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Abstract

One of the main challenges in teaching online laboratories is the separation of imperfections in
technology and teaching strategies. In this presentation, we will discuss learning assessment of a
set of remote laboratories that cover "optical circuits" material . By optical circuits we refer to
systems that employ optical fiber or free space links to carry encoded information. These
laboratories involve the evaluation of optical fiber, fiber compatible components, and links for
transmission of encoded optical signals. Remote laboratories that have been developed at the
University of Colorado Boulder (UCB) and the University of Houston (UH) have been assessed
for the first time in the Spring 2006 semester in courses offered in the Engineering Technology
Department of the University of Houston. One of the objectives of this project is to evaluate the
teaching strategies given the imperfections in the technology of remote data acquisition. In order
to fulfill this objective, the authors have conducted opinion surveys among the participating
students and some experts in the field. The paper will present the findings from the collected
data, student success evaluation through a hands-on testing of skills, and faculty observations.
The data is collected from sixteen students who took the course and four experts who
participated in the evaluation of the teaching methods.

Introduction

Online education is bringing new opportunities for faculty from different institutions to share
resources and research on more cost effective methods to provide high quality learning
environments [1], [2]. There seems to be a consensus that video streaming is preferable to simply
static placement of material on a website. The efficacy of live streaming (large scale
teleconferencing) versus asynchronously accessible streamed video on learning may be an open
question. Technological advances in data compression and bandwidth increase in home
connections allow students to view high quality video streaming of lectures from home. This
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broadband access to the Internet is beginning to have an effect on the content of such materials
[3] and [4]. Combined with chat rooms, some being video equipped, there are techniques
available for dynamic interaction. However, experimentation is a pervasive need within
engineering education, and one that is hardest to address in a learning-effective as well as a cost-
effective manner. Several other efforts on online laboratories have been reported [5-16]. The
authors of this paper have presented results in [17] on a remote-controlled optical time domain
reflectometer for optical circuits.

The Engineering Technology Department in the University of Houston as well as the Electrical
and Computer Engineering Department in the University of Colorado at Boulder are offering
online laboratories for optical circuits classes in their curricula. The content of the course
includes tools necessary to understand and operate optical components and their test and
measurement instruments. The need for this knowledge arises from the lack of knowledge base
in the curricula on optics concepts such as fiber optic transmission systems, optical detection,
and bit error rate through optical transmission. These concepts traditionally were offered in the
theoretically upper level engineering curricula. However, the industrial push for more fiber-optic
transmission and a more mature optical technology for various applications call for practical and
interdisciplinary knowledge on this technology rather than the rigorous treatment of the theory
behind all. In this respect, there are six laboratories that are being developed in these two
institutions. These include characterization of optical sources such as laser diode and light
emitting diode, characterization fiber link properties that affects the performance of an optical
circuits, bandwidth measurements using time domain and frequency domain measurements,
characterization of optical detectors, characterization of optical link performance using bit error
rate (BER), and Eye diagram techniques. Figure 1 depicts a representation of all the components
and concepts involved in a typical optical circuit. The diagram illustrates that the experimental
themes may address specific hardware components as well as more general performance
characteristics of a fiber system as a communication link.
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Figure 1 - Depiction of an archetypical fiber optic link with source and detector
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The first two labs and a hands-on skill transfer version of the first two labs have been conducted
in the Spring 2006 at University of Houston. The objective of this paper is to investigate the
separation on the effect of the imperfection of the technology employed in transmitting the
information to the student from the imperfection of the teaching methodology. This objective
will help the education community understand the challenges that remote laboratories delivery
across the disciplines. The technological advances have enabled self-practice virtual laboratory
environments with a broadband connection. However, the data acquisition and integration of a
laboratory setup into one interface with an instructor is still challenging for most institutions. In
order to separate the technological imperfections from the shortcomings in the teaching
methodology, the assessment methods have to be designed with careful considerations.
Assessment results as well as observations will be presented in this paper.

The rest of the paper is organized as follows: section B presents the concept of separation of
imperfections while teaching methods and technology is presented in section C.

Technology Imperfections

The imperfections in technology might include the connection speed to the equipment and data
acquisition server; the data acquisition software limitations due to possibly inefficient instrument
drivers and connections, and remote lab interface with less than optimal number of controls on
the experiment. These imperfections are detailed below.

1. The connection speed to the equipment and data acquisition server: the connection has
been performed through the College of Technology’s LAN with 100 Mbps capacity.
Students have connected to the setup through their home computers as well as the campus
computers. From the demographic surveys, that data shows that none of the participants
had a dial-up connection. However, connection issue has two sides. One relies on the
network to transmit the acquired data from the measurement instrument. Since there were
not any dial-up connections and the LAN line has been sufficiently fast, there is no
anticipation that latency is related to this side of the transmission. The other relies on the
response speed of the instrument to data acquisition setup. This speed not only depends
on the data acquisition method, but it also depends on the instrument response time to
refresh measurement data. Work has been closely done with the National Instruments in
order to optimize the LabView data acquisition software for a real-life performance in a
remote setting. The refresh rate for a spectrum display is almost 2 Hz. The switching
from one setting to another (e.g. LED to laser transmission) happens almost in 2 sec. The
server has been reported stalling at times with no response. The students would have to
reset the whole connection by exiting from the LabView screen and reopening in another
browser. The solution to this problem will be investigated to have a resolution by the next
semester.

2. The data acquisition software limitations due to possibly inefficient instrument drivers
and connections: the data acquisition software has been advanced to a level that it can
perform similar to a network device with an asymmetrical transmission characteristic.
Namely, it would read data from a test instrument to transmit back to the main display
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station (large data transmissions). In return, the display station would send requests to
better visualize the measurement outputs such as resolution, wavelength/time range, etc
(relatively small data transmissions). The Optical Spectrum Analyzer and the Optical
Switch have a connection through a GPIB cable to the control server station. The
oscilloscope/network analyzer, which is a more current instrument, has an Ethernet
connection to the server station.

3. Remote lab interface with less than optimal number of controls on the experiment: the
more controls there are on the server station, the greater the complexity of the LabView
program. On the other hand, it will become a close-to-hands-on experience if there can be
more controls on the server. It is our goal to have the students gain the skills necessary to
operate and investigate the optical components and instruments as if they have been
exposed to them in a traditional hands-on laboratory.

Given the outlined issues, the technology is mature enough to conduct experiments at almost the
hands-on level of experience using the remote access and data acquisition methods. In addition,
the technological advances push the remote data acquisition even further towards an automated
system with a decision and control station managing various system parameters. In this case,
systems have become plug-and-play with a user-friendly access mechanism and control. The
setup of the system almost never needs to be tweaked.

Teaching Imperfections

Laboratory manuals are prepared using a model adopted by a group of faculty at the University
of Houston, Engineering Technology. The salient feature of this method is that students carry out
the lab in two steps. Firstly, the pre-lab is conducted where students watch a video orientation
and then perform a simulation. The simulation will give student a first hand interaction with the
concept dealt with in the lab portion. Secondly, the lab is conducted where students perform the
actual remote control of equipment and take real measurements.

The simulation and the orientation video are the pre-lab activities. The learning outcomes depend
highly on both the hands-on experience to be gained through the remote laboratories as well as
the understanding of fundamental concepts in each experiment. Whenever the remote lab has a
shortcoming of relaying the big picture of an experimental setup, the orientation video should fill
in the gaps in equipment familiarization and setup details. Similarly, simulation should be able to
provide a larger scale experimentation venue for comparison of parameters that have a high
degree of importance in the concepts.

The simulations are designed by the instruction using the VVPI Software for optical systems. The
actual modeling software is being used to create system scenarios. These simulations are then
saved as an executable file to be played later by students using VPI's free run-time engine: VPI
Player [18]. The simulations include a variable parameter that can be set to various cases. This
parameter gives the students a tool to change the conditions of their observations. Although the
students cannot design a system using the VPI Player, they can observe the setup on the screen
and play with the variables governing the experiment.
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Figure 2 displays fiber link attenuation simulation implemented using the VPI player. The
simulations were for multi-mode and single-mode fibers with varying propagation distances. The
results of the simulation execution are displayed to the side of the simulation display. The input
power to the links is displayed by the powermeter pop up windows as well as their corresponding
output power levels. Link budget calculations can be done using these results. These results are
in power measurements at the input and output ports of various distances of propagation through
multi-mode or single-mode fiber.

The orientation video has the recordings of the instructions to the simulation software and the
remote access mechanism outlined by the instructor. The available technologies vary from
institution to institution for the video and instructions delivery. Polycom iPower has been used to
prepare this first orientation. In future implementation the orientation will include a demo of the
instructor setting up the real experiment for students to have a feel of what an experiment takes
to set up.

VPiplayer™ SR b
L rexr: mpo... - [O]x)]
| Fie Hel |
IN POWER (dEm) MM fibers
| Column 0 | Tl =+
|- 2091595444435%8 |
L oute. |- (O] ||
| Fie Help 1
OUT POWER (dBm) 0.5 km ...
| Colurmn 0 | Single Made
|6 2140866371 76808 | Laser o o —
L5 2140 28 _ e | =
m —o]x|| [#] ‘m AEE)
File Help

50 kr .
_ A= PR ] _| | Fis Help
OUT POWER (dBm) 1 km MM e L —A |- *‘l-x_ ‘S Mocs I [ t | IN POWER (dBm) SM system
S -

Column 0 | Calumn 0 |

[ [
R _ Transmitter Channel F_27193914212301 — |
i TEXT: 0UTP... [0 E)) L TEXT: OUT o[- (B |

File Help File  Help

OUT POWER (dBm) 2 km MM OUT POWER (dBm) 50 km SM

Colurin 0 | Column 0 |
12 214096637176516 | 132719891421 25532 |

Figure 2 - Simulation window for fiber link loss analysis
A.1 Implementation of Experiments

Multiple parts of the experiments are remotely controllable or connected to an instrument that is
controllable. For instance, in the source characterization experiment, the laser and LED sources
are connected to a switch that is remotely controllable. The output of the switch is connected to
the Optical Signal Analyzer (OSA). The OSA screen and switch controls are displayed on the
remote control window through the LabView web server. Students can access the remote
laboratories using an ActiveX plug-in on their web browser. The setup in figure 3 gives an
overview of how the access mechanism works for the students through the remote data
acquisition. An optical switch enables the selection of the concept to be monitored. It is remotely
controlled by the same Virtual Instrument program that controls the OSA. The spectrum is
monitored when the selection is changed between a laser and an LED source.
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Optical Switch

Student Site
Figure 3 - Remote access mechanism for experiments

Possible teaching method imperfections may include orientation video, concept to experiment
mapping, and parsing of experiment to simulation and remote data acquisition.

Concept to experiment mapping: the concepts will need to be mapped to an experiment in such
a way that they will teach students in an effective way while being sufficient without
troubleshooting skill development over the system demonstration. The remote laboratories will
lack the troubleshooting practices unless there is a mechanism to physically control the setup by
moving components around and connecting them via a robot hand.

Parsing of experiment to simulation and remote data acquisition: the parsing has a great
impact in the understanding of educational delivery methods in remote laboratories: e.g. perfect
results of a fundamental concept through a simulation model might create confusion when the
student is presented with the real-life experience from the actual laboratory results (including
noise, system imperfections, etc.). The simulation should be able to address the imperfections in
real-life cases to keep these confusions at a minimum.

Orientation video: Orientation video further enhances the pictorial understanding of the setup.

Assessment Results of Pilot Implementation

The assessment plan encompasses both formative and summative assessment methods. The
experiments are being developed at the University of Houston (UH) while the other institutions
and experts from industry are providing feedback on the teaching methodologies and the
performance of the remote access laboratories. In order to assess the learning outcomes with the
learning objectives in mind, the assessment methods are developed. These methods with their
action items are listed in table 1.

Summative assessment methods involve a project demonstration as well as the final application

of the skills by the graduates of the class. This assessment method will help the project shape the
portability and flexibility of its methods.
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Table 1 - Formative and Summative Assessment Activities

Outcomes | Assessment Methods

Formative Assessment

Mastery of Knowledge in Optical Components

Develop Investigation Skills in Link Error
Characterization

- Tests & pre-lab activity reports
- Faculty evaluation rubrics
- Student perception surveys

- Interview & visits by industry

Summative Assessment

Mastery in hands-on skills by developing innovative e-
learning methods in laboratory instruction

to biotechnology, communications, networking, etc.

End-of-semester project
demonstration at the physical lab
Develop transferable skills in optical systems applicable | (every semester)

Faculty evaluation reports as well as student perception surveys are being initially used to steer
the project evaluations. The expert opinion surveys are useful to keep the project up-to-date with
its technological advancement. The formative assessment methods are being conducted as the
experiments are pilot tested in classes. The initial results from the Spring 2006 semester are

presented here.

Table 2 - Student Opinion Summary

> @ @ >
2E| 5| 8 |28
sfl 3| 2|2
w0 (@] n
Optical Sources
The laboratory improved my understanding of laser. 17% | 8% | 75% [ 0%
Wavelength ranges were easy to set and observe. 8% | 33% | 50% | 8%
Fiber Links
My understanding fiber link loss is improved. 0% | 11% | 61% | 28%
Power level after each fiber link was easy to measure. 0% | 6% | 72% | 22%
Remote Access
The remote control speed was enough to do the lab. 3% | 10% | 59% | 28%
The remote control panel software was easy to use. 3% | 31% | 45% | 21%
The instrument control was clear. 7% | 10% | 63% | 20%
The remote laboratory provided a similar experience to a hands-on lab. | 6% | 26% | 65% | 3%
The lab manual was easy to understand. 10% | 19% | 61% | 10%
The web interface was easy to follow and understand. 6% | 10% | 74% | 10%
The pre-lab was helpful in understanding and performing this lab. 3% | 16% | 65% | 16%
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Student Opinion Surveys encompass questions related to the teaching methods in a remote
setting. There are two questions that directly address the student knowledge acquisition. In
addition, the demographics of access methods are also collected. The results of these opinion
surveys are listed in table 2. So far, students have been very successful in conducting the
experiments. The end-of-semester laboratory has been a hands-on implementation of the
knowledge and investigation skills presented in the remote laboratories. Another survey that
directly compares the skills of remote and hands-on labs is conducted in this experiment. Most of
the students felt comfortable with their interface to the real instruments.

In order to identify the teaching shortcomings and to separate these from the technological
shortfalls, a hands-on test experiment in the lab has been conducted. The results of the survey
over this pilot implementation are listed in the table 3. The resulting opinion survey from the
hands-on experience represents the fundamental differences between the remote and hands-on
labs. Although the success rate was high in transferring the skills gained in the remote labs,
student opinions on the comparison of remote vs. hands-on experience has a variance.

Table 3 - Opinion survey from the hands-on experience

Question Yes No
Were you able to conduct the experiment? 100% 0%
Can you identify different connectors used? 100% 0%
Did you check if the bias current of the LED is set correctly? 94% 6%
The hands-on laboratory helped me understand the concepts better. 100% 0%
I was able to set up the OSA correctly to get the spectrum characteristics. 100% 0%
I was able to set up different wavelength ranges in the OSA. 100% 0%
The remote laboratory gave a similar experience to a hands-on experiment. 56% 44%
I was able to measure the output peak power after various fiber link lengths. | 100% 0%

We have also received some expert opinion on the experiments. Table 4 summarized the results
of the opinion survey. We have received suggestions to improve both technological setup as well
as our teaching methods.

Table 4 - Expert opinion survey results

Question Yes No
The remote control speed was enough to do the lab 100% 0%
The remote control panel software was easy to use. 100% 0%
The instrument control was clear. 75% 25%
Instrument visualization was clear. 100% 0%
The laboratory helps in teaching the fiber link loss concepts. 100% 0%
The laboratory helps in teaching connector loss in fiber links. 25% 75%
Power readings for each of the link were easy to observe. 100% | 0%
The remote laboratory provided a similar experience to a "hands-on" lab. 75% 25%
The lab manual was easy to understand. 100% 0%
The laboratory instructions were clear. 50% 50%
The Webcam was necessary to help me control the experiment. 0% 100%
The web interface was easy to follow and understand. 75% 25%
The pre-lab was helpful in understanding and performing this lab. 100% 0%
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Conclusions

Laboratory distance education opens new challenges such as separation of imperfections in
technology and teaching methodologies and development of assessment strategies that provide
reliable feedback about student learning capabilities. Feedback from students and experts
provided a lot of constructive comments and suggestions. Consequently, the teaching strategy
has been updated to include a setup instructions video. This updated version of the orientation
video would include the instructions on how to connect the optical circuit, showcases of the
equipment used in the labs, and instructions on the measurements to be taken during each lab.
This is an ongoing effort; and further work must be done to provide more experiments with
student assessment feedback and analysis.
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