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[Abstract]

In this paper, we propose to understand the conceptual structure of programming elements that learners
form during the prototyping theory. To do this, we reviewed previous studies on the meaning of conception
and prototype theory and conducted a course of problem-solving programming for 33 university students who
had no prior experience in programming, and collected transcription materials through conceptual metaphorical
writing. The conclusions of this study are as follows: 1) Identifying the conceptual structure of learners as
a conceptual metaphor can enhance the effectiveness of programming education. 2) Learners need to reinforce
the experience of forming abstract attributes to form mature programming concepts. 3) The concept of programming
differs in the structure of multi-level concepts that students, teachers, and professional programmers have in
each group. 4) Programming elements should intentionally block misconception risks in the meaning of symbols.

5) Concept evaluation tools should be developed to check whether various attributes can be applied.

» Key words: Programming Conception, Variable Conception, Prototype Theory, Conceptual Metaphor,
Misconception Risk, Typicality, Prominence
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I. Introduction
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I . Background
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Table 3. Codes of attribute content for concept of variable
Code Attribute contents Time
AO01 Variable, Changeable prior
A02 Memorable prior
AO3 Containing, Storable prior
A04 Just one thing prior
A05 Having an identifier prior
AOb6 Having a data type prior
AQ7 Only last left prior
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A09 Controllable at once prior
A10 Pre-declared prior
A1 Having directional posterior
A12 Misconception risk prior
A13 Uninterpretable prior
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Table 4. Typicality of novice programming learners Table 5. Ratio of programming novice about
about conception of variable typicality of variable
Yes No Total . Frequ o Percent of
Co | Attribute Fre P Fre Per Fre | Per Code | Attribute content ency Percent(%) Cases(%)
de content que nf(r;? que nf(;? que | cen AO01 | Variable, Changeable 21 26.92 67.74
ncy ? ncy ? ncy | t(%) A03 | Containing, Storable 15 19.23 48.39
AO1 Variable, 2 636 121 364 33| 100 AQ05 | Having an identifier 10 12.82 32.26
Changeable A0S Movable, Copyable, 9 1154 2903
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' 1 45, 1 4. 1
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Table 6. Representation Ranking of the Variable Attribute

Ei?\g Code | Attribute content N | Sum | Mean | S.D.
1 | AO3 | Containing, Storable 15| 25 1.67 | 1.1127
2 | A01 | Variable, Changeable 21 36 | 1.71 | 8451
3 | A07 Only last left 4 7 | 1.75 | 15000
4 | A11 | Having directional 4 7 | 1.75 | 15000
5 | AO2 Memorable 5 10| 2.00 | 10000
6 | agg | Movable Copvable, | g 1) 0q | 7559

Deleteable
7 | AQ9 | Controllable at once 2 4| 200 | 14142
8 | AD4 Just one thing 5 12| 240 | 8944
9 | A05 | Having an identifier 100 28 | 2.80 | 13165

10| A10 Pre-declared 2 7 | 350 | 21213
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