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ABSTRACT

This study evaluates the field applicability of Al-based automated grading for
essay-type assessments in high school informatics and explores rubric refinement
via prompt engineering. Using the LLM-based ‘Hi-Learning’ platform, the study
found a significant agreement between Al and human raters (mean QWK=0.73),
validating AI as a process-oriented tool that overcomes the limitations of
traditional Online Judges. However, qualitative analysis identified specific
error patterns, such as ‘fluency bias’ and ‘formal rigidity’, revealing that rubric
refinement is a sophisticated pedagogical decision-making process. Consequently,
this study proposes a ‘Human-in-the-Loop (HITL)’ model, suggesting the
development of standardized prompt libraries and the enhancement of teachers’
AT assessment literacy to ensure evaluation validity.

Keywords Informatics Education, Large Language Models(LLM), Prompt Engineering,
Rubric Refinement, Error Analysis, Human-in-the-Loop(HITL) Assessment
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Phase 1 Data Collection & Experimental Design

Students
Descriptive & Essay-type Assessment
Domain 1. Computational Concepts
Domain 2. Automation (Code + Exp)

v

Students Response Data

Phase 2 Assessment Process

Teacher Grading
(Expert)

Al Grading
(LLM)

- Application of Rubric | | - Application of Rubric
(Contextual) (Literal)

v v

Ground Truth Al Prediction Score
I T

Phase 3 Comparison & Analysis

1. Quant. Analysis
- Descriptive Statistics (Mean, SD)
- Statistical verification (QWK, Pearson r, t-test)

2. Qual. Analysis
- Analysis of Discrepancy Cases
- Classification of Al Error Types

Phase 4 Improvement Case Analysis

Case Analysis of Improvement
via Rubric Refinement

v

Conclusion: Validity & Implications

Figure 1. Overall Research Procedure
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Table 1. Evaluation items

Domain No C ey Assessment Criteria
oncepts
01 Data Understanding principles of data
Compression compression
Sorting Explaining logical flow and
Q2 . . -
) Algorithm comparing efficiency
Computational — —
Concepts Explaining why modeling is

Q3 | Modeling | necessary and applying to real—

world problems

Critical thinking on Al ethical

Q4 | Al Ethics ssues

Identifying and correcting data

Q5 Data Type type errors
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Table 3. Rubric for Computational Concepts

No Criteria Pts

ol Identifying errors in JPG compression principles (1) g

Linking lossy compression to quality degradation (1)

Comparison/swapping principles (3)

Q2 Tracing sorting steps (3) 9

Analyzing the causes of inefficiency (3)

Concept: Explaining the necessity of modeling (3)

Real-world Scenarios: Selecting and justifying
Q3 appropriate modeling types (3) 12

Selection and justification of modeling types (3)
life (3)
Explaining characteristics of VR and AI(3)

Identifying modeling cases in daily

Clearly stating personal position (3)

Q4 Providing ethical/social justification (3) 15

Addressing and refuting counter—arguments (3)

Structure and clarity of writing (3)

Predicting outputs and

Automation Q6 Selection
Structure modifying conditional code
o7 Loop Tracing nested loops and
Structure modifying code

Table 4. Rubric for Automation

No Criteria Pts

Table 2. Examples of items and answers

No Item Student Responses by Score

[2 pts] “JPG is the wrong
explanation. Reduce file size
using loss compression. It's
wrong to keep the picture quality
without loss because it throws
away some picture quality.”

Find the incorrect description
among the following image
compression techniques and

explain the reason.

GIF: ... (omitted)
Q1 JPG: Us@ng ipg mai_ntains
lossless image quality, so
it is used when sending a

landscape photo containing
various colors and rich details
to a friend.
PNG: ...(omitted)

[1 pt] “JPG, Lost image quality”,
“There is a loss in jpg.”, “JPG,
It's loss compression.”

[0 pts] “GIF”, “The storage
method is crummy, so the
quality is broken and the pixels
are visible”

Read the following code and

answer the question. [2 pts]“score: 85 grade: B

score = 85
if score »=90: ...(omitted)...
Q6 print(“score:”, score, [1 pt] “85 B, “85”, “B”

“grade:”, grade)
[Sub-question 1]
Write the execution result of
the above code.

[0 pts] “score”

Note. Q6 refers only to sub—item 1 (Max score: 2 pts).

Explaining concepts of data types (1)
Q5 p. g P yp 3

Converting strings to integers (2)

Providing accurate execution results (2)

Q6 Explaining ‘if-elif-else” structures (3) 7

Inferring outputs from changed inputs (2)

Providing accurate execution results (1)

Q7 Explaining compound assignment(+=) (2) 5

Updating code for new conditions (2)

3378 #4
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Table 5. Algorithm for Calculating Validity and Reliability (Based on
Cohen, 1968)[26]

Pseudocode

H, A : Vector of Human/AlI scores; : Number of
grading scales

O(Confusion Matrix), £Z(QWK), »(Pearson), »
(P-value)

. function EVALUATE. MODEL(H, A, N)
: O~Initialize NX X matrix with zeros

: for each heH,ac A do 0, ,< 0, ,+1

* Generate Heatmap from O

Input

Output

(i—j)*

(N—1) fOI‘I/O JN-1

Procedure
: E~—Outer product of marginal totals

Y (w-.o0)

Y (w-E)

: r«~—Pearson(H, A); p~Paired T Test(H, A)
*return &, 7, », O

s hel-

1
2
3
4
5: W ;<
6
7
8
9

3.4.2 A2 £4 94

FH 24 A2 vigos Al ASHYY 27 JAE
F317] 95l Table 63 22 .5 Atel A14-219) g
29 WEs-R0e A U HE Y5 450 A% B

22 2asteict

Table 6. Procedure for Qualitative Analysis

Step Process Key Activities RQ
1 Error case | Extract individual error cases by comparing |
Identification teacher and Al scores on a 1:1 basis.

Analyze underlying causes of Al
2 Coding misjudgment (e.g., fluency bias, overlooking | —
logical errors).

Volume 29, Issue 7, 2026

Step Process Key Activities RQ
Group diagnosed causes by common
3 Categorization | attributes to establish an Al scoring error | RQ3
taxonomy.
Refine scoring rubrics by specifying
4 Refinement detailed criteria based on identified -
error types.
Re-score with refined rubrics and

5 Validation | quantitatively validate improvements in | RQ4

reliability.

Alet kel A AL BA s Hore BA iy
o2 Soi5len dhiel Gl Hiel 2571 s
+ 54< Wtgste] F&5 79 (Doouble Coding) WAl
Aeisheict. 12 S5l 529 98 3 24 At 42
"olM 7 %590
1. 97 A%

4.1 Al A5 A Azte] of i eldA AZ

2 HoMs 43 BEHS 53l /Ad 2B
)& H83sk Al A5 2F Aate] etddS 245
ol WAL - Te] A EE VW2 A7FA A
St A= Table 7 Y Table 87} 2t}

Table 7. Descriptive Statistics

' Al Teacher
Domain No | N | Score
M SD M SD
Q1] 94 2 1.48 0.60 1.44 0.59
Computational | Q2| 90 9 6.83 1.13 6.97 1.17
Concept Q3| 89 12 10.12 | 1.65 | 10.04 | 1.90
Q4185 15 12.26 | 1.50 | 12.08 | 2.31
Q51 83 3 2.1 1.19 2.11 1.10
Automation | Q6| 78 7 4.03 2.06 4.41 1.85
Q717 5 2.89 1.52 2.79 1.32
Table 8. Statistical Test
Domain No N Score | QWK | Pearsonr | p—value
Q1| 94 2 0.70 0.70 0.37
Computational | Q2| 90 9 0.67 0.67 0.18
Concept Q3] 89 12 0.71 0.72 0.58
Q4] 85 15 0.51 0.56 0.40
Average 0.65 0.66 0.38
Q5] 83 3 0.90 0.91 0.83
Automation | Q6 78 7 0.79 0.80 0.11
Q7| 71 5 0.86 0.87 0.28
Average 0.85 0.86 0.41

FA A}, Table 7, 83 Zo] wAteE AT A4 7F A4
o2 geojnjst 2ol 90w (p>.05) BEe] Aol £ Ha
0.042 2 ol & Holx| ottt EEM oA GAHE 2
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Table 9. Frequency of Al Scoring Error Types
Error Type Freq. %
Undefined Abstract Instructions 139 36.5
Inflexibility to Learner Language 59 15.5
Formal Rigidity 58 15.2
Disregard for Fragmented Answers 45 11.8
Fluency Bias 33 8.7
Simple Keyword Matching 33 8.7
Overlooking Logical Errors 14 3.6
Total 381 100.0

Note. N=381 instances from 308 cases via double coding.
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Table 10. Case Analysis 1

Item Description

Identify the incorrect description among image
compression techniques (GIF, JPG, PNG) and describe
the reason.

Question

Volume 29, Issue 7, 2026

Item Description
“JPG. JPG has no loss when compressing 256 colors,
Student | but images with more than 256 colors are converted to
Response | supported colors, resulting in image loss. Therefore, it is
an incorrect explanation.”
Human 1 point (Awarded‘ par,tial credit fqr identifying the
Scoring correct‘kengrd JPG . but penal'lzed for' the clear
technical misconception confusing it with GIF)
Al Scoring 2 points (Full score)
Al
Inference | Al failed to detect a conceptual error due to fluency bias.
Analysis
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Table 11. Qualitative Analysis of Al Assessment Characteristics: Limitations and Strengths

iréili? Root Cause (Bias) Error Type Sub—factors Specific Observed Cases
1. Limitations
. High scores are awarded for perfect sentence structures
Fluency Bias . - S
OF even if the content is incorrect.
. . The model fails to detect logical contradictions within
) Overlooking Logical Errors
Bias towards Fluency lengthy, fluent sentences.
& Completeness ;
p Disregard for Fragmented Answers Correct standalone keywords are pena‘hzed as the model
Model UE favors complete sentences.
Processing e Rejects simplified student explanations that lack
Inflexibility to Learner Language . .
academic terminology.
Simple Keyword N . | Points are awarded for the mere presence of keywords
Matching OF Context-free Keyword Acceptance even when the logical/causal link is missing.
Formal Rigidity UE Input Formatting Zero scores given for minor formatting deviations such
as line breaks.
Rubrlc Undefined Abstract UE Unrecognized Abstract Terms The model failed to interpret partlally w‘ltho_ut
Design Instructions concrete examples, denying intermediate credit.
2. Strengths
Algorithm—Oriented Assessment | Validation of potential as a process—oriented assessment tool.
Model Syntex-Independent N/A - — — - — - -
Capability Logic Evaluation Differentiation from Existing Partial credit is granted for correct logical flow despite
Systems syntax errors.
Note. OE = Overestimation: UE = Underestimation; N/A = Not
Table 12. Case Analysis 2 219 vl Y 230 gok Alo] e g A o] SHA|E Q1
Item Description =k e A 7=l ¢ pg g xgsiets Aol
Write an essay on the introduction of VR/AI restoration HAs AU Foja] ZAHC: ~Q)7F A ¢ o5 2
Question technology for deceased family members (Condition: o= zlalsl n o " %] Yol 1
Include technical characteristics, etc.). OS2 Aok vlRAge Baltt W ]S A eoidel &
« - B sk A= z]— =3 241:1— sl O %
Student .. VR technology is an emerging technology these days. FEEEE 2 F27F fefstd FHOR eudhs 7Y
Response | (Omitted) There are advantages, but also disadvantages. A mEfo] ZA|of] WFE Q). TS =gl 4 olufakA| 7} Hlek
(Excerpt) .. Therefore, I am against its social introduction. sheate 24 ok, 6}2) A5l sAlo]o] the Lpeinto
Human 9/15 points (Strictly penalized as the required sub— oo L e — _ 1 m e
Scoring criterion of ‘describing technical characteristics’ was £ S Aot 5 BYA gAE nj¥yo) 2= HAE
missing) Bl olgsh RZH;\%—J ole Q1 27| FH8(Table 13)
Al Scori 11/15 points (O timated ‘ = 1= =1
L o Bl ol ‘Wetsh AR, RALSA AT e B
Al AT’s lenient interpretation of abstract criteria led to an T2 e sk A ol 3 1 sl 2
Inference overestimation of stylistically superior but technically AEE AR W mdl A= ahgol H dAshe 7147 2
Analysis incomplete responses. Ssho] Uehd B4 @ 7o) Aupg B =T
Table 13. Before changing the Q1 rubric
4.3 %8 Concept Pts Rubric

N, ol
- =

Q6 E&p
o

Ehd £ 23] Al E Ao 7 27] 2EE0] dHAe} o] 2

g AIskE 5 N4 Al 24
e A 24T AL Y 2 RE AN 9

HHe 7% ‘_1:]- o= H3H A 7

The image data compression principle finds
2 the wrong explanation and clearly explains
Understanding why it is wrong.
Image Data
Compression
Techniques

The image data compression principle may
1 find an incorrect explanation, but it may
inaccurately describe why it is wrong,.

0 All responses are inappropriate.

Q1 %%P(QWK:O 29)2t

oz sttt olA]

- = Z = HkAlo] Atolsh

ek Fefoll whet AL] tiIE ARl ) A7 FSIsHAl U
7

Table 14. Before changing the Q6 rubric

Concept Pts Rubric
Program Results| 2 | Accurately write the results of the program
Output 1 Partially write the results of the program.
Changing 2 Accurately write the results of the program
Program . .
Conditions 1 Partially write the results of the program.

Note. Ttems without change were excluded from the table
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mzaid Ay 22 2= Q6 £ gk A5t
e ASche 224 EAFS b=t olo| uhet Table
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© 244 20 (Table 15, 16)% A7sti. oz 2 TP ARAU AR wUsHs SAERG.
582 B7ete Q1 232 @< oll5o] ofd =2&Ql & Table 16, After changine the 06 rubr
a - able 16. After changing the Q6 rubric
£ Al(CoT) ZEEY 22 2ot 2HYS B4 o
He2 A AT Concept Pts Rubric
9 Correctly write the result of the program
' ' Program Results execution, ‘Score: 85 Grade: B'.
Table 15. After changing the Q1 rubric Output 1 Write part of the results of the program
Concept Rubric execution (e.g., 'B" or '85 B').
Find incorrect 1 There are references to the words JPG, . 9 Correctly write the result of the program
description 'JPEG), 'jpg, and ‘jpeg. Changing execution, 'Score: 75 Grade: C..
of image data : PG N Proc%rgm Write part of the results of the program
compression o | No mention of the words JPG', 'JPEG), 'jpg, Conditions 1 o s of the pr
o d ieg’ execution (e.g., 'C or '75 C).
techniques and jpeg.
The answer should explicitly reveal both of Note. Ttems without change were excluded from the table
the following concepts (A, B).
Concept A (cause): Words such as 'loss’,
| ‘compression’, 'data deletion, 'information
sbandonmen 433 28N 9F 45 0)n Y 53 4F
Concept B (Result): Referring to words
such as 'deterioratedv qualiFy', 'brez}king', nm2aE olxolgy Hlo] 2B 3= 2835t
Explain why the unrecoverable', and ‘blurred 2ol Bato] O ] A e
plain why th ‘ | | A3}, Bgo| g0l wret wAke} AL 7 A AT B
Crip Failed to explain the features of jpg. B B
the image data [Example of incorrect answer — Never give 1 (QWK)QJ S} ofFAfo] AfolshA] LrERSTE. Table 1701 A

compression point]

te;hmque 1s 'JPG has poor image quality' (zero point
Incorrect because there is only a result and no mention
0 of the word 'loss/compression’ which is the
cause)

'TPG is loss compression' (zero point if there
is only cause and no mention of the resulting
word 'quality/recovery)

"JPG is small." (It's a misconception, so 0
point)
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QA o] GAZ Bastect. ol AL} SYsio} o
F 22 WA oY E 4TS 4T PHE 22
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Table 17. Comparison of results before and after rubric modification

Before After
QWK | Pearsonr | p-value | MAE | QWK | Pearsonr | p-value | MAE
Q1] 029 | 029 | 0.18 | 0.48 | 0.70 | 0.70 | 0.37 | 0.21
Q61 0.88 | 090 | 0.00 | 0.59 | 0.79 | 0.80 | 0.11 | 0.77
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