implemented the
following active learning strategies during spring 2022 semester:
a) Integration of open-ended design experiences into lab work,
b) accomplishing teamwork in online labs, c) creating an online
learning community and overcoming the isolation, d) incorporation
of pre-lab simulations and pre-lab video demonstrations. These
strategies have been implemented in the following three EE
courses: ELEN-2411 Circuits |, ELEN-3322 Electronics Il, and
ELEN-3313 Signals & Systems

Il. ACTIVE LEARNING LABS

We have implemented various learning strategies in order to
iImprove the quality of Electrical Engineering (EE) online
engineering labs.

A. Introducing open-ended design experiences

In the last two decades, there has been a strong movement
toward more active-learning inquiry as there is evidence that it
helps students learn, engage, and become more confident [2], [3].
A study has shown that an open-ended (O-E) laboratory can
Increase student independence by giving them the opportunity to
be innovative and creative in designing and executing their own
experiments [4]. In O-E laboratory experiments, learners are
provided with clear objectives and a problem statement. Learners
need to develop the procedures through literature search or going
through some textbooks. They also need to identify the various
parameters and data that need to be collected [5]. We have
Incorporated three O-E design labs for each course. Students were
given two weeks to complete each open-ended lab due to
Increased scope of these labs. The difficulty of open-ended design
labs were such that we were able to assign them to virtual teams.
Below is an O-E lab sample taken from the Spring Electronics Il
course:

1) MOSFET Common Source Amplifier Design (Open-ended
Design Lab- Electronics Il)

Gleb Tcheslavski*, Selahattin Sayil, and Julia Yoo
Lamar University, Beaumont, TX

a) Based on the MOSFET CS amplifier shown in Fig. 1, derive
formulas for corner frequencies f, and f,. Assume that the load
capacitor is very large compared to transistor capacitances.

b) Design the amplifier shown in Fig. 1 using Multisim
simulation tool. Use a ZVN2110A NMOS transistor and take
R,=0.25k. In designing for the biasing resistors R1 and R2, there
must be three criteria that need to be satisfied:

« DC voltage value at the gate terminal should be such that the
output DC voltage equals to Vp/2 (Vps= Vpp/2).

 The input resistance of the amplifier should at least be 0.5k.
Note there are multiple solutions to this problem.

* You should design resistors R1 and R2 based on the available
values In component box with minimum number of resistors
combined (e.g. combine up to 2 resistors)

c) Once the values of resistors R1 and R2 are determined, verify
that the amplifier works as intended (use Multisim) and do a gain
calculation (use a suitable coupling capacitor).

d) Design the amplifier such with cut-off frequencies of
f, =178 Hz and f,=637 kHz. Use formulas derived in pre-lab. Include
bode plot, circuit schematics and your findings.

e) Construct the circuit of Fig. 1 on your breadboard and run the
circuit using Analog Discovery module. Obtain the Bode Plot using
the Network Analyzer tool.

fy Compare your hand calculation results to results derived from
simulations and Analog Discovery measurements. If there are any
discrepancies in corner frequencies, state possible reason(s) for
the error.
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Fig. 1 Common Source NMOS Amplifier with a load capacitor

B. Accomplishing teamwork in online labs:

Implementing inquiry-based labs often goes hand-in-hand with
Implementing collaborative and/or cooperative learning strategies
[6]. Instructors that employ inquiry-based learning in conjunction
with cooperative learning in their classes might expect positive
student attitudes and high levels of learning .

Online labs using lab-in-a-box approach usually require each
student to do the work. However, students may miss the feeling of
shared accomplishment and collaboration. Students may learn
better in teams and find it a more enjoyable learning experience.
Working in teams may result in a better understanding and retention
of course materials, higher motivation for learning.

We have formed virtual teams consisting of at most three
students and open-ended design work has been divided among
them. Each student has contributed to solving the problem utilizing
his/her experience and understanding of the techniques. We have
used instructor-structured cooperative learning strategies that
Include assigning roles to members of each group, changing roles
periodically, allowing team member’s rate each other’s contributions
and group accountability.

In addition to team lab reports, team presentations were also
required as part of their grade, and they needed to include the
following:

e Approach taken to solve the problem.

e Steps and the thinking process.

e How did you come up with the conclusion?

e What was the final product?

« What were the challenges and mistakes, how did you correct?

Each team presented their work via “Blackboard (BB)
Collaborate” tool after picking one of the presentation time slots
given by the instructor. The Collaborate platform includes virtual
classroom and online meeting spaces to share presentation material
and allows communication and collaboration between students and
faculty via live audio, video and chat tools.

We were very impressed with the quality of the team
presentations and believe that teamwork has excited them and
motivated to do more.

Team members also rated each other based on the rubric
shown Iin Table I. Instructor then used the average score and
Included in the lab grading.

Table Il shows the lab grading policy used for open-ended
design or team labs. Lab report product makes 55% of the total
lab grade for each student. Each team member presents his/her
part in Collaborate and earns a presentation grade of 10%.
Another 10% comes from teammate scoring. Then, a 15% of the
lab grade comes from team’s ability to complete the task in a
timely manner to obtain an acceptable product.

TABLE |l TEAMMATE PARTICIPATION RUBRIC

Did the team member complete his/her

0)
task in a timely manner? 3%

Is the member’s solution acceptable? 4%

Attended meetings and interacted with

. . 3%
other members in aresponsible manner

TABLE Il LAB GRADING POLICY
Team Lab Report Product 55%
Discussion forum Posting 10%

Team presentation
(each member presents his/her part of the open- [10%
ended lab)
Team members rating each other 10%
Team'’s ability to complete task together in a

. . 15%
timely manner to obtain an acceptable product

Last grading item on Table Il is the discussion forum posting.
This is part of our third strategy which will be discussed next.

C. Overcoming the isolation of the online labs and make it a
learning community

Having resources like discussion boards or chat tools might
help online students feel like they're part of something greater
and part of a social community.

We have made extensive use of BB Discussion forum and
Collaborate tools In order to create a learning community.
Instructors have attended the discussion forum almost daily for
guestions. In all three LUEE classes studied, the participation in
the discussion forum contributed to 10% of their lab grade.

For each lab, they needed to do 3 or more postings or
Interactions to earn the discussion grade. With the discussion
forum, students have often helped each other on circuit
troubleshooting and the experimental procedures without any
need for an instructor or the TA to intervene.

Students have used Collaborate tool not only for their
presentation but also to interact with the professor in order to
seek help for their O-E designs. We believe that collaborate and
discussion tools enhance the feeling that students belong in the
college and will increase student retention [7].

D. Incorporation of pre-lab _simulations and pre-lab _video
demonstrations:

Previous studies have Indicated that students feel more
prepared for laboratory classes when online pre-lab activities are
available [7]. Students have also reported that the online pre-lab
material had a positive effect on their learning, and that they
were able to enter the laboratory with high levels of perceived
preparedness [8]. Including simulation work as a pre-lab can
give students some confidence that they will know what to
encounter in an actual experiment and can improve their
learning. It was reported that the simulations have contributed to
Increased attainment and improvement in student confidence
level .

Pre-lab video demonstrations can help ease the frustration
students experiencing In labs, therefore, increasing the
confidence to carry out the activities during online lab sessions.
All online labs in selected lab courses have been enhanced
using pre-lab simulations and pre-lab video demonstrations.

Promoting Engaged and Active Learning Through Collaborative Online Lab Experiences

While most simulations provided a worry free experience before
actual implementations, some have actually been wused In
designing real circuits. Pre-lab videos for team labs included
some brief theory, overview of specifications, some general hints
regarding the implementation. For non-OE design labs, they were
given theory, details on procedure and expected waveforms.

. STATUS

We are currently assessing the improvements in learning via lab
strategies and result should be available very soon. Two means of
assessment are currently being used In the analysis: results
obtained from the project using pre- and post- surveys and data
obtained on the ABET student learning outcomes. We are seeking
answers to the following research questions.

Do the collaborative online labs improve students’ learning

In the chosen EE courses?

« How much better will be the performance of students taking
collaborative online labs compared to students taking the
online labs before the lab strategies implemented?

« Did the open-ended design problems given in labs help
students develop a deeper understanding; build self-
confidence and improve critical thinking skills?

« How does a collaborative learning community help students’
learning experience?

 |Is there a difference in students’ interest, self-efficacy,
motivation and attitudes toward EE for those who receive the
collaborative online labs, compared to those who received
the online labs before the lab strategies implemented?

V. CONCLUSION

We believe that the enhanced laboratory experiences applied
will contribute to the improvement of multiple ABET student
learning outcomes. The method used to expand the laboratory
experience is applicable to other STEM disciplines as well.
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