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The development of science and technology brings abundance and convenience to human life, but it
also brings risks. The risks caused by science and technology are universal and far-reaching, affecting
the lives of humans, and they are living in an uncertain VUCA era where humans cannot predict when
and where they will encounter risks. In order to respond to these risks, it is necessary to increase the
level of citizens’ risk awareness through risk education. It is necessary to discuss the role of science
education in helping citizens to judge and respond to risks scientifically and objectively. On the other
hand, in the process of judging and assessing risks, citizens are affected by the frames and ways in
which risk information is expressed, a phenomenon known as the “Framing Effect”. In this study, we
categorized the factors that cause the framing effect, and based on the categorization, we compared and
analyzed the frames of risk expression presented in the 2015 revised curriculum science textbooks. For
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analysis this purpose, we categorized the factors that cause the framing effect by looking at papers published
in KCI and SSCI journals with keywords “Framing Effect”, and extracted the risk expression texts in
textbooks and analyzed them according to the categories. We were able to derive eight factors causing
framing effect and categorize the relationship between the factors in a 5x5 matrix. The differences in
the frequency of risk expressions by subject in the 2015 revised science curriculum were related to the
nature of the subject and the achievement standards, and the differences in the frequency of risk expressions
could be identified by the categories of framing and presentation methods. This study is significant in
that it examines the way risk is expressed by science subjects based on the factors that cause the framing
effect and suggests the importance of the framing effect in risk education.
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Categorization of Factors

The subject of Analysis

—_—

causing Framing Effect

Analysis of Risk Expression
in 2015 Revised

—_—

Science Textbooks

Inductive Category Analysis

Figure 1. Research Procedure

Table 1. The subject of Analysis

Type of Citation Index Year of Publication Keywords Number of Papers
KCI 2004 to 2023 Framing Effect 193
SSCI 2004 to 2023 Framing Effect 645
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Figure 2. Process of Extraction and Categorization of Factors Causing Framing Effect
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Table 2. 2015 Revised Curriculum Science Textbooks to Analysis
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= Excel Z2I32 hgslo] aabxofA] $IFlol o3t s, JaF
S ol 91 AA e s HE ARF ANE 2, 2 EE
= 2 AT aabAofl vehd 91F o] ARSI A=
o gk a7l A 5 F S g ol B Aoy
SRS WA ol FE = glo] |t Az dojubd 11 Tjs]
7} o~ SCHLim er al., 2018, “E=7-2 Ho|2|2o] O3 H/d T&
7l Ao o, 713, Ae 2550] YR eoEe A
WS S Qlrk WA AR PR S iAlS ghod H7ES o]
A= v e AARE $ds] okl of
2018ay”, “ARLS AR =2 By oz wo 9
dor 4= glom, sk BE oA s, 89 £E o= o9
744 FelE gz 4= QIthNoh er al., 2018b)” So] i} oluf,
A7t 10 9IS T3trleol| ot 917l Ael B Ado ofgk
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#5933 M= nusir 98 28 50k SRy
P ol ke TS AT 2k el 57 B o

Savie} pelE Fe) =8 267 AT Aol 253 S&
g 818G 871 MY R01S ouHoR SauE
HAIA] 7= Q2191 9Ju]A] QQl(Semantic Factor), &4]ZQ1 ZHoj|A]
EETE SHAIE B414 29)(Formal Factor) A 27142 15
o 4= Qltk FAIAQ1 8-> Table 33} Utk

Table 30]4] oJn]&] @2lof sz 2912 SAHE, 85 =&
1Y, W2 AR, A, vl Stk o 4714 &
Q& O] HACmA it a2lof Qs =] ofn|zt Fepel
et SR A 4= Qlok oulE] 29l & FE(Positive
Framing)3} 7-7g-5(Negative Framing)> 417 AgsiiAl o]|e] e
2 AXEE SAE SH FHE AXEH FAES) sidgich ¢

Subject Number of Textbooks Subject Number of Textbooks
Science 1 5 Life Science I 8
Science 2 5 Earth Science [ 6
Science 3 4 Physics II 5
Scientific Research 7 Chemistry I 6
Integrated Science 5 Life Science Il 5
Physics [ 8 Earth Science Il 4
Chemistry I 9

Total 77
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Table 3. Factors causing the Framing effect

Top Factor Factor

Explanation

Positive Framing

- The information is expressed positively.

Negative Framing

- The information is expressed negatively.

High Self - Relevance

- High relevance between the event(risk) and risk acceptor.
- Individual’s psychological distance from event(risk) is close.

Semantic Factor Low Self - Relevance

- Low relevance between the event(risk) and risk acceptor.

- Individual’s psychological distance from event(risk) is far.

- The direction of the events is positive.

Occurrence . . .
ex) “It is possible to~”, “It is likely that~"
- The direction of the events is negative.
Non—Occurrence P . v cre - . ’
ex) “It is impossible to~”, “It is unlikely that~
Numeral - The number framing like a frequency, ratio, or percentage.
- The framing when information is presented in the form of words.
Vocabulary ex) When quantifiers (e.g., mostly, a little, very few) take the form of words, vocabulary.
Formal Factor ex) When uncertainty is presented as a vocabulary expression rather than a numerical expression.
Graph - A visual representation of quantity as size in space.
Writing - The framing when the information is presented in a sentence form.
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Tizoll 271 1 /d(Self - Relevance) 2 AREES] 913 et
AFES ZTHLee, & Lee, 2009; Nathan ef al., 1992). T}x|aro s Hhxy
S I ES AR AR A wet AR £ Al 9
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Semantic Factor

Formal Factor

Positive Framing | High Self Relevance Occurrence Numeral Graph
/ Negative Framing | / Low Self Relevance | /Non-Occurrence / Vocabulary / Writing
Positive Framing
/ Negative Framing AC AD AE
S
2
o
(©
e High Self Relevance
o
€ / Low Self Relevance BC BD BE
©
£
[
n
Occurrence
/Non-Occurrence CD CE
= Numeral
[=]
ki / Vocabulary D E
i
E
5 Graph
= / Writing

@: Positive/Negative Framing A High/Low Self Relevance : Occurrence/Non-Occurrence 4: Numeral/Vocabulary s : Graph/Writing

The mixture of shapes refers to a category of mixtures of factors that correspond to a shape.

Figure 3. Categorization of the Factors Causing the Framing Effect

Table 4. Categories that Require Supplementary Explanation

Sign Combination of Factors

Explanation

+ In the positive frame, difference in people’s perceptions occur according to the occurrence frame

Positive framing / Negative framing

and the non-occurrence frame.

Al . . .
¢ & Occurrence / Non — Occurrence « If the outcome of the occurrence frame or the non-occurrence frame in the negative frame is
negative, people perceive it as a greater possibility than the presented possibility.
AD Positive framing / Negative framing + No framing effect occurs in the number of frame. However, framing effect occurs in the verbal
& Numeral / Vocabulary frame.
cD Numeral / Vocabulary + A difference in probability perception occurs according to the size of the mathematical probability
& Occurrence / Non — Occurrence value corresponding to the directionality of the vocabulary.
+ The absolute value of the number causes a difference in people’s risk perception. Examples
D Numeral / Vocabulary proportion and percentages.

+ The greater the number of risk damages expressed, the higher people’s risk perception. For

example, there are ‘30 out of 100’ and ‘300 out of 1000°.

T 1] Folr} il £
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Lee & Kim

. . High
Category of Factors Causing Framing Effect . Frequency %)
NO. Subject @ 5 per
(%)  volume Iy
A AB AC AD AE B BC BD BE C CD CE D DE E (%)
1 Science 1 1.01 074 0.06 013 0.61 0.13 0.06 0.13 0.06 | 2.99 0.6
2 Science 2 292 279 048 0.13 204 02 006 0.06 0.06 027 013 | 9.18 1.84
3 Science 3 142 054 04 013 04 292 0.73
4 Research 095 048 0.06 0.68 0.13 0.06 013 | 2.52 0.36
5 =l 441 136 163 122 286 0.06 013 0.06 1.16 02 061|264 5.28
Science i ) i i i i i i i [6.75, 8.1) Risk
6 Physics T 0 0 Expression
Frequency
7 Chemistry I | 2.51 1.5 0.06 1.22 - - 0.06 537 06 [54.6.75)
8 Life ScienceI | 32 224 006 04 013 184 0.06 027 02 8.43 1.05
[4.05,5.4)
9 Earth Science I - 6.19 272 197 354 013 048 02 027 0.82 082 088 |2828 471
10 Physics IT
i 0 0 [2.7.4.05)
11 Chemistry I | 1.22  0.75 027 013 0.06 0.06 252 0.42
12 Life ScienceII | 28 088 02 0.68 0.06 4.62 0.92 [1.35,2.7)
v
13 |EarthScienceIl| 2.92 163 006 0.82 013 088 013 02 6.8 1.7 L
oW
0,135 ,
Total (%) | 419 222 27 63 36 148 054 07 048 - 0.4 - 252 197 1.84 | 100 ( ) (%0)

Figure 6. The Frequency of Risk Expression by Framing Effect Category in 2015 Revised Science Curriculum Subjects
(N=1471, p<0.05)
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Figure 7. The Frequency of Risk Expression by Framing Effect Category (N=1471)
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Table 5. Example of the combination of factors causing Framing effect

Sign Combination of Factors Explanation
+ When presented in a positive frame (in the form of gain), people’s risk perception
A Positive framing / Negative framing is lowered. On the other hand, when presented in a negative frame (in the form
of loss), people’s risk perception increases.
AB Positive framing / Negative framing + In a negative frame, people’s risk perception increases as self-relevance events such
& High Self - Relevance / Low Self - Relevance as life damage or asset damage are more relevant.
+ In the positive frame, difference in people’s perceptions occur according to the
Positive framine / Negative framin occurrence frame and the non-occurrence frame.
AC £ g g « If the outcome of the occurrence frame or the non-occurrence frame in the negative
& Occurrence / Non — Occurrence . . . A
frame is negative, people perceive it as a greater possibility than the presented
possibility.
Positive framing / Negative framing * No framing effect occurs in the number of frame. However, framing effect occurs
AD .
& Numeral / Vocabulary in the verbal frame.
AE Positive framing / Negative framing * When expressed in a graph, the probability of a framing effect is higher than when
& Graph / Writing expressed in writing.
+In the case of events with high self-relevance, people make decisions through
analytical information processing that requires much cognitive efforts.
B High Self - Relevance / Low Self - Relevance +In the case of events with low self-relevance, people make decisions through
comprehensive information processing that requires less cognitive efforts.
+In the events with high self-relevance, the framing effect more occurs.
BC High Self — Relevance/ Low Self - Relevance + In events of high self-relevance, differences in people’s perception of probability
& Occurrence / Non — Occurrence occur depending on the occurrence frame and non-occurrence frame.
BD High Self - Relevance / Low Self - Relevance - In events with high self-relevance, a framing effect occurs when expressed in
& Numeral / Vocabulary vocabulary.
* When a graph is presented in a daily frame, self-relevance is relatively higher than
BE High Self - Relevance / Low Self - Relevance when expressed in writing.
& Graph / Writing + In events with high self-relevance, people’s risk perception is higher in graph than
in writing.
C Occurrence / Non — Occurrence -
cD Numeral / Vocabulary + A difference in probability perception occurs according to the size of the
& Occurrence / Non — Occurrence mathematical probability value corresponding to the directionality of the vocabulary.
CE Graph / Writing i
& Occurrence / Non — Occurrence
+ The absolute value of the number causes a difference in people’s risk perception.
Examples proportion and percentages.
b Numeral / Vocabulary + The greater the number of risk damages expressed, the higher people’s risk
perception. For example, there are ‘30 out of 100° and ‘300 out of 1000
Numeral / Vocabulary + In the expression of ur'lcertamt}./, vocabulary ggnerates a fra@mg effect.. Tht?refore,
DE & Graoh / Witin when interpreting the information of a graph, if the numerical expression is used
P £ as a vocabulary rather than a number, the possibility of the framing effect increases.
* The length of the period of risk damage (daily/yearly) causes a difference in
perception.
E Graph / Writing + The framing effect occurs according to the relative length of the graph axis

(horizontal axis/vertical axis).

* People perceive values that are longer on a graph axis as greater.
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