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[Abstract]

This study proposed an integrated design framework for Al-based learning support systems by examining how logs,
indicators/reports, and intervention records are linked at the learner, instructor, and system levels. Prior studies have largely
classified educational Al by function or at a single level, while cross-level output flows have received less attention. To address
this gap, 16 domestic and international cases were collected from publicly available sources and analyzed through a three-stage
coding of function, technology, and level, as well as an expert review. The analysis of six representative cases identified three
feedback types: learner-centered (A), instructor-centered (B), and operations/decision-support-centered (C). Moreover, stable
operation was shown to depend on interoperability, clear responsibility and procedures, and explainability. By using cross-level
output linkages as the unit of analysis, this study also derived feedback types and operating conditions from the cases and

suggested design considerations for educational institutions implementing Al-based learning support systems.
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Category Zawacki—Richter Holmes et al. Baker & Smith Hong et al. Vierhauser et al. This Study
etal. (2019)[1] (2019)[18] (2019)[171] (2024)[10] (2024)[26]

* Maps how Al has |+ Broad discussion | Policy—oriented * Proposes a * Proposes a * Aims to examine
been studied and of AIEd overview with function multi-level LA Al support across
used in higher opportunities and examples and taxonomy for framework learner—instructor—

Scope education concerns scenarios personalized addressing system levels
learning support learner, instructor, | using real cases
and program
manager needs
» Research articles | Conceptual « Policy report (incl. | « Framework and « Stakeholder * 16 operational
Data/ (systematic synthesis cases/scenarios) application to requirements and cases (platforms/
unit review) (book—length products concerns services)
discussion) (needs—driven)

« Four areas (e.g., |+ Not a fixed « Learner—facing; * Two major * Three stakeholder | ¢ Three levels and

profiling/ taxonomy; teacher—facing; domains with levels (learner, an explicit linkage
How it prediction; ITS; focuses on system—facing three instructor, lens
classifies assessment; implications for sub—domains program
adaptive/ education and each manager)
personalisation) society

» Cross—area » Case—based * Interaction * Cyclic cross—level |« Cross—level output | «+ Aims to make

linkage (how derivation of pathways across linkage as a linkage in cross—level data
What it outputs of one concrete design categories primary analytic operational flow and
does not area feed principles unit settings feedback explicit
explain well another) through
cross—case
comparison

« Research * Expanding the « Policy * A functional * Stakeholder needs | * An integrative

Main landscape discourse implications and analytic for multi-level framework and
contribution | mapping (implications and categorizations framework learning analytics case-informed

issues)

design principles
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Level Core Functions (keywords)

lllustrative Data Sources

lllustrative Feedback Points (examples)

« Personalized learning & tutoring;
Learner level Q&A; recommendation

learning logs

« Correct/incorrect responses;
time—on-task; questions(text/image);

» Summarized signals and risk indicators —
provided to the instructor/system level

Instructor level | course facilitation support

« Assessment & feedback support; | « Assignments and student responses;
discussion participation; summarized
learning status

* Intervention records and assessment
rationale — accumulated as evidence for
course/operational improvement

« Predictive analytics; early alert;

System level support orchestration

« Aggregated indicators; risk predictions;
support/intervention history

» Support policies and operational rules —
reflected in service updates and
intervention design
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Table 3. Functional-level mapping of six representative cases

N PNPXCPACTIEE

Output Types

) i Implementation Features ) )
Case Functional Category Pﬂg;zlry p( documented) (Logs-Indicators/Reports-Intervention
s T i Records)
« Adaptive personalization that uses learmer |+ Learning logs (progress, performance) —
Century Tech « Personalized learning Learner activity/performance records to diagnose Indicators/Reports (topic/unit-level
& tutoring learning gaps and recommend content or mastery summaries) (may inform
learning paths instructional adjustment)
* On—demand support where learmners submit | « Question & interaction logs —
QANDA * Question answering & Learner questions (e.g., image—based input) and Indicators/Reports (recurring topics,
(Mathpresso) | tutoring receive explanations/solutions; interaction misconception cues) (may signal content
histories accumulate through use gaps)
« Grading support that groups similar
Gradescope | * Assessment & responses and enables rubric—aligned Assessmeqt logs — lReportls (common
Instructor errors, rubric—level distributions) — (when
(by Turnitin) feedback support scoring; supports consistency and grading -
work flow efficiency applicable)Feedback records
« Text-comparison—based similarity . L ) -
- * Academic integrity & checking with writing—related feedback; Submission/review ngs - S'm"a”Fy &
Turnitin Instructor ; o ! feedback reports (with procedures in place)
feedback support outputs are typically used as decision aids ) . .
rather than automatic judgments Action records (review/appeal decisions)
* LMS-based aggregation of learning data . .
. ) ; - « Operational logs (access, submissions,
Canvas . Learnlrjg analytics for that summarises engag‘emgntland activity participation) — Dashboards/summary
(Instructure) operations & System patterns at course and institutional reports (engagement and progress
decision support levels(including analytics integrations T
X indicators)
where available)
« Learning analvtics for « Institutional data integration to generate « Integrated operational logs — Risk
Civitas o eratic?ns Py Y System risk indicators (e.g., dropout risk) and indicators/reports — Intervention records
Learning P Y support intervention workflows aimed at (actions taken and follow—up logs) (core to

decision support

retention and timely support

feedback loops)
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Table 4. A findings-based function-technology matrix by level
Feedback Representative Functions Related Technology Categories Key Outputs & Linkage Points (Logs —

Level ) ) A
Type (examples) (high—level) Indicators/Reports — Intervention Records)
« Leamning analytics (basic pattemns); * Learning logs !
' - ! ! . (performance/engagement/questions) —
« Personalized learning; recommendation algorithms; NLP & .
o ; . ) ) . Indicators/summary reports (mastery,
A Learner tutoring; question generative Al (explanations/dialogue); ) .
, recurring topics) — (for cross—level use)
answering support (where documented) ires defined X |
knowledge—tracing—type approaches requires defined reporting rules
(who/when/how)
« Assessment sUPDOIt: » Assessment logs — Reports (error
pport. . | * Rubric—aligned grading support; text patterns/distributions; decision—support
feedback management; o S ! ;
B Instructor e ) similarity checking; generative feedback | reports) — Feedback/action records
course facilitation via . = : ] . ! !
tools; dashboard—based summaries (re—teaching/appeal handling) (with
dashboards
procedural safeguards)
« Early alert and risk . ) = Rick ind:
identification; support | « Predictive analytics (risk indicators); Operational logs ) Risk |nd|cators{summary
o Lo . L reports — Intervention records (actions and
C System orchestration; institutional data integration; workflow .
. . ) follow—up) (with access control,
operational decision support (alert-assign—act-record) il lai ility)
support accountability, explainability.

% Feedback type was determined by the level at which the primary feedback loop is formed along the output flow (logs — indicators and

reports — intervention records).
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Table 5. Classification of 20 Al-based learning support cases reviewed (country, educational context, and level)

) HQ/Registration Primary Educational Level in This Functional Category
No. | Case/Platform | Provider/Operator ©ouriiy) Context Study (Sec. 2-3)
1 Classting Al Classtin Republic of Korea K=12 Learner Personalized learning/tutorin
9 9 P (£ Instructor) g g
2 Santa TOEIC Riiid Republic of Korea Adult/ngl’;r)Ed (test Learner Personalized learning/tutoring
3 | Century Techx Century Tech United Kingdom K-12 Learner Personalized learning/tutoring
4 QANDA* Mathpresso Republic of Korea K-12 Learner Question answering support
5 Memrise Memrise United Kingdom Adult/Lifelong learning Learner Question answering & tutoring
(language)
6 Mildang PT Mildang Republic of Korea K-12 Learner Personalized learning/tutoring
. Higher Content recommendation &
7 Coursera Coursera United States Ed/Adult/Workforce Learner career support
Gradescope . ) Assessment & feedback
8 Gradescope* (Turnitin) United States Higher Ed Instructor support
9 | Tumitins Tumnitin United States Higher Ed + K~12 Instructor Assessment & feedback
(£ System) support
10 Clipo Al Clipo Republic of Korea Higher Ed (faculty Instructor Assessment & feedback
support) support; content support
1 Packback Packback United States . ngher Ed. . Instructor Instructor support & discussion
(discussion/writing) management
12 Blackboard Anthology United States Higher Ed System LMS/operations support
(ecosystem)

13 Canvas* Instructure United States Higher Ed + K-12 System LMS & learning analytics
14 LCMt.as Civitas Learning United States Higher Ed System Learning analytics & decision
earning support
15 . D2L D2L Canada K-12 + Higher Ed System LMS & learning analytics

Brightspace
16 Moodle Moodie Australia K-12 + Higher Ed System LMS (plugin-based
(core/ecosystem) extensions)
17/ Brainly Brainly Poland K=12 + Higher Ed Learner Question answering support
184 Khan Khan Academy United States K-12 + Higher Ed Learner Personalized learning/tutoring
Academy
194 Duolingo Duolingo United States Adult/Lifelong learning Learner Personalized learning/tutoring
204 Inspera Inspera Norway Higher Ed Instructor Assessment & feedback

support

1. “x” indicates the six focal cases analyzed in depth in Chapter IV(two learner—level, two instructor—level, and two system—level cases).
2. Headquarters/registration(country) and the operating entity were identified based on publicly available corporate or institutional information.
3. The primary use context(educational level) was summarized with reference to the platform’s main use cases; accordingly, the applicable

scope may vary by institution and program.

4. In this study, ‘level’ refers to the primary level at which a function mainly operates. When a case is used across multiple levels in
practice(e.g., Turnitin), an additional(secondary) level was also indicated using ‘+’.
5. ‘A’ indicates four cases excluded from the final 16 based on the inclusion/exclusion criteria described in Section 3—1.
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Table 6. Summary of function-technology-level coding scheme

Stage Code Category Definition and Criteria
F1 Personalized « Cases where content, learning paths, or difficulty levels are adjusted based on individual
learning/tutoring learner data. Excludes uniform content delivery. e.g., Century Tech, Santa TOEIC
2 Question answering | * Cases where the system generates or matches explanations and responses to
support learner—submitted questions. Simple FAQ excluded. e.g., QANDA, Memrise
Function Assessment & - Cases where Al is involved in grading, similarity checking, or feedback generation, including
F3 o , "
feedback support cases where Al assists instructor judgment. e.g., Gradescope, Turnitin
Learnlng analytpg for |, Cases where data is aggregated at the institutional or course level for operational
F4 operations/decision L : T L )
support decision—-making, rather than individual learner support. e.g., Canvas, Civitas Learning
T NLP & generative Al « Cases where NLP, LLM, or ggneratlve Al serves as the core implementation technology. OCR
alone excluded. e.g., Turnitin, QANDA
) » Cases where knowledge tracing, IRT, or similar models for estimating learner knowledge
Knowledge-tracing - ) . ; )
T2 approaches states serve as the core technology. Distinguished from simple correct/incorrect tallying.
e.g., Santa TOEIC, Century Tech
Technology ) » Cases where algorithms recommending content, courses, or paths based on learner history
Recommendation . ) . S
T3 . and goals serve as the core technology. Distinguished from T2: focus on deciding what to
algorithms : ,
deliver. e.g., Coursera, Classting Al
« Cases where ML-based models predicting dropout risk or student achievement serve as the
T4 Predictive models core technology. Distinguished from simple statistical aggregation. e.g., Civitas Learning,
Canvas
L1 Learner » Cases where the learner is the primary user and direct learning support is the main purpose.
Dual-coded as £L.2 when instructors also use the tool. e.g., Classting Al, QANDA
+ Cases where supporting instructional activities is the main purpose. Dual-coded as +1.3
L2 Instructor . PRSI s o
Level when linked to institutional policies. e.g., Gradescope, Turnitin
» Cases where institutional—level operations or decision support is the main purpose.
L3 System Dual-coded as £L1 when individual learner support is also prominent. e.g., Canvas, Civitas
Learning

% Dual coding was applied when a single system performs two or more functions or operates across multiple levels.
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