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ABSTRACT

The purpose of this study is to find out what tool affordances are for tools and materials that
interact with students during scientific experimental activities. For this, 22 university students
were asked to conduct scientific experimental activities "to make electromagnet and to
identify the properties of electromagnets" to collect experimental behaviors and concurrent
think aloud, retrospective think aloud, and gaze positions. Based on the collected data, all
experimental behaviors of the participants were listed, and the number of participants in
each experimental behavior was investigated. Tool affordance, which is the cause of this
experimental behavior, was inferred, focusing on unintended experimental behavior among
experimental behaviors that appeared in many participants. As a result of the study, 3 kinds
of tool affordance were found as follows. “There will be some reaction at a specific location
of the tool.”, “When you manipulate tools of different sizes together, manipulate the small
ones and keep the large ones still.”, “Do not touch the seemingly dangerous parts.” These
tool affordances can lead to incorrect procedural representations, making it difficult to
accurately follow the experimental manual. Due to human nature, tool affordance perceived
from tools and materials in scientific experimental activities affect the construction of
representations of procedures. Therefore, it is necessary to understand tool affordance and
produce experimental manuals in order to avoid negative effects from representation of
incorrect procedures.

Key words: Tool affordance, scientific experimental activities, making electromagnet,
wearable eye-tracking, scientific experimental behavior
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Fig. 1. Experimental manual
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Data Analysis
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Table 1. Division of experimental manual procedures for data analysis

Procedures in the Experimental Manual Divided Procedures
1 Wrap the nails with paper and fix the ends of the 1 ~ Cut the paper according to the size of the nail.
paper with cellophane tape. 2 Wrap a nail around with paper.

3 Attach cellophane tape to each end of the paper and fix it.
2 Wrap the enamel wire 150 times neatly in one 4 Wrap the enamel wire 150 times neatly in one direction,
direction, leaving about 10 cm at one end. leaving about 10 cm at one end.
3 Fix the enamel wire with cellophane tape to prevent 5 Fix the enamel wire with cellophane tape to prevent it
it from being loosened and cut off with about 10 cm ~ from being loosened.
left at both ends of the enamel wire. 6  Cut off with about 10 cm left at both ends of the enamel
wire.
4 Peel off enamel sheath at both ends of enamel wire 7  Peel off enamel sheath at both ends of enamel wire using
using sandpaper. At this time, peel off the sheath ~ sandpaper. At this time, peel off the sheath about 1 cm

about 1 cm long. long.
5 Connect one battery, switch, and electromagnet to 8 ~Connect one battery, switch, and electromagnet to the
the claw wire respectively. claw wire respectively.

6 With the switch of the electrical circuit closed, take 9 Put several pins on the table.

the electromagnet close to the pin. Then open the 10 With the switch of the electrical circuit closed, take the
switch and observe the changes. electromagnet close to the pins.

11 Then open the switch and observe the changes.
7 With the switch of the electrical circuit closed, take 12 Put the compass on the table.

the electromagnet close to the compass. Then open 13 With the switch of the electrical circuit closed, take the
the switch and observe the changes. electromagnet close to the compass.

14 Then open the switch and observe the changes.
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Experimental Behavior of Participants in Scientific Experimental Activities
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Table 2. Experimental behavior and the number of participants in each experiment behavior

Divided Procedures Experimental behavior ;Ialll_ungf;;?é
1 Cutthe paper according to the size of thenail. ~ 1-0 Cut the paper according to the size of the nail. 20
1-1 Fold the paper to fit the size of the nail. 4
1-2  Use the A4 size without cutting the paper. 5
2 Wrap a nail around with paper. 2-0  Wrap a nail around with paper. 2
3 Attach cellophane tape to each end of the paper 3-0 Fix the nail's head and end paper by attaching tape. 19
and fix it. 3-1 Attach the tape to the part that begins to wrap the paper 3
around the nail, wrap all the paper around the nail, and
attach the tape to the end.
4 Wrap the enamel wire 150 times neatlyinone ~ 4-0a Hold the head of the nail and wrap the enamel wire from 19
direction, leaving about 10cm at one end. the head of the nail.
4-0b Hold the end of the nail and wrap the enamel wire from the 3
end of the nail.
4-0c With the enamel wire fixed, turn the nail and wrap it from 4
the head.
5 Fix the enamel wire with cellophane tape to 5-0 Attach a cellophane tape to the ends of the enamel wire at 20
prevent it from being loosened. both ends of the electromagnet, where the enamel wire can
be loosened.
5-1 Attach the cellophane tape to the entire side of the 2
electromagnet.
6 Cutoff with about 10cm left at both ends of the  6-0  Cut off with about 10cm left at both ends of the enamel 2
enamel wire. wire.
7 Peel off enamel sheath at both ends of enamel ~ 7-0a Fold the sandpaper and put the end of the enamel wire 8
wire using sandpaper. At this time, peel off the between the folded sandpaper and rub it by pulling it.
sheath about lem long. 7-0b Place the end of the enamel wire in a solid place, such as a 14
table, and rub it on top with sandpaper.
7-1 Place the tip of the enamel wire on the nail or finger and 8
rub it with sandpaper.
7-2  Lift the end of the enamel wire and rub it with sandpaper. 6
8 Connect one battery, switch, and electromagnet 8-0 Connect one battery, switch, and electromagnet to the claw 2
to the claw wire respectively. wire respectively.
9 Put several pins on the table. 9-0 Place several pins on the table and close the electromagnet. 5
9-1 Place a pin on the table and close the electromagnet. 6
9-2 Place the electromagnet on the table and place one pin 14
close to the electromagnet.
10 With the switch of the electrical circuit closed,  10-0 Place the tip or head of the electromagnet close to the pin. 9
take the electromagnet close to the pins. 10-1 Place the enamel wire of the electromagnet close to the pin. 19
11 Then open the switch and observe the changes. 11-0 Then open the switch and observe the changes. 2
12 Put the compass on the table. 12-0 Place the compass on the table and close the electromagnet. 6
12-1 Place the electromagnet on the table and place the compass 15
close to the electromagnet.
12-2 Place the compass on the table and place the electromagnet 5
on top of the compass.
13 With the switch of the electrical circuit closed, ~ 13-0 Place the tip or head of the electromagnet close to the 5
take the electromagnet close to the compass. compass.
13-1 Place the enamel wire of the electromagnet close to the 19
compass.
14 Then open the switch and observe the changes. 14-0 Then open the switch and observe the changes. 22

Brain, Digital, & Learning. 2021 Vol. 11 No. 1

138



Tool Affordance from Interactions with Tools during Scientific Experimental Activities

uhel A} 1,7,9, 129+ 720] o] 3k Al g ek ok et o) malA] ohe A o] ekt 4 9lom, o
317) o2 A1 o] 3 £57} ofia} of2) 74X 2 LeRd 4= I o] Aol Lha-2 thafai sl o
Qe oj717h Tk & 4 Qe olefet o) walA] he A% WEo] LreRd 919l & e A el
4217} 255 7145917] th2oltt ofelat ol 2 Fig 38 AT HolAFSolAIM LR 1.0, 1-1, 12 A
B W52 ARke] SAThE HolZT oA ARI 3 A Holxlol Al Lrehd A 852 thek 52 Lol
o] A HA 0 = S Ao w BEelA] i Ao gl Waks grlow TSI, AT FolAts
o7l MIAIE A HAHe “2-g 3 Fo| 2 74, Folo] g Eelo|mE o] WY R 3 F
olo] 27)= ofmjaof H=), 3l Fo| %] Zlojol 9] A1 HhH-S 2019l Aol sk AHIR QH}
Qlr}. w20 o] w517 9k AlE o] LR 2o,

Experimental behavior Experimental behavior over time

Cut the paper according to the size of the nail.

H

Fold the paper to fit the size of the nail

BN L

Use the A4 size without cutting the paper.

©

1-1

Fig. 3. Experimental behaviors 1-0, 1-1, 1-2 for procedure 1
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Experimental behavior Experimental behavior over time

30
3-1
Attach the tape to the part that begins to wrap the paper around the nail, wrap
all the paper around the nail, and attach the tape to the end
Fig. 6. Experimental behaviors 3-0, 3-1 for procedure 3

Experimental behavior Experimental behavior over time

-3
5-0

Attach a cellophane tape to the ends of the enamel wire at both ends of the

electromagnet, where the enamel wire can be loosened.

L ] .
Attach the cellophane tape to the entire side of the electromagnet

Fig. 7. Experimental behaviors 5-0, 5-1 for procedure 5
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Experimental behavior over time

Experimental behavior

10-0

10-1

Place the enamel wire of the electromagnet close to the pin.

Fig. 8. Experimental behaviors 10-0, 10-1 for procedure 10

Experimental behavior Experimental behavior over time

10-0

Place the enamel wire of the electromagnet close to the pin.

Fig. 9. Experimental behaviors 13-0, 13-1 for procedure 13
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Tool Affordance that Affect Experimental Behavior.
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There will be some reaction at a specific location of the tool.
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When you manipulate tools of different sizes together, manipulate the small ones and keep the large ones still.
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Do not touch the seemingly dangerous parts.
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Discussions
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Conclusions
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