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ABSTRACT

This study is based on Freudenthal’s mathmatising process and the didactical phenomenology of linear function concept, | have
described and examined the process in which students represent the constant rate of change into tables, graphs and equations and,
in this way, how they construct mental objects and essence of the linear function concept. The students used the proportionality
as composite units, when they represented the phenomenon with constant rate of change into tables. When representing in graphs,
all but one student represented it into a line. There were differences among the students in the level they were using the given
conditions, co-variation perspective, and corresponding rules when formulating equations. The students compared the relationship
between two variables in a multiplicative way, and under the guidance of teachers they reached to the understanding that its
relationship becomes a constant. Moreover, they could construct mental objects of a constant rate of change, understanding the
situation where the relationship between time difference and distance difference becomes one value, namely speed. The students
had difficulties in connecting the rate of change with the inclination of a line. The students constructed the essence (concept) of
linear functions, after building and organizing the image that the rate of change is constant, the graph is linear, and the equation is
formulated as y=ax+b (a: inclination, b: intercept).

Key words: Freudenthal’s mathematising, didactical phenomenology, mental objects, linear function concept, rate of change

Freudenthal®| 10-~21%] oiafelo]| 7 |dict 2xFels 7HY otel bl AR 24

=

= oo 2o mRo|dIZte] st IED AT NG| MASIE HAe] S E510] SHHS0| HSI0| YT HIAS B, J2HT, o2
HHSH= abEnt LA Tl Mae PHshs 2HY, 2RE FE5ks e MEdtal 2M5th= Ao|ct A Ant S22 HekE0| et
WS HE HUY 0 YUERIZ M HIS AHESHD, eI 2 Hoigt off of SHES HQISt ZIMO 2 HISIIC A0 2 #Hie ff shiH= 07!
2%, SH 2HE, thg #AlS 0|83h= =& X10[7t UAJYCL SHHS2 F HolZh Ao[2] 2AIS SHAMQE H| WS, 1 H|E0] SiLte| &7t
EICh= AS wAke| etLfjof w2t LESIACE 3] AlZte] Mottt M2 |o| k20| SHLtef gl, £30| £|i= &8E Sot0] HetE0| YFIth= Habs
T-ISIULE. T, HokEE 2| 7|87|2t HESH= o= 021ZS AL, HeH20| LFSTh= aldat JZ 7t Z|410|H 2] 20| y=ax+b
(o= H3tE, b= BH)2t= A Helotn ZRst] YRtEtao| 2 (HE)S ATt

TR0 Z2O0|HEO| +ots}, n4ohd FASH MY, Lxtets o, Hatkg

Received August 06, 2022 Revised August 17,2022 Accepted August 17,2022

2000 Mathematics Subject Classification : 97D70
Copyright © 2022 The Korean Society of Mathematical Education.

a This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http: //creativecommons.org/licenses/by-
nc/4.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



The Mathematical Education. Vol. 61, No. 3, 419-439

ME
Na 2] 2017)0] w2 B]2R1EE Q2R 50] H8H AHES 255, AlEhANE-B7E 5 RE Zlo] dAE L AT A 2
Q17 ALS]o] o, A58}, 217 A1, QIzkk 7] Ae] WY P, 7S S0) EA S 2k Aslolt) o]2ig 548 2 njeiALsle)
st golAl s Hashel Haje] 4YHTRE /3 olsl), Aubd A ARk 47 2|40] HE Fead Ao oj=HrkNa
etal, 2017). 1747} 717)2] Welolehe ZRlolH B 7|77} Qzher) o whaw ABkeiA)] 29e 4 Qle el Aaht Jefm
2171 S& 70 L1, Qe A7 ABSH g ol Bato] M Aol oivl gl kS watshn Eu* o2l

SRRt 3 Qe 2@ Wetol U 43 Y JNGHOR Y- SAsaL olsiet F oAl o
A2 5B et ek e ofefat 45 BT AL 4o1A B L 45jsleka S

Wolfiam (2010y& ZFE7H 4814 A2t 4948 o) Sl ofgl 2812 72 AQ/keks 282 Wl 3, A48 Bl
e} 519,00, Gravemeijer 9] (017 21417] B4 48} ke 4 g3b7) @ty ek shick. 2015 A4 4543} gy
Fohio] S5 3 St AS] U AIRALE SolA o B, BA, 24, BESH A8 S Flo] 4oto] g, e
S Apole] BAIE olalati 4:5t0] 7458 SEHTH I, 2015, pp 4-5)2le] ol2]e SES SASHT] M 45t 4
Fol sfU7h spy o) 43 97 ol WAIE 4812 maeol Lt 45fak ol

482 B o|ut 4515} o 2.2 o|n] 2 Frelx] AR, 4817t MR Aol 43 WA A i 48} S0l 0] 12 of

m
ol
¥
_I_.N_
_ofL
Z
in)
ol

il

G A A7l ehet AR 0] i A A Q] =0l = mig- REsith f-21 9] A WA ] tieks BT 2 & ), ‘oteks
e 8t UL oGl sh= 7MY ol thiet AR RSt S Eo] el k2 FFE 4 ek ol T U2 F5o0] 1))
& YR g, 9-79] AdFE of2iet EAlof Aol M SESIlt). 318} /i S 0] 87t SIS 0| -8t 't Aol A ofH
d50] doju=7t, S0l F/dE Tt ohA 222 Zotuis ol of kS ARESH, ofE ofeE Hevt 5
T o2 et E5g o] g7t w8 Et o] 7 et 5ol 92l 9] 2 Aol

Freudenthal®] ~3teh= &/d-A/d-28-3-8 0.2 2o 4= Jlth. 5 s Sl @2 Wzte] /32 F A= Al 5-sto]
AdE SR skl A Akl tido 2 YA AILLE Foll 2 S FAT £, BAE EEoto] 38 AR ZAIE S
Aste 4o myo] #-atetolnt d/d2 220 3-87ks Pl tiet AL 2 AGEL =8 ST A AR A A A5 Al
Ale] e sk Aol Adold sMEo0] ddol titt 252 5ol dstke &, A, 7igoln] Al 52 onlshH P4
A 7d el B2 we AT o] 7ig 9] 03,%‘% SHH(Chong, 1997). B2 2 A/ =24 Ae] 4] Al A - 812 AA|]

Al °‘°1Ur 0431 7HA] A e 2A617] fIet =2 A W H 428} 7|, ofoltjo], 125 2Ju|SHtHWoo, 2017). Chong £]
S F/dote S st SPYEol|A WA Aol & A =sh= Ao ofue}, of2] 71 A W
2ol A %‘%}6}@] O 2AL Y502 T A4 02 BHSHEE sfjoF skl sk3ict
Yi¢} Lee (2020)2 &5 Hdtoh= oF Ato]o] BAR Kl 7} ofo] wigtel 11 27| 255 2
T7gollA 23 717 FA] ofeltjo] S Rt oh 2, u| A 238} 7N 1} WS o] 9lom, ¥ %‘H]Ol 2 RE AFA d
Yoh= S 2k o] 3-89 B olakal 45T} Thompsont Carlson (2017)2 & = 9
VAFEZ 7IRIC 2 = 7)) o] /2] o] FAlol Hish= Aoz I8 Aol 31 HAolA] & ¥4e
2 9 F9] shur HSkE: 7 o] th(Cho, Kwon & Lee, 2017; NCTM, 2010).
kg2 F W 40] S7HFO] vl g2 ofnfeitt. AR 2|t w S o wapAol A= YAt TiE S Ak o' HHE =
epehe W0l Aolstal 9l o Mskgolgh= gof= Estal QA @tk ey A9 715 7= Heke] 7|54 w3 olH,
AR = wapA ol AAIE AAe) 7187 AYete e 2 Hske 7HL4—% A= Wiﬂﬂr = OPE} ol={& JDlOﬂH &= Eﬂi o
2K 7Nd o] 2ol = H3hgo] YAt Fh4, “Alo] YapA

1510l Sk thebd] 234 Ade] 4515 S0l JRHe il o] LS Aol S L o JT2 Brsto] ik
70 ol gt Age ek 0|2 ErhE Uxketat Bolelx] Ao Wet olck olefat 4atst 852 sy Sol A3

Journal of the Korean Society of Mathematical Education Series A 420



AR EY BFOR SAYSolA T/1ATH T 082 AT 4= AT ol A ofel 22 7S 4w 9L Aol
2970 210 B eiyo] BAe Aag4 o] mast WAste] 241 Bstol et mutato] uet sy s o] Azt
34 o) 4ok} 32 Wis] s sh Zlolck 53] QR o) 4518} B TPgolA SASo] of |l Hake AL
83lo] o of 2188 714 5-& Yohi= b gl
B3t A7 24 S DA o) A7 BAS Tha T 2o sl

)
2

ol

o

>

i

Freudenthal®] 4-3}3}9} w4-34 JAls}

Freudenthal®] <81} o] 29] &4 2 sPYSoA /& 8k 7t = Zo] oht A/ o2 R SEsto] hgxt P4 o
thag-2 A A2 R P4 et 3 = ofet EF o 29| ok hEX| A= 3 E}

Freudenthal®] 5~8}%] 7l id o] 4518} 852 &= ThA| 2 L8k 4= Qlok AR Tl Aol it 2512 25
Mol 28g Fgske A0l A DAl A BAlCIM g E Stz WA AlaLE Sl S
< 7 0 &2 Aelsh= ©A o hFigure 1).

Aol 44 wA(w 4o

ulel= 49 (3472 ) el

Figure 1. Freudenthal’s process of mathematisation in concepts.
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Figure 2. Definition of slope (Kim et al., 2019)
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Figure 3. Uniform motion’s expression and analysis (Kim et al., 2020, pp. 96-97).
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Table 1. Developed linear function concept curriculum.

Step Activities

Exploration 1 <Situation1> Exploring situations where the rate of change is constant(The relation between object’s weight and spring’s
length)
[Activel] Expressing situation in table, graph, equation
[Active2] Explaining rate of change using graph and equation
<Situation2> Exploring situations where the rate of change is constant(The relation between time and cable car’s height)
[Activel] Expressing situation in table, graph, equation

[Active2] Explaining rate of change using graph and equation

<Situation3> Exploring situations where the rate of change is constant

(The relation between Se-min and Chan-young’s time and location)
[Activel] Expressing situation in table, graph, equation

[Active2] Explaining rate of change using graph and equation

Exploration 2 [Activel] Using [Exploration I ]’s result, Structuring rate of change, graph’s shape, slope, equation and connecting linear function’s
three properties
[Active2] Selecting linear function’s definition and Explaining relation of other two properties

Exploration 3  <Situation4> Exploring why a direct proportionality is a linear function

[Activel] Expressing direct proportional situation in table, graph, equation
[Active2] Expressing direct proportional situation’s parallel movement in table, graph, equation
[Active3] Explaining why direct proportionality is linear function, and using the results of

[Activel], [Active2] to compare the commonalities and differences in table, graph,equation and connect them with the
concept of translation
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Table 2. Analysis of Students’ mathematization process for linear function concept.

Expression Activity
What strategy do students use to express constant rate of change situation in table, graph, equation?

What difficulties do students encounter when expressing constant rate of change situation in table, graph, equation?
Mental Object Activity
How about students understanding level of constant rate of change situation using table, graph, equation?
What difficulties do students encounter when understanding constant rate of change situation using table, graph, equation?
Concept Activity
How about reflective thought process if students make up concept from mental objects?
What are difficulties in students’ reflective thought?
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Figure 5. Student A’s graph.

Figure 6. Student D’s graph
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