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Abstract:

In the present paper @omparison between the ideas of two groups of
students, both of which were taught the same physics laboratory curriculum
but using two different instruction approaches is presented. The expeaiment
group was asked to watch some videos including the associated links to
Physics theory explaining the phenomena to be observed, gather the
information needed and then perform the experiments involved, while the
control group followed the traditional lab teaching practice. The aias (a) to
investigate if it is feasible for students to watch a sciemgeeriment on a
video clip, and then to construct and repeat in the science-lab what they have
just watched on video, b) measure the extent to which students thattfoiow
new instruction approach can achieve a similar level of understanding of the
scientific topic addressed by the hands-on science experiment, dadépts

that were instructed how to conduct the school experiment in the traditional
way. The final results of this dual educational trial are presented in this paper,
while conclusions are presented and discussed.

1. Introduction

In the present paper@mparison is presented betwedhe ideasof two groups of
students, both of which were taught the same physics laboratoigutwm using two
different instruction approaches. A mixed teaching approach (corghmstructional
streaming video and science-lab) is thus compareddiititmal lab teaching practice
(having the teacher instruct the students what to deerhaps with the help of
instructions in a lab manual). The aim was (a) to investifj#tesifeasible for students
to watch a science experiment on a video clip, and then to constduoe@eat in the
science-lab what they have just watched on video, b) measuextér to which
students that follow this new instruction approach can achieve aasilauel of
understanding of the scientific topic addressed by the hands-oneseigoeriment, as
the students that were instructed how to conduct the school experiméhné
traditional way.
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If, after the school-lab experiment no significant differenaaddcbe observed in the
knowledge gained by the students of the two groups, then creating and/idsiog
instructions for school experiments should be considered preferabllcfaased
consistency in the quality of lab-instruction, (b) the visual immgd{@n how to
perform the experiment), as well as (c) the help in time &odt @fforded to the
teacher acting as lab-instructor, count as overwhelming advantagee iCT-based
method, and represent enough reasons in themselves to tip the balance in favour of the
streaming media.

After all, most primary school teachers do not possess enough escdienbe
competent to teach science propkrespite this, it is within their duties to teach the
subject adequately and to also persuade more students to siedgesand
technology, so as future scientists and engineers emerge fromi>thEherefore,
properly designed computer-based learning environments can basese of the
best ways to achieve correct and efficient lab instruction.

2. Theresearch questions

The research questions were:

1) Will students that follow this new teaching approach achieveafigrreason) a
better understanding than the students that were taught the saest sulihe
traditional way?

2) Is it reasonable to expect a student to watch a science regpéeron a video
clip, and then to repeat in the science-lab what he has just watched on video?

3) In practical terms, is this activity less time-consuming floe teacher, in
comparison to moving around and giving instructions to students in the lab?

4) If this approach saves time for the teacher, does it, as a censegueave
him/her more time to deal with more elevated things than instgudtie
students how to perform the experiment? Other such duties could, foplexa
include devoting more time to each student group, or explaining theytheor
behind each phenomenon, facilitating the students work, etc.

5) Could this process (i.e. ICT instruction followed by science-letvity) help
the arts-based university students improve their scientific thinkamg the
particular topic, covered)?

6) Will students find it easy to follow non-verbal instructions, by symplitating
the examples in the video-clips?

7) What type of reactions would students have towards this new teaching
approach?

8) What type of scientific explanation would be best to accompangtteaming
media?

9) On a more advanced level, does this didactical trial support theageffert to
base science teaching on the use of ICT packages made wtfiegration of
scientifically correct text, combined with pictures, video, sound, and diagrams?

The ultimate aim of the present and still ongoing research e¥fmtd be to provide
teachers with web-based interactive streaming material. Théerial, (or
alternatively DVD versions of this, in case parents do not viishi thildren to have
net access) could also find use at home during self-study layerinivishing to learn
more on science topics. Eventually, some (mostly text-based)iscienplanatory
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material would accompany the streaming material and aet lasckbone to tie it
together into a learning environment.

3. Description of the research

In this trial some 224 students participated, all 19-year old anungaio become
teachers. The control group (126 students) followed the traditional wdsbef
instruction to perform the experiments, in which the teacher wasieting them on
how to do the experiments while they could also use a lab-manleafl&t), in which
some relevant theory was also contained.

The experimental group (98 students) was asked to watch some videoksnig the
associated links to Physics theory explaining the phenomena to b&eshsgather
the information needed and then perform the experiments involved. The usksbs
in this educational trial were created by the researcherse§udrstly the videos were
used to teach students, and the educational evaluation took place. Al wtieos
produced are currently freely available on the wehtgb://estream.upatras.dgor the
English  version, while a Greek version <can be reached at
http://www.elemedu.upatras.gr/science/index.htiihe video-clips themselves are
simply presented and contain very little wording, so that tlh@ybe used as teaching
material and as a way to gain initial student interest, even Wiey don’t understand
either Greek or English. This became possible as they wsignéd to be understood
from the image alone. This was a conscious decision because riskatioam of
scientific text, in any other language, has been proven a diffrqult task. The
scientific explanation of these videos is really simple, and fivereany teacher
willing to spent some time searching physics books can providexfilanation. This
educational trial is part of an ongoing research one prospeéatiyet of which would
be to create a computer based learning environment, easy to usetaioié €ven for
self learning. That would necessitate adding some text, snaggerhaps further
videos, the resulting learning environment offering the scientfdamation of what
the user observes during the experiment-on-video

All of the 15 video-clips made and tested herein are of shortioli@.5 minutes at
most) and demonstrate simple scientific experiments on airyoeessonscious effort
was made to select science experiments the outcome of which beslidprising (or
even startling) to the uninitiated so as to attract studentesitelhe equipment used
to perform these experiments was selected to be simple, inexpeasd widely
available (e.g. balloons, plastic bottles, glasses, paper, etthasthese activities
could be replicated in any school lab or even in the class. Thet taroup for the
video-clips was both school-children, as well as teachers (youmgdsaor active
teachers during re-training).

The videos were available to the students for repeated consultatioarny times as
they required during the trial, so as to better comprehend the experimental setup.

The present study represents the first trial in which videosctilggpiscience-lab
experiments are purposely designed as a means of instruction, gupcamed
eventually used as a “lab-instructor” for the students. Therefbee,khowledge
gained by this experiment has to be assessed by the followetay comparisons: (a)
the remaining knowledge at the end of this innovative teaching procedure
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(experimental group of students) in comparison to the one achievedtiaiiipnal
teaching methods (control group), (b) the knowledge remaining to thentstugleen
the experimental lab-teaching procedure was completed as campardghe
knowledge students had before the lab-teaching, (c) students’ reaotvarsls -and
opinion for- this new teaching approach, and (d) time used to fulfiegie Only the
first of these comparisons is presented herein, while the sdwmdlready been
published elsewhete

The last two of the aforementioned tasks were achieved by emhatabbservation
from the researchers conducting the trial. An additional practtelervation
concerned a comparison between the time taken by studentpeatédly -perhaps)
play the video and perform the lab-experiment (on the one hand)parttig other
hand) the approximate time needed in a traditional teachiogler for the teacher to
explain the experimental task in addition to the time needed dystildents to
perform it.

The primary data taken for the present study concerned the regheimowledge. To
collect these data, all the internationally accepted pradocggerforming research in
science education were followed. The pre and post questionnaires usechvedully
designed, with clearly stated questions relevant to the topic taBgtit. groups
covered all topics, and all questions asked were contained thereinthesée
precautions were very important in order to avoid biases.

4. Forming theresearch groupsfor thetrial

In the present study, 19 year old University students studying toniee
schoolteachers participated, each one of them having different knowtegggsics.

It was crucial to split them into two groups with more or lesmal level of
knowledge. For this, a pre-test was given to all students, a fembaégre the trial, in
order to identify what they already knew about atmospheric ymeesas this was the
subject they were going to be taught. The data from the srevéze analysed. Based
on the results on the pre-tests, and after some careful considerations, the steigents
divided into the 2 groups, the “experimental group” and the “control group”. The
“experimental group” was instructed for the laboratory withuke of the computer
based learning environment, while the “control group” achieved the sethe
traditional methods.

It was decided that, for the educational trial, the students e=stbe divided into
smaller groups, each one of which consisted of 6 pupils working in paaalie
collaborating and communicating with each other. During the eduehttaal the
behaviour of the participants (and the interaction between them) caeefully
observed by the researchers working in pairs. One was monitbengctivity and
taking notes about the students’ behaviour, while the other performedubational
activity for which the number of six students per group was the ideal.

Students were allowed to form the 6 pupil sub-groups by themselves.ofténs
resulted in uneven grouping: the “stronger” students often stuck tode#iveng the
rest to do their best. On the positive side, allowing students totfrteams often
results to having most of the members of each group being friendgadthother,
thereby facilitating communication and accelerating cooperatioaddiition, one of
the aims of the present educational trial was to allow studeri&arn at their own
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pace of learning. Therefore, allowing variations ability (orreg® amongst various
groups was not considered a problem in itself, as these forces auery class
around the world. Special care was given to prepare and provide tbagéstr
students with additional worksheets (not presented here), so asstp gedir natural
curiosity, and avoid them getting bored by keeping them occupied.

5. Theteaching approach followed

As students of the “experimental” group were not familiar wité video-before-
action lab-instruction procedure were given an “introduction” fromrésearchers.
During this, the new teaching approach was explained to them, andvéneytold
how they were expected to work. Any procedural questions by thensfudere
answered at this stage by the researchers, ensuring procedural clatity to al

The trial followed. Both groups of students performed the same exgesnand both
groups received the same theoretical explanations regardirexpleeiment, but the
way this information was provided to them was different:

- The control group followed the traditional way of performing expents.
This means that they read the instructions in a lab—leaflet, wdlst
contained some relevant theory.

- The “experimental” group used the computer-based learning environment
They watched the video and followed the links to the theoreticaheapbns,
gathered the information needed and then performed the expeririéets.
videos were available to the students to consult as many timékegs
required.

The lab assistants - researchers were present during thes(&a both groups), and
they were intervening when needed, giving guidance, posing ciguoestions and
answering student’s questions. Both groups filled the same worksBegdents are
so used to work with predefined tasks that, without the worksheetsydreyuneasy
as they were unsure as to what to observe.

An open discussion with the researchers took place soon after akpeeiments
were performed, a procedure followed for both groups. During tas $he basic
core of knowledge which the students should have acquired was clafified.
teacher-researcher made sure that this basic core of con@sptgell understood by
the students. At this stage the researcher poses to the studeaits geestions
(concerning hypothetical experimental or everyday situations) and egesutem to
guess what would happen, and support their opinion by utilising theimeneal
conclusions already reached. Also the teacher could ask studehiskt@ft further
(real of fictional) applications arising from the newly acquired knowledge

A few weeks after the activities, the post test was givethéostudents so as to
measure the remaining knowledge. This took an extra hour, but it wassaey, as
the only way to evaluate the success of the computer basedhtgagiproach, is to
analyse and compare the post-tests amongst the two groups. Theievakzs
based on questions testing knowledge that all students should lauedd¢both the
ones used the streaming media and also the ones learning withditiertal way of
teaching).
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6. Data collection and analysis

The data of the present study were collected from a sampt students in total, of
which 126 followed the traditional way of teaching a®8 followed the computer
based learning activity.

Each and every study (or measurement, or evaluation) involves a nurhber o
experimental errors and the present research trial cannot, therefore, be an exception.
All these different errors contribute to make what we waghsur ement error, which

is (in general) different for every experimental data-pointsuesl, calculated and
finally presented. All such points are, therefore, only valid withim limits of the
experimental errors associated with them. This is trueeVery study, even the so
called “qualitative” ones.

As already mentioned, special care was taken during the ewggrto avoid large
systematic errors, and to minimise any bias. Despite these being small they,
nevertheless, need to be measured (in statistical languagedtest’) and subtracted
(during the analysis) from the data whenever necessaryreérhaining systematic
error for the present study was estimated t@.0%, a value considered to be fair (if
not on the low side) and which neither dominates the statisticalsemor is it
eclipsed by them.

During data analysisfull error propagation methods were usedill statistical
results presented herein were calculated using speciallyrectesi (by members of
the Science Laboratory) software, interfaced with a popular cormgmahtand
plotting package. The statistical error was calculated independently forrehehexy
point of the data-set taken, as this is both a function of the sasplell as the actual
answer given by the students. Tdatistical variance was computed and thgessel-
corrected standard deviation was calculated for all data points presented. {Dhed
experimental error was then computed by adding in quadrature the systematic with
the statistical errors, as these two errors are by definition independent.

In some of the questions in the questionnaires, students could chooséhamoomé
answer. In these questions it is possible for the sum of the pgesntio add-up to
something above 100.

The data are presented here in double histograms, depicting the pgecainstudents

(of each group) which hold a particular idea. The data-points maykadehl triangle
representthe control group,whereas the data-points marked byblae circles
represent theesearch grouprhe error bars on each point of the histogram represent
one total standard deviation on either side of the point, as computdusfairigle
point. The numerical values of the data are denoted staggered onsaithaf the
data-points on the histogram. For the computer based learning envirofiruent
circles these are on théft side whereas on for the traditional teachingd
triangles they are given on theght).

6.1 Question1

Fill a glass with water, and cover it with a piece of cardboard. Turn it upside down, as
shown in the picture. What will happen if we stop holding the cardboard?
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(a) If the glass is completely full of water, the cardboard will remain inepthe
to air (atmospheric pressure).

(b) The cardboard will fall and the water will pour out due to hydrostatic pressure

(c) Surface tension will keep the cardboard and the water in place for a few
seconds. Then the water will pour out.

(d) The cardboard will fall because gravity is greater than the affinity forces
between cardboard and water.

(e) If we move our hand very quickly, the cardboard will remain in place because

of inertia.
(H We will simply get wet.

(g) Earth attracts all objects. Cardboard and water will fall to the ground as soon

as we remove our hand.
100
90 ,9,1.81 905
80 +
70 +
60 +
50 +
40 -
30 -
20 +

10 +
0 208 2.4

518 L2

a b C d e f g n

Red triangles represent the control grdtraditional way of teaching) and
Blue circles the research gro(gomputer based learning environment).

Figure 1.

As it is shown in figure 1 there are no significant differences betwedwthgroups
of students. Both groups of students answered the question equally well.

6.2 Question 2

The bird watering trough is a plastic transparent cylinder. The upperof the
cylinder is closed, and the lower one is open. The cylinder is fwbtér. The lower
part of the cylinder is positioned in a small basin full of watdée bird drinks water
from this basin. The water from the cylinder goes down to reptecevater drunk or
evaporated.
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Can you explain why the water into the cylinder is higher thanotie in the 2
basin?
(a) It is due to atmospheric pressure on the water in the basin.
(b) It is due to the principle of interconnected vessels.
(c) Itis due to the osmotic pressure of the water which has an opposite
direction to the hydrostatic pressure inside the tube.
(d) It is due to the specific design of the watering trough.
(e) It is due to the affinity forces between the water and the
plastic.
(f) Itis due to buoyancy which raises the level of
water in the tube.
(9) It is due to hydrostatic pressure.
(h) Itis due to buoyancy.

100 +

90 1578
80 + 80.2

70 -+
60
50
40 +
30 +
20 +
10 + 10.2i .

0 0 k24, o F24 200, 10§40, 10808 | ook 16

a b c d e f g h no answer

Red triangles represent the control grdtraditional way of teaching) and
Blue circles the research gro(gomputer based learning environment).

Figure 2.

We observe that the research group was marginally better, thoagh dahe no
significant differences between the two groups.

6.3 Question 3
Compare the atmospheric pressure in the spoBand C
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(a) Atmospheric pressure is greatest at B, because it is in the mountains.

(b) There is no difference between the atmospheric pressure of points A, B and
C (A=B=C).

(c) The atmospheric pressure at A is greater than that at B and the pressure at
is the lowest.

(d) Pressure B > pressure C > pressiire

(e) Pressure C > Pressure B > Pressure A

(H We can not compare the pressure at these 3 points because the temperature is
different.

100 +
90 - % 90.5
80 - 82.7

70 +
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50 +
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a b C d e f no answer

Red triangles represent the control grdtraditional way of teaching) and
Blue circles the research gro(gomputer based learning environment).

Figure 3.

No significant differences between the two groups can be observed.

6.4 Question 4

Question:
Why do we feel our ears blocking when we are up on a mountain?
(a) Because the pressure on the outside of our ear is greater than the one in the
inside of our ear.
(b) Because the pressure in the inside of our ear is greater than the one outside of
our ear.
(c) Because the pressure outside of our ear is equal to the one inside our ear.
(d) Because of the altitude.
(e) Because at this altitude there is less oxygen in the atmosphere.
(f) Other, please SPeCify: ......ccccceeeeiiiiiiiiiei
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Blue circles the research group (computer basedilepenvironment).

Figure 4.

We observe a small difference between the control group and thenesipial group.
Only 66.3% (+5.2%) from the experimental group gives the correctaan$wr the
control group this percentage is 77.8% (+4.2). A 18.4% (x 4.4%) of theriexental
group selects answer (a), something that obviously means thasthdseats have not
clarified whether the air pressure goes up or down as we chiminbuntain. This
might indicate that more emphasis should be placed in stressingattiilar point
in the instructional videos, and in the accompanying text.

6.5 Question 5
Which of the following are used for measuring pressure?

(a) Atm (d) Newton (9) Newton/nf
(b) Pa (Pascal) (e) Kilograms (h) Newton. m?
(c) m/seé () mm Hg (1) mb (millibar)
007 % 96.0

g0 1918 90.5

80 - 83.7

70 + % 60.8

64.3 65.9

0T 55 1} 55.{ Sl
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a b c d e f g h i no answer

Red triangles represent the control grdtraditional way of teaching) and
Blue circles the research gro(gomputer based learning environment).

Figure 5.
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The first observation is that none of the participants chose fathe dotally wrong
answers like m/sécNewton and kilograms. The control group’s percentage is higher
but is within the experimental errors.

6.6 Question 6

The term “pressure” means:
(a) Force multiplied by distanced travelled
(b) Force multiplied by surface area
(c) Force divided by surface area unit
(d) Force multiplied by velocity
(e) Strong force
() Itis an alternative way of expressing the term “force”
(g) Other, Please SPECIfY: .......uuvevieiieiiiiiiiieieiiiiies

100 +
90 | 89.8% .
80 +
70 +
60 +
50 +
40 +
30 +
20 +

107 5.1% 79

0 1016 : 11-”§154%ﬂ94mh&ew

a b c d e f g no answer

Red triangles represent the control grdtraditional way of teaching) and
Blue circles the research gro(gomputer based learning environment).

Figure 6.

The percentages of the two groups are compatible.

6.7 Question 7

What is the function of the diaphragm when we inhale?

(a) Muscles push and move the diaphragm downwards. This produces a low
pressure environment that forces the lungs to expand and fill with air.

(b) Muscles push and move the diaphragm upwards. This produces a low pressure
environment that forces the lungs to expand and fill with air.

(c) The diaphragm does not move. We inhale solely because lungs expand.

(d) The diaphragm does not move. We inhale solely because lungs contract.

(e) The diaphragm has a completely different role. Please specify: ............ccc.......



Conference ICL2007 September 26 -28, 2007 Villach, Austria

80 +

70 + 69.0
60 1622

50 +
40 -

a b c d e no answer

Red triangles represent the control grdtraditional way of teaching) and
Blue circles the research gro(gomputer based learning environment).

Figure 7.
Again there are no significant differences between the two groups.

6.8 Question 8
Select “true” or “false” for each of the following questions.

a) On the moon and on the planets without atmosphere we | True False
cannot transfuse liquids using a siphon.

a) Itis easier to transfuse liquids using a siphon on the moon anie False
a planet without an atmosphere than it is on earth.

b) The barometer measures the weight of a liquid. True False

c) Air pressure in a certain place remains unchanged 24 hoursTaue | False
day.

d) Air pressure on a high mountain (e.g. Everest) is very high. True False

e) High air pressure means good weather. True False

f) High air pressure indicates being very far above sea level True False

100 +
90 1929¢

80 {841

70+

60T 55 1i
1% 532
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| 7]
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a b c d e f g no answer

Red triangles represent the control grdtraditional way of teaching) and
Blue circles the research gro(gomputer based learning environment).

Figure 8.
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The numbers represent the percentage of students who had considereid ‘iheithe
correct answer to each respected question (from a to gpeéceve of whether this
was the scientifically correct answer or not. We observe shifieeences in answers
(@), (e) and (f). A 92.9% (x3.3%) of the research group considers sent@nes
correct, while only an 84.1% (£3.8%) of the control group does the sasrthisAis a
complex and quite involved question, these numbers are hardly surprisirtgeyput
point out to a need to keep stressing the distinction between different physics concepts
—a task for which ICT is much better equipped in order to handle. A 1&2%%)
of the research group considers (e) as correct while for the cagrmap the
percentage is 3.2% (x2.5%). A 35.7% (+5.3%) of the research group cor(§idess
correct, while the percentage for the control group is 48.4% (x4\8%)see that the
experimental sample did slightly better on the last 2 sergeasecompared to the
control sample. On the other hand it seems to be that students’tandarg of the
physics behind question (e) leaves a lot to be desired. Thenedoeceffort should be
paid to this topic.

6.9 Question 9

When using a mercury barometer, what does the mercury level read atetea lev
(@ 76m
(b) 760 mm
(©)2m
(d)9.81m
(e) Mercury is exactly at sea level
(f) Mercury reading does not change.
(g9) Other factors influence the reading. Please specify: ...................

100 +
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80 + 7864 778
70
60
50 |
40
30 +
20 +
10 + 9_2I 103

51
0 | | 0.0 0.8 204 24 ! §2'4 1108 1 31

4.8

a b o d e f g no answer

Red triangles represent the control grdtraditional way of teaching) and
Blue circles the research gro(gomputer based learning environment).

Figure 9.

There are no significant differences between the two groups of students.
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6.10 Question 10

Little Helen places a balloon inside a bottle. She folds the
opening of the balloon around the bottle neck (so as no air c3
get in or out of the balloon). Then she tries to inflate the ballo
but in vain. What of the following is happening? The balloon
does not inflate because:

(a) The balloon has a hole.

(b) The bottle has a hole.

(c) The balloon can not be inflated because the air inside

bottle suppresses it and does not allow it to inflate.
(d) There is not enough space for the balloon to inflate.
(e) Other. Please sSpecCify.......ccceevveeiiiiiiciiiiiiiiieeeeeans
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a b C d e no answer

Red triangles represent the control grdtraditional way of teaching) and
Blue circles the research gro(gomputer based learning environment).

Figure 10.

No significant differences between the 2 groups are observed.

6.11 Question 11

We half — fill an empty plastic bottle with hot (boiling) water. We cover it and we
cool it. What will happen?
(a) Because of the expansion effect the hot water will cause the bottle to swell.
(b) The bottle will shrink because of the low pressure in its interior.
(c) The hot water will heat the air inside the bottle which will expand and cause
the bottle to swell.
(d) The steam inside the bottle raises the pressure inside the bottle and the bottle
swells.
(e) As soon as the water inside the bottle cools down, regardless of the expansion
and shrink effect, the bottle will regain its original size and shape.
(f) Other, please SPeCify........ccccceeeiiiiiiiiiiiiiiiiie
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Figure 11.

The control group managed better in this question, a higher percentagacbof
selected answer B. Their percentage was 81.0% (+4.0) whilepiegimental group
is slightly lower only 70.4% (£5.1%) from the experimental grouprseftbe correct
answer.

7. Discussions and conclusions

The research results support the view that the mixed teaghngagh (instructional
streaming video and science-lab) tested has been a syreatss. In most of the
guestions there are no significant differences between the two giSwgkents that
followed the new teaching approach mixing video-clip instructions ealdscience-
lab experimental work appeared to respond well to it. They weeetaldbllow the
instructions given to them on the video and to perform the expetrimighout
difficulty. We, therefore, conclude that if the digital videos ae#l designed (as these
apparently were), they can be used to instruct students how to pestience
experiment.

We have reasons to believe that the educational trial of thepfiodilict, where these
videos will be combined with scientifically correct textsleseed pictorial material,
sound, and diagrams, the results will be even better.

The new teaching approach requires relatively small groups ofnssutebe working
together in order to accomplish a certain task. This way, daitksnn to collaborate
with other members of their group, as well as tal@ate their own work and to make
the best of the assets they have available. They tedhelp each other, and to develop
their social competence in working as a team in oalarlfil the task assigned to them.
They learn to hear their classmates and evaluatarthenents presented. This whole
procedure is also expected to enhance their mutdad@sial skills (group interactivity).
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All these are bound to prove important in their protessi life. Finally, on top of
acquiring the handling skills normally associated wiising the (mechanical) lab
apparati, students naturally acquired some techeigadrtise in handling the devices
(hardware and software) as, for example, those deessenhtial for the reproduction of
the digital video on their computer. It is obvious that #woguisition of all these
abilities would not be achieved instantly, but over time.

At the begging, students may need time to familiarise thensseiith the new
method. Also, easy-to-fill worksheets might be essential abéiggning; otherwise
students will be confused, and would not know what to do. If the worksheet®tar
provided by the learning environment itself, then the teachers wishifajlow this
method should spend some time to prepare them. Therefore, at the lgpdgmsin
method is time consuming.

The videoed lab-instruction approach, as soon as the students arer famtiliat,
saves teacher’s time and it therefore allows him/her to devote more tinehtgreap
of students (it is envisaged that many such groups will be workipgrallel in the
school-lab). He can use his time more creatively as, for exatopdgswer students’
guestions, to explain the theory, to facilitate students work, or evesstoquestions
to the students allowing them to think a bit further.

As already mentioned the video clips used in this educationaimeia produced by
the authors themselves, and the main reason that initiated thigsexeras the
profound scarcity of suitable (and available) video clips. One quest®neaed by
this exercise is if it is practical for an individual teaclareven a group of students,
to produce their own media. It was shown that the difficultyhefdxercise depends
highly on the type of educational video clip that one is trying tmpce. It was
observed to be a lot more difficult to video-record small-scalectdjr scenes (such
as recorded in scientific video clips), than large-scale obgst§for example) a
building, or an overview of a town seen during a school-trip.

We believe that it would be worthwhile if more digt@eos were to be developed in
the future, videos which will cover other science-lagpects. These could be
incorporated in a computer-based learning environmecitidntally, these video clips
could be delivered over the internet to any school-lamgustreaming media
technology. They should be either freely availabletoa aery small cost so as the
school budget could afford it. The educational derdfityuch videos should be hfgh
When, as envisaged, much more video-stream basediah&ecomes available, it
would also be most helpful for the teacher, if there was soioe ipformation or
some sort of guidance given to him, or if there was some othexdqaneeto test such
educational material before it reaches schools. This “progiiogess” would cover
not only the scientific rigour of the material presented, but #isoeducational
approach, as well as the technical suitability. It is hopat] as both teachers and
students familiarise themselves with this new teaghapproach, the emphasis in
education will shift towards a more student-centred leamopgoach. This would also
cater for the needs of students of different intel@stisabilities.
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