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Design and Implementation of an Online Digital Design Course 
 
Abstract 
 
As the popularity of online education increases, many face-to-face electrical engineering courses 
are converted to be taught online. ABET outcomes must be considered to maintain equivalency 
between the online and face-to-face versions. The challenge exists on how to offer online 
students, who are physically dispersed, the same educational experience as the on-site students in 
terms of course content, hands-on lab experience, student support and assessment.  
 
This paper will discuss the conversion of a face-to-face 15-week lecture-lab Digital Design 
Fundamentals course to a 7.5-week equivalent online format. The creation, implementation and 
evaluation of the course will be discussed, focusing on how equivalency was maintained for the 
on-site and online versions. Specifically, the equivalency will be described in terms of course 
materials, hands-on labs, student support and assessment. The same course materials were used 
in both on-site and online versions. To have the same hands-on lab experience, students 
purchased an affordable lab kit to set up a home lab and perform the same lab exercises as in an 
on-campus lab. Piazza, an online Q&A discussion forum, was used to provide students with 
prompt answers to their questions, equivalent to but more convenient than on-campus office 
hours. Finally, to give the same assessment to online students as to on-site students, ProctorU, an 
online proctor service, was used in the final exam.  
 
The online course was first piloted in summer 2014 with 128 students enrolled. Since then, an 
additional 382 students took the course, which brought the total enrollment to 510 by the end of 
2015.  Student learning outcomes will be evaluated using an ABET assessment that was given to 
both on-site and online students. Student retention will be compared using DEW rate. Student 
perceptions of the course will be addressed based on anonymous teaching evaluations. 
Recommendations for future improvement will also be discussed. 
 
Introduction 
 
Online education has grown rapidly in the past decade1. Around 6.7 million students enrolled in 
at least one online course in 2012, taking advantage of the flexibility and accessibility of online 
learning2. With the demand for online higher education continuing to grow, 70.7% of all active, 
open-to-public, degree granting institutions have some distance learning offerings as of 20143. 
Our large, public, research university (Arizona State University) has started to offer its ABET 
accredited undergraduate program in a fully online format beginning fall 2013, with the goal of 
providing online students the same high quality educational experience as the on-site students4. 
At the time of this writing, our degree program is one of the only two ABET accredited BS 
electrical engineering programs in the nation offered in a 100% online format5. 
 
Digital Design Fundamentals is the first electrical engineering course on this online bachelor 
degree program major map. An online version of the course was designed to deliver equivalent 
content and assessment comparable to the face-to-face version but was adapted to a suitable 
format for online delivery. The instructors developing and teaching the online version were also 



teaching the on-site version of the course. The online course was piloted in summer 2014 and has 
since been offered every semester.  
 
This paper will focus on how the course was designed and implemented to give online students 
the same educational experience as the face-to-face students. Specifically, the equivalency will 
be described in terms of course materials, hands-on labs, student support and assessment. With a 
total enrollment of 510 students by the end of 2015, the effectiveness of the course will be 
evaluated though ABET learning outcomes, student retention and their perception of the course.  
 
The rest of the paper is organized as follows. First, the current state of the online bachelor 
electrical engineering program is briefly reviewed in the background section. The course design 
and implementation is described next, followed by the assessment and results. Lessons learned 
and recommendation for future improvement is presented next, followed by conclusion.  
 
Background 
 
Arizona State University has a long history of offering flexible study options to students. It 
started offering distance-learning programs thirty years ago through interactive TV networks and 
satellites. Since 2002, its online program has expanded to offer over 100 undergraduate and 
graduate degree programs entirely online. 
 
In Fall 2013, our engineering school started offering its Bachelor of Science in Engineering 
(B.S.E.) degree program in Electrical Engineering entirely online. The program gives 
opportunity to anyone who is motivated to pursue an electrical engineering degree a flexible, 
accessible online format to achieve his/her educational goal. The degree program strives to 
provide online students with an equivalent learning experience to the on-site students. In 
particular, the online students are admitted through the same process, challenged by the same 
rigorous academic content, taught by the same faculty, and they benefit from the same services 
and resources as the on-site students. The 120-credit-hour degree program includes core 
engineering courses and a minimum of 45 upper division credit hours in specialty courses. All 
courses in the online degree program are offered in a seven-and-a-half week format. 
 
Based on our enrollment data since 2013, on-site and online students have different 
characteristics in terms of population4. The online students are on average ten years older than 
on-site students. 75% of online students are from out-of-state, while 75% of face-to-face students 
are eligible for in-state tuition. A third of online enrollment (compared to one tenth of on-site 
enrollment) is active military and veterans.  
 
While there are many online engineering programs, most BS degrees require on-campus labs and 
most of the 100% online programs are master degree or engineering technology certificate 
programs6. The main difficulty of converting an undergraduate electrical engineering program to 
an online equivalent is conducting courses requiring lab components. Many solutions have been 
implemented to address this difficulty including remote access to on-campus lab equipment7-8 
and portable lab kits9-10.  Other challenges include engaging students in team projects and student 
authentication11.  
 



Design and Implementation 
 
The Digital Design Fundamentals course is a 3-credit 15-week lecture and lab course required of 
all electrical engineering students. Students typically take this course during their second 
semester in the degree program. As the first course in electrical engineering, the course 
introduces students to number systems, conversion methods, binary and complement arithmetic, 
Boolean algebra, circuit minimization, ROMs, PLAs, flip flops, and synchronous sequential 
circuits. Besides learning these basic electrical engineering concepts during lectures, students 
also conduct simulation and hardware labs each week to connect theory to practice.  
 
The course was converted from the 15-week traditional face-to-face format to the 7.5-week 
online format. Instructional materials were either developed from scratch or adapted from the 
existing course materials. 
 
Course Structure 
 
Due to the condensed online schedule, 2-week worth of course materials in the traditional format 
is delivered during one week in the online format. The online weekly schedule is shown in Table 
1. In the face-to-face version, students start labs in week 4, complete one lab per week thereafter 
alternating between simulation and hardware labs. Students use the last month of the semester to 
work on simulation lab 4 and hardware lab 4.  
 

Table 1. Online Weekly Schedule (S: Simulation Labs, H: Hardware Labs) 
Week Topics Labs 
1 Electrical Circuit 

Fundamentals, Logic Circuit 
Description, Truth Tables 

S0: Simulator Tutorial: Using Logisim 

2 Boolean Algebra, Logic 
Minimization, Karnaugh Maps 

H0: Using a Prototype Board and Voltmeter 

3 Number Systems, Addition and 
Subtraction, 2’s Complement 

S1: Half Adder, Increment and Two’s Complement 
Circuit 
H1: Debugging a Half and Full Adder 

4 Advanced Combinational 
Logic: Multiplexers, Decoders, 
Programmable Logic 

S2: 4-Bit Full Adder, Multiplexer and Decoder 
H2: TTL Characteristics, Three-state Buffers, 
Open-collector Buffers 

5 Sequential Logic: Latches, Flip 
Flops, Registers, Counters 

S3: Arithmetic and Logic Unit 
H3: Latches, Flip-flops, Registers and Counters 

6 Synchronous Finite State 
Machine (FSM) Design 

H4: Capstone Design Project 

7 Microprocessor Design S4: The Microprocessor 
7.5 Review and Final Exam   

 
Lecture Materials 
 
Instead of using the “lecture-capture” approach, lecture videos were recorded from scratch to 
introduce course concepts and demonstrate how to apply concepts to solve problems. The 



number of videos, the total and average video length for each week is shown in Table 2. The 
average video length is around 10 minutes. The segmentation of videos into short chunks was 
intentional to maintain student engagement12. The total amount of videos per week is around 2 
hour and 30 minutes, which is around half of the contact hours for a face-to-face 7-week 3-credit 
summer course. In the face-to-face version, about half of the lecture time is dedicated to in-class 
exercises with students solving problems individually or in teams.  
 

Table 2. Lecture Video Length 
Week Number of Videos Total Video Length 

(hour:minute) 
Average Video Length 

(minute:second) 
1 11 1:14 6:45 
2 21 2:46 7:55 
3 15 2:18 9:11 
4 19 3:08 9:54 
5 16 2:46 10:21 
6 16 3:06 11:37 
7 13 1:59 9:10 
 Total: 111 Average 2:28 Average: 9:16 

 
In additional to video lectures, practice problems with solutions are provided to students. 
Students can work though these problems before taking the weekly quiz.  
 
Hands on Labs 
 
For both online and face-to-face students, simulation labs are completed using Logisim13, a 
software that is free and runs on any platform supporting Java. For hardware labs, face-to-face 
students do their labs on-campus with all lab supplies readily available in the lab room.  To have 
the same hands-on experience, the online students are required to buy a portable lab kit. The lab 
kit costs around $200. The majority of the cost comes from the Analog Discovery USB 
Oscilloscope and Logic Analyzer by Digilent14, which has been successfully piloted at several 
other universities15. The Analog Discovery Design kit along with the Waveforms14 software 
provides features such as oscilloscope, waveform generator, voltmeter, digital I/O etc., and 
students are able to turn their computer into an electrical engineering workstation/test bench.  
The kit has been chosen to be able to be reused in other courses in the online electrical 
engineering curriculum, in particular the Circuits sequence. The lab kit is not sold by the 
university. Instead a bill of materials is provided to students for them to purchase the parts 
commercially online from any vendor.  
 
Student Support 
 
For the face-to-face class, students interact with the instructor and their peers through in-class 
meetings. On campus students can also get help from the instructor though office hours. In 
contrast, Piazza16, a web-based Q&A platform, is used as the main venue of interaction between 
students and between students and instructor. Students can publicly (or anonymously) ask 
questions, answer questions and post notes. Each question prompts two answers, one collective 
answer which can be edited by any student, the other instructor answer which can only be edited 



by instructor. The instructor can also endorse student answers. Users of Piazza can set up to 
receive email notifications when new content is added. Because both instructor and students can 
respond to questions, student’s questions are usually answered very fast, around 30 minutes on 
average. Besides the Piazza forum, online students can also utilize the free online tutoring 
service offered by the engineering school. One challenge of teaching an electrical engineering 
lab course online is to provide help to students when they have trouble with their lab setup or 
circuits. To address this challenge, a detailed troubleshooting guide is provided in the lab 
manual. When students encounter problems in the labs, they post circuit diagrams or breadboard 
wiring photos to Piazza. Instructor and other students then provide troubleshooting advice, and 
after a few rounds of message/photo exchange, students often report their problem solved.  
 
Student Assessment 
 
The grading schemes for the online and face-to-face versions are compared in Table 3. 
 

Table 3. Grading Scheme 
Online Face-to-face 

Syllabus Quiz 1% Homework (6) 10% 
Weekly Quizzes (7) 35% Quizzes (3) 15% 
Simulation Labs (5) 22% Simulation Labs (5) 15% 
Hardware Labs (5) 22% Hardware Labs (5) 20% 
Final Exam 20% Midterm Exam 20% 
  Final Exam 20% 
Total 100% Total 100% 

 
In the online version, a syllabus quiz is used to make sure students understand the expectation of 
the class.  Instead of giving homework assignments, the online course uses weekly quizzes to 
hold students accountable. All quizzes are multiple choice questions and are auto-graded. This 
ensures prompt feedback to the students.  
 
The same simulation labs, to be completed on their own using Logisim, are given to both online 
and face-to-face students. For hardware labs, the same lab contents and ICs are used, except that 
online and face-to-face students use difference measuring instruments, the in-lab Elenco XK-550 
Trainer Board for face-to-face students, and Analog Discovery USB Oscilloscope and Logic 
Analyzer for online students. The same lab report templates for both simulation and hardware 
labs are used by online and face-to-face students. The grading of all simulation and hardware 
labs, except for hardware lab 4, is the same for face-to-face and online students, i.e., based on 
submitted lab reports. The grading of simulation tasks is based on the circuit schematics in the 
lab report. The hardware lab attendance is verified for face-to-face students through an in-lab 
stamp, while the online students have to include in their lab report pictures of their 
breadboard/circuit set up as evidence of their lab completion. For hardware lab 4, the design 
project, face-to-face students have to demonstrate their project in front of a teaching assistant, 
while online students only submit the lab report with pictures of circuit set up, but with detailed 
test plan and test results as their proof of task completion.  
 



Only one exam is implemented in the online version due to the condensed schedule. The regular 
weekly schedule of quizzes eliminates the need for a midterm exam, which in the face-to-face 
class serves as a review before introducing sequential logic. To simulate a face-to-face proctored 
exam, an online proctoring service ProctorU17 is used. ProctorU allows students to take their 
exam at home. The test take’s identity is authenticated by a photo ID and a set of questions from 
a public information database. The students are connected with the proctor via web cam, their 
computer screen is monitored by the proctor in real time, and these ensure the integrity of the 
exam. 
 
Assessment and Results 
 
The face-to-face Digital Design Fundamentals course was converted to the online format. The 
effective of this conversion was assessed. Student learning outcomes were measured by ABET 
statistics collected by the instructors. In terms of student retention, the percentage of students 
who withdrew or received a D (final course grade between 60% and 70%) or E (final course 
grade less than 60%) letter grade, i.e., the DEW rate, was analyzed.   In addition, end-of-term 
course evaluations were used to specifically assess the online course quality and student 
experience. 
 
ABET Statistics  
 
To demonstrate student learning outcomes and prepare for ABET visit, instructors teaching this 
course face-to-face keep student scores from a set of multiple choice questions and selected 
graded lab tasks as evidence of student learning. The same practice was implemented in the 
online delivery of the course. The comparison of the two provides insight on the equivalency of 
the face-to-face and online implementations. 
 
A 10-question multiple choice quiz was used on the final exam to demonstrate student learning 
regarding ABET 3a18 (an ability to apply knowledge of mathematics, science, and engineering). 
The student scores from multiple semesters (both online and face-to-face) taught by the two 
authors during the years of 2014 and 2015 are shown in Table 4. The table shows the overall 
average scores from over 300 students both online and face-to-face are very similar.  
 

Table 4: Average Test Score for the 10-Question Quiz demonstrating ABET 3a 
 Online Face-to-Face 
 # of Test Takers Average Score # of Test Takers Average Score 
Spring 2014   186 6.5 
Summer 2014 104 6.2   
Fall 2014 51 6 67 6 
Spring 2015 68 6.5 57 6.3 
Summer 2015 101 6.6   
Fall 2015   69 5.7 
Total 324 6.4 379 6.2 

 
Selected task scores from student lab reports are used to demonstrate student learning regarding 
ABET 3b18 (an ability to design and conduct experiments, as well as to analyze and interpret 



data), 3c18 (an ability to design a system, component, or process to meet desired goals) and 3k18 
(an ability to use the techniques, skills, and modern engineering tools necessary for engineering 
practice). The lab tasks are selected from simulation lab 4 and hardware lab 4. In simulation lab 
4, students build a FSM-based controller, assemble the entire microprocessor, and execute a 
simple program. They then extend the functionality of the microprocessor by adding additional 
instructions. In hardware lab 4, students complete a capstone design project based on a problem 
statement. They have to design two different FSMs (Mealy and Moore machines), simulate their 
designs in software and choose one design to build using hardware.  
 
Table 5 shows the average lab task scores from both online and face-to-face classes taught by the 
two authors from Spring 2014 to Fall 2015. The data shows that on average online students did 
better on simulation lab 4 but did worse on hardware lab 4, i.e., the FSM capstone design 
project . The authors think that the likely reason for the better performance by the online students 
on the microprocessor simulation tasks is due to the Piazza discussion forum. Students can post 
their questions and get responses quickly. Students often post their faulty schematics and are able 
to get timely feedback from either instructor or other classmates. This is an advantage the face-
to-face students don’t have. Face-to-face students can get help from a lab teaching assistant, 
however, the help is only offered when the lab is open. On the other hand, the face-to-face 
students did better on the FSM capstone project, especially on the design of the FSMs. This is 
largely due to in-class teamwork and instructor guidance. This is an area that online version 
could improve upon.  
 

Table 5: Average Lab Task Score Demonstrating ABET 3b, 3c and 3k 

ABET Item Lab Tasks 
Average Score 

(Online) 
290 Students 

Average Score 
(Face-to-Face) 
326 Students 

3c. Design a system (Simulation Lab 4) Assemble 
the entire microprocessor 
circuit, write and execute a 
simple program 

81% 72% 

3b. Analyze and 
interpret data from 
experiments 

(Simulation Lab 4) Add 
additional instructions (AND, 
ZERO, SUB, STORE) 

65% 54% 

3c. Design a 
component 

(Hardware Lab 4) Design a 
finite state machine (FSM) 
given a problem statement 

66% 83% 

3k. Use modern 
engineering tools 

(Hardware Lab 4) Simulate 
the FSM using simulation  

69% 77% 

3b. Design and 
conduct experiments 

(Hardware Lab 4) Build the 
FSM using hardware 

69% 74% 

 
DEW Rate 
 
The DEW rate, i.e., the percentage of students who withdrew or received a D (final course grade 
between 60% and 70%) or E (final course grade less than 60%) letter grade, is compared 
between the online and face-to-face versions for multiple semesters in Table 6. It shows that the 



overall DEW rate for the 7.5-week online format (26%) is comparable to the traditional 15-week 
face-to-face format (24%).  
 

Table 6: DEW Rate 
 Online Face-to-Face 
 Total Enrollment DEW Rate Total Enrollment DEW Rate 
Summer 2014 128 25%   
Fall 2014 69 33% 499 21% 
Spring 2015 79 18% 466 22% 
Summer 2015 114 18%   
Fall 2015 120 37% 564 28% 
 Total: 510 Average: 26% Total: 1529 Average: 24% 

 
Course Evaluation 
 
The university conducts anonymous course evaluation at the end of each session. The data 
presented in this section are based on the survey data from the online courses taught by the two 
authors for four terms including summer and fall 2014, and spring and summer 2015. There were 
a total of 350 students enrolled in the course in which 136 students responded to the survey.  
 
On the course evaluation, there are questions designed specifically to evaluate the effectiveness 
of online courses. Three questions are asked on the survey focusing on online course quality (see 
Table 7). For these three questions, students choose one among the five Likert-type scale items: 
“Strongly Agree”, “Agree”, “Disagree”, “Strongly Disagree” and “Not Applicable”. Table 7 
shows that majority of the students (over 83%) thought there were sufficient interaction between 
students and instructor, and between students and students. And the online discussions were 
helpful for them learning the course materials. The distributions of the votes among the five 
Likert items are shown in Figure 1. 
 

Table 7: Course Evaluation (Online Course Quality) 
Online Course Quality (136 responses) Strongly Agree & Agree 

1. The online discussions helped me learn the subject matter. 83% 
2. The amount of interaction I had with the instructor was 

sufficient (e.g., e-mail, phone, fax, chat, or discussion) 
90% 

3. The amount of interaction I had with other students was 
sufficient (e.g., e-mail, phone, fax, chat, or discussion) 

88% 

 
 



 
Figure 1. Response Distribution for Online Course Quality  

 
Six questions on the course evaluation survey assess the overall online course experience (see 
Table 8). For these six questions, students choose one among the four Likert-type scale items: 
“Strongly Agree”, “Agree”, “Disagree”, and “Strongly Disagree”. Table 8 shows that an 
overwhelmingly majority (over 96%) reported satisfaction with the online experience, found the 
course useful and worthwhile, would recommend the course to others and would take another 
online course themselves. The distributions of the votes among the four Likert items are shown 
in Figure 2. 
 

Table 8: Course Evaluation (Online Overall Evaluation) 
Online Overall Evaluation (136 responses) Strongly Agree & Agree 

1. The course met my expectations. 97% 
2. I was satisfied with the online experience. 99% 
3. I would take another online course.  97% 
4. I would recommend this course to others. 99% 
5. I will use the skills I learned in this course. 96% 
6. Overall, I found the course worthwhile. 98% 
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Figure 2. Response Distribution for Online Overall Evaluation  

 
Student Comments 
 
Consistent with the course evaluation data from the previous section, most student comments 
were positive. The two main areas students were negative about were the work load and lack of a 
textbook.  For example, the students complained about “the amount of time required completing 
labs.” “It is very time consuming for an entry level EE class.” Given the amount of work in this 
course and the accelerated 7.5-week format, the comment was expected. However, students 
seemed to enjoy the final outcome: “I liked how everything came together at the end to 
understand the workings of a CPU. I also really liked how we performed the somewhat amazing 
feat of building a microprocessor. I very much enjoyed the labs even though they sometimes 
were strenuous.” Regarding the lack of textbook, strategies to mitigate its effect will be discussed 
in the Lessons Learned and Future Work section below. 
 
Other example comments from the anonymous teaching evaluation are listed below: 
 
1. Flexibility of Online Format 

• “I feel like I got more out of it being online versus in the class. I could access the videos 
and slides whenever I wanted and I found it very beneficial to my success in the class.” 

• “I love the online format. It offers so much flexibility over traditional learning. So much 
more efficient.” 

• “The ability to complete this course online allows me to continue my education through 
distance courses.” 

 
2. Course Interaction 

• “This course should be the standard to which other online classes are built. Piazza is a 
great resource. I wish all online classes used it.” 
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• “Piazza used to great effect for student interaction.” 
• “The tools used by the instructor to share information and submit assignments worked 

great. Many other instructors try to make online too much like a classroom and they end 
up with a very bad class. The instructor lets the technology work for her and makes this 
class very intuitive and easy to accomplish online.” 

 
3. Overvall 

• “Best class I’ve taken so far.” 
• “Excellent course! Very well laid out and explained!” 
• “Excellent lectures, additional materials, great example problems worked out. This 

should set the standard for EE courses... This is my best online class experience and I 
have exclusively taken online courses for 3 years.” 

• “The class was an excellent first step into Electrical Engineering. It was the most 
fulfilling and the most challenging class that I have taken at ASU so far.” 

 
Lessons Learned and Future Work 
 
The results from the first year and a half delivering the Digital Design Fundamental course 
online look promising. However, the following are some areas that could be improved upon.  
 
Supplemental Study Materials 
 
Although there were many positive comments regarding the lecture videos and practice 
problems, the decision of not requiring a textbook with the intention to reduce student course 
materials cost was not well received by all students. Students had comments such as “A textbook 
would have been a great help along with listening to the lectures.” “More reference links to text 
book related materials would be appreciated.”  
 
To remedy the lack of a textbook, a list of reference books was recommended. The video 
recording of a face-to-face offering of the course was also provided. Further improvements could 
provide links to additional resources explaining specific difficult concepts so that students don’t 
have to put in the extra work looking for supplemental materials on the internet. 
 
Circuit Verification 
 
For the simulation labs, the final microprocessor is assembled using components built in 
previous labs. Test plan and test results are required from the students to help them verify the 
correctness of their implementation. To provide additional assurance, the correct truth tables can 
be released after the students submit their labs to make sure their components behave correctly. 
Ideally, verification programs can be written and provided to students to verify their circuit 
functionality.  
 
Design and Implementation of Finite State Machines 
 
From the comparison of the online and face-to-face offerings, online students seem to have more 
trouble in the capstone design project, which involves the design and implementation of a finite 



state machine. The subject itself is a difficult course topic. In the face-to-face offering, multiple 
lecture periods were dedicated to the design project. Students worked in groups and the 
instructor helped clarify misunderstandings. Discussion among students and instant feedback 
from the instructor were probably the reasons making the face-to-face students more successful. 
Similar schemes can be adapted to the online format. For example, students can be divided into 
teams to work on the design project. Multiple virtual chat rooms can be scheduled during the 
week of the project to facilitate discussion between students and instructor.  
 
Teamwork 
 
The only ABET outcome that was assessed in the face-to-face version but not in the online 
version is ABET 3d (an ability to function on a multi-disciplinary team). Teamwork was 
implemented both in lecture and in lab for the face-to-face version. Students were encouraged to 
form a group of two or three to perform the hardware labs, while the actual lab submissions were 
still individual. During lectures, student engaged in group exercises and they had to work 
together to complete a group quiz on finite state machine. One possible way to incorporate 
teamwork in the online version is through the capstone design project as discussed above.  
 
Conclusion 
 
A Digital Design Fundamentals course was designed and implemented to be delivered online, 
serving as a direct equivalent to the on-site lecture-lab version of the course. The equivalency 
was discussed in terms of course materials, hands-on labs, student support and assessment. 
Assessment of student learning outcomes using ABET statistics showed that student 
performance were very similar between the online and on-site versions. Student retention, 
measured by the DEW rate, was also very similar. Anonymous end of term teaching evaluations 
showed overall student satisfaction of the course. Future work includes continuous improvement 
of course materials, better student support and incorporating teamwork in the course. 
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