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Abstract

The purpose of this study is developed the Item Feature Analysis (IFA) frameworks for curriculum-based
assessments, focusing on Math competency and representation in secondary schools and implemented the IFA in
National Assessment of Educational Achievement. To conduct the study, previous studies were analyzed, and
feasibility studies were conducted twice. As a result of the study, we structured the IFA framework based on the
2015 revised mathematics curriculum in Korea and developed a method to analyze the characteristics of the math
items. The results of structuring the framework for math included two categories: math competency in the content
aspects, and representation type in the formal aspects. Specifically, 12 features of math competency and 8 features
of representation type were identified, and an item feature analysis framework composed of these features was
developed. The math competency was developed based on the subject competency of 2015 national curriculum.
Math assessments in high schools, which have been changed to the competency-based assessments, had more
frequency of the feature of math competency compared to middle schools. In this study, implemented the IFA in
National Assessment of Educational Achievement and explored the way of ensuring the validity. These have been
proved as critical applications for ensuring the validity of curriculum-based student assessment as well as building
a tool for assessment.
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[Table 2] Description of the elements of competencies in the
2015 revised mathematics curriculum(Ministry of education,
2015, p. 4)

subject .
Explanation
competency
to seek and develop solving strategies
Problem using mathematical knowledge and skills in
Ivi problem situations where the resolution is
SOIVINE  not within sight, and to select the optimum

solution for the given problem.

) to  conjecture, analyze and  justify
Reasoning mathematical facts logically, and reflect on
the process.

to generate new ideas and refine
meaningful ideas diversely and richly based
Creativity on knowledge and skills of mathematics;
and produce new knowledge, skills and
. . experiences; and solve the problem by
integration connecting and  integrating  knowledge,
skills, and references from other subjects
or real life.

to present mathematical knowledge, ideas
~and products of mathematical activities,
Communica problem-solving processes, and beliefs and

~tion attitudes to others as represented in speech
or text, drawings and symbols, as well as
the ability to understand others’ ideas.
to collect, organize, analyze, and utilize a
. variety of data and information, and
Informa@on process the data and information effectively
PIOCESSING y  appropriate  technological  tools  and
teaching aid.
Attitude  to recognize the value of mathematics and
and practice with having autonomous attitudes
X related to mathematics learning and
practice  democratic citizenship.
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[Table 3] Features of mathematics item representation in
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Probabhility

)
and Statistics

High school
- Content: Variables and
Number and Operations,

Expressions, Geometry,

- Competency: calculation
and understanding,
reasoning, problem
solving, information
processing

- Context:
real-life/academic

ol F7hE 2019
Functions,

&

Middle school
Statistics, Geometry

- Behavior domain:

calculation,

Number and Operations,
solving

Variables and
Expressions, Functions,

Probability and
reasoning, problem

- Content domain:
understanding,

7+

work

[Table 4] The item information for analysis(Lee, Lee, & Son,

2020; Park, Lee, & Son, 2020b)
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[Table 8] Meaning of mathematics competency features(revised from Park et al., 2015, pp. 35-38)

Classifica—

o item feature Explanation
.o Understanding the problem, exploring solution strategies, implementing a plan, and reflecting.
Problem solving . . e . .
strategies(PS) @ Collaborative problem-solving through balanced responsibilities and interactions.
Problem o Transform the given problem or create a new problem to solve.
solving Mathematical  ® Representing and analyzing problem  situations identified in various contexts such as
modeling(VIVD everyday and social life as well as in natural phenomena with mathematical models. Based
on this, drawing conclusions and interpreting them according to the situation.
Observations and ® Inferencing mathematical truths using plausible reasoning such as induction and analogical
conjecture(OC) reasoning in observation and inquiry situations.
Reasoning Logical e Analyzing mathematical truths and performing mathematical procedures logically.
Reasor%ng(LR) ¢ Justifying mathematical facts on the basis of appropriate evidence and reflecting on the
reasoning process.
Creati e Searching for new or different ideas, solving strategies and methods in problem situations
reatve and adding or transforming an idea to develop it more valuable, posing a problem.
thinking(CrT)
Creativity - Originality, fluency, flexibility, sophistication, etc.
~and e Connecting various mathematical knowledge, skills, and experience, as well as connecting
Integration Conver(gent) and integrating knowledge, skills, and experience in other subjects or real life with
thinking(CoT mathematics.
- Internal and external connection and convergent with mathematics
Mathematical @ Developing or transforming mathematical representations including terms, symbols, tables
Communi- representationMR) ~ and graphs, based on an understanding of them.
cation Mathematical ® Expressing one’s opinion to others, understanding and evaluating others’ ideas based on
communication mathematical ideas or the process and results of learning mathematics.
(MCo) - Expressing one’s own thoughts and understanding the thoughts of others
e (Classifying, organizing, analyze and evaluating the collected data and information according
Data and to the purpose. And correctly understanding, interpreting, synthesizing, and utilizing the
information meaning inherent in the analyzed information.
Information processing(DIP) - Qrganization and analysis of data and information, interpretation and utilization of
: information
processing

Utilization of
technological tools

e Selecting and utilizing technological tools and teaching aids suitable for exploring
mathematical ideas and concepts and solving problems

angdtse(%%ng - Technological tools include calculators, computers, software, etc.
o Interested in mathematics. Recognizing the practical, cultivate, aesthetic and cultural values
Mathematical of mathematics. Learning by which they establish their own goals with the will,

Attitude  attitude(MA)
and

confidence, and persistence to learn mathematics
- Recognition of mathematical values and attitudes to self-directed learning

practice . o Acting honestly, fairly and responsibly through mathematical activities.

Mathematical : e : . . .

o e @ Challenging to overcome difficulties and caring for, respecting, and cooperating with others.

citizenship(MCt) . . ¢

e Making reasonable decisions based on logical reasons.
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[Table 9] Meaning of mathematics representation type features
Classification item feature Explanation

e When expressions are included in the item.
- Selected only when the expression included in the item is a major factor in solving the

Expression(Ep)  problem.

- Including representation of prime factorization of numbers, general form of a function,

and equation included.

e When tables are included in the item..

Mathematical Table(Tb) -~ A table means that something is organized according to criteria.
Representation e When graphs are is included in the item
Graph/Diagram Graph: graph of function, scatterplot, bar graph,, stem—and-leaf plots etc.
D(G /D)gr e When diagrams that can be considered as a picture containing mathematical information
needed to solve problems are included in the item.
- Scheme: Venn diagram, function tool box, tree diagrams etc.
Geometric @ When geometric shapes are included in the item.
shape(G) - Analytic geometry included.
Math notation ® When the item stem consists only of mathematical symbols or notations.
ay(MN) If characters other than mathematical symbols (notation) do not affect the understanding
only of the problem, it is considered to consist only of mathematical symbols (notation).
Story e When the item is expressed in sentence form.
The form of problem - Including the use of linguistic materials such as real-life problems, newspaper articles etc.
problem(SP) Including thy f linguisti jal h al-lif bl icl
item Visual e When visual materials for performing an item or task are included in the item.
terial(VM) Multimedia, simulation, animation, visual expression (pictures, etc.), etc.
[matert - Excluding mathematical expressions (tables, graphs/diagrams, figures).
Clues e When clues or hints required to solve the problem are explicitly presented.
included(CI) - Including underlined or bolded parts, additional conditions, etc.
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[Table 10] Results of frequency analysis for mathematics competency features in 2019 NAEA

Creativity

: : : total
feature total Problem - Communica-  Information Attitude and
number solving Reasoning - e?glrlgti - tion processing practice numfber
school level of items <

PS MM OC LR CT CoT MR MCo DIP UT

MA MCt features

Middle frequency 38 4 4 3

0 6 6 0 2 1 0 1 36

school Derc{;;?ge 1000 105 105 79 237 00 158 1568 00 53 26 00 26 947

frequency 24 6 9 2

0 8 1 0 6 3 0 1 39

g ;
school Der‘i%};gdge 1000 250 375 83 125 00 333 42 00 20 125 00 42 1625

[Table 11] Results of frequency analysis for mathematics representation type features in 2019 NAEA

feature  total Mathematical Representation The form of item total
number number of
school level of items ~ EX Th GD G MN SP VM Cl features
Middle frequetr;cy 38 13 4 10 3 10 3 7 59
school perc(%/f) 8¢ 1000 342 105 105 2.3 79 263 21.1 184 155.2
frequency 24 11 3 7 0 15 10 15 s

g
school Percentage jonn 459 125 583

(%)

292 0.0 62.5 417 625 3125

<G9 Item #27(Park et al., 2020b, p. 35>
[26~27] 812 HA2E ABC Ol 2t BRAFE SAS= sin
Bt M2 BAESR 8= M S AB, BC. CAZ 0|RH&
MH2E LIERH 200/CH 0] A29] & 2017} 1km U,
20 EakA2.

27, WAzt AxAdA Fdsle] AMEE wel g e e
Alg akma el Al okma seld & TeidE Sy

1A)2be] Zgled, qai7h 9 Aelee

q) 3km @ 35km 3 4km @) 45km (G Bkm

<G11 ltem #4(Lee et al.,, 2020, p. 13>
4. olw ahme] ZiFoldold = YHETE 244 Alrsje] AxHulo] zelxl F
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o]l
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[Table 12] Correlation between mathematics competency category features of mathematics items in 2019 NAEA
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CI
0.02
-0.23
0.22
0.50
0.29
0.13

-0.27
-0.06
0.20
0.02
0.65

-0.25

SP
-0.67
0.29
0.22
-0.07
042
-0.28

-0.17
-0.15
0.11

0.15
-0.24
0.17
-0.17
-0.22
-0.02
-0.13

G/S
-0.07
-0.19
-0.20
-0.10
-0.20
-0.18

0.06

-0.35
-0.12
-0.20
-0.10
0.57
0.24
-0.16

-0.25
-0.07
-0.18
041

-043
-0.24

Ex
0.09

igh school

Middle schor

Th
G/D
SP
CI
* Features not included as items are excluded from correlation analysis according to the rating result.

Ex
#% The upper part of the diagonal line represents the high school results, and the lower part represents the middle school results.

[Table 13] Correlation between representation type category features of mathematics items in 2019 NAEA
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[Table 14] Correlation between mathematics competency and representation type of middle school NAEA
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[Table 15] Correlation between mathematics competency and representation type of high school NAEA
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