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A Cognitive Learning Framework and Evaluation
Metrics for Analyzing the Effectiveness of Digital
Learning Media
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ABSTRACT

Despite the recent proliferation of educational technologies, there remains a
lack of theoretical foundations and metrics for analyzing their effectiveness.
In response, this study establishes a framework to structurally interpret the
effectiveness of digital media and develops preliminary metrics to measure
changes in learners' cognitive activities. This framework integrates traditional
cognitive learning theories with the characteristics of digital learning
environments, explaining the relationships among instructional strategies,
learning strategies, self-regulated learning, and knowledge acquisition.
Furthermore, the evaluation metrics derived from this framework provide a
systematic standard for diagnosing effectiveness by assessing the degree to
which cognitive science principles are implemented in design. As a preliminary
scale development, further research is required for Delphi validation and to
examine construct validity and reliability.

Keywords digital learning media, cognitive learning, visual framework, evaluation
metrics development, Al-based digital textbooks, integration of traditional cognitive
theory and digital learning
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Table 1. Comparison between the AIDT Guidelines and Sedrakyan’s

Theory
Category AIDT Guidelines Sedrakyan's Model
Correct/Incorrect
Feedback  |answer check, positive/| Distinction between cognitive
Function negative feedback, and behavioral feedback
rewards

R Real-time feedback Provided across all stages:

Feedback . . )
o during task planning, execution,
Timing A .
performance monitoring, and adaptation

Result—oriented

. Process—oriented analysis
analysis based

Process Data .
of strategy use, goal setting,

ilization n achievemen
Utilizatio on achievement, feedback acceptance, etc.
correctness, etc.
Linkage to | Goal setting and self— Designed around the
Self-Regulated |  monitoring via a mechanism of self-regulated
Learning dashboard learning
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Table 4. Procedures for Developing the Framework and Preliminary
Evaluation Metrics

Step Procedure Description
. Establishing the foundational concepts
1 Eflﬁtle(ilrne%i(t:}alle of the framework based on key theories
Foundation (e.g., CoDiL, SRL) that explain cognitive

processes in digital learning environments.

Defining key components derived from the
Extracting and | literature, such as instructional-learning
2 Structuring Key | strategies and the knowledge acquisition

Components | process, and structuring their relationships
into a visual model.
- Specifying the framework's dynamic
Refining the | SPCCHYINS . y
. interaction mechanism, focusing on the
3 Interaction . ;
. causal relationships between components
Mechanism .
and the cyclical flow of process data.
. Converting each component of the
Developing . - .
o framework into specific, behavior-
Preliminary o .
4 . based evaluation items to diagnose the
Evaluation

effectiveness of digital learning media in

Metrics Items .
practice.
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Table 5. Evaluation Metrics Development Criteria

Criteria Description

The metric items are designed based on key
Theory-Based | theories, such as Reinhold's[7] CoDiL model and

Validity Sedrakyan's[5] feedback model, to capture learners'
strategy use and cognitive flow.

Ensures a direct linkage between the framework’s

Reflection of . .
components—such as learning strategies,

Framework | . . B
instructional strategies, and feedback responses—
Components S
and the metric items.
The metric items are designed in a dual format
Practical for both teachers and students to ensure easy use
Applicability | in classroom settings, reflecting considerations for

response convenience and observability.
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Figure 1. Diagram of the Cognitive Learning Framework
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Table 6. Constituent Areas of the Cognitive Learning Framework

Constituent Area Key Roles and Content

— Performs Goal Setting, Learning Analysis, and
Adjustment.

Designs, executes, and adjusts Digital Instructional
Strategies based on Process Data.

Teacher Area

- Executes an Initial Strategy based on Prior
Knowledge.

- Performs Strategy Adjustment based on feedback.
— Ultimately achieves Knowledge Acquisition by
constructing and integrating new knowledge

Student Area

— Mediates the Teaching—Learning Interaction
between the teacher and the student.

- Collects all learning activities as Process Data to
provide a basis for the teacher's Learning Analysis
and the student's self-reflection.

Digital Learning
Media Area
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Table 7. Types and Functions of Digital Instructional Strategies
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Strategy . . Related

Tis Description Learning Effect Research

proéggsa;:egggfjﬁ by Promotes the learner's
Adaptive | adjusting its content s;;ti:iynrigsﬁ:?t;%d -Aleven[15]
Feedback | in real-time based h e reoulati ‘Reinhold[16]
on the leamer’s | €nhances ks)el f-regulation
responses. Abiltes.
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Strategy _ . Related
Tieo Description Learning Effect Research
Promotes inquiry
A strategy that induces activities, ?nhanglpg ‘Boomgaarden
B . S the learner's cognitive
Pre-Learning|  problem=solving diness. Helps f [17]
Problem | attempts by presenting | oo IOPS ORI pcanu18)
. attention on specific ;
Posing problems before the | . . o ‘Loibl[19]
. . . information to facilitate
main learning activity. . ! ‘Holmes[20]
prior knowledge
activation.
. ‘Florella &
A;trategy that provides Promotes refinement | Mayer[21]
P N ints or sentences to vities and acti RO
rompt induce learners fo activities and activates | “Weinstein &
Based Task : metacognition. Effective | Mayer[22]
; reconsider or select | . . )
Guidance . . in structuring the learning | ‘Berthold[23]
strategies during task b Chi24]
erformance path. "
P ’ ‘Niickles[25]
Promotes self-
A strategy that helps explanation activities,
Summary organize concepts aiding the active
and by having learners construction of ‘Hofer[26]
Explanation | summarize or explain | conceptual knowledge. | ‘Reinhold[27]
Guidance | what they have learned | Increases the likelihood
in their own words. | of transfer to long—term
memory.
A strategy that presents | Promotes conceptual
Contrasting an?l compgres similar ;evwlon aCt?HtleE'l' Mal28]
Cases cases where core Enhances transfer ability Schalk[29]
concepts are applied | and concept application
differently. skills.
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Table 8. Types and Functions of Digital Learning Strategies

St{.;t;”y Description Learning Effect }i Zlea;regh
A strategy to derive | Improves the ability fé}?g;iioéc
common concepts | to apply knowledge Repo[31]

Abstraction or generalized to different situations R 5nl<l[32]
a principles from and enhances Rirdle—
specific examples or | problem—solving Johnson &
individual cases. skills. Star[33]
A strategy to
ﬁgii?sﬁisnby Plays a crucial role Hart[34]
Variaﬁles ang in testing hypotheses -Lazonder &
Experimentation obtainine data and using feedback Harmsen[35]
5 d2 to adjust thought -
through digital Focesses “Worner[36]
simulations or Processes.
interactive activities.
Teﬁ:g:\t;gc};st; o Expands the scope of
) roblems wherea | “O"<Pt b plication ‘Guerrero[37]
Example p . and develops the "
. learned concept is o “Watson &
Generation lied. based ability to construct Mason[38]
appied, basconan |- deeper meaning of ason
understanding of that the concent.
concept. P
A strategy
where learners Fosters sclf-
elgdleoi eenaderil\i); directedness in
. proglem sitiation leaFning and ‘M.
Exploration . contributes to the | Lachner[39]
to activate relevant . £ | -Loibl[19]
knowledge and improvement o ol
. problem—solving
search for solutions skills
through data )
investigation.
A strategy to make
predictions abouta | Contributes to the
.| specific phenomenon |  improvement of | ‘Klahr &
H?; E)ttikr‘;esm or problem and to | logical thinking and | Dunbar[40]
6 test the hypothesis scientific inquiry | -Park[41]
according to scientific skills.
procedures,
m[z)\ig?(t)e\)\gzgr?a Increases the accuracy
more sophisticated of the knowledge
understgndm b structure and aids ‘Booth[42]
Refinement correctin ai dy in its elaboration; Koedinger[11]
clarifying egxistin plays an important ¢
Conceg s or s role in refining the
. ps conceptual structure.
interpretations.
A strategy to replace Chil43]
and reconstruct Induces a Duit &
Revision ezftclgﬁcsetrizefg; fs fundamental Treagust(44]
the urp ose acquisition of the | Schroeder &
purp conceptual structure. | Kucera[45]
of knowledge “Vosniadou[46]
understanding.
A strategy to organize | Contributes to a
Self- learned content | deeper understanding Bisra [47]
. by explaining it to | of information and
Explanation . i . ‘Renkl [48]
oneself in one's own | its transfer to long—
words. term memory.

283} dglojg 7|¥k =4
2" 7|8k sk5 ojA(Digital Learning Media)+« ©
5] sty SHI2E HdIotes =5 Hol, aAket g4 1t
o] AE2reS mifsta =YY AAQ 54 wAHYS

i

CIX|E 7|4k ot& ojdle] Zabd 242 I8 QIX] 714t ot T2 el3 Sl Yot HE H3



THE JOURNAL OF KOREAN ASSOCIATION OF COMPUTER EDUCATION Volume 29, Issue 1, 2026

i
1

= A7 HAlAgl < SH5]. g 7]yt
A= = 7HA) SAA o HRE /et AA,
o] R E &% o|MlE(Learning Event)E 23 2 &, w2
AIZE 529l 2+ dlolE(Process Data)2 43 3ko] Aol
Al Agetth. WAbE o5 shs £4(Learning Analysis)
o] TAZR Aot Aprle] W& HFS 24 (Adjustment) S
4 ATHS] A, wAke] W& At A|ARe] A ES
Higro &2 shol A ZHIgtE m=wl-s AlFsirt. Y2 1

18
sk

e

_|ol| _lol'
o oz T

-
bl

M

rid
S2 I
19

v

CHlg Z3 2pale] HEks 47 (Strategy Adjustment)st
= 724 Fd5E 29T 4 A FoHiel. mhAl= o]
Ele} ml=uio] 54l £2hs Bal A =YLl
ES AR = R k1

4.4 T A A 7|9 A 24
= Aol Alokd T 27t AA ot S olE
Al dgstal BMSHERE BolF7] gt oAl 2A] A 8}
o) Al E AR o] EA42 Gitde SAA L
S5k7] f1gol obdzt, med i) At X4 &
e gaHor Boxes g B0z S

ol

4.4.1 Ak 1S

Abel BA2 255t 35Hd 'FAl g S FAH0E A
AE dAE 7e 29 FHojA o] RojRtt. £ whE
SAlS Foll 54 NdS =dstal, A4S 2835 24
AR = 22 AU £UolA AFEE o
A 79k g5 miAle Al 2Y, 2Hs ojeEw, o Ea
E Alg 59 7lsg EFt A oH, WAL= o] EFE
graaf st Zi7iQloNAl &Y w4 A2 (Instructional
Strategies)Z #|&-5t3iC}.

Al o] st A, B, C= 5Y% 27] Hek(Initial
Strategy)S AHEstloL}, o|F w4 Mk, mjou) &

&, W2k % (Strategy Adjustment)2] TEo|A A=
o2 PSS Bom, ol HF A4 FE5(Knowledge
Acquisitiozn)ol = 3 &S F3ict.

4.4.2 Y YY3 74 240 w3 Y B

Al 9] B I xfol 2 =YY= A LA 2
Aof upet BA35F A3t= Table 99F 2t} Table 9= 7+ 8t
Aol sk A27E YA 8y mAUSI ofEA
T2 85H=A] Hojzoh

I

ol

Table 9. Analysis Matrix of Learners A, B, and C's Processes Based on
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Table 10. Evaluation Categories for Analyzing the Effectiveness of
Digital Learning Media

Evaluation

Category Description

Induction of
Instructional
and Learning

extent to which the tool encourages learners to
use cognitive strategies such as self—explanation,
inference, and elaboration

Strategies
Appropriateness | relevance and clarity of the feedback provided by
of Feedback | the digital tool.
Support for How digital tools support learners’ knowledge
Knowledge N .
Acquisiti building and transformation
cquisition
Usability of | The extent to which the tool effectively records and

Process Data | provides data generated during the learning process

relaetion Description
Category P
Support for | whether the digital tool supports key Self-regulated
Self-Regulated | learning stages such as goal setting, planning,
Learning execution, monitoring, reflection

Table 11. Evaluation Metrics for Analyzing the Effectiveness of Digital

Learning Media

Evaluation
Category

Evaluation Metrics

Teacher Version

Student Version

Induction of
Instructional
and Learning

This tool helps students
explore learning content m=
ore deeply

This tool helps me explore
learning content more
deeply

This tool encourages students
to explain what they have
learned in their own words

This tool encourages me to
explain what ['ve learned in
my own words

Strategies .
This tool supports .
100" supp .| This tool helps me check
students in checking their . )
. .| my understanding and fix
understanding and correcting
. . what [ got wrong
misconceptions
This tool provides immediate | This tool gives me feedback
feedback in response to | right after I submit an
students' answers answer
The feedback helps students | The feedback helps
Appropriateness | understand their errors and | me realize what [
of Feedback clarify concepts misunderstood
. . The feedback gives me
The tool provides guidance | .~ - &
- direction on what to
for the next step and increases
SR study next and boosts my
students motivation i
motivation
The tool hel nf .
€ tool helps students This tool helps me fix
expand their background . ;
misconceptions and expand
knowledge or correct
. ) my knowledge
misconceptions
Support for  |It helps students integrate new| It helps me connect new
Knowledge knowledge with what they | ideas with what [ already
Acquisition already know know
The tool contri . .
e ool cont 1bute§ This tool helps me improve
to improved academic .
e my academic performance
achievement and -
: and understanding
comprehension
. This tool records and
The tool provides records of .
) - shows my learning content
students’ learning (progress, L
accuracy), helping teachers and activities(progress
; and the number of correct
monitor progress
answers)
. - | This tool allows me
The tool provides records of | = . " .
- \ : to identify patterns in
Usability of | students’ learning (progress,

Process Data

accuracy), helping teachers
monitor progress

my learning path and
frequently missed question

types

The data provided can be
used to offer personalized
guidance or feedback

The Process data provided
by this tool(dashboard,
statistics) help me
understand and improve
my study habits

Support for
Self-Regulated
Learning

The tool encourages students
to set their own learning goals

This tool helps me set my
own learning goals

It helps students adjust their
strategies while learning

It helps me adjust my
strategies during learning

The tool supports students in
reflecting on and evaluating
their learning process

This tool helps me reflect
on and evaluate my
learning

ool thil MRS FRFORM,

AutE ©rp dre=
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sory Theory Concepts of This Study
Structures Embeds
Knowledge - IR . feedback—
; relationships Similar
Learning — . strategy—
KLI c among causality
) Instruction | . . knowledge
Framework[11] ; instruction, across
triangular . . change as
learning, and |  strategies .
structure a cyclical
knowledge .
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