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Abstract 

 

Flipping the classroom allows students to learn concepts outside of the classroom and apply what 

they learn in the classroom, working with other students and getting immediate feedback from 

the instructor.   Since 2008, faculty at CSULA have been flipping the freshman/sophomore 

introduction to digital engineering course some of the time through Collaborative Project-Based 

Learning (CPBL).  Approximately fifty percent of the class time is dedicated to interactive 

classroom activities and frequent periodic assessments.   The objectives of CPBL are to go 

beyond the traditional lecture to: 1) foster students’ skills in engineering design; 2) stimulate 

students’ interests and increase their retention rate; and 3) improve teaching and learning 

efficiency by highly interactive instruction using a Tablet PC and Field Programmable Gate 

Array (FPGA) platform. This paper will present the general framework for integrating CPBL 

into the classroom that can be applied to any engineering course.  Furthermore, the specific 

digital engineering CPBL-based curriculum will be presented including a schedule with 

embedded in-class design projects, inquiry based exercises, interactive exercises, and periodic 

assessments.  The authors will also share lessons learned about strategies for designing and 

conducting effective activities, including grading strategies and classroom management.  Data on 

the impact of CPBL on student learning outcomes will also be presented. 

 

Introduction 
 

The fundamental idea behind flipping the classroom is that more classroom time should be 

dedicated to active learning where the teacher can provide immediate feedback and assistance.
1-5

  

While many active learning strategies have been developed that are aimed at the instructor being 

a “guide on the side” rather than a “sage of the stage,” recent technological advancements in 

terms of online content delivery and in-class management software are affording opportunities 

for engaging blended instruction.
6-11

  Tablet PCs along with the DyKnow classroom management 

software create a dynamic classroom environment supporting interactive lectures and interactive, 

collaborative problem solving.
12

  Students can collaborate on in-class problems and submit their 

answers for review and discussion.  Furthermore, after class students who need remediation or 

those who could not be present in class can replay all or part of the class notes. 

 

Since 2008, we have been redesigning a digital engineering course to incorporate Collaborative 

Project Based Learning (CPBL) using Tablet PCs.
13-15

 The objectives of CPBL are to go beyond 

the traditional lecture to: 1) foster students’ skills in engineering design; 2) stimulate students’ 

interests and increase their retention rate; and 3) improve teaching and learning efficiency by 

highly interactive instruction using a Tablet PC platform.  Engineering students tend to be visual, 

inductive, and active learners.
16

 Thus, at the heart of CPBL are in-class hands-on activities that 
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allow students to verify and apply theoretical concepts and engage in the engineering design 

process.   In a digital engineering class, an FPGA platform is ideal for these types of activities.  

Students use the FPGA for inquiry-based activities that allow them to explore the functionality of 

various digital designs.  Furthermore, students can learn about the engineering design process by 

designing their own digital systems using Verilog Hardware Description Language (HDL) for 

design entry and the Xilinx ISE Webpack tools for verification including simulation and FPGA 

synthesis for hardware testing.   

 

The CPBL model can be adapted to many different engineering classroom environments.  At 

California State University, Los Angeles, we have collaborated with faculty in Electrical 

Engineering, Computer Science, and Technology to introduce CPBL upper-division computer 

engineering course, in computer science, in introductory freshman engineering courses, and in 

biomedical engineering courses.
17

  In this paper we will present the fundamental strategies that 

can be adopted for any engineering course and then present the details of the CPBL-based 

curriculum for EE 244, Digital Engineering.    

   

CPBL Strategies 

 
Rather than relying on one instructional strategy such as inquiry based learning, project based 

learning, or traditional lectures, CPBL employs a variety of instructional strategies for effective 

content delivery.  Utilizing different instructional strategies also supports differentiated 

learning.
18

 Figure 1 shows the percentage of time different instructional strategies were used in 

our digital engineering class (averaged over the 10-week quarter).  It is important to note that 

over 40% of the class time is still dedicated to lecturing although as discussed below, different 

strategies are employed to engage the students during the lecture.  Interactive problem solving 

and inquiry based activities comprise 15% and 8% of the lecture time on average and are 

embedded within the lecture to reinforce or motivate lecture content.  Twenty-five percent of 

classroom time is spent on more open-ended in-class project-based activities that require students 

to apply the knowledge they have gathered and engage them in the design process.  Others who 

have experimented with classroom flip have found that students are willing to spend at least 25% 

of class time on in-class projects.
4
 The remaining classroom time, 10% on average, is spent on 

periodic assessments.  Each of these strategies along with the benefit of employing the strategy is 

described in more detail in this section. 

 

In-class Collaborative Projects 

Collaborative in-class projects provide just-in-time activities that allow students to apply newly 

acquired theoretical knowledge to design problems.  The projects engage students in the 

engineering design process using state-of-the art design tools.  In a freshman-level course, these 

projects can simply expose students to the engineering design process and tools whereas in an 

upper division class, the projects can more deeply engage the students in the design process and 

train them on tools that can be used for more complex term projects.   

 

 



 

 

Figure 1.  Class time usage averaged over the entire course.   In

utilize an entire class period whereas a combination of the remaining strategies is utilized on 
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Figure 1.  Class time usage averaged over the entire course.   In-class collaborative projects 

utilize an entire class period whereas a combination of the remaining strategies is utilized on 

non-project days. 

class collaborative projects have the following components: 

labs for laboratory courses, pre-project homework is collected.  

guided instruction, students acquire new knowledge outside of the classroom in order to 

project homework.  The pre-project homework helps the

ory and create preliminary designs to implement in class

class projects are designed to take one class period (100 minutes).  

to collaborate during the design process.  In a lower division class, it is 

important for each student to develop their own design skills and thus, each student is 

required to implement and submit their own designs.  In this case, students are still 

ncouraged to work together to solve the design problem and learn the design tools.  

In an upper division class, collaboration on projects more closely models

ocess where a design team brainstorms design alternatives, 

level system design, team members individually implement 

subsystem, integrate the subsystems, and test the final system.  Upper division class 

projects can be designed using scaffolding to help the students apply the design process

over several class project periods.    

ended questions are posed at the end of the class project to stimulate group and 

class discussions.  These discussions help the students gain a deeper understanding 

and help them understand the context of what they learned in terms of engineering 
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Inquiry-based Learning 

Short inquiry based activities help to introduce or reinforce theoretical concepts.  The FPGA 

board is a natural platform for inquiry based activities in a Digital Engineering course. 

 

Interactive Lectures with Collaborative Problem Solving 

Approximately forty percent of class time is still dedicated to lecturing, but by utilizing Tablet 

PCs with DyKnow software the lectures are very interactive. In an introductory engineering 

class, it is important for students to see problems being solved and the design process being 

applied.  Using Tablet PCs with DyKnow the instructor can use the pen tools to lecture while 

students can add their own notes directly on top of the instructors notes or on the side.  Then 

students can replay their individualized class notes at home using a DyKnow client. 

 

The lectures are interspersed with collaborative problem-solving.  Peer learning is encouraged as 

students work together to solve problems and submit their solutions via DyKnow’s panel 

submission capabilities.  Solutions are discussed highlighting both misconceptions in incorrect 

solutions as well as correct answers.  The instructor also provides a quick solution to show the 

students the steps to solve the problem (which students can later replay using DyKnow). 

 

DyKnow also provides capabilities to poll students understanding of concepts in real-time and to 

pose multiple choice problems.  The multiple choice problems can be used to stimulate 

discussion on a new topic or query student comprehension of a topic previously covered. 

 

Periodic Assessments 

Periodic assessments are conducted in the form of five short quizzes in order to ensure that the 

students stay on top of the material.  Staying current with the course material is important to 

successfully complete the in-class projects.   

 

Digital Engineering Specific Curriculum 
 

With the sponsorship from an NSF CCLI grant and an HP Innovation in Education Award, EE 

244 (a freshman/sophomore level Digital Engineering course with 25 to 30 students) has been 

revised to integrate the innovative teaching and learning strategies presented in the previous 

section. After iterative testing and continuous improvement, the structure of the revised 

curriculum has been standardized to offer a balanced learning experience between lecturing, in-

class projects and other active learning components.  Table 1 shows the course schedule for a 10-

week quarter with twice-weekly 100-minute class periods.   As in Figure 1, the colors highlight 

the different strategies used.  The schedule shows how the class projects are integrated “just-in-

time” to reinforce digital logic design theory.   The class projects also help prepare the students 

for the periodic assessments in the form of in-class quizzes.  Table 2 shows a more detailed 

description of the five in-class projects (CP) highlighting the objectives of each.  The projects 

progressively build up students’ knowledge and skills in digital engineering design.  
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Table 1. Class schedule (blue = interactive lectures and interactive problem solving, red = in-

class projects, green = inquiry based exploratory projects, and purple = periodic assessments).   

Lecture Lecture Topic/Activity Lecture Lecture Topic/Activity 

1 Introduction.  Tablet PC assignment.  

Introduction to DyKnow.   

11 Combinational logic analysis and design  

Full adder example. 

2 Number systems (decimal, binary, 

hexadecimal, and octal).   Number-base 

conversions.   

12 Class Project 3: K-maps and 7-segment 

Display Decoder 

(Digital Design and Hardware Testing) 

3 1’s complement, 2’s complement, 

signed and unsigned binary numbers.  

Binary addition and subtraction. 

4-bit Binary Calculator (Introduction 

to FPGAs, BASYS board, and Digilent 

Adept Software.  BASYS board 

distribution.) 

13  Quiz 3: canonical and standard 

forms, inverting functions, K-map 

simplification  
Decoders and multiplexers  

Decoder example, Multiplexer example 

4 Quiz 1: number systems, base 

conversions, one and two’s 

complement  
Logic gates (truth tables, logic 

expressions, input-output signals, and 

logic symbols) 

Mystery Gates  

14 Binary adder/subtractor, carry and 

overflow 

 

5 Class Project 1: Guess a Gate 

(Introduction to Xilinx ISE, Verilog 

HDL Design and Synthesis) 

15 Class Project 4:  Binary 

Adder/Subtractor 

(Hierarchical Design and Test) 

6 Boolean Algebra - Basic theorems and 

postulates (Involution, commutative, 

associative, distributive, DeMorgan’s, 

absorption) 

16 

 
Quiz 4:  combinational logic design, 

full adder, binary adder/subtractor, 

decoders, multiplexers  
Sequential Circuits, Latches, and Flip-

flops 

7 Boolean Functions; Canonical forms: 

sum of minterms and product of 

maxterms; Standard forms: sum of 

products (SOP) and product of sums 

(POS); inverting functions 

17 Sequential logic analysis and design: 

state diagrams and state tables  

8 Class Project 2: Design and test logic 

gates.  Prove DeMorgan’s Theorem 

using (Verilog HDL Design, 

Simulation, and Synthesis) 

18 Registers and Counters 

4-bit Binary Calculator with and 

without registers 

9 Quiz 2: logic gates and boolean 

algebra  
Logic simplification: Why is it done?  

How is it done? Karnaugh Maps (K-

maps) 

19 Class Project 5:  Simple Counter 

(Reverse Engineering) 

10 K-map simplification: SOP, POS, 

NAND-NAND, NOR-NOR, don’t 

cares 

20 

 
Quiz 5: sequential logic design, flip-

flops, registers, and counters 
Final exam review 
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Table 2.  List of class projects for Digital Engineering class. 
CP # Class Project Description Objectives 

1 Guess a Gate Teach basic design 

and implementation of 

a simple logic gate. 

Introduce Verilog HDL syntax and Xilinx ISE 

Webpack synthesis for FPGAs. 

 

Reinforce the students’ knowledge of the Truth 

tables of basic logic gates. 

2 DeMorgan’s 

Theorem 

Prove DeMorgan’s 

Theorem through 

Verilog structural 

modeling, simulation, 

and hardware testing. 

 

 

Introduce students to structural modeling in Verilog, 

simulation, synthesis, and Xilinx ISE Webpack 

design environment.  

 

Reinforce students’ understanding of DeMorgan’s 

Theorem and how it can be implemented in 

hardware. 

3 7-Segment LED 

Display Decoder 

Design of a BCD to 7-

Segment Display 

decoder through 

Verilog structural 

modeling and 

hardware testing.  

Introduce students to more complex hardware 

components and their control (7-segment display 

with time multiplexed control). 

 

Reinforce students understanding of Karnaugh maps 

and combinational logic design. 

4 4-bit 

Adder/Subtractor 

Hierarchical design of 

a 4-bit parallel adder-

subtractor through 

Verilog hierarchical 

modeling and 

hardware testing.   

Introduce students to hierarchical design process. 

 

Reinforce students understanding of full adder, 

parallel adder-subtractor, and 2’s complement 

arithmetic. 

5 Reverse-engineer 

Counter 

Explore the features of 

a 2-bit counter on 

FPGA board, derive 

the corresponding 

state diagram and 

state table and design 

correct sequential 

logic to implement the 

counter. 

Introduce students to a working sequential circuit – 

a counter with control input. Reinforce the students’ 

understanding of the key components in sequential 

logic design, and enhance their skills using state 

diagram/table.  

 

 

1) Integrate CPBL to Develop Design Skills 

 

Four out of the five in-class projects are design oriented, while the last one is for inquiry-based 

learning to explore the steps in sequential logic design.  The four design oriented projects are 

designed to be relatively simple and fun to stimulate the students’ interest in hardware design, 

and each focuses on one key concept in digital design process.  Collectively, the project 

sequence allows the students to appreciate the big picture of the hardware design process, and 

deepen their understanding of corresponding theories learned from the lectures.  

 

CP1: A simple and fun start: Guess a gate 

This is the first time that the students are exposed to hardware design. This project usually 

takes place in week three, after the students have learned the binary system and basic logic 

gates. To make the learning effective, this class project consists of three components. First, 

the instructor compares the old time computer with the current technology and prompts the 



 

 

students to think why the design cost has been significantly reduced in recent years. Students 

are encouraged to discuss their experience with different digital devices, and with the 

guidance from the instructor,

concepts of FPGA, Verilog HDL, simulation and implementation will be briefly mentioned 

in the introduction part. The second part of the project is a step

implementation practice. Each student will draw a “random” gate as a raffle, and follow the 

instructor’s demonstration to create a new project using Xilinx Webpack software, write their 

first line of Verilog code to describe the gate, configure the input/output ports on the FPG

board, compile the project to generate programmable logic file, and then download the file to 

the board to see the result. After the students complete part 

with their partners and try to guess what gates are implemented by

the boards. This is the exploratory part to 

logic gates.  

 

CP2:  The first touch with simulation: Verify DeMorgan’s Theorem

This project accompanies the lectures on

see DeMorgan’s Theorem working in practice, the students also start to learn how to use 

Verilog HDL to describe a simple circuit and how to 

a digital logic circuit.  To prepare 

developed to teach them the 

of drawing a logic circuit to implement a given logic function.  

the students can submit their sketch of 

instructor and receive real-time feedback to corr

submitted DyKnow panels with the instructor’s comments.

Figure 2. Submitted student
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students to think why the design cost has been significantly reduced in recent years. Students 

are encouraged to discuss their experience with different digital devices, and with the 

guidance from the instructor, they will learn the basic steps in ASIC design process. The 

concepts of FPGA, Verilog HDL, simulation and implementation will be briefly mentioned 

in the introduction part. The second part of the project is a step-by-

e. Each student will draw a “random” gate as a raffle, and follow the 

instructor’s demonstration to create a new project using Xilinx Webpack software, write their 

first line of Verilog code to describe the gate, configure the input/output ports on the FPG

board, compile the project to generate programmable logic file, and then download the file to 

the board to see the result. After the students complete part two, they exchange their boards 

with their partners and try to guess what gates are implemented by their partners by testing 

the boards. This is the exploratory part to reinforce the students’ understanding of various 

The first touch with simulation: Verify DeMorgan’s Theorem 

the lectures on Boolean Algebra. In addition to letting the students 

see DeMorgan’s Theorem working in practice, the students also start to learn how to use 

Verilog HDL to describe a simple circuit and how to use simulation to verify the function of 

.  To prepare the students for the project, a pre-project assignment was 

the basics of Verilog HDL programming, and reinforce their skills 

of drawing a logic circuit to implement a given logic function.  During the in

can submit their sketch of the logic circuit and the simulation results to the 

time feedback to correct any misconception.  Figure 2

submitted DyKnow panels with the instructor’s comments. 

. Submitted student panel with circuit design and simulation waveforms to verify 

DeMorgan’s Theorem. 

students to think why the design cost has been significantly reduced in recent years. Students 

are encouraged to discuss their experience with different digital devices, and with the 

ASIC design process. The 

concepts of FPGA, Verilog HDL, simulation and implementation will be briefly mentioned 

-step design and 

e. Each student will draw a “random” gate as a raffle, and follow the 

instructor’s demonstration to create a new project using Xilinx Webpack software, write their 

first line of Verilog code to describe the gate, configure the input/output ports on the FPGA 

board, compile the project to generate programmable logic file, and then download the file to 

, they exchange their boards 

their partners by testing 

reinforce the students’ understanding of various 

. In addition to letting the students 

see DeMorgan’s Theorem working in practice, the students also start to learn how to use 

to verify the function of 

project assignment was 

basics of Verilog HDL programming, and reinforce their skills 

During the in-class project, 

logic circuit and the simulation results to the 

ect any misconception.  Figure 2 shows the 

ulation waveforms to verify 
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CP3:  Eureka – it works!: 7 Segment LED Display 

This is the students’ favorite project, which allows them to practice K-map simplification 

skills, to reinforce their understanding of hardware design and implementation process, and 

to visualize the result using the switches and the 7 segment LED display on the FPGA board. 

Students reported that they were very excited to see the LED display lighting up, and felt that 

this project really helps them to connect the theory with design practice. To achieve the 

expected learning outcomes, it is necessary to explain the working mechanism of a 7-

segment LED display decoder in advance, and make sure that the students complete the pre-

project assignment and come to the class with the logic function that controls each segment 

of the display. It is also important to host the group discussion after the completion of the 

project to deepen the students’ understanding of K-map with don’t care terms, to better 

understand the difference between active low and active high logic, and to learn more about 

the FPGA board.  

 

CP4:  One step towards the complex reality: 4-bit Adder/Subtractor 

This project allows the students to apply the combinational logic design principles to 

implement a 4-bit adder/subtractor.  After successful implementation, the students should be 

able to use the eight switches on board to supply the two 4-bit inputs for calculation,  use the 

push button to control the operation (add or subtract), and visualize the calculation results 

using the 7-segment LED display. In this project, the students are exposed to the concept of 

hierarchical design and learn how to build a complex system using available modules. In the 

past few years, this project was revised several times to make sure that the students can 

complete the design and implementation within one class period. Again, it is very important 

to get the students prepared. Usually, the instructor needs to explain how to build the 4-bit 

adder/subtractor using 1-bit full adder in previous lectures, and the students should complete 

the Verilog HDL code to describe the 4-bit adder/subtractor in the pre-project.  During the 

project, the students will go through a complete design cycle. They will first simulate their 4-

bit adder/subtractor to verify the correctness of the design, and then modify the interface of 

the adder/subtractor to accept input from the switches and output the results to the 7-segment 

LED display (which was developed in the previous class project). The group discussion 

afterwards will reinforce their understanding of combinational logic design and prompt them 

to think of ways to improve the functionality of the adder/subtractor. Figure 3 displays the 

system diagram provided to help the students with the implementation along with the photo 

showing the student testing the implemented adder/subtractor on board. 

 

2) FPGA-based Inquiry-Based Learning 

 

The FPGA board is a natural platform for inquiry-based learning.  Students are provided with bit 

files of different digital designs that they use to program the FPGA.  These activities familiarize 

the students with the FPGA board features including the switch and push button inputs and LED 

and seven segment display outputs.  The exploratory activities also give the students hardware 

testing experience and allow them to explore the behavior of digital logic circuits.  Table 3 

provides a list of the different exploratory activities that have been created. 
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Figure 3. System diagram for 4-bit adder/subtractor implementation and the result of successful 

board implementation. 

 

 
  Table 3.  List of exploratory activities for Digital Engineering class. 

Exploratory Activity Description Objectives 

Explore FGPA board 

and number system 

Inquiry based experience with 

4-bit binary calculator 

implemented on Xilinx FPGA 

Board. 

 

Familiarize students with FPGA prototype board 

and software for programming board. 

 

Reinforce students understanding of signed and 

unsigned numbers, 2’s complement arithmetic, 

and overflow.   

Mystery Gates Given a set time, a team of 

students try to indentify as many 

mystery gates as possible using 

the FPGA board. 

Familiarize the students with programming the 

FPGA; introduce the students to hardware 

testing; reinforce the students’ understanding of 

basic logic gates 

Mysterious Circuit Explore an unknown circuit 

loaded on FPGA board to 

recover the circuit diagram.  

Provide students more experience with FPGA 

board.  Enhance the students’ skills of Truth table 

and K-map. 

Decoders Explore the functionality of 

different decoder 

implementations using the 

FPGA board. 

Provide students more experience with FPGA 

board and demonstrate hierarchical modeling in 

Verilog.  Enhance the students’ understanding of 

decoders and active-high and active-low outputs. 

Multiplexers Explore the functionality of 

different multiplexer 

implementations using the 

FPGA board. 

Provide students more experience with FPGA 

board and demonstrate behavioral modeling in 

Verilog.  Enhance the students’ understanding of 

multiplexers and arrayed logic. 

4-bit Calculator Design – 

Comparing designs with 

and without registers         

Students explore two different 4-

bit calculator designs, one with 

a result register and one 

without.   

Introduce students to system-level design. 

 

Reinforce students understanding of registers and 

their use in holding the state of the system. 

 

Students gain an understanding of the difference 

between combinational and sequential logic.   
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Assessment Findings 
 

Ever since the CPBL model was integrated in EE244 instruction, both formative and summative 

assessment have been conducted to gauge the implementation and to measure the impact of the 

new teaching strategies on student learning outcomes. Table 4 lists the quantitative and 

qualitative assessment tools. Based on the assessment results, the implementation of CPBL has 

been improved significantly along the years, resulting in a well-rounded structure to embed in-

class hands-on activities in the tight teaching schedule of a 10-week quarter. In this section, we 

will share the findings from the analysis of multi-year assessment data, and discuss the impact of 

CPBL on student learning.  
 

Table 4. List of major assessment instruments. 

Assessment Instrument Type of Data Frequency 

Pre and post surveys (conducted at the 

begin and the end of the quarter) 

Quantitative data with qualitative explanation  Once per quarter 

Student satisfaction survey Quantitative data Once per quarter 

Focus Group led by external evaluator Qualitative data Once per quarter 

Class observation  Qualitative data On-going 

 

 

1) Impact of in-class projects on Student Learning Outcomes 

 

To measure the impact of the in-class projects on student learning, pre and post surveys have 

been conducted since we started to adopt CPBL in EE244. The pre and post surveys collect the 

students’ self ranking of their knowledge and skills prior to and after the learning experience. 

The assessment data collected in the past three years clearly demonstrates the effectiveness of in-

class projects in enhancing the students’ understanding of related course materials and design 

process. Tables 5 and 6 present the newly collected data from Fall 2010 to Fall 2011in EE244  

(1-“None”, 2- “poor”, 3- “Fair”, 4- “Good”, 5-“Excellent”).  Assessment data from previous 

years were presented in our paper published in ASEE Annual Conference 2010.
19 

 

Table 5. Impact of CPBL on student knowledge growth (pre and post survey analysis) in EE244. 
Learning outcomes (Knowledge) Fall, 2010 Winter,2011  Fall,2011  

Pre Post diff Post Post diff Pre Post Diff 

1.Knowledge of engineering design process 2.0 3.92 1.92 2.3 3.4 1.1 2.22 3.56 1.34 

2.Knowledge of computer simulation 1.82 4.08 2.26 2.17 3.05 0.88 2.59 3.5 0.91 

3.Knowledge of design verification and testing 1.41 4.0 2.59 2.04 3.24 1.2 2.11 3.61 1.5 

4.Knowledge of binary number system 2.20 5.0 2.80 2.35 4.19 1.84 3.26 4.5 1.24 

5.Knowledge of binary calculation 1.88 4.92 3.04 2.09 4.24 2.15 3.11 4.28 1.17 

6.Knowledge of logic functions 1.76 4.85 3.09 2.43 3.9 1.47 2.93 3.89 0.96 

7.Knowledge of Karnaugh-maps (K-maps)  1.25 4.85 3.60 1.83 4.12 2.29 1.85 4.5 2.65 

8.Knowledge of adder, decoder or multiplexer 1.45 4.32 2.87 2.04 3.63 1.59 1.85 3.56 1.71 

9.Knowledge of latches or flip-flops 1.38 3.92 2.54 1.96 3.14 1.18 1.81 3.78 1.97 

10.Knowledge of register or memory 1.68 3.69 2.01 2.0 2.86 0.86 2.30 3.5 1.20 

11.Knowledge of FPGA  1.18 4 2.82 1.74 3.57 1.83 1.56 3.61 2.05 

12.Knowledge of Verilog HDL  1.12 3.77 2.65 1.78 3.19 1.41 1.56 3.56 2.00 
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Table 6. Impact of CPBL on student skill growth (pre and post survey analysis) in EE244. 
Learning outcomes (Skills) Fall, 2010 Winter,2011 Fall,2011 

Pre Post diff Pre Post diff Pre Post Diff 

1.General computing skills 4.0 4.38 0.38 4.04 4.14 0.10 3.96 4.06 0.10 

2.Communication skills 3.97 4.0 0.03 4.04 4.14 0.10 3.74 4.0 0.26 

3.Math skills 4.09 4.23 0.14 4.35 4.35 0 4.37 4.17 -0.2 

4.General design skills 2.62 4.0 1.38 2.83 3.85 1.02 3.22 3.83 0.61 

5.Engineering design skills 1.88 3.62 1.74 2.74 3.80 1.06 2.96 3.56 0.60 

6.Ability to modularize the design process 1.59 3.77 2.18 2.43 3.38 0.95 2.26 3.61 1.35 

7.Ability to design a digital component or system 1.29 3.92 2.63 2.17 3 0.83 2.0 3.56 1.56 

8.Ability to implement and verify a digital design 

using a simulation model  

1.20 3.85 2.65 2.04 3.05 1.01 1.78 3.67 1.89 

9.Ability to implement a digital design in 

hardware  

1.29 3.62 2.33 2.22 2.90 0.68 1.7 3.28 1.58 

 

In order to accurately measure the impact of in-class projects, the pre and post surveys were 

designed to contain “control questions” to serve as the reference for the comparison. The control 

questions are the knowledge or skill outcomes that are not directly reinforced by CPBL (e.g. 

Math skills), while the others are learning outcomes related to the in-class projects.  

 

To find out the impact of the in-class projects, we highlighted the top four knowledge outcomes 

and top three skill outcomes associated with the largest increment in EE244 post survey scores. 

The data collected through multiple quarters show that the knowledge outcomes directly related 

to the in-class projects are always top ranked. Despite the slight difference in the class projects 

implemented in different quarters, the following outcomes are always ranked high since they are 

related to the common knowledge needed to work on almost all projects:  

• Knowledge of Karnaugh-maps (K-maps) 

• Knowledge of FPGA (Field Programmable Gate Array) 

 

For the skill outcomes, it is clear that the specific design skills reinforced by CPBL received 

much higher scores than the general ones (such as computing skills, math skills, etc.) in the post-

survey.  The following are always among the top ranked ones regardless the different projects 

implemented in different quarters: 

• Ability to implement and verify a digital design using a simulation model 

• Ability to design a digital component or system 

 

The consistency of the assessment results in multiple years of CPBL implementation proves its 

positive impact to student knowledge and skill growth. Moreover, it is clear that there exists a 

positive correlation between the in-class projects and the knowledge/skill growth. For the 

learning outcomes that are not directly related to CPBL (e.g. skill outcomes #1, #2, #3), the pre 

and post survey results showed relatively small improvement or no improvement.  
 

In summary, the analysis of the pre/post results demonstrated that the CPBL is quite effective in 

helping the students to understand course material and to develop design skills. This finding was 

reinforced by the results of student satisfaction survey as well as the focus group discussion 

results.  



 

 

2) Impact of Tablet PC-based Instruction

One important feature of CPBL implement

offered by Tablet PC and DyKnow software. The new instruc

more interactive and collaborative learning environment. To get the students’ perspective of how 

the new instructional platform affected their learning effectiveness, student satisfaction survey 

was conducted to measure the influence of Tablet PC/DyK

 

Figure 4 shows the average results of the satisfaction survey

academic year 2010-2011. Specifically, we are interested in knowing what is the impact of the 

new teaching technology on the classroom atmosphere (more interactive or not), on the 

development of the student design skills, and on their overall learning experience. The survey 

results reflected that the new teaching technology is very effective to create a more interactive 

learning environment that supports CPBL. 

 

(a) “Made class more interactive”

(c) “Made the note-taking more effective”

 

 

Figure 4. Student responses on satisfaction survey questions that 
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based Instruction 

One important feature of CPBL implementation is to utilize the dynamic instructional platf

now software. The new instructional platform helped to 

more interactive and collaborative learning environment. To get the students’ perspective of how 

the new instructional platform affected their learning effectiveness, student satisfaction survey 

he influence of Tablet PC/DyKnow usage.  

results of the satisfaction survey conducted in revised EE244 during 

. Specifically, we are interested in knowing what is the impact of the 

on the classroom atmosphere (more interactive or not), on the 

development of the student design skills, and on their overall learning experience. The survey 

results reflected that the new teaching technology is very effective to create a more interactive 

earning environment that supports CPBL.  
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3) Focus Group Discussion  

The qualitative data from the focus group also highlighted the success of CPBL model using 

Tablet PC based collaborative learning, and supported the fact that the students found the 

opportunities to conduct real world design via in-class projects as the most useful and valuable 

part in their learning experience. The following is a list of “what the students like” about the 

integrated project experience in EE244: 

� The project-based approach to facilitate learning 

� Being able to implement the textbook knowledge and see the real world application of 

problem-solving Engineering 

� Time spent on each project was worthwhile and appreciated the real world scenario of 

“Problem solving under a time frame” 

� Access to the FPGA programming board 

� The availability of the Tablet PC –based lecture notes and other course materials online 

24/7 on Yahoo groups 

The “dislike” factors in EE244 are mainly related to the Xilinx software installation issues and 

the time needed to complete the projects.  

 

The findings of EE244 focus group conducted in 2011is summarized as follows: 

1) Complexity and hands-on design aspect of the class projects: Students found the 

complexity of the class projects and the hands-on aspect very valuable in allowing them 

to make connections with theory and practice and to understand the real world design 

process in engineering. All students participating in the focus group mentioned that 

although the projects were very complex they believed that the projects were actually the 

real backbone for any engineering class and that it was the only way to understand the 

real design process. This was the first class they were taking in engineering that made 

them see how the real world operates. Also everyone agreed that having access to the 

FPGA board was the best part of this class. All the students agreed that this class made 

them even more interested in Engineering. 

2) Information learned in class vs. time requirements: All the students found the amount of 

information learned in class to be overwhelming especially with the time that they had in 

one quarter. However everyone mentioned that it did not take away from the fact that the 

class was very helpful for them in understanding the complex engineering process. All of 

the students wanted more time to work on the projects and to digest and assimilate what 

they had learned. However, all of them agreed that although they spend a lot of time on 

the projects it was all worthwhile. 

 

Overall, both the quantitative and qualitative data collected using multiple assessment tools 

collectively prove that flipping the classroom generated positive impact on student learning, and 

helped to extend the educational objectives in EE244, a freshman/sophomore level digital 

engineering course. In the past, the traditional way of teaching EE244 only allowed the students 

to learn the theory of digital circuit design; now with the implementation of CPBL, the students 

also gain practical knowledge and skills of FPGA design, simulation and implementation 

process. In addition, the project experience helps to deepen the students’ understanding of 

theoretical contents.  
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Lessons Learned 

 
To convert an innovative idea to successful practice is never an easy task. During the course of 

implementing CPBL in EE244 over the past three years, we have encountered a number of 

challenges and also learned some valuable lessons. In this section, we share our experiences and 

discuss how to effectively incorporate project-based and inquiry-based learning in engineering 

classrooms. 

 

It has been well recognized by many educators that project-based learning, if not implemented 

properly, may not necessarily enhance student learning.
20,21

 This is particularly true for a 

freshman level course where many students have no or little design background. To ensure a 

positive CPBL experience, it is important to pay attention to the following elements in the 

development and implementation of in-class projects. 

 

First of all, to make the project-based learning effective, the contents of the projects should 

supplement the lectures, and the scope should be appropriate to be conducted in one class period 

(100 min). On the one hand, the projects should be challenging enough to stimulate the students’ 

interest and to reward them with a sense of achievement upon completion; on the other hand, if 

the scope of the project is too big, it may cause the students to lose interest due to the frustration 

of not being able to complete the project in time. In our practice, the scope of the in-class 

projects have been carefully gauged and updated based on students’ feedback and faculty 

observation after each implementation. Iterative classroom tests are necessary to establish the 

proper scope and difficulty level of each project for the target student groups.  

 

To ensure the attainment of learning outcomes for each project, it is important to prepare the 

students with necessary background knowledge and skills prior to working on the in-class 

project. We found that pre-project inquiry-based learning activities along with a pre-project 

design assignment worked very well to get the students prepared for the in-class projects. 

Specifically, students became familiar with FPGA board and Xilinx software through a number 

of pre-project inquiry-based learning exercises (conducted in class), and got ready to do the 

project with the initial analysis and design tasks accomplished through the associated pre-project 

assignment (conducted outside of class).  Currently, the students are required to submit the 

results of the pre-project assignment at the beginning of the class period before they start to work 

on the project; the employment of this policy encourages the students to take the pre-project 

assignments seriously and helps to increase the project completion rate. 

 

Another important way to enhance the effectiveness of CPBL is to add group discussions to the 

end of in-class projects to deepen the students’ understanding of related course contents and 

design process.  This is also helpful to prevent students from simply following step-by-step 

instructions to do the project without thinking. The topics of the group discussion can be in-depth 

questions related to the design and implementation results, or open-ended problems for the 

students to think outside the box. From our observation, group discussions offered excellent 

shared learning opportunity among students, and were also a good time for the instructor to 

emphasize the key concepts or correct any misconceptions. 
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Since the primary goal of the in-class project is to foster the students’ design skills and increase 

their interest in engineering, we do want to provide direct feedback on their performance via 

grading the projects, but on the other hand also want the students to focus more on the learning 

experience and acquiring new knowledge and skills instead of the final results. Therefore, the 

grading policy of the projects is primarily based on student effort. The five in-class projects 

compromise 20% of the overall grade. For each project, the students will receive 40% for 

completing the pre-project and 60% for participating in the class project and discussion.   

 
Are Tablet PCs and the DyKnow classroom management software required for implementing 

CPBL?  While we have found it useful to use Tablet PCs with DyKnow, neither is essential for 

CPBL.  Since we are using CPBL to teach the digital engineering design process which relies 

heavily on software for design entry, simulation, and synthesis, a PC platform is required.  

Students also directly download their designs from their PC to their FPGA boards.  Utilizing a 

Tablet PC allows students to integrate pen-based responses with snips of their designs and 

simulation results.  The portability of the Tablet PC is convenient for collaborative learning and 

enhances student-teacher interactions.   Using DyKnow allows the student to easily submit their 

work, though there are many other tools that allow students to submit work online.  Since 

DyKnow also provides support for interactive lectures and collaborative problem solving we 

have found it to be a useful tool.  Tools such as InkSurvey and Classroom Presenter also provide 

similar functionalities.
22,23

  

 

Online Content Delivery 
 

Currently our online content delivery consists of replaying DyKnow lectures and access to a 

course Yahoo group with PDF lecture notes (for students who do not have DyKnow client), 

homework problems and solutions (homework is not collected), sample quizzes, FPGA bit files 

for exploratory activities in and out of the classroom, and class project files.   

 

To make sure that each student team receives timely help from the instructor when working on 

the in-class projects, it is important to keep a good student-to-teacher ratio. Through our practice, 

we found that it was very difficult to offer effective help if there are more than 25 students in 

class (assuming no TA is available).  Currently we are still exploring ways to better interact with 

students to provide good feedback. One solution is to develop a sequence of short tutorial videos 

to teach students basic content knowledge and skills related to conducting the design project, 

e.g., how to use Karnaugh Maps for logic simplification, how to create project using Xilinx 

software, how to configure the hardware interface, and how to use Verilog HDL to describe a 

simple circuit. These short videos allow the students to quickly obtain solutions to some basic 

and common problems, and leave more room for the instructor to interact with the teams that 

need more help.  

 

Conclusion 
 

In a traditional engineering classroom, the instructor usually spends most of the instructional 

time lecturing, and the dominant student learning activities are listening and note-taking. 

Professor-student interaction is limited, usually through oral question/answer; and it is generally 

difficult to embed active learning components into an engineering classroom due to the pressure 
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of covering heavy-loaded curriculum in tight teaching schedule. When CPBL was initially 

implemented, we faced the same challenge. However, assessment findings demonstrated that less 

lecturing can actually lead to more effective learning, with the integration of various active 

learning components streamlined with class curriculum. The educational value of flipping the 

classroom sometimes is to allow the students to apply what they are learning, to engage them in 

the learning process, and to energize the classroom. Nevertheless, it is important to balance 

between lectures and other learning components including in-class projects, discussions, real-

time assessments, and interactive exercises. The structure of the revised curriculum presented in 

this paper has been classroom tested and can serve as a guideline to of how to effective integrate 

CPBL in freshman and sophomore level courses in other similar institutions. 

Acknowledgment 

This work is sponsored by NSF, Grant #0737130 and a Hewlett Packard Innovation in Education 

Award.  

 

 

 

References 
 
[1] J.W. Baker, “The “Classroom Flip”: Using Web Course Management Tools to Become the Guide on the Side.” 

Paper presented at the 11th International Conference on College Teaching and Learning, Jacksonville, FL, 2000. 

 

[2] M.J. Lage and G.J. Platt, “The Internet and the Inverted Classroom.” Journal of Economic Education, 31, 11, 

2000. 

 

[3] S. Zappe, R. Leicht, J. Messner, T. Litzinger, and H.W. Lee, “’Flipping’ the Classroom to Explore Active 

Learning in a Large Undergraduate Course,” Proceedings, American Society for Engineering Education Annual 

Conference & Exhibition, 2009. 

 

[4] R. Toto and H. Nguyen, “Flipping the Work Design in an Industrial Engineering Course,” Proceedings, 39th 

ASEE/IEEE Frontiers in Education Conference, 2009. 

[5] C. Demetry, "Work in Progress - An Innovation Merging “Classroom Flip” and Team-Based Learning." 40th 

ASEE/IEEE Frontiers in Education Conference, 2010. 

[6] A. King, “From Sage on the Stage to Guide on the Side,” College Teaching 41(1) (1993) 30–35. 

 

[7] A.W. Chickering and Z.F. Gamson,  “Seven principles for good practice in undergraduate education.” AAHE 

Bulletin, 39: 3-7, 1987. 

 

[8] C.C. Bonwell and J.A. Eison, “Active Learning: Creating Excitement in the Classroom.” ASHE-ERIC Higher 

Education Report No. 1. Washington, DC: The George Washington University, School of Education and Human 

Development. 1991. 

 

[9] K.A. Smith, S.D. Sheppard, D.W. Johnson, and R.T. Johnson, “Pedagogies of Engagement: Classroom-Based 

Practices,” Journal of Engineering Education, Vol. 94, No. 1, 2005, pp. 87-101. 

 

[10] M. Prince, “Does Active Learning Work? A Review of the Research,” Journal of Engineering Education, Vol. 

93, No. 3, 2004, pp. 223-231.  

 



Warter-Perez, Dong 

 

 
[11] G. Novak, E.T. Patterson, A.D. Gavrin, and W. Christian, Just-in-Time Teaching: Blending Active Learning 

with Web Technology.  Upper Saddle River, NJ: Prentice Hall, 1999. 

 

[12] DyKnow Software Suite Version 5.4, http://www.dyknow.com/. 
 

[13] N. Warter-Perez and J. Dong, “An Active Learning Teaching Model for Engineering Instruction based on 

Mobile Technology,” ASEE PSW Conference, April, Pomona, 2006. 

 

[14] J. Dong and N. Warter-Perez, “Project-Based Learning Using Tablet PCs: A Practice to Enhance Design 

Components in Engineering Instruction,” in Proceedings of the American Society for Engineering Education 

(ASEE) Conference, 2007. 

 

[15] J. Dong and N. Warter-Perez, “Collaborative Project-Based Learning to Enhance Freshman Design Experience 

in Digital Engineering,” in Proceedings of the American Society for Engineering Education (ASEE) Conference, 

2009. 

 

[16] R.M. Felder and L.K. Silverman, "Learning and Teaching Styles in Engineering Education," Engr. Education, 

78(7), 674-681, 1988. 

 

[17] Z. Avery, M. Castillo, H. Guo, J. Guo, N. Warter-Perez, D. Won, and J. Dong, “Implementing Collaborative 

Project-based Learning Using the Tablet PC to Enhance Student Learning in Engineering and Computer Science 

Courses,” Proceedings of 2010 Frontiers in Education, 2010. 

 

[18] M.J. Lage, G.J. Platt, and M. Treglia, “Inverting the Classroom: A Gateway to Creating an Inclusive Learning 

Environment.” Journal of Economic Education, 31, 30-43, 2000. 

 

[19] J. Dong and N. Warter-Perez, “Improving Collaborative Project-based Learning in Digital Engineering Based 

on Program Assessment,” Proceedings of ASEE Annual Conference, 2010. 

 

[20] P.A. Kirschner, J. Sweller, R.E. Clark, “Why Minimal Guidance During Instruction Does Not Work: An 

Analysis of the Failure of Constructivist, Discovery, Problem-Based, Experiential, and Inquiry-Based Teaching,” 

Educational Psychologist, Vol. 41, Iss. 2, 2006. 

[21] C.E. Hmelo-Silver, R.G. Duncan, C.A. Chinn, “Scaffolding and Achievement in Problem-Based and Inquiry 

Learning: A Response to Kirschner, Sweller, and Clark (2006),” Educational Psychologist, Vol. 42, Iss. 2, 2007. 

[22] S.E. Kowalski, F.V. Kowalski, T.Q. Gardner, “Lessons learned when gathering real-time formative assessment 

in the university classroom using Tablet PCs, Frontiers in Education Conference,” 39
th

 Annual IEE Frontiers in 

Education Conference (FIE '09), 2009.  

[23] R. Anderson, R. Anderson, P. Davis, N. Linnell, C. Prince, V. Razmov and F. Videon, “Classroom Presenter: 

Enhancing Interactive Education with Digital Ink,” IEEE Computer, September 2007, pp. 56-61. 


