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Abstrace—The present study aims o evaluate o specific mobils
setence laboratory (the MSL - PCEIOG). This 15 tneended for the
teaching of Science and, being mobile, ir v easy to wse n the
classroom.  Moreover, ot Bypesser the Virruel Lab v Real
Laboratory conmroversy. Learmers can use both, according to
educational meeds and wishes. For the pwpese of the presenr
evaluation, 77 freshmen studenty of the Department of Electrical
Engincering in the University of Thessaly partcipared, and the
topic of mstructon was Lighe end Oprcs. Teaching imvelved
parallel use of both recl and virtucl Labs. Students’ understanding
of related Physics conceprs was first examined before and after the
teaching took place, with the wse of a speciolly designed
guestionnaire of 39 guestions. The results are coguired by
comparing these datasets, and are presented hevein, together with
the experimental errors tmvelved These reveal thar studenes’
concepal understanding was considerably tmproved by the use of
the mobile School-Lab during reaching.

Keywords— Virmual and Real Labs; date-loggers; mobile lob;
teaching light; oprics reaching; sensors

I INTRODUCTICN (Heading 1)

School experiments are considered among the most
important educational tools in the classroom, particularly for
the teaching of difficult or abstract comcepts [1, 2]. Their
purpose iz to link theory with practice, promote leamers’
experimental skills, and enhance their scientific thinking. The
learning benefits can be even greater when expeniments are
designed carefully and leamers cooperate with one another [3,
4], irespective of whether their tasks are implemented In a
virtual [5-11] or in a real lab [12-17]. Linking sensors and
computers, and uzing these to take measurements could
significantly improve the educational bemefits of school
experiment by reducing the time spent on practical details and
mcreasing the time available for interaction among students,
and between students and teacher [18].

Smmilarly, as assessment i5 one of the most important
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success factors, and forms an mtepral part of the educational
process, laboratory experimental work can be used for
assessment purposes and eventually help teachers broaden
their Imowledge and vary their methodelogy [19, 20] as well
as help leamers improve their cognitive level. There is a great
variety of teaching tools used for teaching purposes.
Collecting and processing leamer’s views, iz essential to the
final appreciation of the effectivensss of the tools. An
effective way to do that seems fo be a properly struchured and
thought-after questionnaire, proven as to its reliabality and
validity, which can be utilized to measure learners’ responses
on specific tezching subjects, or units. In this research such a
tool was created, subsequently tested as to its wvalidity and
reliability, and was then used to assess the outcome of the
teaching interventions.

Thus, for the purposes of this study, a special teaching
sequence was designed and comducted with 77 first vear
University students, who had no previous experience cn lab
work on the s.p-eu:i.ﬁ-:: subject tanght, other than (possibly) some
demonstration experiments at secondary school. In parallel,
thiz study represents an attemipt to evaluate a particular set of
instruments intended for educational use: the Mobile Science
Laboratory for Physics, Chemistry, and Biclogy, and will be
called bneﬂx MSL - PCB]CI{I ["1] Thiz zpecially designed
mobile laboratory comprises mstruments and software for more
than 100 expenments and aims o meet the laboratory traming
needs at secondary and fertiary educational level students,
studying Science. This equipment allows learners to practice
both in a real environment (real laboratory) and a virtual cme,
through the use of especially designed educational software
that simulates the actual experimental activity in a realistic
sefting that greafly facilitates their experimental load
Moreover, its ahility to use different typez of sensors and
appropriate Data Loggers utilizing ICT malces it portable and
easy to use, while processing and presenting the experimental
data is done in real time.
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The All Science Module of the MSL i1z driven by the PCE
100 application, which is comprehensive and divided into 3
large categories: Physics, Chemistry, and Biclogy. Each
category of the PCE 100 application iz also divided into topics.
Each topic iz divided inte sections and each zection mto
subsections. In each subsection you can find the Presentations,
the related (wherever available) Multimedia or Videos, and
alszo  the Simulabions. Furthermore, there are the
Demonstrations for the teachers, and the Activities for the
students. This distinction 1s due to the differsnt material used
for the experiments. For each one of the Natural Sciences,
different kits are provided. For the teacher this is the BT, PT
and CT series, whereas for students the BS, P5, and C8 zeries
kats are intended. In the menu of the PCE10{ application, one
can find the Inventory, the Glossary, and the Application that
has two subunits: the Simulations, the Multmedia, and the
Science Support module, which is also divided in two subunits:
the Curmiculum and the electronic Mamals.

All experiments supported by PCE 100 are conducted
either using conventional measuring devices or with the use of
data acquisition system including a variety of sensors and state
of the art data loggers. This microprocessor based Digital lab 1s
mcluded in the MSL kit in order for the students to become
familiar with Digital lab Technology. Force, pressure,
temperature, electromagnetic  field, woltage, acceleration,
current, light, sound Photo gates, COy, Oy, are some of the
sensors provided to the students to construct their experiments.
The PCB100 intercomnects the teacher with the students n a
single platform. Theory presentations with interfaces to any
Student Fesponse system or Interactive board, Teacher
Demonstrations, Lab  Simulations, Virtual measurement
simulations, Data acqmstion applications, Multimedia
presentations, Stodent experiments, Student activities and
student qmzze: and testz jointly provide a most modem
platform in Science teaching. The PCB application also
mcludes various utilities such as Glossary, Imstructions for
different devices in the mobile cart, mventory of the Mobile
lab, and software applications that are used during the teaching
proCess.

0. FATIONALE OF THE PRESENT STUDY

Ower the last decades there seems to be a recurrent
debate concerning the use of lab-work for teaching. Fesearch
findingz have revealed the usefulness of either type of
laboratonies (ie. Real and Visual) to assist teachmg. More
specifically, some research supports real labs as bemg very
useful to promote leaming [22, 23, 24], while other research
favours virtnal labs to assist the teaching process [13, 26, 27].
Having established that either type can be very helpful in
teaching, it iz safe to assume that a combination thereof is
probably ideal As each type has ifs advantages and
dizadvantages, a fusion of both approaches can probably offer
leamners a different and broader perspective. With this in mind
and driven by our imterest in PCB100, it was decided to
examine its efficiency in teaching, given that it can offer
leamers the cheice of using both real and virtual lab at the
same time. Furthermore, each virtual lab section is specifically
modelled on the comesponding real lab, constituting an
advantage for students who wish to switch quickly from one

078-1-4790.4438-5/14/$31.00 ©2014 [EEE

type of lab to the other, due to the familiarity already obtained.
Iz this perceived advantage (due to familiarty) resulting to a
true educational one, arising from the synergy of Beal and
WVirtual experimental practice? This is the question the present
study, indirectly, sirives to address. To this end the
manufacturer was asked to provide = mobile trolley unit that
suitz the laboratory requirements of the Secondary and
Tertiary Phyzics, Chemistry and Biology syllabi, in order to be
used by the 77 aforementioned University students to leam
Physics and in particular Light and Optics. Previeus
educational research in the topic of light and optics, shows that
the vast majority of students support views unrelated with the
scientific model [28-39], Le. they have wrong interpretations.
Among leamers’ responses, the dominant view is that light
"travels"” to the observer and the illuminated object. Leamers
however fail to refer to the relationship between those two or
their possible interaction [29, 35]. Addtionally, learners find it
difficult to understand the mechanizm of vizion, while in their
mind, concepts like "radinzs" and “hght" are "entities" that
differ between them [34].

Some research [40] resulted in seven mental models that
characterize the students’ opinions about light These models
are the following: ambient, composite, de-coupled,
luminative, modal, obvious, and projected light. Regarding
the propagation of light, research reveals that even in cases in
which students consider light as a whole, they fail to realize it
iz something that can mowve [28, 46, 32, 531, 41, 42]. Contrary
to others, one concluded that students believed that light
travels from the light source as a whole and "choses" as 1ts
direction of motion the ome that iz associated with the
"problem™ [43]. It was also found that learners believed that
each element of a given light source emits light differently in
all directions of space. Simularly, the tezching of optics by
means of geometric models resulted in students failing to
explam even the simplest light propagation phenomena from
the light source to the illuminated object, using the concept of
rays [30, 43, 42, 44, 45].

Moreover, educationzl research shows that regarding
glossy  surfaces/mimrors  which light meets during its
propagation, students believed that reflection is related to the
ohserved objects or light and objects [46], as well as that light
fall: om the mirror and either "remains" therein [42] or
"bounces off" mirrors but not on other objects [29]. It was also
found that leamers had great difficulty to determune (let alone
to explain) the actual images in concave and convex mimors
[33, 47]. Students of education (fiture teachers) had the same
difficulty [48], as well. Diespite teaching, students do not seem
to succeed in learning the scientific model for the reflection of
light, and adopt various alternative models [49]. Finally, it is
shown that considerable help m understanding the issues
mentioned above is offered by such teaching that stresses the
historiczl evolution of the subject of optics [50]. All this
previous research served as an added inducement in choosing
to investigate Optics in particular.

A. Research guestion

The main reszarch question concerns whether the nse of the
Mobile Science Laboratory PCB100 (MSL) can meet the
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educational needs of tertiary level students and in particular
thoze studying to become teachers.

III. THEERESEARCH

A total mumber of 77 (seventy-seven) leamers participated
i the rezearch They all answered a closed type questionnaire,
which asked their opinion on the Mobile lab, while or 69
leamers volmtarily participated in semi-structured imterviews,
conducted by the researchers. All participants were randomlby
selected from a total of 400 first year studentz, of the
Department of Electrical and Computer Engineering, School of
Engmeerimg, University of Thessaly, who were studying
Physics offered as part of University Science curmculbum.

The Bessarch Tools

Although the data-taking involved both quantitative and
qualitative techmiques only the gquantitative part is presented
herein (while the qualitative was just used to cross-check the
self-consistency of each participant, to minimise systematic
errors). Thus, leamers” views were recorded on a closed type
questionnaire, graded on a Likert scale, as this is reported to be
a very popular method used m swrveys [51]. Such scales ask
participants to place their answers i a range from strongly
dizagree, disagree, neither agree, to disagres, agres, and
sirongly agree.

A Validity and reliability of the questionnaire

As a content validity check, the questionnaire was mitially
given to a group of secondary-school teachers, whose subject
was the teaching of Physics (including Optics) and were asked
to examine it, so as to identify whether it comresponds to what
it attempts to examine. The teachers found that the questions
correspond directly to the educational objectives, a sure sign
of comtent validity. Its construct validity was further examined
{2) with the help of a group of leamers, (b) using interviews
with students of the pilot study and (c) utilising the pre-testing
aszessment of the students who participated in the research.
The intermal consistency of the questionmaire (and by
assoclation its reliability) was tested by computing Cronbach’s
o (alpha). The analysis of the results revealed that in terms of
mtemnal consistency and construct validity, Crombach’s o was
for the pre-test procedure 0.815, for the entire questionmaire.
By successively leaving out each one of the 39 questions of
the questionnaire, we compute different values of Cronbach’s
o, ranging between 0807 to (.828, always refernng to the pre-
test. The teaching objectives of the specific tool-questionnaire
are presented in groups in Table 1 below.

B. The purpose of the research

The purpose of this research is to mvestigate the effect of
the portable lab as a teaching tool in the modem teaching
practice in the sechion of light propagation. Specifically, the
aim iz to imvestigate the extemt to which this particular
laboratory tool, combined with adequate theoretical
explanatory teaching, improves ferhary level stndents’
conceptual understanding on the basic concepts of light
propagation and the phenomena of reflection and diffusion. In
practice, this research uses a direct comparizon between pre
and post-tests, m order to determine the effectiveness of the

078-1-4799-4438-5/14/$31.00 ©2014 IEEE

teaching tool in the thematic area of basic concepts of light
propagation, reflection, refraction etc., for the specific target

Eroup.

Table 1: The teaching categories and their associated objectives of the

questionnaine
Catepories of the Mumber of Teaching
teaching subject questions objectives
1. Identification and 720101213, | Tohbeablstoidentify
explanation of the ipgo | emd explain the
refractive index ? refractive index of 2
material.
02, Explanation of the 123456172 Tounderstand the
phenomenon of Light :,‘:}iz’_lz’E: o phencmenan of light
reflection o reflection
03, Explanation of the To the
phencmencn of 11,14,15,16.1 o understand
ehactionofaligit | 1931232536 | PlenomEnan of
beam e refraction of a ligit beam
. To understand the rale af |
30,31,32,33,34, the lences, faeir basic
04 Lenses 3536373838 | characteristics, and their
nsefulness
C. Research stages

. Stage 1: Search and documentation of previous
educational research om the subject, and the teaching
approaches followed.

*  Stage 2: Development and verification of the
questiomnaire, and testing of its relizbality and wvalidity.
Detection and evaluation, testing of the teaching objective
through its piloting implementation with a group of teachers
and students.

. Stage 3: Questionnaire distribution (Pre-Test) for the
detection and recordmg of students” original - alternative ideas

*  Stage 4 Teaching i the laboratory.

. Stage 5 Questionnaire distribution (Post-Test). The
same questionnaire that was used in the Pre-Test is utilised.
Performed 2 weeks after the end of the teaching activities, so as

to detect and record any permanent shift of students” altematrve
1deas, towards the (correct) scientific model.

*  Stage 6: Statistical analysiz of the data in order to
compare pre and post-test differences.

*  Stage 7 Formmulation of conclusions regarding the
effectiveness of the teaching tool.

D The sample of the actual study

The research activities were carried out between 2013
and 2014 and imitially it involved 77 freshmen students of the
Department of Electrical Engineering in the University of
Thessaly. However, only 69 leamers completed all the stages
of the research, whose views were recorded on the semi-
structured interview that followed the experimental work.
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IV. EBEsULT:

4. Analysis of the methodelogy

Unavoidably, every study (or every measurement, or every
evaluation) imvelves a mumber of experimental errors and,
therefore, the present study cammot be an exception. Such
errors can be finally folded mto a single numerical value (one
for every data point), called measurement errors. Every
experimental point measured is (in general) only valid within
the limits of the experimental errors. This i1z true for every
experimental study. While during the data-taling phase of the
present experiment due emphasis was paid fo minmising
biases and avoiding large systematic errors, during the data
analysis an effort was made to evaluate the remaiming factors,
which after due consideration were set at 3.0% flat, a figure
which is comparable with all statistical errors, while not being
dominated by them. All relevant statistics were calculated
using specially constructed software, interfaced with a popular
computationzl and plotting package. The statistical emor was
calculated for each and every point of the dataset taken, as this
corresponds to a particular answer, and the numbers involve
vary according to the actual answers given by the students.
The statistical variamce was computed and the Bessel-
corrected standard deviation was czleulated for all data
points presemted. The total experimental error was then
computed by adding m gquadrature the systematic with the
statistical emors, these two emors bemnz by defintion
mdependent.
B. Discussion of the resulfs

The histograms that follow depict the percentage of
students whose answers fall im each of the evaluztion
categories. Error bars on either side of all experimental points
presented comespond to one standard deviation for the total
experimental errors (both statistical and systematic) and are
computed for each data-point individually. The data presented
in the fizures below show the percentage of students who gave
the comect answers in the pre-test and post-test respectively.
The difference in the result (shown az a %) between the red
triangles and blue squares represents the overall effect of the
teaching intervention, using the laboratory. The results of the
analysis of the pre-test and post-test questionnaires are herein
presented, with the associated emor bars (the meaning of
which 15 explamed above).

1. Learning objective OJ. ldentification of the refractive
index

The leaming objective (01) 1s mvestigated with a set of -
8 questions (7, 8 9, 10, 12, 13, 20, and 29) of the
guestionnaire. There is a significant difference between the pre
and post-test While a large percentage of the students
answered comectly in the pre-test 66.0% (= 42%), an even
higher one succeaded mn the post-test 82.4% (= 3.8%3) (fiz. 1).
The relatrvely high success rate in the pre-test is mainly due to
these students bemg taught the theoretical 1ssues related to the
refractive index during a previous educational level.

978-1-4799_4438-5/14/$31.00 ©2014 IEEE

Fiz 1: Leamimg (Hjectives O1. Identification amd explanation of the
refractive index Correct answers to the pre-test and post-test

90 01: Refractive index

85
824
80

75

70
65 + 66,0

60
55

PRE-test POST-test

The analysis of the responses m the pre and post-test, as
shown in fig. 1, also show a significant difference in the
teaching objective (01) in the pre and post-test, which means
that the teaching approach, with the use of the teaching tool,
improved the students’ conceptual understanding, as to the
specific leaming objectives.

Fiz 2: Leaming Ohjectives 02. Explanstion of the phenomenon of light
reflection. Comrect answers to the pre-test and post-test

75 02: Reflection
65 * 64,5
a5 +"l;v:i.u
35
PRE-test POST-test

2. Learning eobjective Q2. Explanation of the phenomenon

af light reflection

The leamming objective (02) is investigated with a total of
11 questioms (2, 3, 4, 3, 6, 17, 22, 24, 27, and 28) of the
questionnaire. There is a significant difference between the pre
and post-test. While a relatively large percentage of students
answered comrectly mn the pre-test 46.0% (x 4.0%), an even
higher one did so in the post-test 64.3% (= 3.9%5) (fiz.2). This
1z also mainly because these students were taught various
theoretical issues concemning the reflection of a light beam
during their secondary-school years.

The analysis of the responses to the pre and post-test, as
shown in fig. 2, showed a significant difference in the teaching
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objective (02) between the pre and post-test, which means
that the teaching approach, with the use of the teaching tool,
mmproved the students” conceptual understanding, as to the
specific learning objectives.

3. Learning objective 3. Explanation of the phenomenon
af refraction of a light beam.

The leaming objective (03) is mvestigated with a total of
10 questions (11, 14, 13, 16, 18, 19, 21, 23, 25, 26) of the
guestionnaire. There is a significant difference observed
between the pre and post-test While a large percentage of
students answered cormrectly in the pre-test 37.53% (= 4.136), an
even higher succeeded in the post-test 74.4%: (£ 3.9%0) (fig_ 3).
The relatively high mitial rate is mainly fo these students
having been taught various relevant theoretical issues
concerning the reflection of a light beam, during secondary-
school.

Fig 3: Leaming Objectives 03. Explanation of the phenarmenon of
refraction of a light beam Correct answers to the pre-test and post-test

80 03: Refraction
75 _ } 74,4
70
65
60 +
57.5

55
50

PRE-test POST-test

The analyzis of the responses to the pre and post-test, as
shown i fiz. 3, showed a) a significant difference in the
learming objective (O3} in the pre and post- test, which means
that the teaching approach, combined with the use of the
teaching tool, improved the students” conceptual
mnderstandmg, as to the specific learning objectives.

4. Learning objective O04. Explanation of the funciion and
properties of the fens

The leaming chjective (04) is mvestigated with a total of
10 questions (30, 31, 32, 33, 34, 33, 36, 37, 38, and 39) of the
guestionnaire. There is a significant difference between the pre
and post-test. Only a very =mall percemtage of students
answered correctly in the pre-test 6.3% (= 3.3%) while a
larger did zo in post-test 43.0% (£ 4.1%¢) (fig. 4). This i=
mainly because these students had never been taught before
the Issues concerning the operation and the properties of a
lens.

The analysis of responses to the pre and post-test, as
shown in fig. 4, showed a significant difference in achieving
the teaching objective (04) between the pre and post-test,
signifying that the teaching approach, combined with the use
of the specific teaching tool, sigmificantly improved the

978-1-4799-4438-5/14/$31.00 ©2014 [EEE

students” conceptual understanding, as to the specific leaming
objectives.

Fiz 4: Learninz Objectives (4. Explanation of the fanction of the lens.
Cormrect answers to the pre-test and post-test

04: Lens
50
* 45,0
40
30 g
20
10
* 6.3
0
PRE-test  POST-test

3. Owverall results: Explanation of the phenomenon of
refraciion af a light beam

Thiz iz a cummulative diagram summing up the
achievermnents m all 4 previous objectives, all of them bemg
treated as having equal importance Le. no weighting factor 1=
uzed (zee figure 3). There 15 an overall significant difference
between the pre and post-test results. A large percentage of
students answered the questions correctly in the pre-test 42.5%;
{* 3.3%) and an even higher one In the post-test 65.7% (=
3.3%).

Fiz 5: Crverall results. Explanation of the phenomenon of refraction of
light beam. Coorect answers 1o the pre-test and post-test

75 O: Total
(i1 ‘; 65,7
55
as
* 42,5
35
PRE-test POS5T-test

The analysis of the responses to the pre and post-test, as
shown in fig. 3, showed an overall significant difference in the
teaching objectives m the pre and post-test, which means that
the teaching approach, aided by the use of the teaching tool
improved students’ conceptual understanding, as to the
specific learming objectives.
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V. CoNCcLUSIONS

In the present study, a systematic assessment of a
composite teaching tool for teaching Optics was attempted.
The specific teaching tool incorporates both virtual and real
laboratories in the leamning process. These two were used in
conjunction and in parallel. The various mstruments of this
“composite 1ab” were cyclically used during the teaching
practice by the students, and all had access to both the real and
the virtual laboratory. The evaluation of s effectivensss was
performed with the wuse of an especially designed
queshonnaire, composed of 39 multiple choice queshons,
tested for reliability and validity. The summarized results are
grven in Table 2 below:

Tzhble 2: Performance per teaching subject

. FEE - TEST POST -TEST ]
Catepories of Differamca
teaching Performance | Error WJ S| prer | POST-
subject H %% = % FRE
TEET
O1:Fefractive - 2 15.4
- a6.0 41 224 ER
(235 - - 185
. Faflacti 46.0 4.0 5 34
03 s - io 169
Rafiact 57.5 4.1 744 3.0
O Lens 63 33 45.0 41 388

Az zeen om the above table the use of the specific
laboratory  setup  improved sigmificantly the students’
conceptual understanding on each and every issue taught
related to the imderstanding of Optics — always assuming
proper tuition and expert explanation of the phenomena
observed. Although sigmificant improvement is obvious for all
subjects, it can also be seen that leamers’ understanding in the
topic of lenses in particular has risen more profoundly n
comparizon to other topics. This is mainly due to the very poor
performance of students in the pre-test. The reason for that the
teaching of the operation of lenses iz not included in the
secondary school cumiculum — and starting from 2 low point 2
greater progress is easier to be achieved. In this case, the use
of the laboratory has helped them to improve their
performance by 33.8%.

By the end of the teaching procedure, the overwhelming
majority of the students, wishing to make their contribution by
offering their opinion, shared more of their views regarding
the lab with the researchers.

During testing both the real and the virtual laboratory
equipment were used in parallel, all students obtaining data
from them both. This switching succeeded I maintaiming
leamers’ ongoing interest and creative reflection for the
subject taught This also provided them with an opportunity to
develop therr skills and abilities with ultimate aim their active
mvolvement in the leaming process. The main conclusion was
that the persistence of learners’ high inferest and desire to
learn was due to the combined use of both real and virtual lab
m a single leaming sequence, helping to explain processes n
depth. This judicious switch proved to be simply fascinating to
them.

078-1-4799-4438-5/14/$31.00 £2014 IEEE

The data presented herein represent only a first attempt
to a full evaluation of the “combined” (ie. Feal and Virtual)
laboratory enviromment, which iz cwrrently in process. For
one, the Physics subject taught, despite itz width, iz only a
small part of the Phy=ics pack offered, this m tum being only a
sub-section of the Natural Science package. A subsequent
evalustion and comparative study will evidently address
different scienfific subjects, and utilise students of different
age groups. Lo this end, one could but agree with the view that
the approach presented herein is evidently better than the
standard one involving just one standard lab.
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