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ABSTRACT. The purpose of this study was to investigate the effect of responsive teaching method for pre-service teachers
in Chemistry Education Department of H University. We designed three steps for the discussions: foregrounding the substance of learn-
ers’ ideas, recognizing the disciplinary connections within learners’ ideas, taking up and pursing the substance of thinking. In the step of
foregrounding the substance of learners’ ideas, we analyzed the questionnaires conducted by the 20 pre-service teachers to
understand the nature of their ideas about evaporation and boiling. Among them, five pre-service teachers were selected to recognize
the disciplinary connections within learners’ ideas. Through these steps, the pre-service teachers have grasped the nature of their think-
ing about evaporation and boiling, and have experienced the process of modifying or expanding the frames of thought by the disci-
plinary connections within learners’ ideas. In addition, the pre-service teachers directly perceived the effect of the responsive
teaching method by experiencing dynamic changes of their conceptions.
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Table 1. Approaches used by instructors for attending to learners’ thinking’

How learners’ thinking is

viewed by the instructor Description Related instructional goal

Instructor sees learners’ ideas as illustration understanding

Indicator of learning on the part of leamers

Track learners’ learning

Instructor sees learners’ ideas as errors or misunderstandings
that need to be addressed
Instructor sees learners’ ideas as a set of actions or events to be

Resources to be collected Monitor the range of ideas in the classroom
observed

Problem to be addressed Deal with obstacles to learning

Foundations to build on  Instructor sees learners’ ideas as strategies or concepts to develop Connect and build on learners’ ideas

Instructor sees learners’ idea as comment or methods that needs

Message to be deciphered {0 be interpreted

Make sense of learners’ thinking

Products of a process Instructor sees learners’ ideas as the outcome of lesson design Reflect on lesson design
o] gleh. BA, SHEAEY AAES B ALY B G5 AANEY FE} oHE Ao] 2 AZs = Bk,
48 Eefule Aolth whe A mae sHaAlEe] 150 ol Sol, mai saX 5o thE shate] 4zke %
S APL WS 7H=d Yuist gek ojn) WA SRS S, SEAbES) AT A AolE A st
M FRT AT LGB YA Bk S EF s, SaAEol A0 A PEat) 918 A
Aol ohel, olssta E@s i AF Fgolch wp B AAST AAFES Feis 5 ek WA WS
AEE StEAEe] AZkS B 2 Wookleh shg o4 SheRrEe Abme] B2 s SlsiAlL shant
A2 B oA 5ol Eh Al 5k A& olsfist L S Azt Y& 7]& ook 5t 539, shaAE9] 1A
Al=sffof ghek. A2 F3ro|gt shgAke] Q1A] IHgE o] B2 ARaLe] Sof =95 7] ofof gtk 1B shs AR S
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H, v, AEAE Sl @5 otk s AE A o|F ZAloh= A fA Wtk vheA RS 28
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Figure 1. The questionnaire of boiling and evaporation.
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Table 2. Type of instructors’ responses’*

Type of instructors’ response Example of the instructor’s actual words Potential effect these words have on learners’ learning

The pre-service teachers think that idea of the relationship between
evaporation and phase-equilibrium graphs could be helpful and
may lead the class to a scientific discovery. The rest of the class
begins to think about the idea since they have validated it. Pre-ser-
vice teachers may come up with questions or counterarguments on
their own. As the discussion progresses, pre-service teachers dis-
cuss together to solve the problem.

The pre-service teachers must defend this thinking. Since this is
often difficult to do, other pre-service teachers may join in and help
him articulate it. Additionally, there may be some pre-service
teachers who disagree and want to propose a different argument.
The pre-service teachers are engaged in the process of coming to
consensus and defending their thinking.

Hmmm... that’s interesting idea. Let’s
think more about that. So are you saying
that you can express evaporation on a
phase equilibrium graph?

Validating and pondering

Can you tell us why you think that it is
impossible to express evaporation on a

Probing phase equilibrium graph? Can you
express your thoughts in more detail
with Venn diagrams?

B BE 5 U, SHo] £o) B Fuslo] ot AbuY §Y2 BRotel B BUR AT FHS A BR
LT S LS WAL DB B ol IAEY A4 FESHE, FU0 BAE A §9E C DR TEg
W7} By EE skt 7Y T B2 BAT 5 rka), TAT 5 glrkB)
et A2 BAL SPE GANAL ol R Uea 43F 1) e BAT 5 AthC), B
2A NS H WA B Qe WA Al e 22 ¥ 5 kDR BRI BT 2ot 4 AN
2 245, m4ake] o] thal A4S 1S AE AN, FIS AN B9 TR olFA
shw s st Y] b3 9 HASHE B2 Awshs B olA
T390 2A R B YL AXA a7 Aol T
WERSIEIEN ofof 0|8 wrtx) o8 ALTOZN FTYT FUA
Fobi et Aol BESh Be Il wablA B & ShReku shylnh BE AT el Aale) 47t
S o] ol A& g BAGe] HEAS AL & IYOR B B PIA Seet Abae] $jAo)
shelthFig D A% BolA A7 3 WE A @ ohs) AT 39l0] HYAOE BAT F, AN oA g
o2 AH WAl A&Eo] Y S FHOR HE WSS WEH POB AHA Fo wESAt. 1T
Ao B TR0, o HEAL BFol ulmat B4 Aol ths) hshig HEIL 1913 Ay 2 A
o e ol the A BAL Uobu AN Aol A3 F W Sehaat 2019 WA HE }L
sholsty] §istel statag MBI} 103 paby W A4 AR
AR A3 F0) @4 hshial 22100 Shet g E S
Azt o7 AU =2
HE UG Foll Lot 2 Az 2AY 5 9
LA Bolul B gFaslo] g, TolgBw SRR M| 2E EFSH| B
met 2P ol Azshrlo] HYATE BAS FH o SAGNA BAI Bt Fuel ot o] wAlEe)

Table 3. Responses of the pre-service teachers related to boiling and evaporation

Can the boiling be expressed at point A on the phase equilibrium graph? Pre-service teachers
A-1. The conditions of temperature and pressure are the same. 8,9,12,17
A. Can e . . .
A-2. The equilibrium is due to the coexistence of liquid and gas. 2,®,®, 11,15
B.C ‘ B-1. The condition of temperature or pressure are different. @®,6,7,10, 14,16, 18,20
. Can no . s . e
B-2. (7}) is non-equilibrium, and (1}) is equilibrium. 3, 13,19
Can the evaporation be expressed in phase equilibrium graph at 20 °C and 1 atmosphere? Pre-service teachers
C-1. The conditions of same temperature and pressure can indicate. 8,12,15,17
C. Can . . .
C-2. It can be indicate the curve where liquid and gas coexist. @
D.C ‘ D-1. The condition of temperature or pressure are different. 9,10, 11, 13,16, 18, 19, 20
. Can no
D-2. Evaporation is not the condition of dynamic equilibrium. 0,®,0,®,6,7, 14
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Figure 2. Pre-service teachers' pre-perceptions related to boiling and evaporation.
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Figure 3. Pre-service teachers' post-perceptions related to boiling and evaporation.
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