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Abstract 
 

In this paper, we present an integrated 
learning framework that includes course 
delivery, interactive online laboratories, video 
streaming, Java visualization modules, testing, 
and assessment. The proposed framework uses 
HTML and Java based technologies to augment 
the existing J-DSP environment, in order to 
improve the overall learning experience of 
students in both undergraduate and graduate 
level signal processing courses. An interactive 
DSP quiz forms the central part of the proposed 
interface, through which the different learning 
components can be accessed. In addition, 
functionality that enables students to execute 
custom Java code in a J-DSP block diagram has 
also been developed. The initial assessment 
results are encouraging and indicate that 
students as well as instructors find the proposed 
infrastructure helpful.  
 

Introduction 
 

The use of web-based technologies in the 
modern teaching process is motivated by the 
need to stimulate student interest and to 
facilitate personalized learning among students. 
These technologies typically incorporate several 
components such as interactivity, dynamic 
displays, online computations, audio, and video. 
Including innovative tools such as interactive 
demos and animations to complement the 
traditional teaching material will be helpful in 
engaging students, including distance learners. 
The crucial role of interactivity in knowledge 
acquisition  and  the  development  of  cognitive 
skills is discussed in detail in [1]. Furthermore, 
in [2], it  is emphasized  that  in  comparison  to 

other web applications, education tools typically 
require a higher degree of interactivity in order 
to enhance learning potential. The current 
advancements in streaming media applications 
also present a huge potential for web-based 
education. In addition to being universally 
accessible, web-based software is the natural 
choice for distance learning. Efforts to employ 
web-based technologies in engineering 
education have been reported in [3-7]. 
 

In the last decade, web-based learning has had 
an increasing impact in Digital Signal 
Processing (DSP) education and course 
delivery. Several software applications that 
incorporate visual components in learning to 
simplify the understanding of complex 
theoretical concepts have been developed. These 
applications are often characterized by rich user 
interaction and ease of accessibility. This 
motivated  the  design  of  web-based, platform- 
independent applications. Some of the earliest 
efforts include the Infinity Project [8] that 
introduced a signal processing based 
engineering curriculum to high school students, 
and Mallard [9] that enabled students to learn 
DSP concepts through an interactive quiz 
environment. Several Java-based modules to 
demonstrate essential DSP concepts were 
developed as part of the WebEng project [10]. In 
[11], the authors developed a DSP teaching tool 
using Shockwave and Macromedia Director and 
employed the Technology Acceptance Model 
(TAM) [12] to understand its strengths and 
weaknesses. In order to enable students to 
perform DSP labs over the Internet, the authors 
in [13] developed J-DSP, a visual programming 
environment. J-DSP was designed as a zero 
footprint, standalone Java applet that can run 
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directly on a browser [14]. Several interactive 
laboratories have been developed and assessed 
in undergraduate courses. 
 

One limitation of these tools is the lack of a 
centralized interface, similar to that shown in 
Figure 1, to access all the required components 
such as lecture slides, course notes, audio/video 
content, links to websites, animations and 
software modules. In this paper, we address this 
problem by developing a web-based interface 
that augments the J-DSP simulation 
environment, to integrate the discrete 
components and to enable students to organize 
their learning. Figure 2 illustrates the proposed 
interface for integrated web-based learning. As 
it can be observed, a quiz interface forms the 
centerpiece of the proposed framework. In 
addition to testing the student understanding of  
DSP concepts, the quiz interface contains links 
to access the discrete learning components 
provided by the instructor. Since the proposed 
interface resides in the J-DSP environment, 
students can create J-DSP block diagrams while 
accessing the quiz interface. Furthermore, the 
proposed framework provides a functionality 
that allows users to include custom Java 
functions into an existing block diagram and 
dynamically execute them. In addition to 
expanding J-DSP beyond the existing palette of 
functions, this feature allows students to 
customize simulations corresponding to a quiz 
question.  
 

The proposed interface has features that 
appeal to both students and instructors. In cases 
where a student makes a mistake in the quiz, 
links to the different modules are activated. The 
student can then review the materials and 
attempt a different question, drawn from the 
same concept, posed by the quiz engine. This 
feedback process guides the students in 
clarifying the concepts that were not clear to 
them the first time. Instructors are provided with 
a user-friendly interface to edit the quiz 
questions and specify answers for the quiz 
engine to evaluate the student responses. 
Furthermore, they can  use  the  J-DSP scripts to 

 
 
Figure 1:  The standard distributed infrastructure 
that presents the need to integrate several 
learning modules in DSP education. 
 
provide students with pre-developed animations 
that demonstrate DSP concepts. Instructors are 
also provided with a utility to perform detailed 
assessments of student performance.  
 

In order to determine the impact of the 
integrated learning framework in student 
understanding of the course material, we 
administered assessments to students from an 
undergraduate DSP course at Arizona State 
University. The evaluation was carried out to 
understand if the proposed interface enhanced 
and reinforced student learning in DSP topics. 
The results of the assessments are discussed in 
this paper. Addressing the issues identified 
based  on the student  evaluation will  enable  us  
to provide prescriptive recommendations con-
cerning strengths, replication, and sustainability 
of the learning framework. 
 

The rest of this paper is organized as follows. 
In the next section we briefly describe the 
existing J-DSP simulation environment and its 
functionality. The architecture of the proposed 
learning framework and descriptions of its 
several features are presented in the following 
section . We then describe the functionality to 
include custom  Java code in J-DSP simulations.  
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Figure 2: Proposed interface for integrated web-based learning using J-DSP. The different 
components/modules are accessible from the centralized quiz interface. Using this integrated 
environment, students can view video lectures, run simulations, take interactive quizzes, file lab reports 
and participate in assessments. 
 
The assessment results of the proposed 
framework are  then discussed. Finally, the 
concluding remarks are presented. 

 
J-DSP  Simulation  Environment 

 
The primary objective of the J-DSP software 

was to provide undergraduate students and 
distance learners hands on experience with DSP 
concepts and to simplify the understanding of 
complex mathematical procedures. All signal 
manipulation functions appear in J-DSP as 
graphical blocks that are brought into the 
simulation environment by a drag-n-drop 
process. Signal and data flow is established by 
simply linking the blocks. Each block contains a 
dialog window with which the parameters of the 

function can be updated dynamically. The 
students can plot outputs at various stages of a 
simulation and thereby understand the signal 
flow in the implementation. Since J-DSP is 
developed in Java, it has the advantage of 
inherent platform independence. Users can 
perform simulations on any operating system of 
their choice.  The system requirements to run 
the software is minimal and it includes a stable 
internet connection and a Java run time enabled 
web browser. Since J-DSP is a zero footprint 
software, it does not require any installation.  
The software provides free and universal 
accessibility over the World Wide Web 
(WWW). Moreover, the inherent Java backbone 
enables  J-DSP to be  interfaced  with  streaming 
media.  Internet lectures, and visual 
demonstrations.    Furthermore,   J-DSP  is   also  
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valuable for instructors since it enables them to 
create and embed seamlessly interactive demos 
in their web lecture content using the built-in J-
DSP scripts. The interfaces to MATLAB [15] 
and LabVIEW [16] allow synergies with other 
third party environments. 

 
The basic J-DSP functions include sampling, 

convolution, Fast Fourier Transform (FFT), 
digital filter design and arithmetic operations. 
Advanced functions include statistical DSP 
algorithms, speech processing functions, 
multirate signal processing and spectral analysis 
functions. In addition, it is supported by 
toolboxes for image processing, control 
systems, time-frequency analysis, and 
analog/digital communications. Furthermore, 
hardware interfaces to TI DSK [17] and 
Crossbow sensor motes [18] have also been 
developed.  Additional J-DSP software 
functions and blocks associated with speech and 
audio processing algorithms developed at ASU 
have been formed using the theory and methods 
described in [26-30].  Furthermore, recent 
efforts to extend the J-DSP framework to 
multidisciplinary applications have resulted in 
independent versions for genomic signal 
processing [19], earth systems signal processing 
[20] and RF amplifier linearization [21]. 
 
Proposed  Interactive  Learning  Framework 

 
As described earlier, the interface proposed in 

this paper is built on the idea of integrating a 
web-based DSP quiz and the existing J-DSP 
simulation environment. Figure 3(a) illustrates 
the architectural overview of the learning 
framework. As it can be observed, the 
interactive quiz is the central piece that connects 
to the discrete learning components. After 
responding to a question in the quiz, students 
are provided with access to the different 
modules in order to obtain additional details on 
a particular concept. In addition, the framework 
contains multiple simulation windows for the 
students to create J-DSP block diagrams and to 
view pre-developed J-DSP animations created 
by the instructor.  

The existing J-DSP infrastructure requires 
multiple instances of the J-DSP editor to 
execute multiple simulations in parallel. 
However, using a new instance for each 
simulation consumes a lot of memory, and the 
communication between the simulations is not 
supported as they run in different browser 
instances. To address this issue, the number of 
simulation windows has been increased to three 
in the proposed framework. This functionality 
also helps in creating very large simulations that 
cannot be accommodated in a single J-DSP 
window and communication can be established 
between two different simulation windows. 
Figure 3(b) shows a snapshot of the proposed J-
DSP interface. All simulation windows and the 
quiz are part of a single browser instance and 
reside in individual tabs. 
 
Web-based  Quiz 
 

The proposed interface ensures that the 
students can easily access the relevant learning 
resources through the centralized quiz questions. 
Figure 3(c) shows the quiz window along with 
its components. The links to all external 
components reside in the quiz window and these 
links are initially disabled when the students are 
presented with the question. After answering a 
question, students can review the lecture slides 
or watch relevant excerpts from the lecture 
video. They can also read through the additional 
notes embedded in the quiz window itself. 
Furthermore, instructors can post J-DSP 
animations to demonstrate concepts related to 
the quiz question. The instructors can include 
questions which require: (a) responses that may 
contain text and numbers, (b) responses that 
may contain special symbols, and (c) selecting 
one or more of the pre-specified options. 
Furthermore, the queries and the pre-specified 
options can include images and symbols. To 
ensure that the use of symbols is consistent, 
users are provided with the list of symbols 
which are to be used in their responses. Figure 
3(d) illustrates the dialog window with the set of 
valid symbols supported by the quiz engine. To 
evaluate textual responses, the quiz engine 
ignores   the   sentence   case,   parentheses   and 
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Figure 3: Proposed interactive learning interface - (a) Architectural overview, (b) New J-DSP interface 
with multiple simulation windows, (c) GUI of the DSP quiz, and (d) Notation dialog with the allowed 
set of symbols for the quiz engine. 
 
empty spaces. However, evaluating questions 
which require textual or symbolic responses can 
be very difficult in some cases, due to the 
possibility of multiple solutions. For example, if 
the correct response for a particular question is 
50(x+y), entering 50x+50y is also a valid 
solution. Hence, the instructor is provided with 
the option of adding more than one correct 
response in the database. 
 

In order to provide an improved self-learning 
experience, students are allowed to have 
multiple attempts at understanding a concept. In 
cases where the students fail to answer a 
question, the activated links to the learning 
resources will enable them to understand the 

concept addressed in the question. The quiz 
engine then presents the student with another 
question drawn from the same concept to test 
their understanding. In addition to providing 
students with an opportunity to correct their 
mistakes, it enables the instructors to identify 
sections of the course material that will need to 
be emphasized. Furthermore, instructors have 
the option of allowing multiple attempts to 
questions that require students to respond with 
symbolic or numeric expressions. The links to 
the components will be activated after the first 
attempt and the students can make another 
attempt at answering the question for partial 
credit. 
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Diverse  Learning Components 
 
In this section, we briefly discuss the various 

learning components included in the proposed 
framework. It is important to note that this list 
of resources is not exhaustive and the instructor 
can enhance the interface with other innovative 
modules. 

 
Animated J-DSP Demos The inherent scripting 
functionality in J-DSP has been extended to 
create animated demos of simulations for 
demonstration purposes. As soon as the J-DSP 
Demo button is pressed, the relevant animation 
starts in the J-DSP simulation window. Options 
are provided to change the speed of the 
animation or to skip the entire animation. Note 
that this animation not only allows users to view 
the simulation and the plots, it also constructs 
the actual block diagram in the simulation area 
that can be edited by the users. 
 
Lecture Notes When users click the Brief 
Explanation button, a new tab is opened in a 
browser, where the relevant slides of the 
lectures are displayed in PDF format. This is a 
very important component as students typically 
refer to the lecture notes more often than any 
other material and these notes present the theory 
comprehensively. 
 
Video Excerpts The interface provides an option 
to access relevant parts of the lecture video, 
when available. This feature is very helpful as 
using video lectures with simple examples 
pertinent to the theory is useful in reinforcing 
student learning. This also allows students to 
refresh their concepts by listening to the class 
lectures again. 
 
Additional Web Links In addition to these 
components instructors can add additional 
information, in the Comments section, that may 
not have been covered by the other components. 
For example, a brief explanation about the 
animated demo can be provided or external web 
links can be added. 
 
 

Utilities  for  the  Course  Instructor 
 

Administrative features have been included in 
the framework to facilitate instructors to 
maintain the interface and carry out detailed 
assessments of the student performance. 
 
Editing the Quiz The interface contains a 
simple utility that enables the instructors to 
update the database of the web-based quiz. 
Since the database can only be viewed or 
updated by the instructor, administrative 
privileges are required to perform this task. The 
proposed framework requires the instructor to 
log into the J-DSP environment and access a 
spreadsheet to view and modify the quiz 
database.   This  simple  and  intuitive   interface  
is  illustrated  in  Figure 4(a).    The  spreadsheet 
resides as a tabbed window in the proposed 
interface. 
 
Analyzing the Statistics This feature allows 
instructors to view the distribution of student 
performance on the quiz questions. The analysis 
in a chapter can be viewed specific to a student 
or the overall performance of the class. This 
enables instructors to perform the cumbersome 
task of identifying specific areas of the subject 
that need more emphasis, with considerable 
ease. Figure 4(b) illustrates an example statistics 
of the student performance in a particular 
chapter. 
 

Developing  Customized  DSP  Functions 
 

In practice, complex signal processing 
algorithms are typically tested and analyzed 
using simulation software prior to implementing 
them in hardware or low-level software. Hence, 
it is important to allow students to build and 
simulate DSP algorithms as part of the quiz, in 
addition to answering theoretical questions. The 
rich suite of functions in J-DSP allows the users 
to simulate several basic and advanced 
algorithms. However, course instructors might 
be interested in engaging students in 
implementing a few signal processing functions 
on their own, in addition to constructing block
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(a) 

 
 

(b) 
Figure 4: Utilities for the instructor: (a) Interface for editing the quiz questions and the options for the 
different learning components, (b) Interface for analyzing the chapter-wise statistics of the student 
performance. 

diagrams. In other words, there is a need for 
students to add new custom functions in J-DSP 
and interface the new function with the existing 
blocks for analysis. 
 

As part of the proposed learning framework, 
we have developed a functionality to allow 
users to add their own customized functionality 
as a J-DSP block (User-defined block). This 
function is similar to other J-DSP blocks, except 
that it allows users to load their Java class files 
during runtime. Figure 5(a) illustrates the dialog 
window corresponding to the User-defined 
block. As it can be observed, this block specifies 
the users with the input and output pins to which 
the input and output signal arrays can be 
associated. The text area in the dialog window 

provides the prototype of the Java class 
(MyFunction1), with which users can develop 
their code. The block accepts two signal arrays 
as inputs, implements the user-defined function, 
and generates the corresponding outputs. There 
is also an option to provide filter coefficients as 
inputs. Furthermore, users can also include a 
maximum of three additional parameter 
variables namely, Para1, Para2 and Para3 in 
their code and the values of these parameters 
could be controlled from the dialog window 
dynamically. The code for the custom function 
needs to be written in Java using the template 
provided (MyFunction1.java) and compiled 
locally to generate the .class file (Figure 5(b)). 
Since  J-DSP  software  does  not  contain an 
built-in Java compiler, it can accept only

 

 
 

(a) 

 
 

(b) 
Figure 5: Proposed functionality to interface customized Java code to the J-DSP simulation 
environment:  (a) Dialog window corresponding to the User-defined block, (b) An example 
demonstration and the sample Java code developed using the template provided in J-DSP. 
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compiled .class files. The Open button in the 
dialog window allows users to locate the 
compiled Java (.class) file and pressing the 
Execute button loads the file into the J-DSP 
simulation. As soon as the file is loaded, it is 
executed dynamically, and the signals at the 
output pins change suitably. 
 

Assessments 
 

In this section, we describe the student 
assessments of the J-DSP software, and the 
proposed learning framework obtained from an 
undergraduate signal processing class. This 
course is offered online as well, where the web-
based self learning is particularly useful. The 
goal of this evaluation was to identify the 
impact of integrating several learning 
components, in to the existing J-DSP 
environment, in student understanding. These 
assessments were used to determine if the 
proposed framework could enhance student 
learning, particularly in topics that students find 
challenging. Furthermore, general assessments 
about the aesthetics and the usability were used 
to obtain an overall subjective opinion about the 
environment. The pedagogy adopted for the use 
of the J-DSP interface included the following 
activities: lecture on the pertinent signal 
processing concepts, an  online  laboratory using 
the J-DSP programming environment and a 
web-based quiz with access to relevant learning 
resources.  
 
Using  J-DSP  for  Signal  Analysis 
Laboratories 
 

The undergraduate DSP course at Arizona 
State University covers topics pertinent to LTI 
system analysis, z-Transforms, FFT based 
spectral analysis, digital filter design, and 
multirate signal processing. In order to facilitate 
the understanding of the complex theoretical 
concepts, a set of J-DSP laboratory exercises 
has been developed. These hands-on computer 
exercises have been carefully developed not 
only to reinforce the DSP concepts covered in 
class but also to expose students to 
complementary material that is not usually 

covered in detail either in class or in textbooks. 
The computational nature of the J-DSP 
laboratories and the inclusion of real-life signals 
make J-DSP particularly useful in providing 
engineering intuition and valuable hands-on 
experience to the class participants. 
 

A set of concept-specific and general 
evaluation forms have been developed to 
understand the impact of using J-DSP for 
performing laboratories and understanding DSP 
fundamentals. The general assessment 
questionnaire enables the assessment of the 
ergonomics, and the usefulness of J-DSP 
software. Some of the aspects evaluated include 
the software capabilities, academic standing, 
browser compatibilities, expediency of the user 
manual etc. Student responses revealed that the 
user interface and the easy access to J-DSP were 
received positively. Most students found 
building J-DSP simulations highly intuitive and 
the comprehensive function set very useful. The 
concept-specific assessment questions are 
directly related to the technical aspects of the J-
DSP online laboratories. The concept-specific 
forms focus on each exercise by posing 
questions that determine whether the student has 
learned a specific DSP concept.  Some of the 
statistics based on the general and concept-
specific assessments can be found in Table 1. 
Furthermore, students found adapting to the J-
DSP environment quite easy, and as illustrated 
by Figure 6 about 70% of the students took less 
than 30 minutes to learn the environment. 
 
Evaluation  of  the  Proposed  Integrated 
Learning  Framework 
 

The first set of assessment results were 
generated by analyzing the student response to 
the quiz questions on digital filter design, that 
allowed multiple attempts, and to questions 
drawn from the same concept which the student 
failed to answer during the first attempt. Figure 
7(a) illustrates the student performance on 
questions that allowed multiple attempts. For 
each question, a maximum of three attempts 
were allowed and it can be easily observed that 
after  accessing  the  relevant resources, students 
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Figure 6: Time taken by the students to learn the 
simulation environment of J-DSP.  
 
demonstrated improvements in their 
understanding. For example, only 52% of the 
students correctly answered question number 4 
correctly in their first attempt. However around 
80%  answered it correctly in the subsequent 
attempt. Figure 7(b) shows the percentage of 
students that answered different questions 
drawn from  the same  concept,  after they failed  

 
to answer the previous question. It is important 
to note that these questions allow only one 
attempt. The results indicate that all students 
performed quite well on these questions, which 
reflects the value of the additional resources in 
understanding the concepts. 

 
The next set of assessment results were 

generated by asking the students specific 
questions about their experience with the new 
interface. In particular, we evaluated the 
usefulness of the links to the other learning 
components such as the animated demos, lecture 
videos and lecture notes. Figure 7(c) shows the 
statistics obtained based on the responses of the 
students about the usefulness of the J-DSP 
animations, while Figure 7(d) evaluates the use 
of lecture videos and relevant notes. More than 
80% of the students agreed that the J-DSP 
demos provided a clear visualization of the 
concept presented in the question. Furthermore, 
85%  of   the   students   felt  that   it  was   very  

Table 1: Statistics based on general and concept-specific assessments on using J-DSP for performing 
undergraduate signal analysis laboratories. 

 
 

Evaluation 
Question 

 

Strongly 
Agree 
(%) 

Agree 
(%) 

Neutral 
(%) 

Disagree 
(%) 

Strongly 
Disagree 

(%) 

Establishing and connecting blocks in 
J-DSP is easy 53 39 7 1 0 

User interface of J-DSP is intuitive and 
user-friendly 31 63 5 1 0 

With the help of a simple manual, it is 
easy to learn the basics of DSP using J-
DSP 

86 0 0 14 0 

The online lab concept is beneficial for 
distance learning 97 0 0 3 0 

Enough information is available on the 
Help screens and dialog windows 49 33.5 0 13.5 0 

J-DSP online labs helped me 
understand the concepts of z-Transform 50 46 3 1 0 

Understanding of FIR and IIR filter 
design is enhanced by the J-DSP 
exercises 

42 47 8 3 0 

Using FFT in signal analysis is clear by 
performing a J-DSP simulation 24 61 13 2 0 
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(a) 

 
(c) 

 
(b) 

 
(d) 

Figure 7: Assessment results - (a) Student performance on questions that allowed multiple attempts, (b) 
Performance on questions drawn from the same concept which the students failed to answer previously, 
(c) Evaluation of the impact of J-DSP animations, (d) Assessment of the use of links to lecture video and 
relevant notes. 
 
convenient to have the links to the lecture slides 
and video excerpts in order to review the 
fundamentals. The final set of assessment 
questions was presented to identify student 
opinion about the organization and aesthetics of 
the proposed interface. More than 90% of the 
students reacted positively towards the 
integration of web-based quiz and simulation 
capabilities under a single framework. 
Furthermore, we have incorporated some of the 
changes that the students recommended 
regarding the appearance of the quiz interface. 
 

Conclusions 
 

In this paper, we described a framework for 
integrated learning using the J-DSP simulation 
environment. The main advantages of this 
interface are its interactivity and integration 
with several learning components and online 

simulations, which perfectly aligns with our 
goal  of enhancing the self learning 
experience. The web-based quiz has a number 
of attractive features with the main focus on the 
improvement of student learning rather than just 
testing their understanding of DSP concepts. 
This enables students to organize their learning 
and to access related course material easily. The 
proposed framework emphasizes the need for 
simulating complex DSP algorithms by 
allowing students to build and execute custom 
Java functionality in a J-DSP block diagram. 
The proposed interface was assessed by the 
students of an undergraduate DSP course at 
Arizona State University. The assessment 
results are very encouraging, and show that 
students find the infrastructure very helpful and 
easy to use. Their feedback indicates that the 
interface facilitated the understanding of several 
DSP concepts, which they found challenging. 
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Though the focus of the paper was on building a 
framework for DSP education, this interface can 
be adapted to other disciplines as well. Finally 
we note that work in J-DSP continues with 
extensions of the software to smart phones and 
tablets [22,23], computer exercises [24] and 
workshops to assess them [25]. 
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