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Teachers’ understanding of the definition of rational exponent

Shin, Bomi(Chonnam National University, bomi0210@jnu.ac.kr)

i |'>|'
oo
-1
fr

P

G A% Aol de wAe] ofdl B4 BAsle] wal wgole) NS FAlselR, Ael &4
o4 Aolel B4 9 11 olre] An v Sla) meld Best g wees 4 Wl
olE 9la AR B7E Ndse) B4 aEska ) S0de] B Basdon, o2 myz
Qoo vg ke ola] Be] mA} mel F AN R WA ARE Aesldrh B ol @
oA AR S wak] A7) Al Hel sl £ Bal A%l Sgat wE gole] B
1V Th%7] slal A 2 maAgE E o F5E Beoh gl Sue Asd

AL

N
k1
ol

32 rir

]_v_

oU‘,?.,

=R

> Ho g nlo
to > T
g

o T > o

=

Abstract

The aim of this study was to deduce implications of the growth of mathematics teachers specialty for effective
instruction about the formulae of exponentiation with rational exponents by analyzing teachers’ understanding of
the definition of rational exponent. In order to accomplish the aim, this study ascertained the nature of the
definition of rational exponent through examining previous literature and established specific research questions
with reference to the results of the examination. A questionnaire regarding the nature of the definition was
developed in order to solve the questions and was taken to 50 in—service high school teachers.

By analysing the data from the written responses by the teachers, this study delineated four characteristics of
the teachers’ understanding with regard to the definition of rational exponent. Firstly, the teachers did not
explicitly use the condition of the bases with rational exponents while proving f'(z)=rz""'. Secondly, few
teachers explained the reason why the bases with rational exponents must be positive. Thirdly, there were some
teachers who misunderstood the formulae of exponentiation with rational exponents. Lastly, the majority of

1
teachers thought that (—s8)°® equals to —2. Additionally, several issues were discussed related to teacher
education for enhancing teachers’ knowledge about the definition, features of effective instruction on the formulae
of exponentiation and improvement points to explanation methods about the definition and formulae on the current
high school textbooks.
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[Table 1] Summary of the teachers’ responses to Q1 * WAMES A7t fEl, T2 94E o A 22
P ATATE LS 9o AL 02 AT
Category Summary of the proof methods number or=t}.
1 Using 2" =e""" without explaining| 4 % A%7F SE]4=e ] Wo] <kdrolojof = o] %2 o]
>
x>0 ___ A e AL A9 gl
Using the natural log with explaining 3 N i} o
Res| 5, |z>0. s AGTE FU5D e AFHHE AT olAF WA}
pon Using the natural log without 6 9t}
SteS explaining = >0 . L
0 - - 1
. Using the natural log after applying % A 3=—_9 g1 N3
Ql 22 the sign of absolute value. 19 e 2kl (-8) R
Using definition of the derivative by 1
others considering 7 as natural numbers. Jstoll = 9o} 2o EAS 531 29 FAHA &
; Trying to prove it by dividing cases = = < 5
(1r11)cr(())rg§ct ofmrign w}?ich are ri]atural n%mbers, 7 Jo w0l Fedoen oy Fxd fid we-g
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[Table 2] Summary of the teachers’ responses to Q2
Who is How
incorrect to/Wh Category Summary of detailed contents number
(number) Y
l
You must express the real root of 2’=-8 as V- 3 is an incorrect
A&B How |AB-ABI|expression. The bases must be positive real numbers m the formulae of| 2
incorrect | explaining exponentiation with rational exponents. This question situation shows why « in o”
(3) o A&B must be a positive real number when » is a rational number.
AB-AB?2 You must express the real root of z®=—8 as +/—8. The bases must be positive 1
real numbers in the formulae of exponentiation with rational exponents.
How
explaining | A-Al |a in «" must be positive a real number when n is a rational number. 3
A to A
1nc<()gect Why B is Applying the exponent of l after calculating (—8)? is correct because the bases
correct ABl must be positive real numbers in the formulae of exponentiation with rational 1
Res exponents.
pon 1
ses B-Al |[(—8)%®=—2 1is correct because the real root of z®=-8 is unique and it is| 9
ke Why A is z="2.
Q2 correct < :
B-A2 (—8)*=—-2 1% correct because the inverse functlon of y=2 is y=2?* and the 5
value of (—38) J1s negative from the graph of y=a?
B-B1 The bases must be positive real numbers in the formulae of exponentiation with 16
. B ; rational exponents.
mc((é)lrlr)eC B-B2 The real root of z*=—8 is x =-2 and the real roots of 28=64 are z=+2. 6
How Therefore —2:(—8)7:(— )6 £[(— 8)2]":64":i2.
explaining 3 1 1 1 2 1 1 4
to B BB3 | (_g)% =[(—2)%% =—2. Therefore —2=(—8)% #(—8)° = [(—8)*]°=64°=2.
1 1
B-R4 If (-8)% =2then [(—8)?]°=2%and —8=28. That is a contradiction. 1
1
Therefore (—8)?2 #2.
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7. The definition of exponential function, y = ab?®,
includes the restriction b > 0. Suppose that
y = (—64)*. What would y equal if x = L? If x= 14?
Why do you think there is the restriction b> 0
for exponential functions?

[Fig. 18] A problem related to the restriction of
bases in exponential function on an American
textoook (Foerster, 2003, p. 277)
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Mathematics | (Kim et al., 2017, p. 39)
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Japanese textbook (Ohkamoto, 2017, p. 149)
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