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Abstract

In computer science and engineering education, teaching PC interfacing

courses and laboratory experiments are strongly required. PC interfacing is the

field of developing or simulating real/virtual solutions for exchanging data/

commands between PC and the outer world of sensors and actuators.

Recently, virtual experiments and Labs have been adopted by engineering

educators to preclude the physical presence of students and tutors and to

provide effective skills acquisition and hands‐on experience in a virtual

manner. High‐cost LabVIEW from National Instruments company is the

dominant platform to develop, execute, and animate virtual PC interfacing

experiments similar to real ones. This paper presents a toolchain, the course

contents, and virtual experiments that cover many different PC interfacing

technologies such as UART, SPI, RS232, USB, SD card interfacing, and

wireless GSM/GPRS. The virtual nature of VFST toolchain refers to enabling

the students to design, animate, and run their prototypes or solutions inside

only PC programs without the need to build physical or real ones until making

sure of their prototypes' functionality. The main aim of the VFST platform is to

make students able to develop C# based applications and to implement

solutions with an aesthetic similar to LabVIEW capabilities to become a low‐
cost alternative of it. VFST consists of a group of free‐of‐charge and third‐party
software programs such as VSPD, Virtual USB driver, WinImage, and Real‐
Term alongside with Proteus simulator and C# programming language. This

paper presents qualitative and quantitative evaluations of the benefits and

effectiveness of VFST. Findings are collected via feedback responses using an

online questionnaire survey. These findings clarify that the student cohort is,

in general, supportive that VFST Lab's content and virtual experiments have a

considerable effect on their career after and before their graduation.
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1 | INTRODUCTION

Supporting the application of virtual laboratory tool-
chains in computer science and engineering (CSE)
programs has been a recent trend among many
academics from different universities and higher educa-
tional institutions [6, 12]. One of the accreditation
criteria of the Accreditation Board for Engineering and
Technology (ABET) requires CSE programs to consoli-
date theory through practice to increase the hands‐on
experience of students [13, 14, 22].

Academics and syllabus designers are divided into
two groups. The first group adopts the idea of using
virtual laboratories and/or simulators in delivering
theoretical knowledge, virtual experiments (VE), and
problem‐solving skills to avoid the burden of functional
and timing verification of real hardware components [9,
16, 17, 28, 29, 30, 35, 36, 42]. VE and/or simulators can be
used by students anytime and anywhere, allowing them
to adapt to the learning speed of each student. The other
group adopts physical laboratory experiments because
they claim that remote or virtual laboratories will limit
the hands‐on experiences and skills of students due to
the missing reality [26, 28].

PC interfacing refers to the process of exchanging
sensory data/actuator commands between a computer and
one or more external peripheral devices by using common
and famous wired/wireless technologies. Wired technolo-
gies include universal asynchronous receiver/transmitter
(UART), Serial Peripheral Interface (SPI), Inter‐Integrated
Circuit (I2C), Controller Area Network (CAN), Ethernet
(TCP/IP), and Universal Serial Bus (USB). Wireless
technologies include Wi‐Fi, Zigbee, Bluetooth, radio
frequency (RF) and RF identification (RFID) technologies,
and Global System for Mobile Communications (GSM)/
General Packet Radio Service (GPRS). A plethora of
computer types ranging from large computers (e.g.,
workstations and PCs) to small embedded computers
(e.g., Raspberry Pi and ARTIK™ 053 starter kit) can be
used on the host side. The design of any external
peripheral devices requires the use of special purpose
and small microcontrollers, such as PIC, AVR, ARM, and
8051. Consequently, academic institutions should provide
their laboratories with a huge and diverse collection of
real hardware components, modules, and/or devices. Such
diversity of apparatuses will lead to high cost, the physical
presence of students in laboratories, and the teaching of
multiple software platforms to develop driving programs
for such apparatuses. Nowadays, many universities and
colleges prohibit the physical presence of students because
of the COVID‐19 pandemic. They encourage academicians
to conduct online courses and virtual laboratories, which
may be difficult when teaching PC interfacing.

To achieve virtuality when teaching PC interfacing
laboratories, syllabus designers use either LabVIEW or
Proteus simulators to emulate the entire hardware
systems of PC interfacing laboratories in academia [22,
24, 28, 42, 43]. LabVIEW stands for “Laboratory Virtual
Instrument Engineering Workbench.” It is a productive
development environment for designing custom applica-
tions that interact with real data and signal acquisition
devices by applying special programs called virtual
instruments (VIs). This software is used by many
academicians to provide graphical user interface (GUI)
applications to PCs by using the drag‐and‐drop graphical
components and textual programming approach (i.e., G‐
code) for test, measurement, and control applications.
VIs differ from traditional textual programming environ-
ments, such as C#, Java, Visual Basic, and MATLAB. The
VIs of LabVIEW are tools that can be used for acquiring,
analyzing, displaying, and storing data as database
reports in PCs. LabVIEW can also represent data in the
form of charts, graphs, tables, 3D controls, 3D graphs,
picture control, gauges, and meters. In short, LabVIEW is
adequate and easy to use for nonprogrammers.

LabVIEW is owned by National Instruments (NI),
and thus, embedded developers must pay to use its
advanced libraries. The closed‐sourced license of Lab-
VIEW reduces the passion of students for designing and
building hardware circuits for PC interfacing. Students
and embedded developers are unable to use LabVIEW's
G‐code on their hardware solutions, and thus, they are
forced to use expensive interfacing products offered by
NI, such as NI6008 USB‐based DAQ, NI6009 USB‐based
DAQ (price starts at US$700), and wireless USRP‐2922
bundle (price starts at US$7458).

The Proteus simulator has been recently considered a
powerful, easy‐to‐use, and productive electronic design
automation tool. It has been extensively used in uni-
versities and engineering colleges because students can
use it for designing (i.e., schematic capturing), simulating,
animating, and verifying different types of passive or
active electronic circuits, and then converting them into
real circuits [21, 40]. The powerful virtual system
modeling (VSM) of Proteus enables students and re-
searchers to simulate the hardware and firmware of any
microcontroller, including input/output ports, timers,
interrupts, UART, and other built‐in peripherals inside
each supported microcontroller, such as PIC, AVR, and/or
ARM. The Proteus simulator has approximately 785
microcontrollers and thousands of passive common parts.
It allows the import of more components by using the
BSDL format. Recently, Proteus has been extended to
enable visual designers to simulate complete embedded
platforms, such as Arduino, Raspberry Pi, and IOT
Builder, to design, monitor, and control remote systems
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from a simple mobile application. Visual designers use a
combination of their VSM, flowcharts, and virtual hard-
ware, resulting in an integrated and intuitive development
environment for Arduino, Raspberry Pi, and IOT builder.
The functionality of the basic simulator to provide a full
range of graph‐based analyses, such as analog/digital
transient analysis, frequency analysis, Fourier analysis,
and noise analysis, is extended.

All models of Proteus VSM processors and micro-
controllers can run a binary file that is developed and
produced by supported third‐party assemblers or compil-
ers, such as MikroC compiler for PIC, AVR, and ARM,
Hi‐Tech software, CSS, MPLABX, RaisoNance, Keil,
Arduino, AVR Bascom, and ImageCraft. One of the
important features of Proteus is its 3D viewer, which
allows users to look at their designed circuit from a 3D
viewpoint, similar to a real one. In summary, students
feel like they have a private electronic store at their
disposal when working with the Proteus simulator, and
they are working with real authentic electronic compo-
nents and real microcontroller‐based, Arduino‐based,
and Raspberry Pi‐based systems.

However, despite all the capabilities described in the
aforementioned section, Proteus remains inadequate for
meeting the modern requirements of PC interfacing and
presenting the results to the end user. LabVIEW provides
an attractive approach for displaying sensory data into
3D‐based graphics to the end user, introducing the
isolation of users from back‐end interfacing circuits.
LabVIEW provides user‐level abstraction during the
exchange of sensory data or actuating commands
between a desktop application and its premanufactured
interfacing solutions and systems.

The current study addressed in detail the mature
planning and design of a syllabus and VE for PC interfacing
between a virtual device(s) by using Proteus with desktop
applications developed using a general‐purpose and textual
C# programming language. This syllabus is called VFST,
which is short for Virtual Laboratory and an Education
Syllabus. In this syllabus, the student is responsible for
developing firmware for any participating microcontroller
and a complete GUI and textual source code for each
desktop application in this context. A group of free‐licensing
and third‐party programs can be used as the connection
between Proteus simulator and C#‐based applications to
provide virtual communication channels, such as the virtual
serial port driver (VSPD) from Eltima (a free version can be
downloaded directly from its official website), virtual USB
driver from Labcenter (free and comes with the same
Proteus package.), WinImage program from Gills Vollant
software (free‐licensing program that can be downloaded
directly from its website), and RealTerm program (free‐
licensing program that can be downloaded directly from the

SourceForge website). These third‐party programs with the
Proteus simulator and C# programming language comprises
a toolchain dedicated for the VFST syllabus. The primary
objective of VFST is to enable students and researchers to
develop desktop applications that can monitor sensory data
from different sensor types, send operational commands for
different types of actuators, and implement solutions with an
aesthetic appearance similar to LabVIEW capabilities. In the
future, students can further pursue complex systems by
involving Internet of things (IoT) and artificial intelligence
platforms within their prospective applications.

The outline of this paper is as follows. Section 2
provides a comparison among numerous articles that
introduce different methodologies and curricula on the
consolidation between theory and practice during the
teaching of CSE courses. Section 3 presents the problem
statement and primary objectives of VFST. Section 4
describes the entire software platform and toolchain of
our proposed VFST. The diagrams and C#‐based desktop
application for each VE of VFST are detailed in Section 5.
The research methodology and qualitative and quantita-
tive evaluation results are discussed in Section 6. Finally,
a conclusion is drawn in Section 7.

2 | RELATED WORK

This section sheds light onto numerous articles that
introduce different methodologies and curricula on the
consolidation between theory and practice during the
teaching of CSE courses. CSE Specialization, in particu-
lar, and Electronics Engineering, in general, focuses on
the technical contents of any CSE syllabus. Accordingly,
most of the included studies revolve around presenting
and discussing technical content and how enrolled
students respond to such content. Consequently, teach-
ing methodologies, processes, and activities that tradi-
tional academicians are interested in are excluded from
CSE specialization.

The articles present and support virtual laboratories
(VLs), physical laboratories (PLs), or hybrid laboratories
(HLs). Table 1 lists these articles. The issues included in
this review are the general application field of each
article and its type (i.e., virtual, remote, physical, or
hybrid). In addition, the type of interface technology and
hardware tools used are provided in this review.

3 | PROBLEM STATEMENT

The problem‐based learning (PBL) approach is consid-
ered one of the most effective education techniques for
developing 21st century capabilities [4, 5]. PBL focuses

MOHAMED | 3
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on boosting critical thinking, problem solving, informa-
tion and media literacy, cooperation, leadership and
teamwork, innovation, and creative skills that students
can gain during and after each learning milestone.
Teaching PC interfacing or similar syllabi in the CSE
discipline faces two major challenges when it is
accompanied by the PBL approach. The first problem is
related to technical contents, including laboratory type
and cost of hardware (HW)/software (SW) apparatus.
The second problem is related to measuring factors of
educational goals and the effects of PC interfacing syllabi.
These factors include students' individual achievement
(SIA) [2], students' cooperation outcome (SCO) [7],
students' learning skills (SLS) [3, 8], and students general
satisfaction (SGS) [3, 8].

As indicated in Table 1, most related studies focused
on producing and presenting only technical content and
experiments on similar topics related to PC interfacing.
Most studies adopted LabVIEW and its accompanying NI
interface boards to construct their laboratories. In the
beginning of establishing our PC interfacing laboratory,
we found that the cost of a LabVIEW‐based laboratory is
extremely expensive, reaching more than US$130,000.
The total cost includes LabVIEW program (US$6365), 15
modules of USB‐based NI 6009 DAQ board for USB
interface only (US$13,500), and 15 bundles of USRP2920
wireless board for Wi‐Fi interface only (US$111,870). In
addition, most related work did not verify the effective-
ness of the learning methodologies used during the
teaching of their laboratory contents, such as the SIA,
SCO, SLS, and SGS factors. VFST is sensibly designed to
overcome the two aforementioned problems.

4 | DEVELOPMENT SOFTWARE
TOOL CHAIN OF VFST

The proposed VFST is built by employing several
programming platforms and software tools. They are
carefully chosen to achieve the desired learning out-
comes and to create an adequate virtual learning
atmosphere. Some of these software platforms are
commercial versions while others can be obtained as a
free version from its website. The following sections will
list briefly the description of each software platform/tool.

4.1 | Visual Studio 2019 from Microsoft

Visual Studio 2019 provides a rich and integrated
development environment for creating attractive applica-
tions for Windows, Android, and iOS, along with modern
web applications and cloud services. General‐purpose C#T
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programming language is suggested to be used in this
coursework for building and developing simple and
complex Windows‐based desktop applications in the
context of PC interfacing. These applications are used for
monitoring/controlling purposes with external virtual
devices. Each student can install and activate Visual
Studio 2019 as free software by using his/her official
academic email because of the licensing agreement
between Microsoft and the Supreme Council of Egyptian
universities.

4.2 | MikroC compiler from
MikroElctronika

The MikroC Pro for PIC compiler is a powerful and feature‐
rich development tool for PICmicrocontrollers. It is designed
to provide embedded developers with simple libraries for
developing firmware applications for embedded systems
without compromising performance or control.

MikroC Pro provides successful match featuring,
highly advanced IDE, an ANCI C compliant compiler,
a broad set of hardware libraries (i.e., 1045 library
functions), comprehensive documentation, lifetime
license with a commercial cost of US$270, and plenty
of ready‐to‐run examples (i.e., 168 code examples). In
addition, it currently supports more than 808 PIC
microcontrollers. In summary, MikroC Pro for PIC can
be used to dramatically accelerate the development of
driving programs (i.e., firmware) for different types of
PIC microcontrollers to achieve data acquisition, mem-
ory, display, conversion, and communication with/from
different hardware components.

4.3 | Virtual USB driver and Proteus
simulator

A virtual USB driver is a small program that is integrated
into the Proteus package. It is used to “deceive” a PC that
a virtual USB peripheral schematic, which is entirely
designed in the Proteus simulator, is plugged into the PC
similar to real USB devices. The integration of a virtual
USB driver into Proteus enables students to test and
model all request/replay transactions between such
virtual USB schematic and the levels of Windows USB
drivers. This integration supports USB communication
with the different classes (i.e., protocols) of USB devices,
such as the human interface device class (HID),
communication device class (CDC), or mass storage
device class (MSD). The Proteus simulator is described in
detail in Section 1.

4.4 | Virtual serial port driver (VSPD)
from Eltima

VSPD is a powerful program that is designed specifically
for those who develop, test, or debug serial port software
and hardware. This program provides any Windows OS
with as many virtual COM (i.e., serial) interfaces as the
developer needs. In this coursework, VSPD aims to create
a virtual pair of COM ports that can be used instead of
real COM ports for serial communication between virtual
serial schematic in Proteus and PC. VSPD is particularly
convenient when all real serial ports are already
occupied. The standard edition of VSPD is free.

4.5 | WinImage program from Gills
Vollant software

WinImage is a full‐fledged disk‐imaging suite for easy
creation, reading, and editing of many image formats and
file systems, including FAT, ISO, NTFS, and Linux. With
WinImage, students can recreate an image on the hard
drive or other media, view its contents, extract files, add
new files and directories, change the format, and
defragment an image in a similar manner when working
with real hard drives or SD memories. The primary
objective of the WinImage program within this course-
work is to create an SD image and integrate it into
Proteus to simulate the interfacing experiments of virtual
SD schematic applications. These experiments focus on
storing/retrieving sensory data to/from SD memory
image, particularly in monitoring applications. Moreover,
the WinImage program can be obtained for free from its
website.

4.6 | RealTerm: Serial/TCP terminal

RealTerm is an engineering terminal program that is
specially designed for capturing, controlling, and
debugging binary and other difficult data streams. In
this coursework, RealTerm is used mostly to ensure that
ATcommands for the adopted GSM/GPRS, Wi‐Fi, and/
or Bluetooth modules are generated correctly as a
virtual tool before the actual execution of such AT
commands on the aforementioned modules. ATcom-
mands is a list of text‐based commands with a
predefined format that is required to run an available
and specific task of such modules. ATcommands are
defined and specified by the manufacturer of such
modules and included in a manual sheet for each. The
RealTerm program is free of charge.
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5 | VE OF THE VFST

This section presents a brief description of six VEs. The
descriptions include the objectives of each VE and
schematic diagram for each VE.

5.1 | VE 1: Interfacing PC with a PIC‐
based device using serial communication

The main objective of VE1 is to understand the basic
concepts and C#‐based libraries of serial communication.
Another objective is to enable students to develop a
simple desktop application for sending control com-
mands from a PC to a PIC‐based external device. the
schematic diagram of VE 1's external device is shown in
Figure 1. See Supplementary Information: Video 1.

5.2 | VE2: Sending sensory data from
PIC to PC using serial communication

The primary objective of VE2 is to enable the student to
develop the MikroC code for PIC 18F452 and send
temperature sensory information to the PC via the serial
RS232 protocol They are connected in a diagram as
shown in Figure 2. Another objective is to familiarize the
student with the concept of A/D conversion and apply
this concept during the temperature calculations of an
LM35 sensor. All the hardware components of VE2 are
virtual. They include PIC18F452 [32], MAX232 chip [41],
virtual “COMPIM” connector, and LM35 temperature
sensor. The wiring method described in [10] is used to
connect the MAX232 chip with virtual “COMPIM”
connector. See Supplementary Information: Video 2.

5.3 | VE3: Simple paradigm for USB
communication

The USB has become the most successful PC interface in
recent years [11]. Every recent PC has USB ports that can
connect to keyboards, mice, scanners, cameras, printers,
SSD drives, and other modern devices. USB is reliable,
fast, versatile, power‐conserving, inexpensive, and sup-
ported by major OS such as Windows, Linux, and so
forth. The new USB 3.0 and 4.0 SuperSpeed bus indicates
that USB is likely to continue to dominate as the
interface of choice for an ever‐expanding selection of
peripherals. The primary objective of VE3 is to enable
students to learn new concepts about the complex USB
protocol and implement a simple paradigm to test USB
communication between a simple Proteus and PIC‐based

external USB device and one with built‐in programs
within the MikroC editor, called “HID Terminal.” The
hardware components of VE 3 are virtual, and they
include the PIC18F4550 microcontroller and the virtual
“USBCONN” connector in Proteus. They are connected
in a diagram as shown in Figure 3. See Supplementary
Information: Video 3.

5.4 | VE4: Complete experiment for
bidirectional PC/USB interface

The primary objective of VE4 is to enable students to
build a complete USB‐HID device that can communicate
with a C# window form to achieve bidirectional USB
communication. VE4 can be considered the first step to
help students progress on to more complex USB‐HID
devices and solutions. A new C# library, called the “USB
Generic HID Communication (USB‐GHC),” should be
employed. USB‐GHC library version 2.0.0.0 [25] is a free
software library that can be redistributed and/or mod-
ified under the terms of the GNU public license [23]. The
operation of the USB‐GHC library relies on calling for
and dealing with four window DLL functions: setupa-
pi.dll, kernel.dll, user32.dll, and hid.dll. These DLL files
are responsible for all USB functions in Windows
platforms, such as device discovery and identification,
sending and receiving USB transactions, handling USB
event notifications (i.e., attaching and detaching
USB devices), and/or communicating with Windows'
USB generic HID driver [11]. All the hardware compo-
nents of VE 4 are virtual. They include PIC18F4550
microcontroller, “USBCONN” connector, one LED, and a
push button switch. The diagram of all these connected
components is shown in Figure 4.

5.5 | VE5: Interfacing SD/MMC memory
cards with PIC

The primary objective of VE5 is to familiarize students
with the interfacing paradigm between one of the
PIC18F families (i.e., PIC18F4550) and SD/MMC
memory cards. VE5 will guide them in putting files
and folders (i.e., directories) in SD/MMC cards, write/
read any data from these files, and transitioning
between folders inside SD/MMC cards. All the hard-
ware components of VE5 are virtual and provided by the
Proteus simulator. They include PIC18F4550 microcon-
troller, two LEDs, a virtual SD card connector, and a
DHT11 temperature and humidity sensor. The diagram
of VE 5 is shown in Figure 5. See Supplementary
Information: Video 4.
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5.6 | VE 6: Interfacing PC with wireless
GSM/GPRS modem

The primary objective of VE 5 is to familiarize students
with building wireless‐based applications by adopting the
capabilities of GSM/GPRS modems, such as the SIM800L
modem [39]. The GSM standard protocol is used for
handling activities, such as voice calls and short message
service (SMS) exchange. The GPRS protocol is used for
sending and receiving data packets (such as the Internet)
via cellular network infrastructure. The use of GPRS
expands the functionality of these small modems to

exchange data remotely with different and current
technologies, such as emails, IoT, and cloud computing
platforms. The hardware components in real experiments
include the SIM800L modem [39], USB‐to‐TTL converter
[38], and DC‐to‐DC converter. In the case of executing
VE 6 virtually, the student does not need real compo-
nents and can connect between his/her C# window form
and the RealTerm program. Real‐Term program is used
for displaying ATcommands and string‐based responses
that are exchanged between itself and the C#‐based
window form on the PC. See Supplementary Informa-
tion: Video 5.

FIGURE 1 The schematic diagram of virtual experiment 1
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6 | IMPLEMENTATION
METHODS OF VFST

During Teaching development of VFST, each student is
responsible for attending lectures/labs and performing
the teacher‐directed individual study (TDIS) stage
aligned with the self‐directed learning stage (SDLS).
TDIS refers to the process of acquiring basic knowledge
of any topic directly and under the supervision of
teachers during traditional and/or online lectures/labs.

TDIS has been a subject of controversy in the field of CSE
and engineering, with many academicians claiming that
it should be used until the present, particularly in
technical disciplines [34, 44]. SDLS is required to enable
students to acquire additional knowledge by searching
the Internet or other online resources.

In VFST, the workflow of the PC interfacing course is
regulated into five consecutive stages, as shown in
Figure 6. These stages are as follows: acquiring basic
knowledge (i.e., TDIS), presenting and discussing

FIGURE 2 The Schematic diagram of virtual experiment 2.

FIGURE 3 The schematic diagram of virtual experiment 3
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problems, self‐learning skills (i.e., SDLS), oral presenta-
tion of problems, and generation of simple/complex
projects into real prototypes. The VFST course consists of
2 h of theoretical lecture and 2 h of practical lab per
week. Students can acquire each VE content in two
lectures (i.e., 2 weeks). Consequently, the VFST course
will consume 15 weeks in total. 12 weeks to complete

technical content and 3 weeks for quantitative and
qualitative assessments. The outlines of the VFST course
are described in Figure 7.

When teaching each context of VFST, the involved
teachers adopt most traditional educational methodolo-
gies, such as giving lectures in classrooms, providing
online filmed lectures, observing students in laboratories,

FIGURE 4 The schematic diagram of virtual experiment 4

FIGURE 5 The schematic diagram of virtual experiment 5
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giving them a 5‐min quizzes before the end of each
lecture, and giving them large‐scale assignments as
homework. Traditional written exams, practical exams,
and oral presentations are used as quantitative

assessment methods, while interviews, quizzes, and oral
presentations are used as qualitative assessment methods
for student evaluation. We did not record the statistics of
such traditional teaching methodologies, However, we
will consider them in the future.

6.1 | PBL methodology of VFST

The PBL methodology of VFST is applied to two challenging
levels. The first level is related to giving technical problems
(i.e., long‐time lab Quizzes and large‐scale homework
assignments) to the students after finishing each VE content.
Thereafter, each student must perform TDIS and SDLS
activities to find optimal solutions for such problems. The
second level revolves around generating and converting
optionally simple or complex project ideas from simulated
versions into real prototypes within a duration of four
additional weeks to achieve two objectives. The first objective
is to boost the students' ability in dealing with difficulties of
real hardware components/sensors/actuators. The second
objective is to give the students an opportunity to increase
their performance score on the VFST course over the entire
semester.

6.2 | Interviews

Interviews were conducted for the first level and the
second level of PBL methodology. A first level interview
is imperative. Each student should build simulated
solutions of the technical problems by using the tool
chain of VFST. He/She will give an oral presentation
interview to his/her teacher. In case of failure to find
solutions, teachers will pay more attention and provide
further discussions to such nonactive students. The
second level interview is optional for any group of
students. Initially, students were asked to construct a
team from 3 to 4 students per group. Second, each group
can freely choose a project idea which can be simple or
complex from pretailored problems. Third, they can work
together to convert their chosen idea to a simulated
version. At the end of this previous milestone, they
should present such a simulated version to their teacher
in an interview to test and make sure of project
functionality. Finally, they are asked to convert simu-
lated versions to real projects by using real hardware
components. Also, they will be interviewed with their
teacher again to discuss and present what they achieved
in the final real project. During four academic years of
teaching VFST, the students prove their abilities to
produce amazing solutions/prototypes of such pre‐
tailored simple/complex projects.

FIGURE 6 Five stages of PBLWorkflow implementation in VFST.
PBL, problem‐based learning; VFST, virtual and fully software.
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6.3 | Lecture/Lab quizzes and
assignments

Three types of quizzes and assignments were given to
enrolled students of VFST; 5‐min quizzes, Long‐Term lab
quizzes, and homework assignments. 5‐min quizzes were
given at the last 5min in each lecture and the student should
deliver it at the same lecture. The main aim of it is to
motivate the student to pay attention and concentrate over
all the time duration of lecture. In addition, this 5‐min quiz
helped teachers to consider individual abilities of assimila-
tion among students in each next lecture. Six Long‐Term Lab
quizzes were given to the students over the entire VFST
course. The time slot for each quiz may be from 20 to 30min
according to the included questions. Long‐Term Lab quizzes
are targeted to help students make simple and quick
modifications for lab experiments in lab situ. Another aim
is to inspect the speed level of creating solutions for
pretailored simple problems as fast as the students can.
The third type was giving students large‐scale assignments as
homework. Such large‐scale assignments enable them to
perform problem solving activities without time constraints

to produce semi‐optimal solutions for complex problems.
Generally, quizzes and assignments in our VFST course will
be used to evaluate students' ability toward consolidation of
practical experiments with theoretical concepts.

7 | RESEARCH METHODOLOGY
AND EVALUATION OF VFST

This study and the PC interfacing course were applied to
3rd year students in the CSE department, Faculty of
Electronics Engineering, Menoufia University, Egypt for 4
academic years (2016/2017 to 2019/2020) during the 1st
semester. It requires participating students to pass two
prerequisite courses (i.e., “Microcontroller applications”
and “Object Oriented programming using C#”) in the 2nd
year before it can be taken. The prerequisites courses are
crucial for delivering knowledge and hands‐on activities
on microcontroller‐based hardware and firmware solu-
tions, and implementing simple desktop applications by
using Java or C# programming language. Undergraduate
students, in the CSE department—Menoufia university,

FIGURE 7 The outlines of the VFST course. VFST, virtual and fully software.
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need to study for a total 5 academic years. The main
teaching methodology was based on Lectures/Tutorials/
Laboratory sessions. The structure of the PC interfacing
course proposed 12 Lectures organized in 4 different
blocks as shown in Table 2. In addition, Table 2
summarizes the competencies (i.e., Learning Outcomes)
of the PC interfacing course which clarifies that it followed
most of the general competencies of the relevant CSE
program. All competencies of the CSE program (i.e.,
department) are listed in Appendix A.

A total of 158 undergraduate students took this course
and VFST for 4 academic years, as indicated in Table 3. For
this study, 128 students responded to an online question-
naire by using Google Forms. The questionnaire was
considered a qualitative evaluation methodology in the
current work. It included MCQ, YES/NO, and a five‐point
Likert scale as rating questions. We shared Q1–Q7 survey
questions in April 2020 to students of academic years 2016/
2017 and 2017/2018 to measure their satisfaction ranges
and the beneficial effect of VFST on their career after

graduation. We shared Q1–Q4 survey questions in February
2020 to students of academic years 2018/2019 (who are still
in the CSE department and enrolled in the 4th level) and
2019/2020 (who are still in the CSE department and
enrolled in the 3rd level). Table 4 presents the survey
questions, type of each question, targeted academic year,
and educational goal factor for each question.

The exam results for 4 academic years were used as a
quantitative evaluation methodology for teaching the
technical contents and experiments of VFST. The questions
in the VFST exams were determined by considering Bloom's
taxonomy [27]. The exam results of the students were
controlled and improved in accordance with providing
solutions of maturely designed problems to the teacher. In
the first 2 academic years (2016/2017 and 2017/2018),
providing such solutions is optional, but it has become
imperative in the last 2 academic years (2018/2019 and 2019/
2020). In 2018/2019, students were asked to deliver these
solutions individually. In 2019/2020, students were asked to
divide themselves into groups with four to five members.
Each group was asked to work among themselves to deliver
such solutions.

7.1 | Qualitative evaluation and
discussion

The results of survey questions Q1–Q4 are presented in
Tables 5–8. These results indicate that the student cohort is
generally supportive of using virtual laboratory activities as
part of their work. As stated previously, survey questions
Q1–Q4 have multiple objectives. The first objective is to
measure the general satisfaction of students regarding the
content and assessment tools of the coursework (i.e., SGS
and SIA factors). The second objective is to determine
whether this course is adequate for CSE programs from the
students' viewpoint (i.e., SGS factor). The third objective is
to measure how the engagement of theoretical concepts
and virtual practice will benefit the students when they
produce and design complex applications in their final
graduation projects (i.e., SCO factor).

In accordance with the results in Tables 5 and 6, the
average mean values of questions Q2 and Q3 are 3.70 and
3.53, respectively, indicating that 75% of the students
positively support the first objective of this course (i.e., SGS
and SAI). In addition, the findings in Table 7 clearly indicate
that more than 85% of the students find this course strongly
adequate for the CSE program (i.e., second objective and
SGS). Furthermore, the feedback of the student population
presented an approximately even division (refer to Table 8
for Q4) regarding the third objective, reflecting a largely
neutral stance. Approximately 50% of the students believed
that this course helped them produce viable final projects

TABLE 2 Lecture organization and competencies of PC
interfacing course

Block name
Virtual
experiment

Weekly
lecture
number

Competencies
(i.e., learning
outcomes)

Serial
Communica-
tion RS232

VE1 and VE2 1, 2, 3, 4 A2, A3, A6,
A7, A10

USB
Communi-
cation

VE3 and VE4 5, 6, 7, 8 B2, B3, B4

Interfacing with
SD memory
card with PIC

VE5 9, 10 C1, C3, C4, C6

Interfacing PC
with GSM/
GPRS
modems

VE6 11, 12

TABLE 3 Number of students that enrolled in VFST in each
academic year

Academic
year

Total number
of enrolled
students

Responses
number

Response
rate

2016/2017 25 20 80%

2017/2018 40 33 82.5%

2018/2019 32 22 68.8%

2019/2020 61 53 86%

Abbreviation: VFST, virtual and fully software.
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TABLE 4 Questionnaire survey of VLES–Lab

Item Type of question
Applied for
academic year

Educational
Goal factor

Q1: From your view‐point, are contents of course is
suitable for the computer science and
engineering (CSE) discipline

Yes/No ALL academic
Years

SGS

Q2: Are you satisfied from experiments and
interfacing ideas that you learned? Give a degree
of satisfaction?

Five‐point Likert scale from 1
(not satisfied) to 5 (most
satisfied)

ALL academic
Years

SGS

Q3: Give a degree that represents how testing
techniques and evaluation tools are efficient
within this course during your academic Year

Five‐point Likert scale from 1
(not satisfied) to 5 (most
satisfied)

ALL academic
Years

SAI

Q4: Are you found that this course benefits you in
your final graduation in 4th level and helped you
to implement a good project?

Yes/No ALL academic
Years

SCO

Q5: Determine the benefit percentage of the course
after your graduation in your career.

Write percentage response 2016/2017 SLS

(0% to 100%) 2017/2018

Q6: Which part of this course that you prefer and
interested in?

(MCQ question) SLS

• Serial Comm.

• USB Comm. 2016/2017

• SD card Interface 2017/2018

• GSM Modem

• Write another response

Q7: What is the most tool that you benefit from it
during this course and after graduation?

(MCQ question) SLS

• MikroC compiler

• C# part 2016/2017

• Proteus simulator 2017/2018

• Write another response

TABLE 5 Number and percentage of students that respond to Q2

Academic year

Score count of Q2

1 2 3 4 5

2016/2017 and 2017/2018 1 (1.9%) 5 (9.4%) 14 (26.4%) 15 (28.3%) 18 (34%)

2018/2019 2 (9.1%) 2 (9.1%) 6 (27.3%) 7 (31.8%) 5 (22.7%)

2019/2020 1 (1.9%) 4 (7.5%) 10 (18.9%) 27 (50.9%) 11 (20.8%)

TABLE 6 Number and percentage of students that respond to Q3

Academic year

Score count of Q3

1 2 3 4 5

2016/2017 And 2017/2018 2 (3.8%) 6 (11.3%) 11 (20.8%) 19 (35.8%) 15 (28.3%)

2018/2019 3 (13.6%) 4 (18.2%) 0 (0%) 11 (50%) 4 (18.2%)

2019/2020 6 (11.3%) 8 (15.1%) 20 (37.7%) 13(24.5%) 6 (11.3%)
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(i.e., SCO), whereas the remaining 50% of the students did
not. Students work with an extensive variety of ideas for
their final graduation projects. Each student attempts to
apply and consolidate all the theoretical and practical
knowledge he/she gained for more than 5 academic years
to produce a viable project. When 50% of the students
expressed that this course helped them effectively during
their final project activities, such finding is considered a
salient highlight with regard to the importance of this course.

We deliberately presented survey question Q5–Q7 to
graduate students to measure the direct effect of this course
on their professional life after graduation (i.e., SLS).
Accordingly, Q5–Q7 were presented to students of academic
years 2016/2017 and 2017/2018. The total number of
students that responded to Q5–Q7 was 53 from both
academic years. The answers to Q5 are provided in
Table 9. From this table, 17 students benefitted from this
course by a percentage of 50% to 75%, while 18 students
reported a beneficial percentage of 75%–100%. That is, 66% of
the students benefitted directly from this coursework in their
career. The responses to Q6 and Q7 are presented as pie
charts in Figures 8 and 9. The objective of Q6 is to determine
which interfacing technologies students are most interested
in and are most useful to them (i.e., SLS).

The student population was interested in serial commu-
nication technology (35.8%), USB communication (17%), and

TABLE 7 Number and percentage of students that respond
to Q1

Academic year

Q1 Responses

Yes No Others

2016/2017 and 2017/2018 47 (88.7%) 1 (1.9%) 5 (9.4%)

2018/2019 19 (86.4%) 2 (9.1%) 1 (4.5%)

2019/2020 48 (90.6%) 2 (3.8%) 3 (5.6%)

TABLE 8 Number and percentage of students that respond
to Q4

Academic year

Q4 Responses

Yes No Others

2016/2017 and 2017/2018 23 (43.3%) 23 (43.3%) 7 (13.2%)

2018/2019 10 (45.5%) 9 (40.9%) 3 (13.6%)

2019/2020 31 (58.5%) 11 (20.8%) 11 (20.8%)

TABLE 9 Responses to Q5

Benefit percentage
Number of students
in both 2016/2017 and 2017/2018

0%−25% 13

25%−50% 5

50%−75% 17

75%−100% 18

FIGURE 8 Responses of Q6 FIGURE 9 Responses of Q7

MOHAMED | 15

 10990542, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/cae.22590 by E

gyptian N
ational Sti. N

etw
ork (E

nstinet), W
iley O

nline L
ibrary on [24/12/2022]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



GSMmodem interfacing (20.8%). In addition, the objective of
Q7 is to identify which tool benefitted the students from the
most during the course and on their career after graduation
(i.e., SLS). From Figure 8, the C# part of this course elicited
the most interest, that is, 47.2% of the participating students.
Meanwhile, the MikroC compiler and Proteus simulator
elicited the interest of 22.6% and 17% of the participating
students, respectively.

7.2 | Quantitative evaluation and
discussion

Table 10 presents the quantitative evaluation (i.e., statistical
exam results) of teaching VFST. It provides the mean grades
and standard deviations over 4 academic years of enrolled
students and students who finished the course. Notably, a
substantial improvement in mean grades is observed when
we make providing challenging solutions imperative. The
reason behind such improvement is that students in 2018/
2019 engaged in more thinking and mental activities to find
suitable solutions for the predesigned problems of VFST.
Moreover, grouping students encourages them to exchange
and discuss their ideas within their dedicated group to come
up with remarkable solutions as an achievement of the SCO
factor. A significant number of students in the last 2
academic years are capable of correctly answering exam
questions compared with students in academic years 2016/
2017 and 2017/2018.

8 | CONCLUSION AND
FUTURE WORK

Supporting the concept of converting traditional labora-
tories into virtual laboratory toolchains has been a recent
trend in many universities and colleges. Applying such
concepts generally to CSE courses, and particularly to PC
interfacing courses, poses a challenge. Teaching such
courses requires consolidation between theoretical
knowledge and laboratory experiments to provide effec-
tive skill acquisition and hands‐on experience to
students. To solve this discrepancy, PC interfacing

teachers are motivated to find methodologies and full
software platforms that can help students perform
experiments virtually with an aesthetic appearance and
manner similar to real experiments.

This study addressed in detail the planning and design of
a syllabus and VE for the topic of PC interfacing among
virtual device (s) by using Proteus with desktop applications
developed using a general‐purpose and textual C# program-
ming language. This syllabus is called VFST. In this syllabus,
students are responsible for developing a firmware for any
participating microcontroller and developing a complete
GUI and textual source code for each desktop application in
this context. A group of third‐party programs can be used as
a link between the Proteus simulator and C#‐based
applications to provide virtual communication channels,
such as VSPD, virtual USB driver, WinImage program,
RealTerm program, and MikroC compiler. These third‐party
programs with the Proteus simulator and C# programming
language comprise a toolchain dedicated to the VFST
syllabus. The primary objective of VFST is to enable students
and researchers to develop desktop applications that can
monitor sensory data from different sensor types or send
operational commands to different types of actuators and
implement solutions with an aesthetic appearance similar to
LabVIEW capabilities.

This study also presented qualitative and quantitative
evaluations of the benefits and effectiveness of VFST on
students before and after their graduation. The findings
of such evaluations were collected via feedback responses
from students from 4 academic years (2016/2017 to 2019/
2020) using an online questionnaire survey (Google
Forms). These findings indicate that 75% of the student
cohort is extremely satisfied with the content and VE of
VFST. In addition, 66% of students experience direct
benefit from this coursework on their career after
graduation. In the future, we aim to include theoretical
concepts and VE related to other wired interface
technologies (e.g., I2C, LIN, Ethernet, and CAN proto-
cols) and other wireless technologies (e.g., Wi‐Fi, Blue-
tooth, and Zigbee protocols).

DATA AVAILABILITY STATEMENT
Data available on request from the authors.

TABLE 10 Statistical analysis of exam results of VFST

Group Years Mean mark SD Min Mark Max Mark

Optional delivering solutions 2016/2017 49.61 28.65 20 87

2017/2018 53.82 27.36 28 90

Imperative delivering solutions individually 2018/2019 61.53 22.13 35 98

Imperative delivering solutions In Groups 2019/2020 74.25 18.21 54 100

Abbreviation: VFST, virtual and fully software.
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APPENDIX A: COMPETENCIES OF CSE
DEPARTMENT
In this section, comprehensive details will be presented
about program competencies (Learning Outcomes) of CSE
dept. These competencies are skimmed from Egyptian
Standards NARS‐2009 and NARS‐2018 (http://cmp.eng.cu.
edu.eg/wp-content/uploads/sites/8/cmp1/2014/Engineering
NARS18.pdf) for engineering education which is regulated
by the National Authority for Quality Assurance and
Accreditation of Education “NAQAAE”—Egyptian Ministry
of Higher Education (https://naqaae.eg/en/). The categories
of competencies in our CSE Department are as follows:
General Competencies (which are related to the whole
Engineering Education), Specialty Competencies (which are
related to the discipline of Electrical Engineering Educa-
tion), Subspecialty Competencies (which are related to the
subdiscipline of Computer Science and Engineering Depart-
ments). These Competencies are formulated to be general
sentences as described in the following sections.

• General Competencies of CSE Department: it is
symbolized with Letter “A”)
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A1. Identify, formulate, and solve complex engi-
neering problems by applying engineering fundamen-
tals, basic science and mathematics.

A2. Develop and conduct appropriate experimentation
and/or simulation, analyze and interpret data, assess and
evaluate findings, and use statistical analyses and objective
engineering judgments to draw conclusions.

A3. Apply engineering design processes to produce
cost‐effective solutions that meet specified needs with
consideration for global, cultural, social, economic,
environmental, ethical and other aspects as appropriate
to the discipline and within the principles and contexts of
sustainable design and development.

A4. Utilize contemporary technologies, codes of
practice and standards, quality guidelines, health and
safety requirements, environmental issues and risk
management principles.

A5.Practice research techniques and methods of
investigation as an inherent part of learning.

A6. Plan, supervise and monitor implementation of
engineering projects, taking into consideration other
trades requirements.

A7. Function efficiently as an individual and as a
member of multi‐disciplinary and multicultural teams.

A8. Communicate effectively – graphically, verbally
and in writing – with a range of audiences using
contemporary tools.

A9. Use creative, innovative and flexible thinking and
acquire entrepreneurial and leadership skills to anticipate
and respond to new situations.

A10. Acquire and apply new knowledge; and practice
self, lifelong and other learning strategies.

• Specialty Competencies of CSE Department: it is
symbolized with Letter “B”).

B1. Select, model and analyze electrical power
systems applicable to the specific discipline by apply-
ing the concepts of: generation, transmission and
distribution of electrical power systems.

B2. Design, model and analyze an electrical/
electronic/digital system or component for a specific
application; and identify the tools required to optimize
this design.

B3. Design and implement: elements, modules,
sub‐systems or systems in electrical/electronic/
digital engineering using technological and profes-
sional tools.

B4. Estimate and measure the performance of an
electrical/electronic/digital system and circuit under
specific input excitation, and evaluate its suitability for
a specific application.

B5. Adopt suitable national and international
standards and codes to: design, build, operate, inspect
and maintain electrical/electronic/digital equipment,
systems and services.

• Subspecialty Competencies of CSE Department: it
is symbolized with Letter “C”).

C1. Acquire engineering fundamentals in the fields of
computer systems hardware and software.

C2. Analyze computer systems using appropriate
mathematical tools, professional technological tools, and
computing methods based on computer science and
engineering disciplines.

C3. Design and implement of computer systems
hardware and software using technological and profes-
sional tools.

C4. Identify, formulate, and model computer science
and engineering problems and provide multiple, practical
and professional solutions with a high level of
competence.

C5. Apply and evaluate different techniques and
strategies for solving computer science and engineering
problems.

C6. Acquire a sound theoretical approach to deal with
modern trends and new advances in the field of
computer hardware and software.
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