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I. Introduction Learners in school are exposed to a lot of ready
made science and liable to get a distorted view in which

the subject seems to be about certainties, and facts
read off directly from 'the book of nature'. They may
indeed experience it as a mass of given information
rather than on-going discussion, unless the teacher can
re-animate the doubt of the past and show how to-
day's taken-for-granted knowledge was constructed
(Clive Sutton, 1998).

The science and experiments taught at school are
usually about established science, which has been deve-
loped over many years through the efforts of many
people, so there is little room for students' debate. This
might lead to the incorrect assumption that science is
depersonalized or an objective copy of the truth. Clive
Sutton (1998) pointed out that classroom talk would

be more meaningful when it is about people and their ~ How can we re-animate the process of past know-
thoughts: Why the problem mattered, what arguments ledge construction in the classroom? The first necessi-
they put forward, and what evidence they used. ty might be knowledge of an idea's history. Many science
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educators have argued for the inclusion of science his-
tory in science teaching, not for history itself, but to
improve the understanding of science. It provides know-
ledge on the nature of science, such as the tentative-
ness of science theory and experiments as trying ex-
planations. It can also provide a specific concept de-
velopment process, how the ideas were first developed
(Wang & Marsh, 2002). An intelligible story of why a
certain scientific concept was borne could facilitate stu-
dents' assimilation of a concept as well as their under-
standing of the process of science. Science history could
be incorporated in science teaching in many ways such
as reading materials, discussion topics, and so on. One of
those possible forms could be through science drama.

In science education, there have been some trials and
studies on science drama, though it was not as many
as other issues in science education. For example, De-
ciding evolution's place in the science curriculum (Ben-
tley, 2000)', 'The story of vaccination against smallpox
(Solomon, 1991)' tackle the nature of science through
role play. 'Gene-ghost (Odegaard, 2003) is a creative
drama about the issue of biotechnology. Odegaard (2003)
summarized these efforts and showed diverse possible
types of science drama according to science education
dimensions: science as product, the process and nature
of science, science as an institution in society. He cate-
gorized science drama as explorative, semi-structured
and structured and argued that pedagogical advantage
of drama is to create non-authoritarian and creative
learning environment. There could be many other crite-
ria to discern the type of science drama in classroom.
Yoon (2004) also categorized science drama according
to it's theme to show there are many possible ways of
using drama in science education : 'science concepts
drama'- represent science facts or knowledge, 'science
character drama'- show scientist's life story, 'science
history drama'’- show memorable scientific event or de-
velopment process in history of science, 'science debate
drama'- deal with social issue of science and tech-
nology, 'science expression drama'- focus artistic ex-
pression using science symbols or new technology. The
science drama performed in this study dealing with
Faraday's electromagnetic induction can be called a kind

of 'science history drama' according to Yoon (2004)'s
categorization and 'structured' one according to Ode-
gaard (2003)'s, where pre-service elementary teachers
wrote their scripts and acted for presentation.

What are the benefits of introducing this kind of
drama in science education? Do they have some simi-
larities or dissimilarities with traditional science tea-
ching activities? Two factors were pointed out as cha-
racteristics of science drama (Yoon, 2006). One is its
'story', and the other is the live-ness' of its performance.
Most science drama has a 'story', even when there are
no words but only movements or gestures. The story
consists of events, characters and settings arranged in
sequence (Carter, 1993), usually enabling peoples’ emo-
tional participation. Due to its life-likeness, the story
enables affective and empathetic learning. The second
characteristic of science drama, the 'live-ness', comes
from the use of the 'present' tense and the actions of
participants. It unfolds before the eyes of students
through their actions. This 'live-ness' in science drama,
rather than the use of written texts or multi-media ani-
mations, could make students' participation and interac-
tions with the story occur easily.

In this study, science history was introduced as a
form of drama. It was assumed that science drama could
bring pre-service elementary teachers' deeper under-
standing of their experiments by providing time for ap-
preciation of the meaning of experiments and the recon-
struction of their knowledge. So the improvement of
cognitive understanding through this non-traditional ac-
tivity was explored. Their understanding just after the
experiments was compared with that after science drama
performance. The participants' opinions regarding the
use of science drama for their science learning were
also investigated. Though there was some intention to
make pre-service teachers aware of the possible use of
science drama in their future classroom teaching, it
was not directly dealt with in this study.

II. Process Qverview

The participants were 7 classes of pre-service ele-
mentary teachers, totaling 220 students, and the study
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was conducted during their Elementary Science Method
course. Some experiments, hands-on activities related
to the primary science curriculum, and teaching methods
were introduced. The relevance of electricity and mag-
netism was studied for two weeks. During the first
week they did some experiments and during the second
week science dramas were performed and discussed.

Three experiments were conducted. First, the stu-
dents observed the changes in a compass needle when
it was placed near a current carrying wire in various
conditions. Second, they moved a magnet into and out
of a solenoid to induce current and explored what creates
more current. Third, they were shown a magnet falling
slowly through a copper pipe and asked to make their
own explanations using clues from the previous two
experiments. After these activities, a short explanation
of the history of electromagnetic induction was given
by the instructor (researcher). That was about Oersted's
discovery of a magnetic field around a current carrying
wire, Sturgeon's making of electromagnets and Fara-
day's discovery of electromagnetic induction inspired
by the previous two discoveries. A questionnaire was
implemented to check their understanding of the expe-
riments at the end of the class. The questionnaire con-
sisted of seven questions, asking the results of the ex-
periments and the meaning of their results. Three ques-
tions, in particular, on the third experiment, required
the ability to apply knowledge from other-two expe-
riments. The classes were asked to properly refer to
relevant experiments when explaining the phenomena
of the slowly falling magnet. The pre-service teachers
were then asked to create a ten-minute science drama
related to these experiments and be prepared to per-
form it for the class during the second week. The ins-
tructor (researcher) provided an example of a synopsis
and scene structure (Table 1) for the science drama, as
well as the characters. The students could easily create
scripts using the provided materials but were encoura-
ged to be creative. They were instructed not to give
much emphasis to props and costumes and that the
memorization of scripts would not be necessary for
this classroom performance.

Half of each class prepared their scripts and per

Table 1. Example scene structure given by the instructor

Scene No. Title
1 Bookbinder's apprentice, poor Faraday
2 Oersted's discovery and Sturgeon's making of an electro-
magnet
3 Faraday's ten years of effort to induce electricity
4 Discovery of electromagnetic induction
S Edison's praise of Faraday

formance cooperatively, the other half was the audience.
During the second week, two ten-minute dramas were
performed and the participants were encouraged to dis-
cuss the drama in a Q&A session after the performances.
Once again, a questionnaire, similar to the previous one,
was implemented to see if their understanding of the
prior experiments had improved. The questionnaire also
investigated their opinions on the use of science drama
for their science learning and whether or not it helped
their cognitive understanding of the experiments.

1. Pre-service Elementary Teachers’ Per-
formance

The pre-service teachers' performances (14 as a
total) could be grouped mainly into two styles. One
style was everyday experiences relevant to electromag-
netic induction. The students invited or visited Fara-
day to solve their everyday problems like a light of
roller skate (Fig. 4). Sometimes, they became journa-
lists and interviewed the scientist (Fig. 5). The second
style was an unfolding story following a timeline and
told by a narrator. Even though they had just one
week for preparation, most performance teams resear-
ched the principle of electromagnetic induction, Fara-
day's life and historical discovery using books, arti-
cles, and internet resources. Some wanted information
about Faraday's real instruments and the experimental
methods of his time but there were few resources avail-
able, especially in Korean. Many teams tried to ex-
plain the scientific information in an easy way, so they
prepared background pictures or flash animations, even
real experiment video clips of their own to help the
audience's understanding (Fig. 1). They made colorful
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Fig. 1. Background flash animation

Fig. 4. Explanation on everyday
curiosity (light of skate)

props for experiment equipment such as a G-meter,
compass and solenoid (Fig. 2). Sometimes they tried
to model the information, using movement and actions,
with the intent of helping the audience visualize ab-
stract knowledge such as current in solenoids (Fig. 3).
After the performance, they had a short amount of time
for questions from the audience (Fig. 6). The instruc-
tor, as an audience member, asked questions to pro-
voke thinking when there was a misunderstanding of
scientific concepts.

III. Results

1. Understanding of Experiments

It was investigated if the pre-service teachers’ un-
derstanding of experiments has been improved after
the performance of science drama. Their understan-
ding of experiments’ results just after the experiments
was compared with that after science drama perfor-
mance through questionnaire. The statistics of the paired
t-test show an increase in scores after the science
drama (Table 2). The questionnaire was consisted of
essay style questions so as not to greatly influence the
students’ memories. Q1 was two questions on experi-

Fig. 2. Experiment equipment props

Fig. 5. Interview with scientist

Fig. 6. Questions after performance

ment 1 (changes in a compass needle near a current
carrying wire), first asking the result, second the inter-
pretation of result. Q2 was also consisted of two ques-
tions on experiment 2 (moving magnet into and out of
a solenoid to induce current). Q3 was three questions
on experiment 3 (slowly falling magnet through a
copper pipe). In Q3, it was asked to explain a slowly
falling magnet using results of the experiment 1 & 2.

Table 2. Pre-post paired t-test results (N=209)
Signifi
Test . ignificance
. Time Mean SD t level
items

(Two tailed)

Q! before 1.75 478 -3.328 .001
score after 1.88 372

Q before 1.46 604 -5.349 ,000
score after 1.69 521

Q3 before 1.03 1,109  —4.455 .000
score after 1.35 1,087

Tol before 423 1605 -6511 .00
sore  after 492 1432

* The perfect score for QI, Q2 was 2, and for Q3 was 3.
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Two questions of Q3 were about if they can make
proper connections between their explanation and the
result of other experiments. The total score and Ql,
Q2, Q3 each score also increased significantly after the
drama performance. Notably, the score of Q3, which
requires the ability to apply knowledge, increased the
most (Table 2).

The performers' total scores increased more than
the audience's (Fig. 7) but co-variance analysis, with the
pre-test score as a co-variate, showed there were no
significant differences between the performers and the
audience (Table 4). Though there was no statistical di-
fference, the larger improvements of performers' scores
on Q2, Q3 should be noticed (Table 3).

2. Recognition of Science Drama

The pre-service teachers were asked if the drama
helped their understanding of the prior experiments and
why they thought so. About 84% of them gave posi-
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Fig. 7. Changes in total score before and after the science drama

Table 3. Performers and audience scores

Test The performer (N=106) The audience (N=103)

items  Tiyme Mean  SD Time Mean SD

Q1 before 1.73 508 before 1.77 447

score after  1.88 383 after 1.87 362

Q2 before 1.39 611 before  1.53 591

score after 172 530 after 167 512

Q3 before .94 1.085  before 1.12 1.132

score after 134 1129 after 137 1.048

Total before 406 1560 before 442 1636

SCOTe  afier 493  1.520  afier 491 1344

tive answers on 5-point Likert type question (Table 5).
The performers gave more positive responses (Table 6).
The participants were also asked to write the rea-
sons why they thought the drama was helpful or not
in their understanding of the prior experiments. Their
reasons were very diverse. Many students recognized
the educational value of the drama preparation and said
that the preparation of the drama enhanced their un-
derstanding of the experiments (67 persons). That means
that the preparation of the drama was recognized as a
valuable learning process by the participants.

'To pertorm the drama, we needed more con-
crete knowledge ot the experiments. | investi~
gated and discussed it with friends in order to
act properly. That helped my understanding a

Table 4. Co-variance analysis results between the performers
and the audience

e e e e
Total score 1.744 1 1.744 1.125 290
Q! score 3.506E-03 1 3506E-03 .026 .873
Q2 score 472 1 472 2024 156
Q3 score 202 1 202 238 626

Table 5. Science drama for understanding of experiments

Responses Frequency %
1 (never helpful) 0 0
Negative 2 (not helpful) 5 24
3 (so and so) 31 14.8
4 (helpful) 138 66.0
Positive
5 {much helpful) 34 16.3
Total 208 99.5

Table 6. T-test results between the performer and the au-
dience

Group M SD t Sig.
Performer 4.07 .609 2.307 022
Audience 3.86 658
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lot. | will never forget this experience.’
"Writing the script gave me a deep understan-
ding of the experiment. | studied the principle
with enthusiasm and now | am very proud of
our work,’

It was also mentioned that the props used in the
drama allowed them to 'see' abstract science concepts
(14 persons).

"Using props in the drama helped us to see
and understand the abstract or invisible know-
ledge. The movement ot electron demonstrated
by an actor was quite helpful.’

'l understood the role ot a G-meter when my
triend acted as a needle (oh a G-meter).’

The students (9 persons) also stated the context and
background knowledge provided by the drama helped
their understanding. Some of them (4 persons) recog-
nized that the drama provided 're-construction' or 're-
flection' time for their understanding.

"It we know who studied, how and for what
purpose, we are more likely to accept scien-
titic principles. The background of science can
tell us the real meaning of the principle.’

‘| did not notice the relationship between the
two activities in previous lesson. Through the
drama, | realized that they are closely linked.
It was marvelous!’

'During the experiments, we were busy and
focused to make sure that the results were
correct, This time (during the drama) we could
consider what the results meant, what the cause
was and its eftect.’

'For the audience, it provides time to recall
and re-think the experiments.’

These responses show reasons for incorporating
science drama into science classes. The students no-
ticed how it could improve their learning, On the con-
trary, some students gave negative responses and re-
cognized its weak points and limitations. Some (8 per-
sons) said the drama was merely interesting and did

not help their understanding. A few (4 persons) said
that too much emphasis placed on interest can waste
the opportunity for cognitive understanding. It was also
pointed out that science drama requires a considerable
amount of time and effort, so it is not always effective
for increasing cognitive learning (8 persons).

"It (drama) is quite interesting and might be
ettective to motivate learning, but not etfec-
tive for increasing knowledge or understanding.'
"It focused on 'interests’, so that learning could
not occur,’

"It requires too much preparation time. When
considering the time and effort needed, it is
ineftective for increasing knowledge and under-
standing.’

"It requires a great deal ot effort and results
in relatively little knowledge.’

It is worthwhile to note that the affective factor
'interest' in the dramas was regarded as helpful as well
as unhelpful for increasing cognitive understanding.
Many students said science drama was helpful for their
understanding of the prior experiments because it was
interesting (20 persons) but just being ‘interesting' can-
not guarantee that learning will occur (12 persons).

IV. Conclusion and Discussion

Many science educators have criticized 'cookbook’
style experiments, and have argued the necessity of mea-
ningful context to increase students' motivation and
desire to learn (Jenkins, 1998). Science experiments
and hands-on activities can give students concrete ex-
perience of a phenomenon but learners do not nece-
ssarily understand what the results means, why the
experiments are important even it is relevant with
historical discoveries.

In this study, science history was introduced to pre-
service elementary teachers' class as a form of drama
to give the idea of how the experiments were deve-
loped in science history. It was assumed that science
drama could bring pre-service elementary teachers' dee-
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per understanding of their experiments by providing
time for appreciation of the meaning of experiments
and the reconstruction of their knowledge. It was ex-
plored whether this type of science drama could en-
hance cognitive understanding of prior experiments and
the participants' own opinions regarding the use of
science drama were also investigated.

Pre-service elementary teachers' understanding of prior
experiments increased significantly after the drama. The
scores of three questions on three experiments all in-
creased. Though the performers showed more increase
than the audience, there was no statistical difference
between them. The participants showed an overall posi-
tive attitude to science drama. About 84% of them
thought the drama was helpful in their understanding
of the experiments. The performers thought the drama
was more helpful than the audience did. The partici-
pants noticed ways it could assist their learning. They
recognized the preparation of the drama as a learning
process and they could 'see' the science concepts through
the use of props or performers' actions. The drama
also provided background knowledge and ‘re-construc-
tion' or 'reflection’ time for understanding. On the con-
trary, some participants gave negative responses and
recognized its weak points and limitations. Too much
emphasis on interest can waste a cognitive understan-
ding opportunity and it could be ineffective conside-
ting the input, effort and time required.

As noted in this study, science drama can be com-
bined with traditional teaching methods like experiments
or hands-on activities. The first reason we try that com-
bination is it provides human story of science, how the
experiments and ideas were developed in science his-
tory. This kind of humanistic approach has been em-
phasized by recent 'science for all' agenda (Donnelly,
2004). As science educator, I hope this humanizing
effort would be harmonized with or even enhance
science content learning as we still have a body of
knowledge to teach. So my underlying question is
this: Does this humanizing effort add another dimen-
sion to traditional science learning or can it be also
helpful to science knowledge learning? In other words,
Is the science drama used in this study just for adding

'fun' or adding 'another human story' to be learned
apart from science learning or can it be helpful also
for science content learning? If it provides no room
for science knowledge learning, it will be more di-
fficult to be used widely. The result of this study did
not show detailed process, but implicated it could
contribute better understanding of science content know-
ledge. I suggest science drama or any other humani-
zing effort should be implemented in a way that it can
enhance the quality of scientific knowledge learning,
not as another independent dimension. More trials and
efforts of science educators will make the use of science
drama possible in variety settings.
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