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 Abstract—Due to its importance as a model for several software 
and hardware applications, automata theory is a core topic in 
computer science and engineering education. But because of its 
abstract mathematical nature automata is used to be taught by 
traditional lecture-driven style. Virtual reality and web-based 
learning can provide automata learners with a unique experience 
such as interactive learning, simulation opportunities, 
visualizations of abstract concepts, etc. In this paper a web-based 
virtual environment for automata theory, as an example, is 
introduced in addition to an evaluation of its use in context. 
 

Index Terms—Virtual reality, web-based learning, automata 
theory.  
 

I. INTRODUCTION 

Virtual reality (VR) offers learners unique experiences that are 
consistent with successful instructional strategies such as 
hands-on learning, simulations, abstract topics visualization, 
etc. The virtual reality learning environment contains a 
multimedia information context that offers unique interactivity 
and can be adapted for individual learning styles. The 
following are some of the benefits of using virtual reality in 
learning. 

• VR supports experiential learning where learners use more 
brain sensory during the learning process. 

• VR supports active learning where learners are engage in 
the learning process more actively. 

• VR supports collaborative learning where learners can 
communicate and share experience with each other in a 
virtual environment that simulates a classroom. 

• VR allows learners to gain more control on their learning 
process. 

• VR allows Teachers to act as facilitators not as knowledge 
transmitters. This means knowledge must be actively 
constructed by learners, not passively transmitted by 
teachers. 

On the other hand web-based and active learning provides a 
powerful mechanism to enhance depth of learning, increase 
material retention, and get learners involved with the material 
instead of passively participate in the learning process. 
Web-based learning is currently a hot research and 
development area. The benefits of web-based learning are clear 
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at hand: learners can overcome the constraints of time, distance, 
and boundaries.   

Learning science research indicates that engineering students 
tend to have active and sensing learning preferences, and 
engineering related educators are recognizing the need for 
more active and collaborative learning pedagogy [22]. So far 
several learning models have been developed (e.g. [4, 9, 13, 17]) 
for the realization of the learning preferences of science and 
engineering learners. Among these models, Felder-Silverman 
[4] is simpler and easier to implement through a web-based 
quiz system, as in Felder-Soloman [21]. The model classifies 
engineering learners into four axes: active vs. reflective, 
sensing vs. intuitive, visual vs. verbal, and sequential vs. global. 
Active learners gain information through a learning-by-doing 
style, while reflective learners gain information by thinking 
about it. Sensing learners tend to learn facts through their 
senses, while intuitive learners prefer discovering possibilities 
and relationships. Visual learners prefer images, diagrams, 
tables, movies, and demos, while verbal learners prefer written 
and spoken words. Sequential learners gain understanding from 
details and logical sequential steps, while global learners tend 
to learn a whole concept in large jumps. 

In Rosati [20] a study of this model was carried out to 
classify the learning style axes of engineering learners. The 
study showed that engineering learners tend to have strong 
active, sensing, visual, and sequential learning preferences. The 
concepts in the theory of computation course have important 
use in designing and analyzing computational models of 
several hardware and software applications. These concepts are 
abstract in nature and hence used to be taught by a traditional 
lecture-driven style, which is suitable for learners with 
reflective preferences. Since computer engineering learners 
tend to have strong active preferences, a lecture-driven 
teaching style is less motivating for them.  

In this paper, a research using web-based active and 
collaborative learning in the automata theory and related fields 
is presented. The twofold contribution of this work is a novel 
use of existing technology to improve learning and a 
longitudinal quasi-experimental evaluation of its use in context. 
As a first contribution, we introduce an integrated virtual 
environment that is designed to meet the active learning 
preferences of computer engineering learners. For the second 
contribution: several classroom experiments are carried out. 
The analysis of the experiments’ outcomes and the students 
feed back show that our integrated virtual environment is useful 
as a learning tool.  

Our integrated virtual environment (IVE) is designed to meet 
the active learning preferences for computer engineering 
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learners. IVE can be used as a supporting tool for active and 
collaborative learning not only for the automata theory course, 
but also for several other courses such as theory of computation, 
formal languages, discrete mathematics, computational models, 
principles of programming languages, compiler design and 
other related courses. Such courses cover a variety of topics 
including finite state machines (automata), pushdown automata, 
and Turing machines, in addition to grammars and languages. 
We cover such important topics in our integrated virtual 
environment. The covered topics will be written in Java as 
applets and then integrated into a single virtual environment 
using the Java2D technology of Sun Microsystems [10]. This 
implies that our virtual environment is portable, machine 
independent and web-based enabled, which makes it a useful 
tool as an interactive and online collaborative learning virtual 
environment. 

The environment integrates several different materials to 
support the learners’ preferred style. It includes a movie-like 
welcome component, an animated hyper-text introduction for 
the basic concepts, a finite state machine simulator with several 
operations, a set of visual examples for learners’ motivation, 
and a Turing machine simulator. 

To show the effectiveness of our integrated virtual 
environment as a model of interactive online collaborative 
learning tool, several classroom experiments were carried out. 
The preliminary results of these experiments showed that using 
our environment not only improved the learners’ performance 
but also improved their motivation to actively participate in the 
learning process of the related subjects and seek more 
knowledge on their own. 

The paper is organized as follows. Following the 
introduction, Section Ⅱ discusses topics of automata theory. 
Section Ⅲintroduces our integrated virtual environment and its 
components including finite state machines, visual machine 
examples, and Turing machines.  The performance evaluation 
of the environment will be presented in Section Ⅳ . Some 
related work will be discussed in Section Ⅴ . Finally, we 
conclude the paper and discuss the results and possible future 
extensions in Section Ⅵ.  

 
II. AUTOMATA THEORY 

In this section we will briefly introduce the basic concepts of 
automata theory such as finite state machines, regular 
expressions, Turing machines and their properties. 

Automata theory intersects with many other disciplines such 
as mathematics, computer science, engineering, linguistics, 
physics and biology as illustrated in Fig. 1. 

2.1. Finite state machines 

Finite state machines or automata represent mathematical 
models for several software and hardware applications. 
Informally, a finite state machine is a machine with a finite 
number of states and a control unit that can change the current 
machine state to a new state in response to an external effect 
(input). It has limited memory capabilities which make it a 
suitable model for applications that require no information 
about previous actions.  

Finite state machines can, generally, be classified into two 
main categories: transducers, which are finite state machines 
with output, and acceptors (or recognizers), which are finite 
state machines without output but has a set of final states. 
Examples of transducers are Mealy machines which introduced 
by G. H. Mealy in 1955 [23] and (their equivalent) Moore 
machines which introduced by E. F. Moore in 1956 [24]. 

 

 
 

Fig. 1. Relationship between automata theory and other disciplines. 
 

Depending on the way the machine controller responds to the 
input, finite state machines (acceptors) are classified into 
deterministic (DFA): if the controller can change from one state 
to another (one) state, in other words the controller can not be 
in more than one state at any one time. Nondeterministic (NFA): 
if it changes from one state to several states, that is, the 
controller can be in several states at once, and nondeterministic 
with empty move (λ-NFA): if (in addition to NFA) it can also 
change states in response to empty (no) input. In fact 
non-determinism in automata does not increase the expressive 
power of the automaton, but there can be substantial efficiency 
in describing an application using a nondeterministic 
automaton.  

Formally, a finite state machine A is defined as a 5-tuple A= 
(Q, Σ, δ, q0, F), where Q is a finite set of states that represent the 
machine states, Σ is the set of possible inputs to the machine, δ 
represents the finite state machine controller, q0∈Q is the 
initial (starting) state of the machine, and F ⊆Q is the set of 
possible final (accepting) states of the machine. Depending on 
how the machine controller δ works, machines are classified 
into DFA, NFA, or λ-NFA.  

• In a DFA, δ is defined by δ: Q x Σ  Q.  
• In NFA, δ   is defined by δ: Q x Σ  2Q (2Q is the power set 

of Q). 
• In a λ-NFA, δ is defined by δ: Q x (Σ  {λ})  2Q. 

A sequence of inputs is said to be accepted (recognized) by 
the finite state machine if the machine controller, starting from 
the initial state, scans all the inputs and stops at one of the final 
states. The class of languages that can be accepted by the finite 
state machine is called regular languages. In a DFA, two states 
p and q are said to be equivalent if: for all input strings w, δ(p, w) 
is a final state if and only if δ(q, w) is a final state. Otherwise, 
the states are said to be distinguishable. If two states are 
equivalent, we can remove either of them without affecting the 
functionality of the underlying finite state machine. Generally, 
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for a set of equivalent states, we can replace them by any 
member of the set without affecting the function of the 
underlying finite state machine. This leads to the concept of 
finite state machine minimization. A finite state machine is said 
to be minimum if all of its states are distinguishable. 
Minimization of finite state machines is important in 
minimizing the cost of the application that the machine is 
modeling.  

The three models of finite state machines DFA, NFA, and 
λ-NFA are equivalent. In other words, given any type of the 
machine, we can transform it to the other. By definition, we can 
see that DFA ⊆ NFA  ⊆ λ-NFA, but we can transform λ-NFA 
to NFA and NFA to DFA (see Fig. 2). 

2.2. Regular expressions 

Regular expressions (RE) are important notation that are not 
automaton-like, but play an important role in the study of 
automata and their applications. Regular expressions can define 
exactly the same class of languages that the various forms of 
finite automata can describe. However, regular expressions 
offer something that automata do not: a declarative way to 
express the strings we want to accept. 

Just as finite automata are used to recognize patterns of 
strings, regular expressions are used to generate patterns of 
strings. A regular expression is an algebraic formula whose 
value is a pattern consisting of a set of strings, called the 
language of the expression. Operands in a regular expression 
can be any of the following: 

• Characters from the alphabet over which the regular 
expression is defined. 

• Variables whose values are any pattern defined by a 
regular expression. 

• λ which denotes the empty string containing no characters. 
• Null which denotes the empty set of strings. 

Operators used in regular expressions include: 

• Union: if R1 and R2 are regular expressions, then R1 | R2  
(also written as R1∪ R2 or R1 + R2) is also a regular 
expression.  

• Concatenation: if R1 and R2 are regular expressions, then 
R1 R2  (also written as R1.R2) is also a regular expression.  

• Kleene closure: If R1 is a regular expression, then  ∗
1R  (the 

Kleene closure of R1) is also a regular expression.   

Equivalence between regular expressions and finite 
automata is shown in Fig. 2. 

2.3. Turing machines 

Turing machines (TM) are the most powerful finite state 
machines. They can simulate exactly what a digital computer 
can do. Informally, TM consists of a finite set of states and a 
controller that can read or write symbols on an infinite length 
tape. Unlike other finite automata, a Turing machine controller 
can move in both directions on the tape. The machine starts 
with an initial state, a finite number of input symbols written on 
the tape (all other infinite number of tape cells are blank), and 
the controller is set to the first input symbol from the left. 
According to the current state and the current scanned symbol 

on the input tape, the controller takes the next move. It can 
overwrite the current scanned symbol or leave it untouched, 
change the current state, then move to either the left or the right, 
and so on. If no more moves are possible, then the machine 
halts. In some cases, the machine may run forever and never 
halt. 

 

 
 

Fig. 2. Transformation between finite state machines and regular expressions. 
 

Formally, a Turing machine M is defined as a 7-tuple M= (Q, 
Σ, Γ, δ, q0, B, F), where Q is a finite set of states that represent 
the machine states, Σ is the set of possible inputs to the machine, 
Γ is the complete set of tape symbols (Σ⊆ Γ), δ is the transition 
function that represents the Turing machine controller, q0∈Q is 
the initial (starting) state of the machine, B∈ Γ \ Σ  is the blank  
symbol, and F ⊆Q  is the set of possible final (accepting) states 
of the machine. The Turing machines can be used as a language 
recognizer. In this case, if the machine halts with the controller 
in a final state from F, then we say that the initial input is 
accepted by the machine. The class of languages accepted by 
Turing machines is called recursively enumerable languages. 
But more interestingly, Turing machines can be used to 
compute functions, exactly the same way that modern digital 
computers can do. In this case, the function arguments are 
represented as sequences of 1’s separated by 0’s, and are 
written on the machine’s tape. The function definition is 
represented as a set of rules suitable for the machine’s transition 
function. Then, the machine works on that input. If it halts, the 
output symbols left on the tape represent the value of the 
function application on the arguments.  

In this section we clearly see that the concepts of automata 
theory have abstract and mathematical nature and hence used to 
be taught by traditional lecture-driven style which is less 
motivating for engineering learners. In the next section we will 
introduce our web-based virtual environment which can be 
used as useful supporting tools for teaching and learning the 
abstract automata concepts in a more active way. 
 

III. WEB-BASED VIRTUAL ENVIORNMENT 

We introduce an integrated virtual environment (IVE) to 
facilitate the active learning of automata abstract concepts 
and to meet the active learning preferences for computer 
engineering learners. IVE can be used as a supporting tool 
for web-based, active learning not only for automata theory 
course, but also for several other courses such as theory of 
computation, discrete mathematics, computational models, 
principles of programming languages, compiler design and 
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other related courses. Such courses cover a variety of topics 
including finite state machines (automata), pushdown 
automata, and Turing machines, in addition to grammars and 
languages. We cover such important topics in our integrated 
virtual environment. The web-based tools that cover these 
topics is written in Java as applets and then integrated into a 
single environment using the Java2D technology. This 
implies that our virtual environment is portable, machine 
independent and web-based enabled, which makes it a useful 
tool as an interactive online learning environment. 

Our virtual environment contains several components 
which have been integrated into a single unit to make all 
topics easily accessible for learners. The components include 
the following: an animated (movie-like) welcome component, 
a hyper text introduction to the automata theory topics, a 
finite state machine simulator, a Turing machine simulator, a 
self assessment exercises, a chatting component for 
supporting online collaborative learning, and other 
components showing the visual examples of finite state 
machines. The welcome and introduction components use 
plain and animated text, which are suitable for learners with 
sequential learning preferences. The simulators and visual 
examples of components are best suited for learners with 
active and sensing learning preferences which most 
computer engineering learners prefer.  

In designing our IVE learning tools we considered the 
active construction learning model [25,26] that has some 
basic design principles including the following. 

a、 Teachers act as facilitators not as knowledge 
transmitters. This means knowledge must be actively 
constructed by learners, not passively transmitted by 
teachers. 

b、 Assessment procedures should be embedded in the 
learning process and should consider learners’ 
individual orientations. 

In the sequel of this section, we will describe some of the 
components of our integrated virtual environment. 

3.1 IVE Components 

The integrated virtual environment and its components are 
shown in Fig. 3.  

In Fig. 3 the numbers from 1 to 12 are described as follows. 

• Number 1 points to the Welcome component which has a 
movie-like introduction to the topics. 

• Number 2 points to the Introduction component which has 
the PowerPoint slides of the theory of computation topics. 

• Number 3 points to the Finite State Machine (FSA) 
simulator (which is the current active IVE component in 
Fig. 3). 

• Number 4 points to the Turing Machine (TM) simulator 
(which is the current active IVE component in Fig. 4). 

• Numbers 5 to 7 point to the three of the visual examples 
which are currently integrated with IVE: Tennis Game, 
Video Player, and Rice Cooker, respectively (the first is the 
current active IVE component in Fig. 7). 

• Number 8 points to the Self-assessment component. 

• Number 9 points to an empty slot which can be used as a 
component in the future extensions of IE. 

• Number 10 points to the Java2D editing options and 
memory monitoring. 

• Number 11 points to the finite state machine (the current 
active component) editor, and number 12 points to the 
operations that can be performed on the edited machine. 

The first two components of the environment introduce the 
principle ideas of the theory of computation. One component 
presents a short movie-like introduction that welcomes the 
learners to the topic. The other one is a rich hyper-text and 
power point slides that serves as introduction to the basic 
concepts. Learners can navigate through the component and 
learn about the basic concepts. The animated text is 
combined with an optional audio narration, which is 
convenient for learners who have difficulties reading text. It 
is also presented bilingually; in English and Japanese. 

3.2 Finite State Machine Simulator 

The finite state machine simulator is integrated as a basic 
component of the environment. It allows learners to draw an 
automaton visually and apply several operations to it. The 
possible operations include: NFA to DFA transformation, 
λ-NFA to NFA transformation, DFA to regular expression, 
and regular expression to λ-NFA. In addition to these 
transformations, learners can minimize the given automaton, 
check the acceptance/rejection of an input to the automaton, 
zoom-in and out, and auto layout the automaton. The 
simulator interface is shown in Fig. 3. 

 

 
 

Fig. 3. The main interface of IVE (showing the finite state machine simulator as 
the current active component). 

 

3.3 Turing Machine Simulator 

The Turing machine simulator is integrated into the 
environment as well. Learners can write their machine in the 
input window, and then write the input of the machine on the 
(infinite) tape. After that, they can start to operate the 
machine on the input and observe how it works.  For example, 
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to add two positive integers m and n, the function add (m, n) 
= m+n, is represented by the Turing machine rules shown in 
Fig. 5. A rule in the form  a b c > means that if the current 
state is a and the current input tape symbol is b, then the 
controller changes the current state to c and moves one step 
to the right (right is represented by > and left by <). A rule in 
the form a b c d means that if the current state is a and the 
current input tape symbol is b, then the controller changes the 
current state to c and the current input tape symbol to d. If the 
learner wants to add, for example, 2 and 3, i.e. compute the 
function add(2,3)=2+3, then he/she must write 2 as 11 and 3 
as 111 separated by 0 on the input tape, which means the 
input string will be 110111. Running the machine on this 
input by clicking the run button will result in the machine 
halting with the output string 11111 written on the tape, 
which means 5. Learners can see the machine running on the 
input symbol in a step-by-step manner which can help the 
learner to see how the Turing machine acts on input and how 
it can compute functions. All operations of the Turing 
machines can be simulated by this simulator. The component 
interface showing the Turing machine simulator is shown in 
Fig. 4. While the Turing machine operates on its input, a 
number of short comments also appear on the editor to give 
the learners more information about the theory of Turing 
machines. The Turing machine simulator also includes sound 
effects to make learning more fun and interesting to learners. 

In Fig. 4 the numbers from 1 to 7 are described as follows. 

• Number 1 points to the machine’s current state. 
• Number 2 points to the machine’s head, which points to an 

square on the tape. 
• Number 3 points to the machine’s infinite tape. The user 

can scroll the tape to the right or to the left by clicking on 
the right or left boundaries respectively. 

• Number 4 points to the machine’s editor. Users can edit for 
writing or modifying their Turing machines. 

• Number 5 points to the comments from the simulator. 
These comments can assist the user during the simulation 
process. 

• Number 6 points to the simulation operation buttons. Users 
can start running the machine, halt the running machine, 
simulate an input, etc., by clicking the appropriate button. 

• Number 7 points to the current active TM simulator. 

3.4 Visual examples 

In our integrated virtual environment, a set of visual finite 
state machines examples are introduced with the aim of 
motivating learners in courses that include such topics. These 
selected examples represent useful daily life machines, games, 
and a puzzle. We have created six examples: an elevator, a 
vending machine, a man, a wolf and a goat puzzle, a video 
player, a rice cooker, and a tennis game. In this section, we will 
describe the last three examples which we have already 
integrated into our virtual environment.  

3.4.1 Tennis Game 

Tennis is one of the popular games worldwide. It is 
interesting to show to learners that a tennis game could be 
modeled by automata (see Fig. 6). It enables them to learn 

about automata while enjoy playing the game online. A typical 
tennis game can be represented by three finite automata: one for 
the points, one for the games, and one for the sets.  

 

 
 

Fig. 4. The Turing machine simulator interface as the current component in 
IVE. 

 

   
 

Fig. 5. A Turing machine example to add two positive integers. 
 

Our tennis game simulator considers two players, A and B, 
who can be selected to play. It also allows auto play where the 
players play randomly. The simulator displays the score as well 
as the underlying three automata. The first automaton is related 
directly to the points; when a player wins a point, a new state is 
created. The second automaton is related to the game; when a 
player wins a game, a new state is created. The third automaton 
is related to sets; when a player wins a set, a new state is created. 
Fig. 7 shows a snapshot of the tennis game simulator interface. 
The game is completed when a final state of the automaton, 
representing the game set, is created. The winner is the player 
who reaches this final state first. The simulator also integrates 
animation of the two virtual players and various sound effects 
to make the learning more fun and interesting. 
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Fig. 6.  An automaton representing tennis game. 
 

 
 

Fig. 7. The Tennis game simulator interface within the IVE. 
 

In Fig. 7 the numbers from 1 to 7 are described as follows. 

• Number 1 points to current active tennis game automata 
simulator simulator. 

• Number 2 points to the virtual two players: A and B. 
• Number 3 points to the score board simulator. 
• Number 4 points to the current active player. 
• Number 5 points to the automaton simulator that models 

the current game. 
• Number 6 points to the automaton simulator that models 

the current set. 
• Number 7 points to the automaton simulator that models 

the current match. 

In the video player and rice cooker examples, the underlying 
automata are given first, and then when an operation takes 

place, the corresponding state is highlighted. In the tennis game 
automata, however, we considered a different approach: the 
automata are created state by state in response to the 
corresponding operation. This is done intentionally to give the 
students a different taste of machine modeling by automata and 
to make it more interesting. 

 

IV. EVALUATION OF PERFORMANCE 

We carried out two experiments in order to evaluate the 
effectiveness of our integrated virtual environment tools on the 
learning process of engineering students. The first experiment 
evaluates the improvement in the students’ motivation. The 
second experiment evaluates the effectiveness of using the 
tools on the students’ performance. The purpose of introducing 
the visual automata examples is to enhance the students’ 
motivation. To measure the effectiveness of these visual 
examples, we performed two experiments in the automata and 
formal languages course. The first one was for students who 
already completed the course; the sample population included 
52 students who studied the topics in different classrooms. The 
following question was asked: “If the course was an elective 
course, would you choose to study it? And, do you recommend 
other students to study it?” Five options were given for 
responses:  (a) don’t know, (b) no, (c) maybe no, (d) maybe yes, 
and (e) yes. The responses were as follows: 3 answered a, 3 
answered b, 6 answered c, 27 answered d, and 13 answered e. 
Then, we demonstrated our visual examples to the students and 
repeated the same question again. Their responses (after seeing 
the examples) were: 1 for a, 3 for b, 2 for c, 29 for d and 17 for 
e. Comparing the results from “Before” and “After” exposure 
to the examples, there was a slight improvement in motivation. 
For choices a, b, and c, if the number of responses decreased, it 
indicates a positive response, which is what occurred. While for 
the other choices d and e, the increasing number of responses 
indicates positive response, which also occurred.  

We note that there was only a small improvement in the 
students’ motivation, which is natural in this case because the 
students had already completed the course. In the next 
experiment we noted a better improvement in the motivation of 
students who were new to the course. In the second experiment, 
a total of 69 students were included, and they were all new to 
the course. The same steps, as with the pervious experiment, 
were repeated with a slight modification in the question. The 
question was “If the course was an elective one would you 
chose to study it?”  As before, students were allowed to choose 
from among the five responses: a, b, c, d, and e. Their responses 
(before seeing the examples) were as follows: 22 answered a, 6 
answered b, 10 answered c, 23 answered d, and 8 answered e. 
Next, we demonstrated our visual examples to the students and 
presented the same question to them again. Their responses 
(after seeing the examples) were as follows: 9 answered a, 4 
answered b, 8 answered c, 34 answered d, and 14 answered e. 
Comparing the results “Before” and “After” exposure to the 
examples, we can see a better improvement in their motivation. 
As with the previous experiment, for choices a, b, and c, if the 
number of responses decreased it meant a positive response, 
which is what occurred. While for the other choices d and e, an 
increasing number of responses meant a positive response, 
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which also occurred.  
We note that the motivation in the case of junior students 

(second experiment) was better than that of the senior students 
(first experiment). This result might be explained by the fact 
that the juniors had not studied the course before. 

A preliminary study shows that the integrated virtual 
environment can improve the learning process of computer 
engineering students who study automata theory course and 
related courses. Last semester, the students were divided into 
four groups, each group containing 20 students. A set of 40 
randomly selected exercises was distributed among the groups, 
10 for each group. Each group members could collaborate 
inside their group but not with any other group members.  No 
group could see the exercises of other group. Two groups were 
asked to answer their assigned exercises using the integrated 
virtual environment and the other two groups without using it. 
An equal time period was provided to all the groups. The result 
showed a better performance for the two groups using the IE. 
Then, the experiment was repeated by redistributing the 
exercises among the four groups. Again, the two groups with 
the IVE showed better performance.  
 

V. COMPARISON WITH SIMILAR WORK 

There are a number of similar tools which have been 
developed (e.g. [1, 2, 3, 8, 16, 19]) to enhance the learning of 
automata theory topics. Most of them suffer from one or more 
flaws that make them less effective as a learning tool, 
particularly for less advanced students. For example, JFLAP 
[19] is a comprehensive automata tool but it requires skilled 
learners who already know the basics of automata to make full 
use of its rich operations. The automata tools in [16] are a 
powerful tool, but do not provide a convenient mechanism for 
displaying and visually simulating the finite state machines. 
The ASSIST automata tools in [8] are difficult to setup and use. 
The tools in [1] lack visual clarity and dynamic capability. 
Almost all have been designed as tools for advanced learners. 
These tools work on the assumption that the learners have 
already grasped the fundamental concepts. They are also 
dependent on advanced mathematical and idiosyncratic user 
interactions. On the contrary, our tools are designed as an 
easy-to-use, easy-to-learn, stand-alone, and all-in-one 
integrated virtual environment.  
 

VI. CONCLUSION 

Applications of technology can provide course content with 
multimedia systems, active learning opportunities and 
instructional technology to facilitate education in the area of 
computer engineering to a broad range of learners. Such 
interactive course materials have already been introduced for 
several topics in computer engineering courses; see for 
example [5, 6, 7, 14, 15, 18].  

 In this paper, we followed the same path and introduced a 
set of visual tools to support interactive (e)-learning for 
automata theory concepts. It can also be used in other courses 
such as computational models, formal languages, language 
processing, theory of computation, compiler design, discrete 
mathematics, and other similar courses.  

Through the results of our experiments, we also showed that 
our visual tools can enhance learners’ motivation and 
performance. In addition an opinion poll showed a positive 
feedback on the environment tools from the students. In future 
work, we plan to enhance our visual tools by adding more 
features, more visual examples and games, and by performing 
more performance evaluation experiments.  
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