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ABSTRACT

Effective evaluation of educational software is a key issue for successtful infroduction of advanced fools in the curriculum.
This paper details o developing and evaluating a fool for computer assisted learning of science laboratory courses. The
process was based on the generic instructional system design model. Various categories of educational software that can
be used for laborafory courses are described. The use of computer based resources in supporting the feaching of
electronics science laboratory course is described where the course has been enhanced to develop skills in experimental
design, data analysis and links fo theoretical parts of the subject.

INTRODUCTION

Rapid technological change is an inevitable aspect of
modern life. Computers are the overwhelmingly
dominant example of this technological change in the
way we do things, especially in the sciences. Science
classrooms in general, and electronics classrooms in
particular, are rushing to embrace the computer as an
educational tool. This is a reasonable adaptation for a
field that sees computers used in every aspect of its
application. The computer can be found in every

electronicsresearch lab as anintegral part of the lab.

With computer-based tools becoming more affordable
we have the expectation that time and distance factors
will have less impact on the way instruction is delivered to
students of such subjects. While laboratory-based training
does not seem to be due for replacement by software
model-based training in the foreseeable future,
instructional software can be used as a complementary
tool during laboratory work. For instance, the theoretical
background of the laboratory work can become
available to the students through multimedia software,
preparation of the laboratory exercises and contacting of
the laboratory experiments can be supported by

computer systems, used for collecting data, processing

measurements, testing wiring and equipment

configurations, simulating behavior of equipment etfc.

It is hoped that computer-assisted teaching can help us
deliver a deep and solid education to the specific
subject, increasing the inferaction between the instructor,
student and the concepts under investigation.
Appropriate use of this educational software allows
students o build knowledge by giving them opportunities
to explore the equipment to be used beforehand in a
safe for them and the machinery way, interact with it,
experiment, problem-solve, and collaborate. Interactive,
multimedia experience cannot replace the real
laboratory work but can enhance the learning process of
many students, help them find the relation between the
theoretical principles and the observed behavior in an

easy and infuitive way.
Software tools in laboratory courses

There are various categories of educational software that
can be used in Laboratory Courses, grouped by the

specific task, which they are focused on:

Multimedia presentations and tutorials. These tools
provide a theory background to the student, enhanced
by the use of different media such as sound, video, text

and hypertext, pictures and animations. These
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presentations aim at providing the students with a realistic

description of the topic and enhance greatly theirinterest.

Problem solving and self-examination systems. They
give the opportunity o the students o evaluate the quality
and amount of acquired knowledge relative to the
subject studied, and unveil their weaknesses and

misunderstandings.

Laboratory preparation software. This class of
educational software provides information about the
structure of a laboratory exercise, gives the theoretical
background, analyzes the physical models underlining
the equipment used, discusses the tasks which the
student has to accomplish and provides tools or
guidelines to collect the data, helps them come to

conclusions and explain their observations.

Laboratory work support system. It involves deep
integration of software systemn and the laboratory
eqguipment. The objective is to automate the execution of
the laboratory work. This improves the classical way to
perform science laboratory work, which presents the

following disadvantages:

a) Alot of time is spent by the students for preparatory
activities like wiring and by the supervisor for
checking the wiring.

b) Long manual measurements result in  shifting
attraction away from the lab objective.

c) Measuring instruments are protected against
accidentaldamage

d) Lab reports, containing measurement analysis,
are prepared by the students after leaving the
laboratory. Consequently, there is no possibility for
checking or repeating measurements that could
have contributed to deeper understanding of the

subject.

e) Group work in labs, results in not effective

participation of all students during the laboratory

work.

Modeling and simulation This type of educational
software makes use of computer models in order to
simulate the behavior of the system or process under
study, substituting the laboratory equipment. This way it is
possible to repeat an experiment many times, comparing

the findings with the model-based values.

We can expect that a complete laboratory-educational
sofftware can cover most of the above functionality,
maximizing the inferaction with the student and
enhancing various phases of the educational process.
The automation of the experimental bench through
infroduction of a combination of the above systems,
improves the quality of education, offering important

advantagessuch as:

a) The students devote their fime to fruitful discussion
and useful observations, having the possibility to
analyze directly the measurements, repeat some
of them, compare with theoretical or simulation

results etc

pb) The students are concentrated on understanding
fundamental concepts and not performing
tedious wiring and measurements

c) The students can be introduced to interrelated
disciplines, such as automation and control, data
acquisition etc

e)  Minimization of failures due to wrong wiring

F)  Minimization of the effort needed by the
laboratory support staff.

G) New possibilities on continuous education,
distance-learning, collaboration with industries
and training of industrial personnel etc.

Acase of laboratory educational software

Author has designed as an integrated laboratory support
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system. The first prototype was built to support students
conducting laboratory work, aims at helping the student
study the background concepts required for preparation
and doing the relevant laboratory exercises. The self
examination module gives the opportunity to the student
to evaluate the progress, and discover possible
weaknesses and misunderstandings. The system can also
be used during the laboratory exercise for collecting
measurements, preparing graphs and reviewing the

progress of the laboratory work atrun time.

Typical system usage

The system is made up of 4 modules, described briefly in
the following. The main screen layout is shownin figure 1.
=101 x|
Electronics Laboratory Practical learning Tool

~Main Menu
| Experiment Demonstration I

Circuit Design |

Calculation and error verification |

Graph Plotting |

Report writing |

Self examination module |

Exit |

Fig1 : Main menu screen layout.

Background theory exploration

Here the user can review the background theory
presented in the same form as the laboratory hand-outs.
This module has been incorporated in the system for
completeness sake, so that the student will not need to go
back to the printed material in order to obtain information
about the laboratory and the background theory, shown

infigure 2.

w. Form2 !EE
Experiment backgroud Theory
x| manmenu e |

1. PN Junction diode chara.
2. Verification of Thevenins Theorem.

3. Study of Transistors.
4. Study of Rectifier.
5. Study of Multirange t

Class : B.Sc.Part I ﬂ
|Experiment :
1 Context
1.1 Subject  : Electronics
1.2 Paper /Unit:Paper [1/Unit [
1.3 Topic : P-N Junction Diode

14 Sub Tepic : V-1 Characteristics of PN Junction Dinde.

2. Prior Concepts Taught Earlier In the chapters & Units, which need tohe
recalled:
PN Junction, Forward & Reverse biasing of PN Junction, Static & Dynamic
resstance, knee voltage & breakdown voltage
3. Concept and Skill to be learn in this Experiment:
3.1 Proposition & Concept Structure:
Proposition 1. - V-1 Charactenistics of P M Junction Drode are plots of

fonward cureent 1f serans Forarard soltaoe W and Rewerse cirrent 1R weras

-

fig.2 : Background theory exploration module.

Simulation

Using this module, the student can become familiar with
the equipment connectivity diagram, which student will
have fo build during the laboratory exercises (selection of
measuring instruments from a library and comparison of
the diagram with the effected connections). The student
can explore and navigate an inferactive diagram, shown
in figure 3, from which can receive feedback and further
information, by simply clicking on each part. The student
can also experience different equipment connectivity

configurations and load variations.
BE.E Gandole T sl

Fle E& Oplons View Semusion Widow Devce: Help
P T [ i =]

== L R 2 ] % 2

i C....\prdiode chata. FB.cki 100%(1)

Tuperiment :
Title:Diode Characterigtics
(Forward Blas)

Procedure :1. Click analysis setup from :I
simalation menu.
2. Clock DC command hutton from analysis
set  up.
ai 3. Select sourse name V1
o 1301 4. insert start value, stop value and
o step walue.{ i.e. ¥1 varies from 0.1
J, o to 4 ¥ by step value 0.1
=47 5. Clicl 0K from.
1 6. clicl RUH analysis from analysis set up.
7. you get output waveform. by selecting the
proper node from the circuit diagram.

Circuit Dimgram

N =] 3

fig.3 : Simulation module.
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Run-time lab module

In this module, which can be used immediately before
the exercise execution and during the exercises in a
computer next to the equipment, the student canreceive
specific directions about the steps required to carry out
successively the lab and extensive explanation of what
eqach step requires in order to be accomplished. Also the
students can store measurements taken and process the
measured valuesin a custom spreadsheet provided.
Direct comparison of the experimental measurements
with the model values can be done, in order to ensure that

the processis correct (shownin figure 4 (a) and (b)).
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fig. 4 : Runtime module.
Testing methods

These are tests, measuring system performance against
pre-defined criteria. Typically we observe individual users
performing specific tasks with the system. Data are
collected on measured performance. Forexample, time
required to complete the task or number of errors made.
Selection of appropriate users and representative tasks is
essential. Also a properly designed and organized
usability laboratory is important. The most widely
accepted usability testing tfechniques, suitable for
laboratory software, are:;

Thinking Aloud Protocol is atechnique widely used during
usability testing. During the course of atest, the participant

is asked to vocalize his or her thoughts, feelings, and

opinions while interacting with the software, performing a
task - part of a user scenario. While this technique is
particularly difficult to use with young students, who are
distracted by the process, it can easily be applied at

College level and Higher Education Laboratory courses.

Co-discovery is a type of usability testing where a group
of students attempt to perform tasks together while being
observed, simulating typical educational process, where
most people have someone else available for help. This
can be particularly suitable in our case if the laboratory is

done by groups of students.

Questioners and Interviews based protocols These
techniques instead of waiting for the students to vocalize
their thoughts, prompt them by asking direct questions
about the system. Their ability (or lack of) to answer
questions can help evaluators decide about parts of the

system interface that present difficulties forthe users.

Performance measurement. Some usability tests are
targeted at determining hard, quantitative data. Most of
the time this data is in the form of performance metrics.

E.g. requiredtime to execute specific tasks.

Finally in-field studies concern observation of the users
performing their tasks in their usual environment of study.
These techniques have the advantage of the natural user
performance and group interaction however present
limitations in terms of measuring performance, since the
necessary testing equipment cannot be used in a typical

workplace.
Evaluation technique

The gquestionnaire has been designed by investigator to
evaluate the quality of prototype module. This
questionnaire contains 13 statements refer to the
technical aspects of the software. Their aim was to
evaluate its technical adequacy to the learning

objectives of the program. They deal mainly with
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questions related to the general structure of the product %of
. . . . . %o0f negativ
navigation, interactivity, design and other aspects that ”ir)ﬂ Staternent positive e
can favor or hinder the leamning process. Overall 27 fesponse res'zons
statements refer to curricular design aspects, usefulness A Technical-Instructive Adaptation :Interface Design
. . . ) ( Screen design)
and intend to evaluate the integration capacity of the
1 The quantity of colour on screen
program in the leaning process of an electronics is adequate for the sort of 84.44% | 1556 %
) information contained
practical. - - -
2 The quantity of the images is
0, (o)
Responses of students were in five-point scale. The 45 adequate for the sort of 77.78% | 22.22%
information contained
students, offering electronics subject at B.Sc. level were 3 The sound quality level is
) - adequate for the sort of 7111 % 28.89 %
selected randomly for this piloting. The students were infor?mﬁon transmitted 0 )
divided intfo three batches. Initially the investigator 4 The quantity of graphics and
) images is adequate for the sort 8222% | 17.78 %
demonstrated the each module of the software using LAN of information transmitted
for each batch and they asked to operate the each 5 The resolution of graphic and
images is adequate for the sort 82.22 % 17.78 %
module of the software freely. Finally the questionnaire of information fransmitted
was given to every student and they asked to write '1' for 6 The fext presentation on screen
is adequate for the information 97.78 % 2999
very bad or NO, '2' for bad or sometimes, '3' for fransmitted, Access and control e e
of the information
Al
acceptable or average, '4' for good or almost always and 7 The student has confrol over
'5' for very good or Yes, The students who respond either 4 different parameters of 8222% | 17.78%
presentation (colour, sound
or 5 were grouped together which indicated the good level, etc.)
. 8 The program facilitates the
quality of computer software. On the other hand the paper prinfing of selected 0556% | 4449
students who responded either 3, 2 or 1 are grouped information By the student
o . 9 The program facilitates the 88.89 9% 1111 %
together which indicated the poor quality of software and navigation through the confents 7 7 A7
requires modifications. It was later on converted into 10 The program gives the student
. ) the possibility of modifying the 84.44 % 15.56 %
percentage. The consolidated list of percentage forevery information contained.
statements was given infable 1. 11 The interaction tools (buttons,
menu, commands) facilitate 86.67 % 13.33 %
From the analysis of piloting it was found that the the leaming process
12 The program, in general, is eas
development of computer software programme  for to ufe ° ¢ Y| 8889% | 111%
laboratory communication was very good. 13 It is easy for the student to learn o o
88.89% | 11.11%
how to use the program
Conclusion 14 The running of the program is
) , , adequate (there are no bugs 86.67 % 8.89 %
This paper has described one potential method for aoeduate | i N ° °
developing and testing a prototype computerbased B 2.- Didactic or Curricular Adaptation
instruction module for electronics science students. The Bl Learning confents
. . 15 Are clearly presented 93.33 % 6.67 %
main features of the software were presented. Special
16 Emphasize the most important 77.78 % 2092 9
emphasis was given in the usability evaluation process of things e e
the software. A methodology for evaluation of the 17 Are sequenced 93.33% | 6.67%
H 1 i [o) Oy
software of this nature was outlined. 18 The information is updated 88.89 % 11.11 %
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19 Are enough to achieve the

Oy
objectives 80.00 %

20.00 %
20 Are beneficial to the

Oy [o)
improvement of attitudes 9111 % 8.89 %

2] Are extra-laboratory activities 91.11 % 8.89 %

22 /::%I;ee of grammar or spelling 95.56 % 4.449%

B2 Learning activities

23 Er?(;qsﬂrey different levels of 8.89 % 9111 %

24 Follqw a logical sgqugnce in 84.44 % 15.56 %
relation to the objectives

25 The number of different 80.00 % 20.00 %

activities is enough

26 Allow different tries for answering 91.11 % 8.89 %

27 Examples of the activities to be 93.33 % 6.676%%
done are shown

28 Examples are clear and 93.33 % 6.67 %

adequate

B3 Evaluation

29 The program is constantly 84.44 % 15.56 %
evaluating the student's output

30 Shows the student the errors 82.92 % 17.78 %

he/she has made

31 Provides specific help for the

Oy Oy
student's errors o111 % 8.89 %

32 The feed-back is immediate 88.89 % 11.11 %

33 The feed-back is motivating for 86.67 % 13.33 %
the student

34 The feed-back provides clear o o
and significant information 88.89 % 111 %

35 Facilitates self-correction 86.67 % 13.33 %

36 ConsTon'ﬂy informs the student 82.99 % 17.78 %
about his/her output

B4 Motivation

37 The program increases the

active involvement of the 91.11 % 8.89 %

student on the laboratory task

38 Students show a better interest

) ; ) 93.33 % 6.67 %
in leaming practical

C Usefulness
39 Use it as self-instruction material 88.89 % 11.11 %
40 Use it as complemen’rory 68.89 % 3111 %
laboratory material
41 The program makes it possible
for the students to work in 71.11 % 28.89 %

groups of two or three

The positive responses by students and staff to the

material tested at the four colleges dffiliated to Amravati

University , Amravati ( India) ,suggests that the difficulties
of producing high quality video on a PC and meaningful
interactivity (self-learmning and self assessment) have been
overcome. The challenge now shifts to Universities in order
to facilitate a student culture in which all students have a
CD ROM PC on day one of their degree course, a
tfeaching and learning culture in which students can
proceed at their own pace, laboratory experiences
where students develop both practical and
presentational skills, and staff development facilities
whereby staff can be enabled to produce the new IT

materials forthe 21st century.
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