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Abstract  
Although Google has halted the production of Google Glass©, smart eyewear still has practical 
applications in education. In this paper, the authors attempt to apply this wearable technology to 
enhancing remote EE lab learning.  

Video recording is the norm for teaching how-to-setup and perform EE lab experiments. This is 
particularly helpful to junior EE students. Google Glass, and other similar devices, can provide these 
students with a better educational experience than traditional methods. This paper describes the steps 
that students in their first DC and AC circuit analysis lab (BEE215/BEE503) using Google Glass, and 
the results of questionnaire detailing their impressions of the experience. 

This paper will also cover some of the limitations of the Google Glass, such as processing power, user 
interface, a shortage of ready-to-use applications, and technical support. It will also suggest ways to 
overcome these challenges, and propose some future projects, as well as suggestions for future 
devices. 

The proposal is not only limited to remote EE lab learning, but can also apply to any lab that requires a 
more “hand-holding” learning experience. The success of the proposed learning model depends on 
the price and popularity of Google Glass or other visual digital devices, and the need for an 
infrastructure capable of supporting real-time streaming video. 

1 BACKGROUND 

1.1 The Need of Remote Learning EE Lab 
The ABET accredited Electrical Engineering (EE) program at the University of Washington Bothell 
started in 2009 and has grown steadily to a current enrolment of approximately 200 undergraduates. 
An MSEE program and a graduate certificate program were started in 2015 and have grown to 
approximately 50 full-time and part-time students.  

However, this steady growth rate is slowing due to the nationwide decline in EE enrolment. There is a 
need to look for different approaches to bolster student enrolment. Remote learning provides a 
potential approach engaging students who might otherwise be unable to begin an intensive EE degree 
program [1].  

While it is well-established that lecture content may be effectively delivered via remote attendance, the 
concurrent lab part of a course must be taken on-site, thus diminishing the attractiveness of the 
remote course. Thus, a technology that would enable a remote EE lab is needed to circumvent this 
limitation. While remote laboratory work for education is an active area of current research [2-8], the 
opportunities provided by Google Glass are just being realized. In addition, half of the UWB EE 
student body is made up of adult students and non-traditional students. Most of them commute to 
school and have part-time or full-time jobs. A remote EE lab will provide the flexibility of completing EE 
lab at convenient time and place for these students.   

In this paper, we propose the use of a wearable technology to enhance EE remote lab learning 
experience using Google Glass. Although the Google Glass project has been suspended for now, the 
authors believe it has merit and we are preparing for a second generation of these devices. In fact, 
Google Glass is also gaining traction as an industrial tool [9]. 

In the following sections, we review the Google Glass technology and state the ways how Google 
Glass is used in remote EE lab learning and troubling shooting. We conclude the paper with student 
feedback and the limitations of this technology. 
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1.2 The Google Glass 
The Google Glass was Google’s first attempt at a fully functional pair of smart glasses. It offers a 
hands free, visually integrated user environment. Users can interact with an Android environment with 
voice commands, head gestures, and hand gestures on a touch pad on the side of the frames. The 
screen is projected onto the user’s eye from a display module in the top right corner of the right eye-
piece, giving the same resolution as a moderate sized display half way across a small room. A small 
speaker and microphone are built into the right earpiece, using vibration to conduct sound. A small 
camera is built into the front of the right earpiece, providing a first-person point of view for pictures, 
videos, and video calls.  

 
Fig. 1 Author (ML) wearing a Google Glass. 

Bluetooth and Wi-Fi connectivity provide a way to pair the device with a smart phone, thus enabling 
data transmission over the internet. Bluetooth keyboards can also be paired with the device for 
improved user input. It also provides 16GB of non-volatile storage, and a USB port for charging and 
PC communication. The Google Store also provides some ready-to-use applications. It is also 
possible to acquire the Software Development Kit (SDK) from Google in order to and create custom 
applications. 

The Goole Glass was a trial version of a smart eye-wear system, and official support for the device 
was discontinued in 2015. This does not mean that it is completely irrelevant.  This was a prototype, 
and a follow-on version of the device may be under development. There are still a number of 
functional applications available on the internet. Other manufacturers have released similar “smart 
glasses”, but they do not provide the same level of functionality. The Google Glass remains a unique 
way for users to interact with an Android device. 

2 REMOTE EE LAB USING GOOGLE GLASS 
The remote EE lab learning experience is divided into two parts: the Google Glass as a teaching tool 
and the Google Glass as an aid in trouble-shooting an experiment. In the first part the Google Glass is 
used with new EE students self-learning the introductory EE classes BEE215 and BEE235 and also 
with new graduate certificate students taking BEE503, which is a concentrated version of BEE215 and 
BEE233.  

In the second part, the Google Glass is turned into a trouble shooting tool to help the students find and 
fix problems with the help of a remotely located instructor or teaching assistant (TA). 
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2.1 Google Glass in Learning 
As a learning tool we assume that the student has access to a pair of the Google Glass, a myDAQ© 
board from National Instruments (to provide voltage, current and waveform measurements to be 
made)[10], or a UWB remote EE lab development board[4] and the lab tool kits and electronic 
components.  

Each remote EE lab comes with a video recording with an introduction and set of procedures for 
working on the lab. The development of this material has been integrated with the Google Glass. 
When a student is wearing the Google glass, and following the lab procedure video, it is almost as if 
their instructor is next to them guiding them through the experiment. They can even pause or slow-
play the video according to match their pace. Fig. 3 is a block diagram of the remote EE lab as it is 
performed by a student wearing the Google glass. 

 
Fig. 3 Block diagram of the EE Google Glass remote lab system overview. 

The labs described in this paper consist of three experiments which are part of the first Electrical 
Engineering courses for undergraduates, BEE215, BEE233 and for the Certificate students, BEE503. 
The experiments introduce them to resistors, wires, power supplies and other components.  

The experimental procedures lead the students through the creation of circuits using standard circuit 
components by connecting them together on a solderless prototyping board. The circuits are shown in 
Fig. 4a, 4b and 4c for Ohm’s Law, mesh current analysis and dependent source experiments, 
respectively.  

In each circuit, they are required to identify components and assemble the circuit in order to measure 
current and voltage values. Finally, they will calculate the circuit values and compare their measured 
data to the calculated values.  

      
Fig. 4a Ohm’s law experiment.  Fig. 4b Mesh Current exp.  Fig. 4c Dependent source exp. 

The process starts with a new student downloading the recorded Google Glass video to a PC or 
mobile phone. The student will then takes out the electronic components and measurement equipment 
and put on the Google Glass. The experiment starts by turning on the Google Glass video recording 

•  
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and follow step-by-step procedure on how to identify components, how to wire the specific 
components on the prototype board and how to prepare the equipment to take electrical 
measurements. Once the students have gained an understanding of how to connect the components 
together to form a circuit, they will proceed to more complicated procedures.  

The student will begin the second part of the remote EE lab, which introduces the concepts measuring 
and recording circuit data. In this phase of the experiment, the student will follow the steps to wire the 
circuit components together add a power supply and the digital multimeter provided by the myDAQ 
instrument. Here, they would record the circuit’s current and voltage using the multimeter in the 
experimental window. The students will follow steps to record data in their computer for further 
analysis. 

This is shown in Figure 5. 

 
Fig. 5 Voltage and Current measurement picture. 

In the final phase of the experiment, the student will follow steps provided by the video recording 
showing them how to manipulate and process the measured circuit data. All these are viewed on their 
Google Glass. 

This final step is quite important as it helps the students to develop a context for the data that they 
record. After viewing the recorded video, the students will use the data to graph a V-I plot as shown in 
Fig. 6. At this point, the remote EE lab is completed at their place. If they want, they can reserve a 
time slot to come in the UWBB building EE lab to have hands experience on using more sophisticate 
bench equipment to perform more experiments. 

 
Fig. 6 The line created is almost a straight line – Ohm’s Law. 

2.2 Google Glass in Trouble Shooting 
One of the unique features of using Google Glass is remote assisted-learning. Let’s assume that the 
student is working at home on their lab experiment. The reach an impasse when the circuit does not 
seem to be working as described in their lab procedure. Generally, the student does not have enough 
knowledge to know how to proceed to systematically work through the circuit and find the error 
(trouble shoot). He is stuck.  
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This happens quite frequent as the labs become more challenging. Traditionally, when the student is 
performing the lab on-site, he can ask the lab instructor for help. The instructor will come to inspect the 
circuit and trouble-shoot it with the student observing the process.  

However, if our student working at home is doing the lab when an instructor is “on-call”, he can contact 
the instructor online and bring the instructor to his experiment through the Google Glass. The session 
is now a live video stream through the Google Glass. The instructor will follow the student’s sight and 
see exactly what the student sees through the Google Glass. The instructor will guide the student 
through the trouble shooting process and eventually resolve the issue. Figure 8 shows the picture of a 
student follow a live stream Google Glass video conference to trouble shoot the circuit. 

 
Figure 8: A student trouble shooting her circuit with live stream Google Glass video conferencing 

 from her instructor. 

3 RESULTS 

3.1 The Student Feedback 
In order to assess the value of the Google Glass enabled EE lab, we conducted a student satisfaction 
survey with BEE 503 students performing the required EE labs remotely. The questions and result are 
summarized in Table 1. Questions 1, 3, 5, 7 and 8 have average score of about 8 out of 10 indicating 
that students liked the remote EE labs using Google Glass. Some students commented that their 
scores would be higher if the videos had better quality and higher resolution. This is one of the 
improvements that we’ll make as the system continues to evolve.  

The general enthusiasm for the Google Glass remote EE lab was further revealed in question 9, 
where we asked if they would like to see this done for other labs. The response to this question was 
8.2 out 10.  

In question 10, we asked if they still would use this if they were required to pay extra to have it 
available for all EE lab courses. The score dropped to 6.5 out of 10, which is lower, but still positive. 
We estimate that a very modest increase in the students’ lab fees would be able to support this 
program especially if the Google Glass 2.0 will be mass produced and available to general public. 
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Table 1.  Google Glass Remote EE Lab Survey. 

Question Average score out of scale of 
10 from 21 student class 

1. Is video lab1 demonstration helpful? 7.7 

3. Are video lab2-1 & lab2-3 helpful? 8.1 

5. If you have problem working a lab at home, would you use Google 
Glass stream video conference to seek help? 

8.5 

7. How much the Google Glass lab help you to do the lab? 7.8 

8. Would you recommend other students to use the Google Glass and 
the video in doing the labs?  

8.0 

9. How much you would like to see all other major labs having this kind of 
Google Glass lab available? 

8.2 

10. Repeat question 8 but if you are required to pay for a reasonable cost 
to have this available, would you still want it? 

6.5 

3.2 The Advantages of using the Google Glass 
The Google Glass has several advantages in the classroom environment. It is hands-free and 
portable, allowing a student to receive relevant information while they work on a physical problem. The 
student can watch an instructional video while they work on a circuit, or broadcast video of the circuit 
that they are working to their instructor while they physically troubleshoot the circuit. It provides many 
of the functions of a smart phone, but it is wearable and generally hands-free. There are a number of 
ready-to-use apps available, and it is possible to create custom applications using a special library 
with the Android Software Development Kit. Finally, it is an interesting way to interact in a classroom 
environment. 

3.3 The Limitations of using the Google Glass 
The Google Glass does, however, have some limitations. It has limited processing power, and limited 
battery life. It tends to be buggy, and can lock-up. It tends to overheat when recording, playing, or 
sending video.  

More troubling, it has been discontinued, making support somewhat problematic. Input directly on the 
device is limited and has a small screen. Because the firmware changed drastically over the trial run of 
the device, it may be necessary to switch between different versions of the firmware to get certain 
features working. Video calling has been discontinued, primarily due to poor software quality and 
overheating. Although there are a number of apps available, many of them are experimental versions 
or incomplete. 

3.4 Long–term project goals 
The long-term project goals are to resolve the technical difficulties we came across such as the 
Google Glass heating issue, video bandwidth limitation and internet transfer speed constraint. The 
heating issue can be re-examined by using other wearable glasses from Sony and Apple [11]. The 
video bandwidth limitation can be circumvented by incorporating with a portable memory card slot 
integrated with the wearable glass. The internet transfer speed can be improved by exploring the 
possibility of Bluetooth 3.0 and even on-chip cellular receiver. Finally, in order for the wearable 
technology takes off in remote learning, the price of the unit has to come down to a comfortable level 
for ordinary students to purchase or for the university to provide.  

4 CONCLUSIONS 
We have reported here a remote EE lab using Google Glass. Although the Google Glass project has 
been suspended for now, we still find the potential usage of the wearable technology useful in direct 
learning of new task and complex procedures. Thus, we look to the Google Glass as the leading edge 
of a potentially exciting new teaching pedagogy.  
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The Google Glass is particular helpful in remote trouble shooting because it places the remote 
instructor next to the students. The proposed wearable technology learning modality is not limited in 
EE labs but it can also be used in other field such as equipment control, medical procedures and 
remote teaching driving.  
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