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[Abstract]

Educational agents can positively influence learners’ motivation and performance, but poor design may cause distractions and
cognitive overload. Therefore, exploring the implementation and design principles of educational agents is crucial. This study used
the PACU framework to investigate the design and application of educational agents in 2D and 3D learning environments. We
analyzed 49 English-language scholarly articles published between 2018 and 2022 based on learning environment and role,
appearance, and social cues. Most studies (44) focused on 2D environments, whereas research (5) on 3D environments is limited.
We expect to provide evidence of the need for detailed pedagogical agent design research through the analysis of the design
principles of pedagogical agents according to learning environments and design methods.
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Learning Environment Learner

« Type of learning environment
+ Learning content

+ Target group

+ Instructional design model

« Emotional Factors  « Cognitive Factors
+ Motivational Factors « Age, Sex

« Volitional Factors

Pedagogical Agent
Function Design

+ Teaching function

+ Motivation

« Information

« Information processing
+ Storing and retrieving

« Transfer of information

« Monitoring and directing

+ Model of design levels for pedagogical agents
- Global level: Human character
- Medium level: Technical decisions
- Detail level: Age, Sex, Clothing, Weight etc

38 1. PACU Z2|2l?/3 (Heidig & Clarebout, 2011)
Fig. 1. PACU Framework (Heidig & Clarebout, 2011)
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Table 2. Classification of environment cue

Classification criteria Content Number

2D Learning environment

— Platform, Video, etc 44

Classification of
learning environment | 3D Learning environment
— Immersive VR or desktop VR 5

with 3D models

Total 49

Cue Type

2D Learning environment (Platform, Video, etc) ,

enl\irac;rr]llrrr]wgent 3D Learning environment(Immersive VR or
desktop VR with 3D models)
Instructor/Navigator/Guidance, Collaboration
Role cue assistant, Expert/Mentor, MS(Metacognitive

suggestion), Self-report measures,
Hint/Feedback/Prompt

Appearance cue | Appearance, Modeling, Gender, Size

Social cue Facial, Emotion, Voice, Gesture, Attention
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Table 3. Analysis results of educational agents in a 2D
learning environment according to the PACU

framework
Classification Tyoe
criteria P
Environment 2D Learning environment
- Instructor/Navigator/Guidance (31)
— Collaboration assistant (1)
— Expert/Mentor (1)
Role cue — MS: Metacognitive suggestion (2)
— Self-report measures (0)
- Hint/Feedback/Prompt (15)
— Unknown (2)
- Human character (28)
Appearance |~ Aropomorphic charagter (15)
— Human+Aropomorphic
character(1)
- 2D modeling (13)
— 3D modeling (28)
Modeling |- Real human (1)
— 2D modeling+Real human(1)
— 3D modeling+Real human(1)
Appearance
ppcue - Female (16)
— Male (15)
Gender — animal (2)
- mixed (3)
— Unknown (4)
— Whole body (13)
- Knee (3)
Size - Upper body (20)
- Face (3)
— Unknown (5)
- Facial (14)
- Emotion (13)
Social cue |- Voice (15)
- Gesture (19)
- Attention (5)

“If duplicate cue types are applied, aggregate them all.
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Table 4. Analysis results of educational agents in a 3D
learning environment according to the PACU
framework
Classification Tyoe
criteria P
Environment 3D Learning environment
- Instructor/Navigator/Guidance (3)
— Collaboration assistant (0)
— Expert/Mentor (1)
Role cue |- MS: Metacognitive suggestion (0)
— Self-report measures (0)
- Hint/Feedback/Prompt (2)
— Unknown (0)
— Human character (3)
— Aropomorphic character (1)
Appearance — Human-+Aropomorphic
character(1)
- 2D modeling (0)
Modeling | - 3D modeling (5)
- Real human (0)
Appearance - Female (2)
cue - male (2)
Gender — animal (0)
- mixed (1)
- Unknown (0)
— Whole body (4)
- Knee (0)
Size - Upper body (1)
- Face (0)
- Unknown (0)
- Facial (2)
— Emotion (1)
Social cue |- Voice (3)
- Gesture (3)
- Attention (2)
“If duplicate cue types are applied, aggregate them all.
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