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Euhee Kim

*Professor, Dept. of Software Convergence, Shinhan University, Gyeonggi-do, Korea

[Abstract]

This paper presents a personalized programming education system that integrates a GPT-4-based
role-play simulation and an adaptive rubric-driven automated evaluation engine. The system employs
prompt engineering to guide GPT-4 in dual roles—as a conversational tutor and as an evaluator—
enabling dynamic learner modeling and self-explanation through contextual dialogue. A total of 450
question—answer interactions were collected across three instructional scenarios and three learner
personas. Experimental results demonstrated improvements in learning outcomes through repeated
sessions, with rubric score consistency within +£0.5 points and a 91.3% agreement rate between
Al-generated and human evaluator scores. These findings confirm the system's effectiveness in delivering
real-time personalized feedback and formative assessment, and suggest practical applications for

Al-driven education.

» Key words: generative Al, prompt engineering, programming education, adaptive rubric evaluation,
role-play simulation, self-explanation strategy, automated feedback
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I. Introduction
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Table 1. A Rubric-based Evaluation for Python Tutor

Evaluation Score . .
. Evaluation Description
Criteria Range
Logical soundness of concept
Accuracy 0-2 pts 9 . P
explanation and code
Alignment with learner’
Relevance 0-2 pts gnme 1 learnerss
question
. tep-by-st xplanation an
Clarity 0-2 pts Step-by-step explana on @ d
ease of understanding
Use of Inclusion of real code or case
0-2 pts
Examples examples
Logical Coherence and consistency in
0-2 pts )
Flow explanation structure and flow

3.4 Streamlit-Based User Web Interface

od 3.38oA st 2B Y8 Ay H7F AT
AAZE oedl Jlgolels wed gE IUeie] ¢
o, Aol 9hE/do] =& AREA} QIEHo| AL} S
slojo} 3k o2 gl 2 o7E Python lute]
Streamlit 9 Z2|QUTE 2Fgoto] AR Al2EIS A
CEER L

slg QIEiHo] s ALgAL} Wwo] x| glo] 9 B2}
SR A B2 4 glon], AeT Ao MeR
B} Afelof Ao Q=l, GPT-4 S 29,
7} A2 o3} o2y} m=wk solix] U2i9] RS o
U siel oA cheto e sepe 4 gles AAssIC

K}E EE_E'J u.i

@ 3 s Y XS WL A

GPT-4 RE 8T ™
S20|Z. THo|Mojl A ¥ = CIO|E{ & X{ B8 O AHB |04, SHE 20| CHEE label 2 24T 4= AL

EL

message = 'Hello, World!'

et ol oo Mol Ha= R0 AHgE|LIR?

g gEy Ytk
e 2| 2EN: 2| FEY: 2| A AMB: 2| =2 ZE:2

E WSLICh DHo| M| i 4-0ff CHEH A 2 ‘Hello, World!'2| Gl A|2+ B 2tstn 1 E3Hs|0f YGL|Ch

Fig. 1. Streamlit-based User Web Interface
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3.5 Design of Programming Education System
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# Tutor Prompt Template
tutor_prompt = "

question.
[Learner Question]: {question}

# Evaluator Prompt Template
evaluator_prompt = "™

[Response]: {tutor_answer}

You are a tutor playing the role of {scenario}. The learner's level is {persona}.
Please respond with concept explanations, example code, and step-by-step guidance regarding the

You are a GPT-4 evaluator. Please assess the following response based on the 5 rubric criteria below:
Accuracy, Relevance, Clarity, Use of Examples, Logical Flow (Each scored from 0 to 2 points).
Provide the total score, a score for each criterion, and a brief justification for each.

Fig. 4. CoT Prompt Templates for Python Tutor & Evaluator Roles
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IV. Experiments and Analyses
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Table 2. A Sample Interaction and Rubric Feedback in Python Tutor Scenario

Session No Learner Question GPT-4 Tutor Response zgg::: Rubric Feedback
H Ol 0 <A7t HA 7Ly ZHHo| 8 /¥ #
1 Heg M= 027t e S0 Z2Y £+ A8, 8/10 HE L)y, QE OfA|7}
0|: user_name = "Tom" 271EH o 28
print= ZiS ofHO| 35t A= HastLt gha
2 print& return®| 2t0|7} HojQ? return2 st4 ANE dRSSH L-IE-I' 8/10 o oy *nglﬁﬂr* ng:;;
of|: def f(): return 3 =T 2o —TT=
list.sort() L£= sorted(list)E AF2E 4~ ° o
3 BlAE HYL oY SHLar %4012, oo | AR AN EB
of|: sorted([3,1,2]) = [1,2,3] T ==
sy Cot % MO ol
4 for® QM| ifE YOIE E|LFR? | Of: for i in range(5): if i % 2 == ono | =8 TE 23 A
print(i) =5 B
WhE STt MDA for, 271 9H=O[Y HZ HFT oA BE
5 while=0|& for22| 2f0|=87? whileO| &gkt 9/10 50, 229 o|5
of: while i < 5: ... >0 2 UE
o} ol 5% uelo] Wrix} AR MekElo] $YS A} U Python B, Pandas Hloje] 24, 0P /ld 5
5 Bl o0, Table 10 olgl thal 71x] U2 & 37Ix] AU 09} st 2R(AD, 33, 1) AU
S0 e} H4atE ol of pEiglon, 2} 271 108} ¥HE A, 5 507 &
E3t Table 2+ St5AF H2Aue] Aro] oj@7 & ol »AIEI A 450782 gZoll tish GPT-4+= 3
sl 7h=A1E BojE 20 opYe}, Al RH S99 B7F 7KL dg=A Table 10 7geld 57H = 7IE0=
F} o] 20 st AlSe} W02 AmsA 028 A= AAg MY, F4 108 oo 2u
YR e AR STk 2] ANOIAE TN ALS Bk Segstlct,
"H4g MAigher] o2t Ue'eh o] wgFReln  Table 32 AlURle 33 Wt AnES oKt o
058 Wopt YEISIoL, 4 AWOE Z4A% o . Python RePl B 88802 AV 58 A58 7
2 oto] if2 Foj & EUpQ?” B “2JAEZ range &4 FOITE O] AU BAA AHal oA 9}% | 7
2 E7laKs 2 QUeYe e urt WEe 2W 2A 2 BYOU, YR A7 AdolA oA} el ekl
7|9to] Al2o] MAE]QITt o]ajst Anpe n2mE sk AU Pandas HolH #4 AU o= J%iv} 8.280=
A%t A B 0|MS Edl GPT-47F Thest 90 Agz12 AR oA RE0] YEA o= AXERA, OOP 7ig 2
do], sh&AL H2aLte] Az ohe Ko] 529 Axx  BAE B 8.48F IS 2 %01 A& AL A
oz N3 2 9leo woxr) it AHor ook A AR AN 50| 4 acloz Al
=R o o] vrEElo] wel A wslE]ls Aske wolo
a2 hald T a T . . . .
= 5 - i O;of > Table 3. Fixed Rubric Evaluation by Scenario Type
0, o= Alggold 7|t ¥k sh5o] Alet shEAL TH A
= = = Scenario Average Score .
57120] RS G 4 Y= TH5AS KRR ererio. | Averade Se® | Key Issues Identified
Missing timing check
. . . . . Python .
4.2 Quantitative Fixed Rubric Evaluation Tutor 8.8/10 examples in some
responses
UM 41804 e A HolHE viges, £ & Pandas .
; 8.2/10 Lack of visualization
M= 18P 28 7|Eo] e AZA Bt AE & ADaIta_ ' examples
- _ nalysis
}516}0:]':* 017]}\1 J_LHOJ EEEJO]E} /‘H(joﬂ 784% %‘7} 00P Insufficient concrete
a}ij_} xq/\ 7]_'_01] [qa} o]—ix}J orcro Kakdoa g Concept 8.4/10 examples when using
e v= oon _ Explainer abstract terminology
RSk W02, Wo} 71ze) Amgal e shus)
= Ol 785ttt Table 4= SH&AT Hl2al 259 7L AnS A2t
© oM Table 19 i F7F FE—AFY  Zlojgt 13 skgAbe Hd 868(21.002 7MY =&
(Accuracy), #¥l’d(Relevance), BeHd(Clarity), oAl A2 Bgon, %3S 844(+1.1), 532 824
Ar8(Use of Example), =2] S&{Logical Flow)—0=2 (+1.2) 7|25}9c}. BZEHAI= Aoz +1.0 Y
+E IFY FEHS GPT-4 F/HoA gttt =2, S8 AP diyde wysidct 23 2304 E



A Generative Al-Based Personalized Programming Education System with Adaptive Rubric Evaluation 19

oAl AF o7t ol 2 YL 0lEn, 3L 8ol
Mg M o] Bapgol 2o W e4d. v
0F SAh B0k B Aolo] gishHE GPT-471 8]
WA A SYL Ao LM, Bl nA A o
S0l Wldl IHN YL F Ao dHar.

Table 4. Fixed Rubric Evaluation
According to Persona Level

by Scenario

Persona Scenario Aber Total GTIELT
Level Type - Responses ST
e Sessions P (£SD)
. Python
+
Beginner Tutor 10 50 8.4 (£1.1)
Pandas
Intermediate Data 10 50 8.2 (£1.2)
Analysis
00P
Advanced Concept 10 50 8.6 (£1.0)
Explainer
At 220

olaigt At £ AlAR0] AU U S
wfe} pxstel W7t 71Ee dus 883 4 glon,
AAZE ol Eulat AL grte] A4S ZERT 913
ofErt gk AluRled Ao| St g5
stedy X MR EXtog, G 2o

8FAIES L S 713 £750] ol

=

T
rok
L g

4.3 Adaptive Rubric Evaluation Based on

Scenario and Learner Level
ObM 4 2R o= AIAE] Al Sk

. OOOo

7 HOH Table 101]’\1 EOE]T Y g FEY 52
=
[e]

] 9194, 2E i
220 &5 A&sh7lolle 797
7k EA 2t oIS 501, Python 2% A3 Al=] 2004
= et ofrleh DAY 2ol SRR, AR
g AP0M= 7R oot a4 didol o Fast
Al B7EElofoF oity. &g staAte] e 299 ofsl &
o)dzt oAl AAZE el g sheAtAlE S
Ne geget == 20t %d
Pandas 24 AlU2] 0= Al
o] SRl B7tE|oloF sk & Al S8 et
of mef 84tE= B2 71E0] F=I.

= EQ%P] sl 2 dtolMe AdRle, 35 &
3. St a0 Tt U PN VMRS SHo=

O

izl

_|\J _lﬂ
2
o
e
4>
xS,
i)
H
rok

TG 4 v A8 FB2 A47I(Adaptive Rubric
Generator)“ S A7sl9ith o] RELo sH&xpp AEisH
AlUg]e &3 H7), 24 7iE Ad), 1
24
I, 329 JEER| 3
CofAe} 7o) 7+ AU @ (task_type)ol] m}a} By} o=
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# Adaptive Rubric Generator
def generate_rubric(task_type, learner_level):
rubric_pool = {
'Python Grammar Tutor': \
['Accuracy’, 'Clarity’, 'Use of Examples',
'Pandas Assistant': \
['Data Relevance', 'Use of Visualization',
'O0P Concept Explainer': \
['Class Design’, 'Level of Abstraction’,

'Logical Flow'],
‘Interpretation Logic'],

'Maintainability']
}

weight_matrix = {
'‘Beginner”: [15, 1.2, 1.0, 1.5],
‘Intermediate’: [1.0, 1.0, 1.0, 1.0],
‘Advanced’: [1.0, 1.0, 1.2]

}

items = rubric_pool.get(task_type, \

['Accuracy’, 'Clarity’, 'Use of Examples', 'Logical Flow'])
weights = weight_matrix.get(learner_level, [1.0] * len(items))
return list(zip(items, weights))

Fig. 5. Scenario—Based Use of the Adaptive Rubric
generator

olg|gt g3 FHZL AlA| Streamlit Yol F= of
s H7F oot AAE Y, AFRAF UloA Alua]e 2
H2Au Hd8 A] AFsog pPE S5 o] 2R &
S Apdo] mew A Aoz AEE]o], 2 o] gt

o meslel JjlstE A $EAZ 4 2k ol Al
718 AVE BoE ARl T Aaet 27 dol, A

FA9| 1% HEW AAE 02 At o Al 7]
wo] g 4 9ict.

4.4 Effects of Repetitive Learning with
Adaptive Rubric Evaluation

2 AoM= 4.3E0A Aljlet Algy 8 7|gk A}
= 7} A AHEo] ¥bE &k Alstol|A] &
GPT-49] & ot =%
o2 Btk A¥e Al 279 At Haau

(Beginner, Intermediate, Advanced)7} 27] t}2 ALt

o
%75:_1 ] 01[[16 0-]66]:2 l:l]ﬂ%)(§ Al A
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Rubric Scores: Beginner Rubric Scores: Intermediate Rubric Scores: Advanced
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Fig. 6. Rubric Scores Trends per Session by Persona
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Table 5. An Example of Rubric Evaluation Criteria for Python Tutor

Evaluation Item Evaluation Criteria

Score 0

Score 1 Score 2

Does the explanation provide
accurate information

Unclear explanation or

Generally correct but | Concepts and code are

easy-to-understand
manner?

Accuracy , includes obvious ; ; .
relevant to the learner's errors contains minor errors | accurately explained
question?
. Related to the .
Is the answer appropriate to . . . Clear explanation
) Includes irrelevant or | question but includes ) .
Relevance the subject and context of the o ; ) aligned with context
. off-topic information vague or partial . .
guestion? and question intent
content
Is the explanation structured . s
in a sﬁep—by—step and Too abstract or Flow is maintained but | Clear and structured
Clarity incoherent sentence | some parts lack clarity step-by-step

structure

or cohesion explanation

Are real examples or code

Use of Example effectively included?

No example or
irrelevant example

Includes specific code
or examples of key
concepts

Example lacks detail
or clarity

Is the explanation logically
structured and coherently
connected?

Logical Flow

Disconnected or
fragmented logic

Consistent and
well-structured
logical flow

Has logical flow but
weak connections
between sentences
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V. Conclusions
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