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Abstract:

The present research effort is aimed at investigating of studentegiens relating

to the criteria they themselves would choose in order to select amongst varioas simil
software packages, with the aim of selecting the one most suitableigbtiasm in
their study of electric circuits. For the purpose of the preseatyst software
simulating electrical circuits was deliberately selected. Thas \precisely because
electricity experiments are simple enough to be constructed in haolskab
environment, and are not hampered by friction which (being so diffecuttinimise)
makes it so hard to take lab-measurements that follow the simpl@ianachanics —
often the ones simulated by software aimed for younger students. Corgpittexi
electrical circuits, students may find it difficult to correldte image they see on the
bench with the (abstracted) image presented to the drawing of theickcircuit

(all strait lines square corners and symbolic representation of component).

Among educational software that is used as modern tool for the teaching of natural
sciences, a distinct and particularly significant category is formedbget packages
that closely simulate real laboratory work. The use of software siion¢atransforms

the student into a virtual researcher, by promoting the construction afdelnfor the
problem-at-hand and the study of the effects we get by altering the vahgsigal
parameters.

The sample consisted of 101 students from Vocational Schools of all grades and
sectors (aged 16 to 20 year old), and in total each student worked for about 9dours
complete the task of getting acquainted with the packages and then using them
constructively before setting on the task of evaluating what thay ilkkéhem and
what not. The Bessel-corrected standard deviation was calculated for alpdauizs

to be presented and the total experimental error was then calculated lynaognin

the systematic error of the experimental setup. The resultsiscassed and some
interesting conclusions are drawn, which do not only reflect on the paticul
packages evaluated but on all other simulation software as well, irrégpedttopic
taught. It is discovered that the most important characteristic gbélckage favoured

by the students concerns the human-machine interface, namely the abilitepaov
“virtual representation” which is closely simulating the real laboratasifuation,
while at the same time providing an (interconnected) “abstract-symbolic
representation”, closely resembling the ones used to be drawn on the blatKboar
the study of circuits.
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1. Introduction

It has long been suspected amongst educationalists that otiee greatest difficulties
students face when trying to draw conclusions from school-sciexperiments, is to
correlate what they see on the laboratory bench with the siedplifiealised, and abstracted
drawings (or diagrams) offered as an explanation (additioredjaxent text) in their science
textbooks or lab-instruction leaflets. The nature of the probletongplex and it transcends
simple explanation of symbols used to depict a resistor or a\baterce, for example.
Indeed, it may have more elements in common with the difficettltjme people have in
“reading a map”, relating the various symbols with what they see on the road.

2. Previous resear ch effortsin teaching electric circuits

During the past years, a large number of research efforts onc8cieaching have been
reported concerning electricity. The main research topics) geebe the investigation of
students’ ideas (or misrepresentations), the study of studergenieg and comprehension,
and the methods proposed for overcoming any intellectual difficatiie®@nquest scientific
thinking'234>6.7.8.910.11.12.13.14,1516.17.18. 18282 ne of the most important research results
constitutes the ascertainment that the students use altermatdeds, with the help of which
they meditate and try to comprehend electric phenomena and evergdaigal applications.

In the present study the focus is on alternative models of sietgderic circuit§®**?* For
example, before students are taught about electric circusthaol, they believe that in each
circuit exist a "source" and a "consurteBtudents usually imagine a “source” as the battery
of a circuit and a “consumer” as a lamp. The battery is thremijrenergy and power provider
in the exterior circuit, while the lamp “consumes” thentii*%*!® Another usual student
perception is that in order for the current to affect the “consuntewill have to reach this
point first, so that it would be possible to interact withit The underlying background of
this idea is a mental model of “a something” taking its timmBow from one point to the next
in succession, which leads students to believe that the parts ofxtdr@ore circuit are
successively activated by electricity that starts fthebattery and crosses the cirtuiThis
reasoning, which could be characterized as local and succdssiva,flaw in explaining the
instant changes of current (for example) as soon as one compokeat $lburce or resistor)
is changed. The same flawed reasoning leads students to hlesietleere is no voltage in an
open circuit’. Finally, it should be mentioned that students in the lower secondaoplsc
often use the term “electricity” to describe a multitude ofgudgl concepts such as voltage,
current, power etc without distinctittf> This mix-up of concepts is by no means only
applicable to electricity, but it also characterises studémit&ing at such age. A number of
serious studies have been mdd&'®%?%0 overcome such problems using traditional (i.e.
non-ICT) teaching methods. However, it can be argued that #S&ebteaching methods
could stand a better chance in addressing such problems. Their adtiliiit to simulate
various aspects of the circuitry, as well as showing picturdiseotircuits while at the same
time graphically explaining their operation, could lead to altereatand more accurate)
frameworks in student’s mental modelling of circuit’s function.

If achieved, this would be in sharp contrast to the results of soeweops researchers
investigating this area. In the first of th&rthe students used a simple modelling environment
simulating simple electric circuits. Research analysis sldaWwat students failed to alter their
ideas. In the second wdfkthe researchers investigated the extent to which the use of
specific software simulation improves the effectiveness afhieg strategies, specifically
designed to achieve conceptual change. The results showed that tiei@mdoes not
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promote conceptual changes even though it partially improves stugeoldem-solving
scores. In the third wofRkthe authors used a specific open simulation environment as a bridge
between traditional class-teaching practices and true lalbpregaching. Their conclusion
was that the use of simulation software boosts student’s confidadcerampts him/her to
complete his/her activity. The final (fourth) std8yalthough it also used only a single
simulation software, proposed (as a point worthy of further irgaggtin) the comparison
between alternative simulation programs in relation to theirc@fEness. In their study
"...The research was carried out to investigate whether the us#tafare simulation could
help students to improve their comprehension related to meanings sthehflagy of current,
voltage, resistance, relations between the concepts, and also cosymobpols that are
included in the unit...". That research tried to incorporate softwianelaion from the
beginning of the science course. The main conclusion was thspdldic software package
used, had a small effect in the learning process, mainly influgrbgn student’s graphical
representation ability and their symbolic interpretation skilla. the whole the conclusion
was that the use of the particular software simulation did noowveptomprehension nor did
it improve the use of physical concepts. The level of difficultghgsics reasoning remained
similar to the previous three researches. In addition to thenad¢otened proposal for further
study, the authors also propose further research on:

* The role of the teacher in an ICT-based science teaching class

* The extent to which any ICT-acquired skills could relate and teett) transferable

to a lab-related dexterity.

3. Rationale of the present study asto the method and the topic
chosen

With all the above in mind, it comes as no surprise, when examwuaingus educational
software packages, to find most of them using CAD-like idealrsgulesentations of a
circuits. This offers little help to those pupils who find it havdhtaster how the particular
circuit (or any circuit for that matter) functions. Such studeawen if they can follow the
explanation of how the pictorial circuit (made out of lines and sysybworks, fail in
repeated attempts to reconstruct such circuits on the lab-bencht ¥eprecisely those
students who stand to benefit most from a well designed IC&myaiming to teach electric
circuits through simulation — as an addition to regular lab work.

Recognising the nature of the problem, the present resteausdes in trying to determine the
characteristics of software interface which are most sstgeto this task. On the contrary to
regular practice which focuses on measuring students ideas (aodngeptions) with and
without teaching using various software packages, we decided tentmate on the students’
point of view about a number of existing software packages, all corgpet assist in
teaching the same science topic — electric circuits. Thelsimasoning behind such move is
that students (particularly when in their teens) are probablg gapable of distinguishing
which packages help them along their task and which are not so helpaéd)rat this age
students can exercise some self-awareness along their atguraed even describe the
evaluation criteria which they think that would be useful for @essful evaluation of such
products. In addition, an investigation along these lines would natbeikgfit from a lot of
additional factors (i.e. differences in student’'s competenceestieand prior knowledge) that
hamper with systematic errors studies that measure studewgiEsstanding as a function of
individual packages used as tools to assist learning.
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Furthermore, there is a very good reason for using the teachialgatfical circuits as a

subject which the packages would aim to teach. In other scien@s t@g. mechanics)
software packages can achieve a lot more than what is a#ailyable in a school-lab setting
(e.g. zero friction, or large and small scale objects, changewvity as possible on a different
planet etc). Electrical circuit software only simulates phemangasily attainable in a school-
lab setting, and any package evaluation would, therefore, have to cateent the very

subject that forms the very core of our investigation: userfaaerand the way it guides and
assists students in their effort to move from lab-reality the abstracted (almost
transcendental, for some) world of idealised symbolic repregamtéts a result, we feel that
our observations and conclusions have a lot to say about any educatiomatesptickages

teaching all other topics, but we just chose the present one aso#tesuitable to yield

meaningful conclusions as it is largely unaffected by other peeaswho may detract
students and affect their understanding.

Among educational software that is used as contemporary toolsedohing Science,

particularly significant are those, which simulate accurat@bpratory set-ups. The use of
such software allows the student to function as a researchegcéibgtrany problem into a

model and studying the effects of its various parameters.

4. Theresearch

During the present study, students used and evaluated 4 differenti@thicabftware
packages simulating electric circuits.

The investigation started with a pilot-phase involving an infornoalversation with some
students concerning the suitability of software already ust#thitime. During the™ phase
of the investigation, after a short introductory lab-teaching,taflents were exposed to the
basic operations of a range of educational software (selegtdtelresearchers) all of them
competing to be used as lab-tools to teach electric circuits|ddtesd for 7-hour per student
during which students constructed 5 specific circuits selectedebteacher, same for all the
students, so that there could be a comparison of their results. Stuidéneg had time, could
continue designing up to 5 more circuits of their own design.

The 3 phase involved a person-to-person semi-structured interview (conductélde by
researchers) followed. This concentrated on establishing any appapovement in their
understanding of the scientific topic taught, as well as deterqnithie criteria according to
which they would judge the suitability of any specific typesoftware as being the one best
fit for its purpose. The 4 phase involved a further 2 hour (per student) computer-lab work
during which students were asked to work on creating and studyimdesomncuits of their
own device, utilising the software already selected by ttveinichever that was) as being the
most suitable for its purpose. Students’ opinions were then colleciad aswritten
questionnaire (8 phase), containing both multiple choice and open questions, which
corresponded to the evaluation criteria set by the students 3¢ prease of the investigation.
The fixed (multiple choice) criteria along which students evatliasoftware packages
included the following: (a) the facility of use, (b) the pleasas#naf its interface as this
drawing student’s interest and involvement (c) the extent to whiphomotes scientific
reasoning from the part of the student, (d) the suitability to Hgerand level of scientific
knowledge, (e) the user-friendliness of the environment (f) how apptephe user interface
is in order to achieve its purpose, as the students view it, andefgintexest in terms of the
originality of interface. When a first reading of students’ arswwas completed, it was
discovered that, while answering the open type questions, somdcsferaifs were used by
the students in a way that was dissimilar and incompatible amoragsy of them. For this
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reason, during a final "6 phase another written open text questionnaire was given,
concentrating on clarifying terms used ambiguously during the previous formabguese.

4.1 Objective of the research and educational hypothesis

Our pilot researching effort that is presented in this propesaihied at the investigation of
students’ perceptions for the detection of criteria they placdasditey select among various
similar software, they consider as most suitable for the sitidybjects related to the unit of
electric circuits. The main hypothesis of research was th@niolg: "the students consider as
the most suitable software for teaching and learning wivasghem at the same time the
possibility of using a simulated laboratory as close as possibla, real laboratory and

simultaneously provides with a symbolic environment of work for dasigmresentation and

analysis of circuits"

4.2 The sample

For this purposelOl students TEE (Technical Vocational Schools) of all grades egtdrs
(aged 16 to 20 year old) used and evaluated the aforementioned fouendiffeftware
packages with the aim understand the workings of the electrigtsjrevhile they used them
to design, analyze, and present electric circuits of vgrgomplexity. These vocational
students (boys and girls) were keen to learn, as they fellGRaproficiency is valid as a
future professional qualification.

4.3 Research tools

Students’ opinions were collected with the help of the aforemewnticeeni-structured
interview and a questionnaire which included both multiple choice and “open type” questions

4.4 Short description of questionnaire

The aim of the questionnaire was to collect data in regard to sex, age, gseldecht city and
region of residence of the students.
The questions of the questionnaire concerned (amongst others) an ematdiatie various
software packages, as regards to:
1. The ease of their usage
2. The attraction of students’ interest
3. The educational adaptation (-i.e. how well it fits to the le¥ekrmwledge, level of
interest, and age of students determination of students’ knowledgegasds
educational software)
The user-friendliness of the environment
The perceived “originality in the design” of the software packages
Relative classification of the software as regards to tgdstive) help they provide
for the comprehension of electric circuits function
7. Open type question asking the students’ opinion (and justification ther®oégards
to why (if at all) they think that educational software ifphe for the comprehension
of the various school subjects,
8. Open type question asking students’ preference for the teachsweofte using (a)
simulated experiments or (b) laboratory experiments or perhaps Agtstification
of their choice was also solicited here.

o o bk

5. Data analysis

Analysis of the overall data collected followed. In addition torthétiple choice questions
of the questionnaire, content analysis was performed on the intetha@y something that
also happened for the open-type questions, which ended-up being classifiedraad
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categories, for the purpose of being used in a form of quantitati#eadat to extract any real
information contained in them.

As a general rule, every study (or every measurement, or evahyation) involves a number
of experimental errors and, therefore, the present study cannot be an exception. Such errors
can be finally folded into a single numerical value (one for ewdata point), called
measurement errors. Every experimental point measured is (in general) only vailiklirw
the limits of the experimental errors. This is true for gwperimental study. While during
the data-taking phase of the present experiment an emphasisidas panimising biases
and avoiding largesystematic errors, during the data analysis an effort was paid into
evaluating these, which after due consideration were set at fla@%a figure which is
comparable with all our statistical errors, and not dominated lny.tAd relevant statistics
were calculated using specially constructed software, ictfavith a popular computational
and plotting package. The statistical error was calculatedach and every point of the data-
set taken, as this is a function of the sample taken andaswacording to the actual answer
given by the students. Thaatistical variance was computed and thBessel-corrected
standard deviation was calculated for all data points presented. fidtal experimental
error was then calculated by adding in quadrature the systemitiche statistical errors,
these two errors being by definition independent.

In some of the questions in the questionnaires, students could choose mareetanswer.

In these questions it is possible for the sum of the percentagell-up to something above
100.

6. Results

The results of the analysis of the questionnaires are hereimg@esim the form of figures on
which the error bars (the meaning of which is explained above) are also denoted.

6.1 Question1
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Figure 2: Attraction of interest

It can be seen that package 3 is also very clearly ratedebstiadents as very interesting to
use, and in clear preference to the rest of the others

6.3 Question 3
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Figure 3: Educational adaptation (- fitting to the level of knowledge anddgkeofstudents)

The present question probes the student’s opinion as to if the “depbimteht knowledge”
offered by the package is appropriate for the particular stsdamiwledge on the subject as
well as his interests. It is by no means certain that ap ®ause package offers the depth
required by the students, who nay alternatively judge that the kngevidtered by a package
goes “too far” for their requirements and interests. It seemestbe that package 3 is clearly
what the students like most as being the best adapted as regards the content depth.

6.4 Question 4
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6.5 Question 5
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This question probes student’s opinion as regards the perceived “ongindhie design” of
the software packages. The ratings for package 3 are by faiosupeany other package
tried.

6.6 Question 6

L5 l g

Rated 1st Rated Rated Rated

Green squares represent S/W package 1 Red rhomboids represent S/W package 3
Blue triangles represent S/W package 2  Purple circles represent S/W package 4

Figure 6: Classification of the programs made by the students concerninig the
appropriateness of the teaching and learning process

In this question we ask the students to place the four packagesndiagoerder, and thereby
express their opinion on how useful they are in general. In other wands:appropriate” of
the four packages are in general in facilitating the stusléssrning process. We observe that
package 3 is judged (out of all comparisons) as being the best for this purpose.

6.7 Question 7
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0 f f f {
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Figure 7. Reasons given by the student as to why (if at all) they thdokaional software is
helpful for their study (open type question, classified by the researchers)
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With regards to the open-type question asking the students ty yhif(if at all) they think
that educational software is helpful for the comprehension of theugadchool subjects,
these answers were categorised by the researcherdliag fia the following 4 broad
categories. A 70.3 [£5.5] % of the students are of the opinion th@bihotes student’s
interest on the subject taught, while 74.3 [£5.3] % of them believeittipgomotes active
participation from the part of the students. Please note that the raunhderot add up to
100% as students were free to justify their opinion by usingnaplex argumentation, in
which case their answer fell within more than one categoourd. A further 69.3 [£5.5] %
judged that the programs facilitate comprehension for them, aiméleb6.4 [+5.8] % think
that such programs constitute pleasant instruction environments akd haaning a
pleasurable activity.

6.8 Question 8

60 +
50 +
455
40 +
30+ 287
25.7

20 +

10 +

Simulated Experiment Laboratory experiment Simul&tecib

experiments
Figure 8. General student preference: Simulated or real lab expetth{Open type question,
classified by the researchers)

As regards the open-type question asking the students judge (andifyothesr choice) if
they would rather be taught using simulated experiments, oraleadatory experiments at
school, or perhaps both, the answers were categorised by the heseas falling in the
following 3 categories. A 28.7 [£5.4] % of the students chose thawtbald rather be taught
using simulation programs, while a 25.7 [£5.3]% still believe thateal laboratory
experiment is best for them. Finally, A further 45.5 [£5.8] %hef $tudents considers that the
parallel use of laboratory and simulation software as the partionés they used, contributed
to the facilitation of the teaching material, so that it maalser the learning process and in a
pleasant environment in the class.

7. Discussion and conclusions

Educational observation confirms that students really did much belten they utilised
package 3, so it was not a matter that they “liked better” tlukage because it was better to
look at, or easier to use. The students were also conscious of thigjagsconfirmed by the
interviews.
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All the above data show that the students overwhelmingly approve paRkegyéeing their
favourite in each and every respect. Incidentally, this packageBdaon Ver.4.0, by
EdisonLab of DesignSoft Inc. All four packages, neverthelessndai help students by
simulating (to a certain extent) a real school laboratorytandesign and analyse electric
circuits. The question arising, therefore, is what aspect (orta¥péchis package is the one
that makes it so much better than the rest, in the student’s opinlieasta It is the authors’
opinion (verified by the extensive interview process) that the em$es in the human-
machine interface. To be more precise, the real advantage is toubé in its dual
representation of the electric circuit, one which is more teahghile the other is more
abstract, both of which appear on the screen at the same time (see figure 9).

| e Search [)8 2 k) - 1daEm

Figure 9: A simple circuit in the working environment of package 3. The doutdparated
representation can be observed, the left half of which constithéesealistic “3-D” simulated
laboratory, while the right half is the abstracted representaf the circuit. There is also an option to
work using only one of the 2 representations (or in both at the same time)

In attempting to analyse the advantage of this much preferredacgewe propose the
following explanation. Students are faced with the following situatibenathey are taught
electricity: there is:

1. A real-world laboratory, and (and the image the student getediggsit — “real-lab
representation”)

2. A symbolic representation of this construction.

It appears that some students cannot directly “associate” angprehend symbolic
representations of electric circuits, finding that “it doesrserable the real world”. In a way
the situation closely resembles the problem some people seem tes hameling a map, in
that they also complain that “the map doesn’t look like” the real world outside.

Yet “proper teaching” needs symbolic representation. The advantdhe oépresentation is
that it is much simplified in relation to the real-lab repraation (in terms of amount of data-
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input to the user), hereby facilitating electrical calcoladi precisely because it is more
abstract, which makes it the first step to the final aim tdsvélie most abstract representation
of them all i.e. the electrical equations describing the particular circuit.

The advantage of this “preferred” package seem to be than(wsed in parallel with the real
lab situation) it plays with 3 levels of representation by argaa “middle level” in which
there is some abstraction (for example it is but an image2dhskreen), but this seems to be
sitting in the between of the above 2 levels. Therefore, if aleitcto be a “virtual-Lab
representation” the student is faced with the following situation:

1. Areal-world laboratory

2. A “Virtual lab” representation (trying to visually simulatde real world Lab
representation, as realistically as it is technically posgibivhich really represents the
innovative aspect of the computer-user interface, of package 3). famges made in this
representation are automatically translated (by the package) into thiecigyhevel.

3. A “symbolic” representation (vertical and horizontal lines conngatircuit components,
which also appear in a graphic-symbolic way). This is just titlee usual one drawn on
blackboards and appearing in textbooks). This is presented in thed2@ sade-by-side with
the Virtual representation and the way it is drawn resembkmple CAD package. This
representation is intimately connected with the Virtual Lab sspration, in that these two
are always the equivalent to each other —electrically. On the b#rel this is a “slave”
representation in that any (CAD-style) changes made by #redosnot effect any changes to
the “master” virtual lab representation.

The advantage of the virtual representation is that it is rmarie realistic, and it looks much
more like the real lab situation. It is therefore much easier for the stiod@sgociate with this
representation what he has constructed in the school laboratory.

The advantage of the particular simulation package the studentgguetethat it not only
provides the “virtual representation” to the student, but it also prowddeautomatic and
direct connection between this and the “symbolic representation”, ready foudleatsto see.

Considering that the *“virtual lab” representation was absent fiteenpackages used in
previous studies, we have reasons to believe that our data can providée moglanation
to the observations of some aforementioned stt/ci&&° which observed no appreciable
educational advantage in the use of simulation software. On thamgrsimulation software
with an interface like the one favoured by the students seenetgdhem transverse from the
real world they see in the lab to the abstract world of tfeeliits as these are represented in
their textbooks. The link between the two interfaces of the packagual and abstract)
seems to be of crucial importance as it guides the uninitiatédetovay abstractions are
made, in the representation of electric circuits.

The authors believe that the design of all future simulation packagebe much improved
by these observations.
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