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Course Structure for Digital Logic

Engineering Education 
Research CenterMotivation

Students Increasingly Want a Breadth of Course Materials
• Videos, online simulations, online formative assessment
• It is becoming more and more difficult to effectively educate engineering students 

by writing on a white board.
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Course Structure for Digital Logic

Engineering Education 
Research CenterMotivation

Students Increasingly Want a Breadth of Course Materials
• Videos, online simulations, online formative assessment
• It is becoming more and more difficult to effectively educate engineering students 

by writing on a white board.

Supplementary e-Learning Materials Give Options
• Fully Online Course Delivery
• Flipped Course for Active Learning
• Supplementary Multi-Mode Course Materials to Support Students
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Course Structure for Digital Logic

Engineering Education 
Research CenterThis Project

This Project Looks at a Digital Logic Circuits Course
• Traditional digital circuits (AND/OR gates, Finite State Machines, VHDL/Verilog)
• Present in every EE/CpE Program
• No Calculus pre-req (i.e., large class sizes, wide ranging capabilities of students)
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The Research Questions
• R1: Can a fully online version of this course(s) achieve the same level of student 

learning as a traditional live-taught version?
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Course Structure for Digital Logic

Engineering Education 
Research CenterThis Project

The Research Questions
• R1: Can a fully online version of this course(s) achieve the same level of student 

learning as a traditional live-taught version?

• R2: Can the laboratory component be effectively administered using a portable 
lab kit? (i.e., cost, logistics, student support).

• R3: Can adaptive e-learning modules aid student learning on more complex 
topics without instructor interaction?

7



Course Structure for Digital Logic
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If the online version can be as effective, it enables:
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Remote Delivery May 
Improve Access

Personalized Learning

Increased Efficiency



Course Structure for Digital Logic

Engineering Education 
Research CenterThe Task at Hand

When comparing two delivery modes, it starts with assessment
• The existing live-taught logic course(s) were assessed in the historical manner
o Hand worked homework problems out of the textbook (sometimes the same questions, 

sometimes different each semester)
o Exams with questions made-up each semester by the instructor.
o Lab exercises with a combination of demo-points and sometimes design journal grading

(no rubric, just best guess grading by the TA).
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Course Structure for Digital Logic

Engineering Education 
Research CenterThe Task at Hand

When comparing two delivery modes, it starts with assessment
• The existing live-taught logic course(s) were assessed in the historical manner
o Hand worked homework problems out of the textbook (sometimes the same questions, 

sometimes different each semester)
o Exams with questions made-up each semester by the instructor.
o Lab exercises with a combination of demo-points and sometimes design journal grading

(no rubric, just best guess grading by the TA).

• Assessment tools were created that could be used in both live and online modes.
o Not that big of a deal with learning management systems capability.
o Multiple-choice quizzes & simulation waveforms…
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Engineering Education 
Research CenterLearning Outcomes

First, the learning outcomes needed to be specified

It also is necessary to think about the learning level to inform the 
type of assessment used
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Lecturing;
Reading assignments

Writing assignments;
Discussions

Solving homework problems;
Conducting lab experiments

Solving homework problems;
Conducting lab experiments;
Giving presentations

Doing design problems;
Giving presentations

Design-of-experiments;
Design journals;
Giving presentations

Learning Activity Assessment 

Homework
Papers
Presentations
Exams
Labs
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Engineering Education 
Research CenterLearning Outcomes

Learning Objectives
• General statement about type of content that will be learned.
• A book chapter is an example.  
• When adding multi-mode material, it becomes a module.
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Module Topic Learning Objective
Module 1: Analog vs. Digital To understand the basic principles of analog and digital systems.
Module 2: Number Systems To understand the basic principles of binary number systems.
Module 3: Digital Circuits & Interfacing To understand the basic electrical operation of digital circuits.
Module 4: Combinational Logic To understand the basic principles of combinational logic design.
Module 5: VHDL (part 1) To understand the basic principles of hardware description languages.
Module 6: MSI Logic To understand the basic principles of medium scale integrated circuit logic.
Module 7: Sequential Logic To understand the basic operation of sequential logic circuits.
Module 8: VHDL (part 2) To understand the full capability of hardware description languages.

Module 9: Behavioral Modeling
To understand how hardware description languages can be used to create 
behavioral models of synchronous digital systems.

Module 10: Semiconductor Memory To understand the basic principles of semiconductor-based memory 
Module 11: Programmable Logic To understand the basic principles of programmable logic devices.
Module 12: Arithmetic Circuits To understand the basic principles of binary arithmetic circuits.
Module 13: Computer Systems To understand the basic principles of a computer system.
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Then Outcomes are Stated, with the Level of Learning
• Something specific that the 

student can do after 
completing the section.

• Needs to be measurable.
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6
5
4
3
2
1

Learning Objective Learning Outcome Learning Category

The overall learning goal of this module is to: After completing this lab, a student will be able to: 1 2 3 4 5 6

L1.1(a): Breadboard a simple LED-Resistor circuit. x

L1.1(b): Use an AWG to output a signal with a specified type, 
amplitude, offset, and frequency.

x

L1.1(c): Use an oscilloscope to display a waveform on the 
screen.

x

L1.1(d): Describe the on/off behavior of a digital signal. x

L1.1(e): Describe the impact that increasing the frequency has 
on a digital signal.

x

2.1: Describe the formation and use of positional number 
systems.

x

2.2: Convert numbers between different bases. x
2.3: Perform binary addition and subtraction by hand. x
2.4: Use two's complement numbers to represent negative 
numbers.

x

3.1: Describe the functional operation of a basic logic gate using 
truth tables, logic expressions, and logic waveforms.

x

3.2: Analyze the DC and AC behavior of a digital circuit to verify it 
is operating within specification.

x

3.3: Describe the meaning of a logic family and the operation of 
the most common technologies used today.

x

3.4: Determine the operating conditions of a logic circuit when 
driving various types of loads.

x

        
          

Module 1: To understand the basic 
principles of analog and digital 
systems.

Module 2: To understand the basic 
principles of binary number 
systems.

Module 3: To understand the basic 
electrical operation of digital 
circuits.
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Outcomes cont…
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4.1: Describe the fundamental principles and theorems of 
Boolean algebra and how to use them to manipulate logic 
expressions.

x

4.2: Analyze a combinational logic circuit to determine its logic 
expression, truth table, and timing information.

x

4.3: Synthesis a logic circuit in canonical form (Sum of Products 
or Product of Sums) from a functional description including a 
truth table, minterm list, or maxterm list.

x

4.4: Synthesize a logic circuit in minimized form (Sum of 
Products or Product of Sums) through algebraic manipulation or 
with a Karnaugh map.

x

4.5: Describe the causes of timing hazards in digital logic circuits 
and the approaches to mitigate them.

x

5.1: Describe the role of hardware description languages in 
modern digital design.

x

5.2: Describe the fundamentals of design abstraction in modern 
digital design.

x

5.3: Describe the modern digital design flow based on hardware 
description languages.

x

5.4: Describe the fundamental constructs of VHDL. x

5.5: Design a VHDL model for a combinational logic circuit using 
concurrent modeling techniques (signal assignments and logical 
operators, conditional signal assignments, and selected signal 
assignments).

x

5.6: Design a VHDL model for a combinational logic circuit using 
a structural design approach.

x

5.7: Describe the role of a VHDL test bench. x
6.1: Design a decoder circuit using both the classical digital 
design approach and the modern HDL-based approach.

x

6.2: Design an encoder circuit using both the classical digital 
design approach and the modern HDL-based approach.

x

6.3: Design a multiplexer circuit using both the classical digital 
design approach and the modern HDL-based approach.

x

6.4: Design a demultiplexer circuit using both the classical digital 
design approach and the modern HDL-based approach.

x

               
    

Module 4: To understand the basic 
principles of combinational logic 
design.

Module 5: To understand the basic 
principles of hardware description 
languages.

Module 6: To understand the basic 
principles of medium scale 
integrated circuit logic.
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7.1: Describe the operation of a sequential logic storage device. x
7.2: Describe sequential logic timing considerations. x

7.3: Design a variety of common circuits based on sequential 
storage devices (toggle flops, ripple counters, switch 
debouncers, and shift registers).

x

7.4: Design a finite state machine using the classical digital 
design approach.

x

7.5: Design a counter using the classical digital design approach 
and using an HDL-based, structural approach.

x

7.6: Describe the finite state machine reset condition. x
7.7: Analyze a finite state machine to determine its functional 
operation and maximum clock frequency.

x

8.1: Describe the behavior of a VHDL process and how it is used 
to model sequential logic circuits.

x

8.2: Model combinational logic circuits using a process and 
conditional programming constructs.

x

8.3: Describe how and why signal attributes are used in VHDL 
models.

x

8.4: Design a finite state machine using the classical digital 
design approach.

x

8.5: Describe the capabilities provided by the most common 
VHDL packages.

x

9.1: Design a VHDL behavioral model for a sequential logic 
storage device.

x

9.2: Describe the process for creating a VHDL behavioral model 
for a finite state machine.

x

9.3: Design a VHDL behavioral model for a finite state machine. x

9.4: Design a VHDL behavioral model for a counter. x

9.5: Design a VHDL register transfer level (RTL) model of a 
synchronous digital system.

x

10.1: Describe the basic architecture and terminology for 
semiconductor-based memory systems.

x

10.2: Describe the basic architecture of non-volatile memory 
systems.

x
10.3: Describe the basic architecture of volatile memory 
systems

x
10.4: Design a VHDL behavioral model of a memory system. x

        
  

Module 7: To understand the basic 
operation of sequential logic 
circuits.

Module 8: To understand the full 
capability of hardware description 
languages.

Module 9: To understand how 
hardware description languages 
can be used to create behavioral 
models of synchronous digital 
systems.

Module 10: To understand the 
basic principles of semiconductor-
based memory systems.
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Outcomes cont…

• 58 Learning Outcomes Defined
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11.1: Describe the basic architecture and evolution of 
programmable logic devices.

x

11.2: Describe the basic architecture of Field Programmable 
Gate Arrays (FPGAs).

x

12.1: Design a binary adder using both the classical digital design 
approach and the modern HDL-based approach.

x

12.2: Design a binary subtractor using both the classical digital 
design approach and the modern HDL-based approach.

x

12.3: Design a binary multiplier using both the classical digital 
design approach and the modern HDL-based approach.

x

12.4: Design a binary divider using both the classical digital 
design approach and the modern HDL-based approach.

x

13.1: Describe the basic components and operation of computer 
hardware.

x

13.2: Describe the basic components and operation of computer 
software.

x

Module 13: To understand the 
basic principles of a computer 
system.

Module 11: To understand the 
basic principles of programmable 
logic devices.

Module 12: To understand the 
basic principles of binary arithmetic 
circuits.
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Engineering Education 
Research CenterAssessment Tools

Over 1000 assessment tools were developed
• i.e., homework/quiz/exam

problems + lab exercises.
• MC format + 

VHDL design/simulations + 
concept checks

• Focused on assessing at 
the same level of learning.

• Focused on developing 
numerous questions per 
outcome, grouped into levels of 
difficulty.  
(difficulty ≠ level of learning)
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Two New Textbooks Authored
• to support both HDL languages (VHDL & Verilog)
• designed to teach the students how to achieve the learning outcomes.
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149 mini-lecture YouTube videos created
• 5-15 minutes each, outcome specific
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A Portable Lab Kit was Assembled
• This kit can be used in the live-taught lab in a traditional lab bench setting.
• It can also be used completely remotely using a laptop and USB power

Key Features
• Analog Discovery 2 ($180)

- power supply
- waveform generator
- oscilloscope
- logic analyzer

• DE0-CV FPGA Board ($100)
• Discrete Logic Parts ($20)
• Large Breadboard ($20)
• Total Cost = $320 
• Live: 12 stations/room
• Remove: Student check-out
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27 lab tutorial YouTube videos created
• introducing the lab assignment, walking through some basic steps.
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Research CenterData Collection

Data was collected for 2 years across a variety of delivery modes
• Live taught Lecture + Traditional Bench Top Equipment (2 semesters).
• Live taught lecture + portable lab kit (1 semester).
• Video lecture + portable lab kit (1 semester).
• Student demographics were collected (consent forms signed)
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Course Structure for Digital Logic

Engineering Education 
Research CenterR1 & R2 Conclusion

Student Performance Didn’t Show Significant Variation Between 
Delivery Modes (lecture or lab)

• Note:  These plots show class average.  But all outcomes were individually 
examined.  
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Now that R1 and R2 Have Supporting Data, Let’s Take Advantage 
of the e-Learning Capability

•Step 1: Identify the Most Challenging Outcomes

25
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Supplementary Materials were 
Created for Module 4.4 and 5.5.

• 4.4 Combinational Logic Synthesis
• 5.5 Concurrent Modeling in VHDL
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In Initial Offering, Student Had to Pass at Proficient to Access 
Graded Homework
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The cohort that received the adaptive learning experience 
showed improved performance on outcome 4.4 and 5.5
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Mod 1
(n=91)

Module 2
(n=91)

Module 3
(n=91)

Module 4
(n=91)

Module 5
(n=91)

Module 6
(n=91)

Module 9
(n=50)

Module 7
(n=91)

Module 8
(n=50)

Module 10
(n=50)

Mod 11
(n=50)

Module 12
(n=50)

Mod 13
(n=50)

+1
4% +1

8%
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The Data was Analyzed for Impact in Independent Variables
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The only significant difference was seen on students with GPAs 
between 2.5-2.9 & 3.0-3.4.

30

p=0.044

p=0.01
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Adaptive Learning Did Seem to Help Students with Lower GPAs.
• Data analysis showed that the grading ceiling effect may impact results.
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Course Structure for Digital Logic

Engineering Education 
Research CenterR3 Conclusion

Adaptive Learning Did Seem to Help Students with Lower GPAs.
• Data analysis showed that the grading ceiling effect may impact results.

A Focus Group was Held to Collect Qualitative Feedback (n=6).
• Students thought the adaptive learning modules were useful.
• Students thought that they should exist for the more difficult outcomes.
• Students agreed they weren’t needed on every outcome.
• Students did not like that they were mandatory.
o Students with high GPAs didn’t like the extra work when it wasn’t needed.
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Course Structure for Digital Logic

Engineering Education 
Research CenterConclusion

The Digital Logic Course Materials Was Effective Across Multiple 
Delivery Modes

• Supports live, remote, or hydrid delivery.
• Portable lab kit enables a variety of opportunities (in-class labs, fully remote labs).
• Need better resolution on lab grading other than pass/fail demos.

Adaptive Learning Helped Students with Lower GPAs
• Has potential to help struggling students with less instructor time.

Course Materials are Available to Other Instructors
• For Universities with Subscription to SpringerLink, e-textbooks are free to students.
• All lecture and lab videos are available on YouTube.
• Lab exercises and lab kit BOM available on my website.
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