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This study examines the effects of the introduction of artistic and technological factors on science problems
for the activation of creative and integrated thinking. We developed problems consisting of STA(problems
that introduced technological and artistic factors on the College Scholastic Ability Test) and TA(problems
that introduced artistic factors in a technological context). Subjects of the study included 60 high school
senior students in Daegu. Their problem solving processes for STA were examined. Four students were
interviewed using the retrospective interview method. Also, after finishing TA, the problem solving

processes of four students were examined. The results of the study are as follows. First, students selected
scientific context more than artistic and technological contexts. It was found that students preferred short
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length problem in order to solve problems in a short time. Second, students were more interested in
artistic and technological contexts of STA than scientific context, but felt that they were more difficult.
Moreover, students were more interested about the context of TA than scientific context. Third, irrespective
of the given contexts in STA, students have a tendency to solve problems through relatively brief ways
by using core scientific knowledge. This can seem to mean that there is a possibility to stereotype the
problem solving process through repeated learning. Logical thinking and elaboration were observed, but
creativity was not conspicuous. In addition, integrated thinking was not observed in all contexts of STA.
Fourth, science related problems of TA showed similar results. However, in problems related to everyday

life, students made original descriptions that they based on their daily lives. Particularly, in creative
design, original ideas and integrated thinking were observed.
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Effects of Artistic and Technological Context on Physics Problem Solving for High School Students

Figure (Ga) shows the body A and B, which are
moving straight to the right on the horizontal road.
Figure (Na) shows the distance over time graph for
A and B from the baseline

(Ga) Na)

Choose all the right explanations about above figures
in the examples. Then, write the solving process

Once upon a time, there were a
tortoise and a hare. One day. the
tortoise was offered the hare to run.
The hare(B) started the race and saw
the tortoise(A) behind him. So. the
hare took a mnap in the middle.
Suddenly, the hare woke up and aware |
of the fact that the tortoise finished the 5

race. We can learn a lesson that 'slowly and steadily working man
will win.' Figure (Ga) shows the tortoise and the hare, which are
moving straight to the right on the horizontal road. Figure (Na)
shows the distance over time graph for the tortoise and the hare
from the baseline. Choose all the right explanation(s) about above

A water motorcycle is the motor
cycle racing on the water surface by
power. This motorcycle's thrust get
into the bottom of the moving body,
sucked water and then squirt harder.
If it has overturned when you ride a
motorcycle, you can flip it quickly
and put your hand the middle of
of sucked part water. During the race, the motoreycle (B) ran again
after it was overturned. Figure (Ga) shows the motorcycle (A) and
(B) which are moving straight to the right on the water surface.
Figure (Na) shows the distance over time graph for the motorcycle (A)
and (B) from the baseline. Choose all the right explanations about
above figures in the examples. Then. write the solving process

pl

& From 0 to 3 seconds, the size of the
momentum of A is increasing.

© From 3 to 6 seconds. the distance between

figures in the examples. Then, write the solving process.

() tormise:
f V B
| B bare ?
4 A

0] ‘baseline
tme(s) (Ga) (Na)

1pl

time(s)

tortoise is increasing,
the hare become more distant.

bigger than the hare

A and B become more distant.
© From 6 to 8 seconds, the average speed of (Ga) (Na)
A is bigger than B. !

& From 0 to 3 seconds. the size of the momentum of the
© From 3 to 6 seconds, the distance between the tortoise and

© From 6 to & seconds, the average speed of the tortoise is

@ From 0 to 3 seconds. the size of the momentum of A is
increasing.

@© From 3 to 6 seconds, the distance between A and B
become more distant.

©® From 6 to 8 seconds, the average speed of A is bigger
than B

(a) (b)

(c)

Figure 1. Example of each context for problem 1 on STA

Table 1. Classification between artistic and technological contexts of STA

Artistic context

Technological context

No. Item classification Item classification

1 The tortoise and the hare literature Personal water craft conventional technology
2 The six ways to cross desert literature Motor car conventional technology
3 Aleph(the trans-siberian express) literature Train conventional technology

4 The Great adventure movie
(March Of The Penguins, 2005)

High-tech outfits for mountaineers High technology
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(a) forest of firefly

(b) age of nano revolution

Figure 2. Work examples of science and arts
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you know.

As shown in the Figure, advanced cars, similar to egg-shaped as shown, can be
transformed into a house, unlike general cars. This car is a concept car which is
designed by design company of America. Also, it is a futuristic advanced car that
reflects the lifestyle of modern people who is frequently move their life space. In
other words, it can be seen as a new car that fused the concepts of camper van.
Fuel of this car use electrical energy, instead of gasoline or diesel. This electrical
energy use ways to get the energy from charging electric battery through electricity
charging station and a solar panel of the car. That is, it is an eco-friendly car. The car which is able to board up to 4 people
can be used as a house. It is designed to raised the rear end of the car when it is parking. So, it creates the capacity to move
standing person, and it installed the bed, showers and toilet inside the car. It has enough space for 2 people to live. The day

that these advanced car is running on the street is not as far as it seems.

¥ Write down the problem solving process of the following questions.

1. @ A 200kg car moving at 36km/h collides with a motorcycle. It took 10 seconds to stop the collision with the motor cycle.
Then what is the car's impulse and shock power? @ If the car is moving at 72km/h and it took 10 seconds to stop the
collision with the motor cycle. Then what is the car's impulse and force?

2. What are the measures that can prevent a car accident? Or, what are the measures for increasing the stability? Please write as

3. If you develops a future car, what kind of car would you like to create? Write your thoughts.

Figure 3. TA: a set of three problems that introduced artistic factors on technological context
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Effects of Artistic and Technological Context on Physics Problem Solving for High School Students

Table 2. Selection rate and Correct answer rate to each context of STA
(S: Scientific context, A: Artistic context, T: Technological context)

context Selection rate Correct answer rate
No. S A T S A T
36/36 19/21 3/3
| g 36/60 21/60 3/60 83/108 35/36 47/63 2101 7/9 13
0, 0, 0, 0, 0, 0,
© (60.0%) (35.0%) (5.0%) (76.9%) 12136 (74.6%) 01 (77.8%) 13
34/34 2121 5/5
) g 34/60 21/60 5/60 101/102 33/34 61/63 211 15/15 5/s
0, 0, 0, 0, 0, 0,
© (56.7%) (35.0%) (8.3%) (99.0%) 34/34 (96.8%) 1921 (100.0%) 55
42/42 11/11 717
3 g 42/60 11/60 7/60 110/126 36/42 32/33 T 18/21 717
0, 0, 0, 0, 0, 0,
© (70.0%) (18.3%) (11.7%) (87.3%) 30/4 (97.0%) L0/11 (85.7%) 47
48/48 9/9 3/3
4 g 48/60 9/60 3/60 139/144 47/48 27127 9/9 9/9 13
0, 0, 0, 0, 0, 0,
© (80.0%) (15.0%) (5.0%) (96.5%) A4/48 (100.0%) 9/9 (100.0%) 13
Total 160/240 62/240 18/240 433/480 167/186 49/54
(66.7%) (25.8) (7.5%) (90.2%) (89.8) (90.7%)

Table 3. Reasons for choosing certain context on STA
(total: n=240)

: context Scientific Artistic ~ Technological
reason for selection
(D It seems relatively easy as it~ 35/160 10/62 6/18
solved before (21.9%) (16.1%) (33.3%)
90/160 2/62 0/18
@ short (563%)  (3.2%) (0.0)
(3 Having a sense of intimacy  14/160 47/62 8/18
and interesting to the contents  (8.8%) (75.8%) (44.5%)
@ others 21/160 3/62 4/18
(13.0%) (4.9%) (22.2%)
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Table 4. Scientific concepts in STA

context

No Scientific Artistic Technological
- distance-time - distance-time graph - distance-time graph
graph - momentum - momentum
| ‘momentum - meaning of a reference - meaning of a reference
point point
- principle of a personal
water craft
- velocity—time - velocity—time graph - velocity — time graph
2 graph - the role of the camel

hump

3 -kinds of force

- kinds of force

- kinds of force

-the law of

motion

penguins

-the law of motion
- incubation of the

-the law of motion

- relationship between

- climbing high mountain
and weight
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Table 5. Science knowledge used in problem solving process of STA
(S: Scientific context, A: Artistic context, T: Technological context)

No. problem solving process (n=720) S A T

o) - the slope in S -t graph is the speed 6/36 9/21 173

‘P= mu 15/36 1121 0/3

© - the gap in S -t graph is the difference between distance 10/36 4121 0/3

1 - the distance in uniform motion is increased 4/36 3/21 0/3
- the slope in S - t graph is the speed 10/36 321 0/3

® u= 2 5/36 5021 03

- the slope in v — t graph is acceleration 13/34 8/21 2/5

S ca= 2% 9/34 31 305

) - the area in v — t graph is distance 8/34 4/21 1/5
© C =g+ yat’ 0/34 0221 1/5

® - the slope in v — t graph is acceleration 4/34 0/21 0/5

- F=ma 19/34 721 5/5

- the slope in v — t graph is acceleration 14/42 4/11 377

; o a= 22 11/42 31 17
O © F=ma 14/42 6/11 3/7

© - the area in v — t graph is distance 22/42 7/11 4/7

- the law of action and reaction 31/48 3/9 2/3

@) - the force that A applied to B is same as the force that B applied to A 18/48 0/9 3/3

4 - tension is the force that the rope pulls the object 5/48 1/9 0/3
© - the net force of uniform motion is 0 39/48 5/9 3/3

© - the net force of uniform motion is 0 35/48 7/9 3/3

He A851o] EAK(representation) S THEH EA|EE AL Y5}
A2 eslH(Park & Cho, 2005) Fo]4 Ali= BAIS 82
3l Dol A W E Tk 3F 4= 9ltiHarwood, 2004). o7] A4, A
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Table 6. The problem solving methods in problem solving process of STA
(S: Scientific context, A: Artistic context, T: Technological context)

No. the problem solving methods (n=720) S A T
- analyze the distance - time graph (slope) 6/36 8/21 173

&) - describe the variation of velocity from the definition of momentum 10/36 3/21 0/3

- describe the variation of momentum from the variation of velocity 10/36 3/21 173

- unknown 10/36 7/21 1/3

- analyze the distance - time graph (gap) 10/36 4/21 0/3

© - describe the motion of object 16/36 1121 2/3

1 - unknown 10/36 6/21 1/3
- analyze the distance - time graph (y-coordinates) 5/36 721 0/3

- analyze the distance - time graph (slope) 10/36 2/21 173

® - after defining the definition of average velocity, distance was discussed 4/36 3/21 0/3

- after discussing the distance, average velocity was described 11/36 3/21 173

- describe the motion of object 0/36 1/21 0/3

- unknown 6/36 5/21 1/3

- analyze the velocity—time graph (slope) 13/34 8/21 2/5

a - solve the problem by using definition of acceleration 4/34 0/21 /5

- analyze the acceleration quantitatively (calculation) 5/34 4/21 2/5

- unknown 12/34 9/21 0/5

- analyze the velocity-time graph (area) 8/34 3/21 1/5

- analyze the distance qualitatively 11/34 4/21 2/5

2 © - analyze the distance quantitatively (calculation) 12/34 6/21 1/5
- analyze the velocity qualitatively 2/34 6/21 /5

- unknown 1/34 2/21 0/5

- after describing Newton's 2nd law of motion, acceleration was discussed 16/34 10/21 4/5

® - after discussing the acceleration, Newton's 2nd law of motion was described 12/34 5/21 1/5

- analyze the velocity—time graph (slope) 2/34 0/21 0/5

- unknown 4/34 6/21 0/5

- analyze the velocity—time graph (slope) 14/42 4/11 317

o) - analyze the acceleration quantitatively (calculation) 15/42 3/11 2/7

- analyze the acceleration qualitatively 1/42 0/11 0/7

- unknown 12/42 4/11 217

3 - after describing Newton's 2nd law of motion, acceleration was discussed 25/42 5/11 4/7
© - after discussing the acceleration, Newton’s 2nd law of motion was described 8/42 1/11 2/7

- unknown 9/42 5/11 1/7

- analyze the velocity—time graph (area) 22/42 711 4/7

© - unknown 20/42 4/11 317

- law of action and reaction was described 35/48 3/9 3/3

&) - solve the problem by using tension 5/48 1/9 0/3

- describe the motion of object 0/48 1/9 0/3

- unknown 8/48 4/9 0/3

- after describing uniform motion,‘acceleration=0’was disclosed and described the‘net force=0.’ 9/48 0/9 2/3

4 © - after describing uniform motion, described the ‘net force = 0.’ 30/48 5/9 173
- the meaning of net force 3/48 1/9 0/3

- unknown 6/48 3/9 0/3

- after describing uniform motion,‘acceleration=0’was disclosed and described the‘net force=0.’ 6/48 0/9 173

® - after describing uniform motion, described the‘net force = 0.’ 29/48 7/9 2/3

- the meaning of net force 1/48 0/9 0/3

- unknown 12/48 2/9 0/3

Table 7. Various thinking which shown in the problem solving
process per each problem of STA
(E: Elaboration, O: Originality)

No. thinking Logical B Creative 0 Integrated
1 39(21.6%) 43(23.9%) 2(1.1%)
2 45(22.2%) 73(40.6%)
3 13( 7.2%) 37(17.8%) 1(0.6%)
4 31(17.2%) 24(20.6%)
Total 128(17.8%)  177(24.6%) 3(0.4%)

(total: n=180)
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Lee & Park

Table 8. Various thinking which shown in the problem solving process per each context of STA

(L: Logical thinking, C: Creative thinking, I: Integrated thinking, E: Elaboration, O: Originality)

St Scientific Artistic Technological
C C C
No. L E 0 I L E o I L E 0 I
| 21/108 15/108 16/63 24/63 2/63 ) 2/9 4/9
(19.4%) (13.9%) (25.4%)  (38.1%)  (3:2%) (22.2%) (44.4%)
) 27/102 40/102 11/63 21/63 715 12/15
(26.5%) (39.2%) (17.5%)  (33.3%) (46.7%) (80.0%)
3 11/126 31/126 1/126 2/33 4/33 2/21
(8.7%) (24.6%) (0.8) (6.1%)  (12.1%) (9.5%)
4 26/144 19/144 2/27 5/9 3/9
(18.1%) (13.2%) (7.4%) (55.6%) (33.3%)
Total 85/480 105/480 1/480 29/186 51/186 2/186 14/54 22/54
o (17.7%) (21.9%) (0.2) (15.6%) (27.4%)  (1.1%) (25.9) (40.7%)
(total: n=180)
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Table 9. Various thinking which shown in problem solving
process of TA
(E: Elaboration, O: Originality)

thinking Logical _ Creative Integrated
E 0
K @) O
W
@ I
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related question J
A @) O
K o
) . W
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