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I. INTRODUCTION 

 
Undergraduate students pursuing Electrical and 
Computer Engineering at University of the West 
Indies (UWI), St. Augustine campus are presented an 
introductory digital electronics systems course in the 
second year of the degree. Students commence this 
course with no previous knowledge and skill of 
digital electronic design. Traditional course offerings 
basically do not present critical elements of digital 
logic or digital logic design and often will not present 
these engineering students with the required 
foundation for attempting complex digital logic 
design projects. The development and presentation of 
digital electronics courses attracts attention to the 
numerous issues faced in the academic field [8].  
 
Education at university level not only serves to 
provide a strong theoretical foundation but also 
serves to solve practical issues faced at industrial 
level. Development boards with programmable logic 
capabilities are affordable and can be used in 
education because of the advent of VLSI technology 
[4]. The department of Electrical Engineering and 
Computer Engineering (DECE) at the University of 
the West Indies (UWI) have for over a decade used 
programmable logic devices to enhance the teaching 
of digital electronic logic in the undergraduate 
programme. [5] made use of the UP-1 development 
board from Altera to implement robotic devices in 
their digital logic system class, while [2] presented 
several arguments in support of electronic design 
automation being essential to the teaching of 
electrical and computer engineering.  There have 
been debates on the use of programmable logic 
devices in teaching of computer systems and 
electrical and computer engineering leading to the 
belief that programmable logic guarantees that  
students get a better understanding of digital 
electronic logic design [4].  

 
[3] presented a useful strategy for the teaching of 
digital electronic logic using computer aided design 
(CAD) tools along with the use of hardware 
description languages for the development of 
hardware units. [3] also presented a hierarchical 
strategy in which students learned simple digital 
electronic circuits and then moved on to more 
complex digital electronic circuit problems. Some 
university courses such as [8] and [9] utilized Field 
Programmable Gate Arrays (FPGAs) for a few 
laboratory exercises.  
 
[12] investigated whether or not the use of 
programmable logic toolkits would assist computer 
science undergraduates learn digital logic. 
Programmable logic boards were introduced to 
students via laboratory exercises and their reactions 
to the material were monitored by the instructor. [12] 
utilized a comprehensive survey in assessing the 
opinions of students for the use of programmable 
logic boards in learning digital logic. [12] reported 
that the no student disagreed that using 
programmable logic boards assisted them in learning 
digital logic design. [12] also reported that 86% of 
students enjoyed using programmable logic boards 
while 80% believed that they learned digital logic 
design using the programmable logic boards. [12] 
also reported that there was an improvement in 
student performance when programmable logic 
boards were used when compared to previous years.  
 
[22] proposed a teaching method which utilized three 
lab setups – simulation, SSI/MSI logic blocks and 
CPLD boards in the digital logic design class. The 
tools utilized in [22] were a set of lab sheets, 
computer simulation program named Digital Works 
and also a portable equipment box. [22] claimed that 
students agreed that the use of such technique helped 
them in understanding digital logic design theories. 
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[22] claimed that students performed better using the 
proposed teaching strategy than previous methods 
used as described in [22].  
 
A survey of the impact of software simulators in 
teaching of digital logic design was presented in [23]. 
Tools such as TinyCAD, Logic Gate Simulator, 
Logisim, Digisim, etc. [23] reported that the use of 
logic simulators increased the number of students 
scoring over 45% in the digital logic design course 
from 82% in the previous year to 96% in the current 
year. 
 
This paper presents teaching of digital logic to 
Electrical and Computer Engineering undergraduates 
at the University of the West Indies,(UWI), St. 
Augustine campus using a classroom-based 
methodology. The paper also serves to give a 
comparison of student performance when the 
classroom-based methodology was utilized, and when 
the traditional lab-based method is used.  

 
II. SUMMARY OF PREVIOUS TEACHING 
METHODOLOGY FOR DIGITAL LOGIC 
DESIGN AT THE UWI 
 
The previous teaching methodology for the 
undergraduate year two (2) laboratory and project 
design course (ECNG2004) was utilized over the past 
two years for teaching of the department’s cohorts for 
academic years 2013/2014 and 2014/2015. The 
course focused on teaching students techniques for 
design and implementation of medium-sized digital 
electronics systems to meet given specification. The 
learning outcomes of the course are given in Table I. 

TABLE I: SUMMARY OF THE LEARNING OUTCOMES OF THE 
LABORATORY AND DESIGN COURSE 

 
C – Comprehension 
An – Analysis 
Ap – Application 

The course comprised of five (5) lab-based Xilinx 
Schematic Editor laboratory exercises which 
accounted for 50% of the course. The lab exercises 
were as follows: 

1. Introduction to Xilinx Schematic Editor 
2. Design of Frequency Dividers 
3. Design of Display System using 7-Segment 

Displays 
4. Design of 60-Minute Timer using Modulo 

Counters 
5. Design of a 0-3V Voltmeter System using 

ADCs 
These labs were accompanied by supporting in-class 
lectures which served as the source of knowledge for 
students prior to attempting the lab exercises. 
Students then conducted the laboratory exercise in the 
laboratory under the supervision of course 
demonstrators and student assistants. In the 
laboratory sessions students relied heavily on their 
understanding of the laboratory manual provided and 
the experience of the teaching staff for progression in 
the laboratory.  
 
The course also included a capstone project 
accounting for 50% of the course. The project 
description is given in section III. 

 
III. SUMMARY OF CAPSTONE PROJECT 
 
The capstone project accounted for 50% of the 
weighting of the course. This project included the 
design and construction of a 11V ± 0.3V, 1A, series 
pass voltage regulator from discrete electronic 
components which was capable of exhibiting a 
voltage regulation of at most 5% and also must be fed 
by a dc input voltage from a power supply unit. The 
voltage regulator must incorporate over-current  and 
temperature sensing circuits which disconnect the 
load from the voltage regulator by utilization of a 
switching power transistor, for currents and 
temperatures exceeding 1A and 35oC and 
respectively. The output regulator voltage, regulator 
current and the temperature of the series pass 
transistor must be converted to digital format using 
A/D converters must be displayed on the Digilent 
CoolRunner-II CPLD Starter Board.  
 
In this project students were given a working design 
for the analog components of the course and were 
required to construct these components on bread 
board and test using standard laboratory tools. 
However, were required to conceptualize the entire 
digital component themselves. The digital component 
was basically a front-end display system for the 
regulator system. In addition to displaying of current, 
voltage and temperature parameters of the regulator, 
students were required to incorporate four additional 
upgrades to the system: 
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1. Install the decimal point for the system as 
shown in section entitled. The position of the 
decimal is not fixed, but instead is variable and 
depends on the parameter being displayed.  

TABLE II: PLACEMENT OF THE DECIMAL POINT FOR EACH 
PARAMETER 

Parameter Number of 
Decimal Places Used 

Example 
of Display 

Voltage 1 9.8V 
Current 2 0.86A 

Temperature 0 78oC 
 

2. The system should display the abbreviations for 
the Units of all three parameters displayed. 

TABLE III: UNITS OF PARAMETERS DISPLAYED AND THE 
SYMBOLS 

Parameter Unit Symbol 
Voltage Volts V 

Current Ampere A 

Temperature Degrees Celsius C 

  
3. Automate the display of parameters - voltage, 

current and temperature. The basic system 
allows users to manually select parameters 
displayed. This objective will consist of 
automation of the display so it automatically 
switches display of a measured parameter every 
5 seconds in the sequence: 5 second display of 
regulator voltage  5 second display of 
regulator current  5 second display of 
regulator temperature (in degrees Celsius) 
for 5 seconds  5 second display of regulator 
voltage etc… 

4. The system should allow the ‘suppression of 
leading zeros’. For instance, without the 
suppression of leading zeros the value 4.4V will 
be displayed as 04.4V. Therefore, with 
suppression of leading zeros the most 
significant display (MSD) will be switched off 
and therefore 04.4V will be displayed as 4.4V. 

The capstone project which accounts for 50% of the 
overall course weighting was assessed via a formal 
report (20% of the course weighting) and a 40-minute 
practical examination per student (30% of the course 
weighting).  
 
IV. DESCRIPTION OF NEW CLASSROOM-
BASED METHODOLGY FOR DIGITAL LOGIC 
DESIGN AT THE UWI 
 
The laboratory and project design course delivered 
using the classroom-based methodology utilized the 
same learning outcomes as indicated in Table I.  The 
main difference between the previous teaching 
methodology and this the classroom-based 
methodology is that all teaching activities occurred 
inside the classroom. The laboratory sessions 
formerly used for laboratory in the previous teaching 

methodology was utilized in this new classroom-
based methodology strictly for students to practice 
the work done in classroom session, but on their own 
with no supervision.   The new course methodology 
comprised of the delivery of generally the same 
laboratory exercises. The first academic year of this 
methodology (2015/2016) the same exact material 
was delivered but just in the classroom instead of the 
laboratory. The same exact lab exercises presented 
under the previous methodology of section-II was 
presented, using Xilinx Schematic Editor. In the 
second academic year (2016/2017) and third 
academic year (2017/2018) using this new 
methodology students were introduced to hardware 
implementation using the VHDL hardware 
descriptive language instead of the use of Xilinx 
Schematic Editor.  Five (5) class-based laboratory 
exercises accounted for 50% of the course. Lab #1 of 
the previous methodology was replaced with an 
introductory lab on VHDL. The lab exercises were as 
follows: 

1. Introduction to VHDL 
2. Design of Frequency Dividers 
3. Design of Display System using 7-Segment 

Displays 
4. Design of 60-Minute Timer using Modulo 

Counters 
5. Design of a 0-3V Voltmeter System using 

ADCs 
Students were required to come to class with the 
following: 

- hardcopy of lab manual 
- laptop computer 
- Digilent CoolRunner-II CPLD Starter Board 
- USB to mini-B cable connector 

 
The classroom-selection policy for this teaching 
methodology was based on both the existence of 
multimedia-capability along with the availability of 
power outlets for plugging in of student laptops. The 
class sizes normally ranged 80-110 students. As such 
the minimum number of power outlets that should be 
present in the classroom should be 110.  In the 
classroom the course lecturer delivered the laboratory 
material to students as practical demonstrations using 
a step-by-step teaching approach. The lecturer 
connected his laptop to multimedia projector and 
demonstrated to students, the development of digital 
circuits for each lab using VHDL. The lecturer also 
taught students formal verification using ISim 
simulation tool using this approach. At any instant a 
student was allowed to interrupt the lecturer by the 
waving of a hand to ask questions or for clarification 
of what was presented. Students were also to 
undertake the laboratory exercise under the guidance 
of the lecturer. These in-class labs were also 
supported by in-class lectures prior to in-class lab 
sessions. These lectures gave students pre-requite 
knowledge for attempting lab sessions. Like the 
previous teaching methodology, students were also 
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required to attempt a capstone project. The capstone 
project which accounted for 50% of the overall 
course weighting was assessed via a formal report 
(20% of the course weighting) and a 40-minute 
practical examination per student (30% of the course 
weighting).  

 
V. ASSESSMENT FOR PREVIOUS LAB-BASED 
AND NEW CLASSROOM-BASED TEACHING 
METHODOLOGIES 
 
Labs 2, 3, 4 and 5 of both the previous lab-based 
methodology and the classroom-based methodology 
were assessed via 75 minute quizzes. The quizzes 
consisted of ten (10) questions which assessed 
students understanding of the topics tested on, the 
students’ ability to apply knowledge to practical 
situations and the students’ ability to analyse 
particular engineering situations and make 
recommendations.   Quizzes were online-based and 
consisted of medium-difficult multiple choice 
questions requiring students to apply engineering 
techniques or even analyse circuits to be able to select 
the correct answers. Students were made to attempt 
each quiz at the same time so there is no possibility of 
leakage of quiz questions. Student attempts were 
marked after each attempt was submitted and before 
moving on to new questions. This was done so that in 
the event electricity went, student could log on and 
resume quiz without having to restart. At the end of 
the 75 minutes or when students submit response to 
last question, they are presented with their quiz grade. 
Figure I gives an example of a circuit analysis type 
multiple choice question of medium-difficulty. The 
highlighted (bold-type) solution is represents the 
correct response. Of course in an exam none of these 
solutions are highlighted. They are just highlighted in 
Figure I for the benefit of the reader.   

 
FIGURE I: SAMPLE FREQUENCY DIVISION QUIZ QUESTION 

(MULTIPLE CHOICE) 

Tables IV-VII present the student performance for 
Quiz #1-4 over a five (5) year period. Please be 
reminded that for academic years 2013/2014 and 
2014/2015 the previous lab-based approach to 
teaching digital design was utilized which included 
the use of Xilinx schematic editor. In academic year 
2015/2016 the new classroom-based approach for 
teaching digital design was implemented but using 
Xilinx Schematic editor.  
 
In academic years 2016/2017 and 2017/2018 the new 
classroom-based approach for teaching digital design 
was utilized and included the use of VHDL.  It was 
realized that students generally performed better in 
quizzes under the new classroom-based teaching 
methodology than the previous lab-based teaching 
approach. The number of failures significantly 
decreased when the classroom-based teaching 
methodology was implemented. The number of 
students scoring A’s and B’s also increased.  
 

TABLE IV: COMPARISON OF STUDENT PERFORMANCE IN QUIZ 
#1 (DESIGN OF FREQUENCY DIVIDER) OVER 5-YEAR PERIOD 

Mark/  
100% 

Student Performance 
2013/ 
2014 

2014/ 
2015 

2015/ 
2016 

2016/ 
2017 

2017/ 
2018 

80-100 8 6 20 26 29 
70-79 17 19 28 29 32 
60-69 19 21 20 21 13 
50-59 18 19 11 6 7 

0-49 18 12 0 0 0 
TOTAL 80 77 79 82 81 

 
TABLE V: COMPARISON OF STUDENT PERFORMANCE IN QUIZ #2 

(DESIGN OF DISPLAY SYSTEM USING 7-SEGMENT DISPLAYS) 
OVER 5-YEAR PERIOD 

Mark/  
100% 

Student Performance 
2013/ 
2014 

2014/ 
2015 

2015/ 
2016 

2016/ 
2017 

2017/ 
2018 

80-100 14 12 18 23 22 
70-79 19 22 26 33 37 
60-69 24 16 21 21 19 
50-59 16 18 12 5 3 

0-49 7 9 2 0 0 
TOTAL 80 77 79 82 81 

 
TABLE VI: COMPARISON OF STUDENT PERFORMANCE IN QUIZ 
#3 (DESIGN OF 60-MINUTE TIMER USING MODULO COUNTERS) 

OVER 5-YEAR PERIOD 
Mark/  
100% 

 Student Performance 
2013/ 
2014 

2014/ 
2015 

2015/ 
2016 

2016/ 
2017 

2017/ 
2018 

80-100 12 3 19 26 30 
70-79 17 18 25 29 33 
60-69 22 29 19 21 16 
50-59 18 21 16 4 2 

0-49 11 6 0 2 0 
TOTAL 80 77 79 82 81 
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TABLE VII: COMPARISON OF STUDENT PERFORMANCE IN QUIZ 
#4 (DESIGN OF VOLTMETER WITH RANGE 0-3V USING ADCS) 

OVER 5-YEAR PERIOD 
Mark/  
100% 

Student Performance 
2013/ 
2014 

2014/ 
2015 

2015/ 
2016 

2016/ 
2017 

2017/ 
2018 

80-100 6 7 14 21 18 
70-79 19 21 25 30 34 
60-69 27 18 24 22 21 
50-59 19 17 13 9 8 

0-49 9 14 3 0 0 
TOTAL 80 77 79 82 81 

 
It was realized that students generally performed 
better in design project under the new classroom-
based teaching methodology than the previous lab-
based teaching approach. The number of failures 
significantly decreased and the number of students 
scoring A’s and B’s also increased when the 
classroom-based teaching methodology was 
implemented (see Table VIII). 

TABLE VIII: COMPARISON OF STUDENT PERFORMANCE IN 
DESIGN PROJECT PRACTICAL EXAMINATION OVER 5-YEAR 

PERIOD 
Mark/  
100% 

Student Performance 
2013/ 
2014 

2014/ 
2015 

2015/ 
2016 

2016/ 
2017 

2017/ 
2018 

80-100 5 9 14 20 23 
70-79 14 16 19 29 27 
60-69 17 14 17 13 15 
50-59 19 17 15 11 9 

0-49 25 21 14 9 7 
TOTAL 80 77 79 82 81 

 
VI. COURSE EVALUATION QUESTIONAIRE 
FOR TEACHING METHODOLOGIES 
 
For each academic year students were required to 
anonymously complete course feedback 
questionnaires. Based on the feedback questionnaires 
students indicated that the previous lab-based 
teaching approach assisted them in completing the lab 
work under the supervision of demonstrators, but 
however complained that the demonstrators were not 
all experienced enough to answer a single design 
question that may come to mind. Students also 
indicated that they always found themselves making 
notes of questions they needed answers for and when 
they had lectures with the course lecturer they would 
then ask him questions. Alternatively, they would 
have emailed lecturer. 
 
Based on feedback questionnaires, students indicated 
that the new classroom-based teaching strategy 
allowed them to better understand the construction of 
the digital circuits using a hardware descriptive 
language. Because the laboratory was performed in a 
classroom-based forum students were able to asked 
questions to the experienced lecturer the as the lab 
progressed, rather than during then next lecture as 

often occurred in the previous teaching approach. In 
the class-based approach the students were able to 
benefit from both theory and practical experience in 
one package. This was not possible under the 
previous approach. 

 
CONCLUSIONS 

 
This paper presented the exploration of a classroom-
based methodology for teaching of digital logic to 
engineering undergraduates at the University of the 
West Indies (UWI), St. Augustine campus. The paper 
also compared the performance of students when this 
classroom-based teaching methodlogy was utilized 
with that of the previous lab-based teaching 
methodology.  It was observed that students’ 
performance was better in all quizzes and design 
project when this classroom-based teaching 
methodology was utilized when compared to the 
previous. Students also endorsed the use of this 
classroom-based methodology in teaching digital 
logic design.  A future development for this research 
will require applying this classroom-based 
methodology to at least two (2) more cohorts of 
undergrads. This will give a clearer idea of the impact 
of this new methodology on student performance.  
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