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ABSTRACT

This study introduces a methodological framework for instructor-designed generative Al in dental hygiene education, aiming to
establish a theoretical structure that supports self-regulated learning (SRL) through deliberate instructional design and process-
oriented analysis. By synthesizing literature on generative Al, prompt engineering, SRL theory, and process mining, this paper
outlines design principles for Al-integrated learning protocols. The proposed framework incorporates three core components:
instructor-guided prompt and protocol principles aligned with SRL phases, a structured interaction log schema for documenting
learner-Al exchanges, and a process mining-informed model for mapping learning pathways. Through these components, the
study seeks to reduce educational disparities in the Al era and improve the quality of dental hygiene education by enabling data-
driven feedback and fostering self-regulated learning.
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Fig. 1. Overview of the proposed framework integrating prompt design. Al artificial intelligence; XML: extensible markup
language.
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1) @A Aka =E = 8)(chain-of-thought prompting)

CoT prompting> LLMO| Trdt e AbSol] I A] 3L AlaLe] 3t a2 HAIA O & 7|&5He S f-eohs 7| o2 QI7ke] 22 1
g3t FARSH A Akal(step-by-step reasoning)E Q1012 02 F1315ko 24 B5FA B4 el Pagh 32 3PS Y16 Col+=
AWk 0 = “Let’s think step by step.” -2 “Explain the reasoning process behind your answer.”2} 22 Z| Al ;22 FE|= FAHTY. o]
2i5k FAIA 2N E Bl AT AL HY] £ =214 e =9 4 HHI7] v ARLe] BE 3PS SRk s 7S A4,
A19] 0| TresA| FReiA| AY F AT 227t e F2e AT 7hs/dol Jlen®E, WA 4 Agh 9l A 27 AIA] 5] EAl &
TE A A 8Tto ey SEA B Hask et QleHle]. X 9488 ws 2ol CoT promptinge 4] $4 &5 (problem-
based learning)o|u} At2] 718 Sl<5(case-based learning) 2704 E1H4 0 2 E-89 4 Qlrt ol & o, A FE AN T FE 7S
oF ARt e e 2 DA o7 FESHEE sk ZERES 4851 SF5Aks Ao AL B2 /lofA o & L23lshe FA
ofl AIe] ©AY m| =uls F5) 217] 27 (self-monitoring)& 4=3Ys1A] . o]2]gh 45 2H8-2 Zimmerman(11]o] AIAgH AF7| 245} 50
3 (performance) GACIX ] 2171 247 23} 2ok, shsAte] 22 1Y A3 9 474 Y5S Aetohs | 71992 4= S Zlolth

2) 5 A2 Akl ZEZH(tree-of thought prompting)

ToT prompting:> LLMO| A 512 172 T Al 22 QIAISh= ZloflA] Hlojuh, O A= & WE 4| o 2 gAlstal o] & H] -3 7}st
L& fohs 7otk o] BRE QJARET AdellA] of 2] tihS A ESH & 24 o WS AEich= QITke] ARrAl Tt fAKSHH, thE- 7

2 gl (multi-path Reasoning)& 5ol 41 2 2 2] 22 g4 9l 9AFA7 e S FFAIZITHIS]. ToTE R0 & “List several
possible solutions and evaluate each based on specific criteria.” 5=+ “Explore different reasoning paths and choose the most
effective one.” ¥} 22 FEZ FAH ST 2| A5 &3l A/dF AZFEAIS thd BaollA AlskaL, 2F Akl F = o] S AAA e
2 WS 2 SE0 24 ALTL0] Eah A1EH ofa) 2 S Alo] S 4= ITHITL Tt AlA] 7)E0] HakeHK) S A9, W T gAlg v
2ol ] a8 Q) 220 B2 7RsA] YO8 E, 2] £5 AT PAHR 7k 71ES ANFFO RN BB BAPHLS BAT
127} IeHdl. Pt IS ol ToTs B9l YA 43S HliL, Brkshs 24 34 shgol 53] Hasic olg Sol, XA
o) ok A B 2H S Bl S0, Bt 40, by Wl WK B oV A ko) Mehe gmsh Wee) g
8T A9 A TR BHeIM BAl S1E A2 wusky, Mele] 242 kelgoR Ash k. ofeid e 1t
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ReAct prompting= LLMO| T5] ARl 32 Mashe o Ix|A] 41, 20 352 e84 o2 p3fete = f=shes 7|olt. ol
A 82 2ol AtaLe} sEo] m erlkg 1Rk QI7k) QIR|LZ9} FARE £/ 7HITHI9]. AT Als F29] 27 E AXIGHF o
ofl 71§kt 414 B5-2 4=aYotal 1 AIHE thA] ke & AAIE the ZollA ReActs B 37 A4S Hol, F2-W5- A5 2= o]ojA|
=8 2A4 3123 S 24 FoH17]. PHE 2 2 “Think step by step, then act based on your reasoning,” 5=+ “Explain your reasoning,
and then describe what action you would take.’2} 2+ FE 2 L EIch, thit 35 cAol|A] 53 A= ahslA) AbAls] deie 242,
HIEAA oAU &840l Ze A 7hs ol e b g, s Helep Hhe R SIS Aljtshe A7 22ko] H esiri19]. 2191488t
WA ReAct= W/ 2ol S5A7E ARls HA] 235 F DA X4| g =E50=s R rko2m A3 Shad o| 24 A4S
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Reflection prompting2 sh5APFpaet Shes R AL 3 & A4 2 ARSI S Fiesh= 7ol th o] = Tt 2|14 9] A2
go], SsAPF AR 9] ofsl a2t 75 QIA[SHAL Sk A2k 2T 4 == stof HERIA A 24 7|55 ASFshe ol 54 0] ATH20].
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5) 9] T Mg =28 (step-back prompting)
Step-back prompting sk5APt A si23} AkaL % 283t 5 2pAlo] Aba TS AA Y Tl A ATl E R S Eshs 7]
ot} o]= gt AJZRS ol 71 AL E A AISHIL itk Weta) 2 70] 483 7HsAl S EHGE 2 S 5H0 24 AL A Al S 23

Sh= ] F2o] UH21]. Y¥FY 2 & “Now step back and reconsider your plan from another perspective.” &= “If you applied your
solution to a different patient group, what would change?’2} 7+-2 JEj =2 LS Hch 0]% fi‘ FEAR7} X}/\L] e Azl Hgoz 4
8o17| B} vt g 27030} A W45 efoto] AlaLe] ol S 4 s
A7E Rt X918 A/ 7 g olut W AlglS Y] B4, A, Al thigh -E—EH g5 qocl‘_ s —’F—Oﬂ utet ZH"WIOPEE st
© Hl i o|t}. & 5o, RN WS AlF 53 Al Lot 2} Em FolElo] W Fhalof|A| aEjwojop & 94 B S f ok
ZELES 285, shgAke 71E A2k M2 BAollA Al dsial 4% Alede 7Ishe 49E sHl ottt ol Zimmermanl(11]9]
A AP S e3HA o2 Ao =N °L¢7<H A& 7hsstal 2 32R1 2| 2858 Aot a3tad 4= QltikTable 1>.
2t ZEIE AUl 72 78 B/ w2 e AUW g4 wiztof] 5HA| Z-83tthd k5210 Auslof 7o 4= 3l
™[22] °]& Zimmerman([11]2] A7 |2 AekE ‘?_}74]9} AAIst 2| 2]ake 27 2k 2ofshH thEat Ltk Table 2>. A8 DAol|A = AkaL
BEE |, rteto] 2|20 8l kS HEiehe & 5= ToT7F A>tehH (18], 43 TAlolM = 5349 oA 382 f=dh= CoTeh AL
5= é@@ ReAct7} 2138 B! U R 33 e o = x|jded 4= RItH16,19]. rh| 9k 2 A2 dA|ol| A& reflection 72 &1
71971} e 4SR5, step-backs Soll St AHE g9l WolA AT do =2 O] AlE Bl AdE s «8h gk 1=

£ 29T 4= ATH20,21]. 22fut o2t ZEZE 7SS BE Bl ARl Aol S A-8she A2 A Yslof ottt ZEZE 27} A
L7 SR S LG9 o] 2jsihd Bt ohet Séte] 214] K515 Z7hA1 k5] 9ITHIs]. 58] LIM Bel] S84 &
=154 3] A el St e A olsect S ool sl S il ekl i Al 20 &
7ol RE EEEES MBI L5he o] ARHQl R L7 4 SITHISL. webd LELE 7y AR FPurks, 2 8 B3
Sh5Aje] 2o ol Helo 2 Bgate ol seloll)
Table 1. Pedagogical applications of prompt engineering techniques in dental hygiene education.
e Core definition Reasoning structure Cognitive function Instructor’s design role Learner reasoning
technique pattern
CoT A prompting strategy Linear, single-path Structuring Designing prompts Articulating
that explicitly elicits stepwise reasoning analytical thinking that scaffold sequential ~ step-by-step
intermediate reasoning and enhancing reasoning reasoning and self-
steps during problem logical coherence monitoring
solving
ToT A strategy that encourages  Branching, multi- Comparative  Structuring branching Comparing
exploration and evaluation  path reasoning evaluation and paths and defining alternatives and
of multiple reasoning strategic decision-  evaluation criteria  selecting optimal
paths before selecting a making strategies
solution
ReAct A prompting strategy ~ Cyclical reasoning-  Integration of Defining constraints Translating
integrating iterative action loop decision-making between reasoning and  reasoning into
reasoning and action and procedural action phases actionable plans
within a feedback loop execution
Reflection =~ A metacognitive strategy ~ Post-performance  Self-evaluation Designing reflective Identifying
that encourages post- meta cognitive and strategy prompts and feedback learning gaps and
performance review and review adjustment structures revising strategies
self-assessment

Step-back A strategy that prompts Meta-level reframing Adaptive reasoning Designing perspective- Reorganizing prior
re-evaluation of solutions  and restructuring ~ and contextual  shifting and contextual reasoning across
from a higher-level or flexibility reframing prompts contexts
alternative perspective
CoT: chain-of-thought; ToT" tree-of-thought; ReAct: reasoning and acting.
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Table 2. Example of a multi-stage prompt design in periodontal assessment and preventive care learning protocol

Prompting technique Component Content

CoT Clinical scenario A 48-year-old male patient presents with persistent gingival bleeding
during tooth brushing, halitosis, and a sensation of tooth mobility.
Clinical observation reveals gingival inflammation, deep periodontal
pockets, and gingival recession in the posterior region. The patient
reports irregular dental visits and a history of smoking.

Prompt instruction Based on clinical findings, explain the dental hygiene assessment

process step by step and identify the major problem factors requiring
preventive management.

“Let’s think step by step.”
Educational purpose Structuring the dental hygiene assessment process and strengthening
stepwise clinical reasoning
ToT Expanded prompt Consider multiple possible periodontal management and preventive

care strategies applicable to this patient. Compare each option in terms
of effectiveness, patient compliance, and clinical feasibility, and select
the most appropriate approach.

“Explore different reasoning paths before making a decision.”

Educational purpose Enhancing planning skills through comparison and evaluation of
multiple management strategies
ReAct A ction-oriented prompt ~ Based on the selected strategy, describe the preventive procedures that

a dental hygienist can perform (e.g., scaling, oral hygiene instruction,
maintenance planning) in a stepwise manner, and explain the rationale
for each step.

“Explain your reasoning first, then describe the actions you would take.”

Educational purpose Connecting assessment-based reasoning to preventive clinical actions
through a reason-action loop
Reflection Reflective prompt Reflect on the most challenging decision made during the periodontal

management planning process and explain why it was difficult.
Describe how you would improve your approach in a similar case in the

future.
“Take a moment to reflect on your decision-making process.”
Educational purpose Strengthening metacognitive regulation through self-evaluation and
reflective learning
Step-back Transfer prompt Reconsider the proposed periodontal management and patient

education plan from a broader perspective. How would the approach
change if applied to an older adult or a patient with low oral health
literacy?
“Now step back and reconsider your approach from a broader
perspective.”

Educational purpose Promoting adaptive thinking and transfer of learning across different
patient contexts

CoT: chain-of-thought; ToT: tree-of-thought; ReAct: reasoning and acting.

2. W g T2 M|A 0fo](educational process mining)

W5 TEA|A Oho]id2 Sk Tol| A ok dR1e] EE-S shue] ZEA|AR THsto] LMSU AL 8H S04 A/dEl= =1 o]
E}E 7|9ho & Sk Aot oS EAoh= WP Eo|TH23]. 7|82] gk BAlo] A=y 9 Autet 22 A2 F4] W7ol XS 3T,
EPM2 k5217 o' oAjet m|l 0 & Sh5-3 afot=A] AlZE S50l ufet EAloks o] 242 gkerH24]. A3 Aol =23 EPM2 &8
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FAH 5ol w2} thfsiAl 2742 4= UTH25,260]. 53] EPM2 TIAE a5 Zdghol2he Aleh] 2iztol| M St a7 o] e/t vl g g2 2
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o8 FAT Q= deE|E 28 YelE Aljketaat $HH30]. 2 dAtollA= 8k 2 djo] B B4 ZEA|A vho]d T91 ProM ¥} Fluxicon
DiscoollA] &-&%)+= Alpha Miner, Heuristic Miner, Fuzzy Miner, Inductive MinerS 2|94 28 $742] sk 2442 9J5t HpH 22| 7|%
O 2 AAJEALE.
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Table 3. Overview of key algorithms applied in educational process mining
Analytical focus in dental hygiene

Algorithm Suitable educational context education Interpretative consideration
Alpha Miner Structured or protocol-driven Identifies basic sequential Limited in capturing iterative,
learning activities relationships in stepwise learning branching, or non-linear clinical
processes reasoning patterns
Heuristic Miner Repetitive and variable Identifies dominant, frequency- Dependency thresholds may influence
learner-Al interaction based reasoning and action patterns detection of less frequent but
contexts across learners pedagogically meaningful variations
Fuzzy Miner Highly complex and dense  Simplifies interaction networks to  May abstract subtle yet educationally
interaction logs highlight major activity clusters and relevant transitions

learning bottlenecks
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