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ABSTRACT. This study was conducted on four 11" grade students at a high school in a small town to determine the effective-
ness of responsive teaching. The three phases of the responsive teaching method proposed in the previous study were subdivided
into six stages; Step 1 is elicitation of students’ thoughts related to macroscopic world, Step 2 is drawing of students’ early
thoughts related to microscopic world, Step 3 is disciplinary connections with ideas of the particle, Step 4 is to clarify the
learner’s thoughts on the particle by the teacher’s involvement, Step 5 is deepening students’ thoughts, and Step 6 is expanding
ideas. In Step 4, students came to the recognition that the cause of mass was atoms and that the cause of volume was molecules.
In Step 5, students led to a shift in thinking that could ignore the volume of the molecules themselves through the properties of
protons and neutrons that affect mass from a particle perspective. In the Step 6 of expanding ideas, students explained molecular
motion by the concept of material point which ignores the volume of particles. This steps gave students perspectives on the rela-
tionship between the mass and volume of particles required by Avogadro’s law. The students recognized that some systems could
be studied only indirectly because they were too small, too large, too fast, or too slow to observe directly.
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Table 1. Discussion topics and related science concepts in steps of responsive teaching
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Lesson Responsive Teaching Discussion Topics Selector Scientific Concept
1 | Is the mass conserved? Teacher mass conservation
2 Need of concept related to conservation, mass ~ Student conservation, mass, weight, gravity
3 2 Factors affecting mass conservation Student types and number of particles
4 3,4 Basic particle of mass Teacher atom
5 5 Small particles for the source of mass Teacher proton, neutron, electron, nucleus
6 6 Energy entry from reaction Student physical reaction, chemical reaction,
nuclear reaction
7 1 Is the gas volume conserved? Teacher volume of gas
types and number of particles, size of particles,
8 2 Factors affecting gas volume Student distance between particles, Temperature,
pressure, states of matter
9 34 Basic particle of of gas volume Teacher molecule
10 56 Find cross-cutting concept in the relationship Teacher material point ignoring volume

between mass and volume
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Table 2. 6 steps of responsive teaching method
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Step

Detailed steps

1. Reveal early students' macroscopic thoughts about mass conservation and gas
volume change

1. Foregrounding the substance of students’ idea

2. Draw early students' microscopic thoughts about mass conservation and gas
volume changes

2. Recognizing the disciplinary connections within
students’ idea

. Connecting the thought of particles to science
. Clarify learner's thinking about particles

3. Taking up the pursuing the substance of student thinking

3
4
5. Deepening student thoughts
6

. Expanding student thinking
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Figure 1. Students’ early thoughts related to microscopic world of three states.
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Table 3. Students’ early thoughts related to factors affecting volume change
Students Factors affecting volume change
Number of particles  Size of particles Distance between particles Temperature Pressure States
1 (0] (6] O (T, P, States)
2 (0] O (Solid) (0] (¢} O (Gas) (0]
3 (0] O (Solid) O (Gas) (0] (0] (0)
4 (0] O 0] O (0] (0)
ol els0| izt FES Xl UItR? WS WaAp7h 8 3z Af(disciplinary progenitors)
SHA: SHAATL TSt K, URE AfO|Q] Hale REolE 9] SRS SralshA L, wHeEo] ZHF (sceds of science)
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A=) BAE T2 WIS S ATH(FiE. 2). 3A oA S0l B sh= AR NE S ShE A
e A2 AAR=RE Aol WAh BAF, SR T4
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Student 1
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Figure 2. Students’ early thoughts related to factors affecting volume change.
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Figure 3. Teacher’s representation of particles as molecules.
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Figure 4. Teacher’s representation of particles as atoms.
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Table 4. Expansion of students’ thoughts about the types of reactions that affect mass conservation

Type of reaction Physical reaction Chemical reaction Nuclear reaction
Mass conservation (6] O X
Energy emission, absorption emission, absorption emission
Amount of energy small large very large
Change of particle - electron proton, neutrons

Number and

Number and iride of Number and Number of
kinds of atoms or kinds of protons and
particles molectiles atoms neutrons

Figure 5. Change of students' thoughts about factors affecting mass conservation.

Number and size Number and size Number of

of particles, of molecules, molecules,
distance between ﬁ distance between distance between
particles, T, B molecules, T, P molecules, T, P

states of matter states of matter states of matter

Figure 6. Change of students' thoughts about factors affecting volume change of gas.
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olelst Abael Wek BAA SHYEL Bl HnjE  SEmch ek kA 7| W] Red
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Number and

size of b d Number of
ticles Number an . protons
par ' kinds of and kinds
distance ¢ £ at and
between atoms or Qf oS neutrons
particles, T, P, Iilesnlss

states
Material
point

Number of

Number and size Number and size

. molecules,
of particles, of molecules, ictanee
distance between % distance between b
N etween
particles, T, P molecules, T, P

molecules, T, P,

states of matter states of matter

states of matter

Figure 7. The process of students' thoughts expanding to material point.
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