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AN INTERACTIVE LEARNING ENVIRONMENT FOR DSP

Abstract

This paper presents a new version of the Java DSP (J-DSP) education software which
encompasses a comprehensive Digital Signal Processing (DSP) learning environment. The goal
is to create a one stop learning environment for students that wish to gain insight into DSP
concepts. It combines html and Java based technologies to create an integrated and highly
interactive simulation interface. The whole idea of this integrated environment revolves around a
web-based DSP quiz. The quiz has many attractive features, which provide students an
opportunity to gain a thorough understating of DSP theory. Different learning tools are combined
with the interactive online quiz and are also synchronized with J-DSP simulations. Every quiz is
accompanied with several helping features where users can access the instructor’s notes and
external links that contain simulations, lecture videos, and instructional J-DSP animations. This
new environment also supports multiple J-DSP simulations, running concurrently. These
simulations are completely independent with one another except for the certain predefined points
at which two simulations can interact with each other and share their data. Assessments of the
use of this new tool are also presented here.

Introduction

J-DSP is a java based DSP simulation tool that facilitates the understanding of discrete-time
signal processing. J-DSP is platform independent and runs directly within a web browser. The
simulation environment of J-DSP is interactive and helps in visualizing signal processing
concepts. It provides users with a simple interface to build large and complex simulations using a
simple drag and drop process. All the signal processing functions appear as blocks and can be
connected graphically to establish a signal flow. J-DSP has a rich suite of signal processing
functions that enable students to create interactive simulations online''’. J-DSP contains several
basic as well as advanced DSP functions. Basic J-DSP functions include the Fast Fourier
Transform (FFT), FIR and IIR filters, windows, arithmetic operations (addition, subtraction,
multiplication and convolution), etc. Advanced functions include statistical DSP algorithms,
speech processing functions, multirate signal processing functions, spectral analysis functions,
etc. J-DSP also has few other versions which address the processing of different types of signals.
For example, it has toolboxes for image processing'" '?, control functions', time-frequency
signal processingM, communication related functions' '°, earth systems signal processing'’ etc.
A textbook that has J-DSP examples and exercises was also published'®.

Even though the current version of J-DSP includes a broad array of DSP functions, there is a
strong need to improve the students’ overall learning and to enhance their online education
experience. With the existing infrastructure and facilities, students have to logon to different web
sites to access the online labs, lecture notes, lecture videos and J-DSP simulations. Moreover,
these environments are independent of each other with no common link between them. This type
of arrangement does not help in organizing the learning process and sometimes students spend a
long time in finding the material rather than concentrating on learning the actual concepts. The
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proposed interface attempts to address these issues by combining and connecting different
learning environments together with the J-DSP simulations.

Figure 1 shows a high level overview of the proposed change with respect to the existing
infrastructure. As shown, the proposed J-DSP interface consists of a number of discrete learning
shell apart from the existing simulation environment. The learning environment could contain
quizzes, online labs, animated demos, audio/video lectures, notes or web links that can reinforce
specific DSP concepts.
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Figure 1. High level overview of the existing and the proposed infrastructure.
The Proposed Integrated Interface

The interface proposed here is built on the idea of combining a web-based DSP quiz and the J-
DSP simulation window. Figure 2 shows the architectural view of the proposed interface. As can
be seen from Figure 2, the on-line quiz is the connecting link between the diverse learning shells.
After answering a quiz question, students can access multiple learning environments at the same
time. The number of J-DSP simulation windows has also increased from one to three, to allow
students to work on various concepts at the same time. The quiz is very interactive and gives
students an opportunity to test their understanding of various topics. The learning environments
are connected by means of questions posed in a quiz. All the three simulation areas and the web-
based quiz are a part of a single browser window and reside in individual tabs.

Multiple Concurrent Simulations

The proposed interface has three independent J-DSP simulation windows. With the existing
infrastructure, if one particular concept is to be simulated in a variety of ways, either a new J-
DSP editor has to be opened for each simulation or simulations have to be performed one after
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Figure 2. Architectural overview of the proposed infrastructure.

another. Both of the above mentioned methods are not elegant solutions to the problem of
running multiple simulations simultaneously. Opening a new editor for each simulation
consumes a lot of space and memory, and it also does not allow any communication between
simulations as they are running in different browser windows. Creating simulations one by one
does not help students in performing a clean comparison between the simulations and also does
not allow them to work on different topics at the same time. The proposed J-DSP interface uses
multiple tabs in a single window to address the needs of running multiple simulations and
establishing a communication link between them. This functionality also helps in creating very
large simulations which cannot be created in a single J-DSP window. Figure 3 and Figure 4 show
the snapshots of the existing and the proposed J-DSP interface. The new environment has
multiple tabs which contain three simulation windows and one quiz window. The buffer blocks
are used to pass the output of one simulation as input to other simulations as shown in Figure 4.

.
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Figure 3. Current J-DSP interface.
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Figure 4. Communication between two simulations using Input and Output buffers.

Web-based DSP quiz

The primary goal of this work is to create a single place for learning. The on-line DSP quiz
explained in this section can be said to be the centerpiece of this new learning environment. The
new interface makes sure that the students do not have to go to different locations to learn
various concepts, as it combines the different learning environments. Figure 5 shows the quiz
window with its components. After answering a question, students get access to the learning
environments that not only cover the question but also can help them comprehend the entire
topic on which the question is based. Once students attempt a question, they can go through the
relevant excerpt from the lecture video to learn more about that subject. They can review the
lecture slides or can read through the additional notes embedded in the quiz window itself. They
can also have a look at the animated J-DSP simulation demo to visually understand the concept.
The links to all of the above mentioned learning environments reside in the quiz window. These
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links are initially disabled when the students are presented with the question, but they are
enabled as soon as the students attempt the answer.

JDSP
[ Josp

simulationt’ | Eauiz ‘ Josp

Simulation2’ ‘ et simulation3’ ‘
chapter 4 Question & A/PI‘OgreSS bar

-Quastion:

The worse ripple characteristic when truncating the FS is produced by:

Question Panel

-Answer (Select Only One Answer )

®!

L-point rectangular window L-point triangular window Al’lSWCI‘ Panel

Correct Answer
-Correct An er

= . - Additional Notes

" —poini gular wi £ . [The rectangular window is associated with the < dd =
Ao TLEET Commensy harpest transition in the time domain which
frauses the ripples in the fraquency domain,

Return to Index Switch to JDSP Editor Proceed |

DSP Lecture Video

JDSP Demo ‘ ‘ Brief Explanation ‘ |

: > . Link to
Link to J-DSP Link tf’ lecture Lecture Video
Demo slides

Figure 5. Quiz window in the Proposed J-DSP interface.

Quiz Features

The quiz has three types of questions. First are “filling the blanks” type of questions. Figure 6
shows a question-answer panel for this type of question.

Question
l’ A constant group delay filter of order 4 has impulse response h(n)={3,2,1,3,b}. Define a and b.

Answer

Type Your Answer Below:

Please make sure to follow the Notations while typing your Answer Notations

Figure 6. Fill the blanks type of quiz.

These types of questions are very difficult to correct by the automated program due to many
possible ways of typing the correct answer. For example, averaging filter is a . The
answer could be lowpass filter, LowPassFilter or Low-Pass Filter; all are the same and correct. In
the same way exp(2) + 3, e*2 + 3 or 3 + exp(2) are the same. The students cannot type the
special symbols as well, as there is no equation editor in the answer field. For example, if the
correct answer is 0(n), they might type d(n) or delta(n). This makes the parsing and correction of
the answer entered by the user a challenging task. To make the things simpler and uniform, users
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are provided with the list of symbols which are to be strictly followed while entering the answer.
Figure 7 shows a part of the notations dialog.

Notations - . e e e o
| d : delta ()
W 5 Digital Frequency (angular){2)
W z Analog Frequency (angular){w)
F < frequecy
fs z Sampling Frequecy
o, f1 £ Input Signal Frequecy
pi : pi ()
expl) : exponential
sin < Sine
cos ; Cosine
5 < Multiplication
I coma) z Comvolution
b : Power
B : Beta
Tau : Tau
1= 5 Not equal to
p= z Greater than or equal to
conj() < Conjugate
mu s mean
I var : variance
Please write the equations with the delay in increasing order
I Example: h(n) = din) + 2d(n-1) + d{n-2) + 5
I

Figure 7. Notations Dialog.

While correcting the answers, the tolerance limit for the numerical answers is set to be +0.2.
(The answer is judged correct if it is in the range of £ 0.2 of the correct answer). For the plain
text and equations, the sentence case, brackets and white spaces are ignored from the answers
before performing the check. But even after considering many possibilities there can still be
some cases when the automated correction does not work. For example, if the correct answer is
50*(x+y), but if the user enters 50x+50y, the automated correction system fails. To tackle such
cases, a feature has been developed which allows the instructor to enter more than one correct
answer in the database. For example, now the instructor can type in both 50*(x+y) and 50x+50y
in the space of correct answer, assuming that these two are the most common ways of writing
this particular answer. The symbol ‘&’ is used to separate multiple possibilities.

The other two types of questions are the multiple choice ones. Their answer could be either in the
form of radio button or in the form of check box. The question-answer panel of figure 5 shows
the radio button type of answers.

The purpose of this quiz is not only to test students’ knowledge but to also give them a chance to
learn from their mistakes. This motivated us to let students to have more than one attempt to
answer the question. For the filling the blanks type of questions the number of maximum allowed
attempts are fixed at three, while for multiple choice questions they are equal to number of
options minus two if there are more than two options. Only one attempt is given if there are just
two options. After the first attempt, the panel which contains the links to different learning
environments (J-DSP demo, lecture notes, lecture video) is enabled. This helps student to
understand the concept thoroughly and allows them to answer the question correctly in the
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second attempt. It also helps in finding out whether the links to the other places were helpful or
not.

Another quiz feature that verifies the usefulness of embedding the learning environments and
also checks the students’ learning curve is a concept of having a similar question. If the student
can not answer a particular question correctly in the first attempt, the question following the
current question will be very similar to the present question. This question would have been
skipped, had the student answered the question correctly in first attempt. This feature helps in
finding out whether the student has really learned the concept, after failing to answer the
question correctly for the first time.

Links to other learning environments

As described earlier, the main motive of the quiz is to link multiple learning environments
together. The links to these learning environments are activated as soon as the first attempt is
made on a particular quiz question and are disabled again when the next question is presented.
Figure 8(a) and Figure 8(b) show an illustration of the panel which contains these links, before
and after the question is attempted. This panel can be found in Figure 5 also, where the entire
quiz window is displayed.

(a)

JDSP Demo ‘ Brief Explanation | DSP Lecture Video
L

(b)

Figure 8. (a) Panel view before attempting a question. (b) Panel view after
attempting a question.

The first link in the panel takes user to the animated J-DSP simulation demo. This J-DSP demo
simulates a question and allows user to visually understand the concept. As soon as the JDSP
Demo button is pressed, the relevant animation starts in the J-DSP simulation window #2. Figure
9 shows snapshots of the simulation area at the various time instants when the animation is in
progress. This way, the quiz is directly connected to the J-DSP interface. Buttons are provided to
change the speed of the animation or to skip the entire animation. The advantage of such a demo
is that, it is not limited to just an animation where users can only view the construction of the
block diagram or can view the results. In the background, this animation also constructs the
actual block diagram in the simulation area. This allows the users to not only view but also to
work on the constructed block diagram. This way they can find out the effect of changing the
different parameters on the results and can get better insight into the theories.
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The next link takes users to the relevant part of the DSP lecture notes. When users click the Brief
Explanation button, a new tab is opened in a browser, where the slides of the lectures are
displayed in the pdf format. This is a very important component as students generally refer to the
lecture notes more often than anything and these notes also cover some theoretical material. This
functionality lets them to have a look at the relevant part very quickly. There is also a comment
section just besides the correct answer field (Figure 5). This section can be helpful in putting
some additional notes which may not have been covered by the lecture slides. A brief
explanation about the animated demo can be written here to guide students to view the results

properly. Even some external web-links can be put in this section to give additional information
about the topic in the question.

Figure 9. Animation of J-DSP simulation at various time instants.

The next and the final link, connects students to the relevant part of the lecture video. A snapshot
of this is shown in Figure 10. This is one of the most helpful components as video lectures are
always more interactive and they cover the theories along with the numerical examples. Students

can refresh their concepts by listening to them again. This completes the entire interface of
learning environments.

Editing the Quiz Chapters

The quiz edit utility simplifies the process of updating the database of the web-based quiz. Since
the database can only be viewed or updated by the instructor, it requires administrative privileges
to perform this task. The details of the privileges are covered in the next section. The
conventional process of updating databases requires the instructor to log into the web server
where the files containing the quiz questions are stored and download the files that need to be
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Figure 10. Screenshot of a lecture video.

updated. Then the modifications are performed by opening the files on the local machine and
these updated files are again uploaded back to the server. The process becomes cumbersome
when the required changes are minor and frequent. The interface proposed in this framework
requires the instructor to just log into the J-DSP environment and open a quiz edit window from
the menu items. This spreadsheet type of interface is very interactive and fairly simple to use as
shown in Figure 11. It allows instructor to quickly view and update the database of the chapters

that need to be modified. This feature is again embedded as a tabbed window into the J-DSP
interface as shown in Figure 11.

s Q.
- Simulationt L Edir Guiz Data - Simiilationz o Simulationd

Select the Chapter for which you want to Edit the Quiz Data

Insert a Row Uipdate Database Remave a Row

Figure 11. Quiz edit interface.

Quiz Statistics

This feature allows instructor to view the distribution of students’ performance on the quiz
questions. This utility is again available only for an administrator. Figure 12(a), (b), (c), and (d)
show the four possible types of distributions available through this functionality. The first chart
shows the performance of all the students on each chapter (Figure 12 (a)). Instructor can also
zoom into a particular chapter to view the performance of all the students on each question of
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that chapter as shown in Figure 12 (b). The next distribution targets the performance of an
individual student. Figure 12 (c) shows the performance of a particular student on each of the
chapters. The last distribution shown in Figure 12 (d) is a chart of a performance of one student
on a particular chapter. Undergraduate students of DSP class were asked to take this quiz. All the
charts shown have been generated by collecting the data of their performance results.

(a) All students vs. all chapters. (b) All students vs. a particular chapter.
(c) One student vs. all chapters. (d) One student vs. one chapter.

Figure 12. Students’ performance charts

Assessment Results

The aim of the proposed interface was to enhance the learning experience of the students by
providing them with a complete integrated learning framework. Therefore the primary goal of
this evaluation was to find out if there was any improvement in the understanding of various
concepts after accessing different modules of learning environments. The assessment results are

generated by asking students to answer a list of multiple choice questions about the usefulness of
the proposed interface.

Two types of questions were asked. One set of questions was used to evaluate the usefulness of
the links associated with the specific quiz questions. These types of questions asked students if
the learning environments associated with a particular question were helpful. Figure 13 shows
the responses to these questions. As shown, the assessment results are very encouraging. Almost
85% of the students agreed that they received help from all the three environments linked with
the quiz questions.
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Figure 13. Students feedback on different learning environments.

The second type of questions was more general and asked students if they liked the current
interface and its features. It also asked about evaluating their overall learning experience. The
results are shown in Table I. Again the results are very promising and show that the students
liked the features of the proposed interface. Almost 89% of the students agreed that the new
framework provided them with an enhanced learning experience.

Table I. Statistics based on general evaluation of new interface.

. Strongly Agree Neutral Disagree St.rongly
Question Agree (%) (%) (%) Disagree
(%) ’ ’ ’ (%)
The simulation features in the
new J-DSP interface are very 41.7 50.0 5.6 2.8 0.0
useful.
The idea of embedding quiz/labs
in the J-DSP simulation 500 339 1.1 0.0 00

environment enhanced your
learning experience.

The colors and the aesthetics
(look and feel) of the new 30.5 55.5 8.3 5.6 0.0
interface and quiz are pleasant.
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Conclusions

A new interactive J-DSP interface has been proposed in this paper. The main advantage of this
interface is its integration with other learning environments. In addition to using the existing
features of the current J-DSP, it includes the capabilities of other learning environments such as
video, animations, etc. By integrating streaming lecture videos, slides, animated J-DSP
simulation demos, additional notes and quiz statistics, this version of J-DSP becomes a complete
online learning facility. The web-based quiz has a number of attractive features with the main
focus on the improvement of students’ learning. Interfaces have also been integrated to help
instructors closely analyze the students’ performance. The assessment results are also
encouraging. The feedback from the students shows that they are finding this interface
interactive and helpful for improving their learning.
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