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ABSTRACT

This study examined the effects of a generative Al-based scaffolding learning
environment on university students’ self-efficacy and sense of presence in
an introductory Python course. A one-group pretest-posttest design was
conducted with 57 first-year students at a four-year university. The course was
structured using a four-stage scaffolding model consisting of Full Support,
Partial Support, Gradual Fading, and Complete Independence. The results
indicated that self-regulated learning efficacy (M diff = 0.77) and cognitive
presence (M diff = 0.50) showed the greatest improvements, whereas social
presence (M diff = 0.35) demonstrated relatively smaller gains. In addition,
only students with prior experience using generative Al exhibited significant
improvements across all variables, while those without such experience
showed the greatest improvement in self-regulated learning efficacy. These
findings suggest the need to strengthen cognitive affordances and incorporate
adaptive scaffolding strategies—particularly for novice learners—in the design
of generative Al-supported instruction.
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Table 1. Weekly Plan for Generative Al-Based Scaffolding in Python Course
Week Topic Learning Content Scaffolding Goal Generative Al Application and Role
. . Course introduction, Python [Maximum Support] Instructor demonstrates
Orientation & | . lati d envi deli inimize barri di - : N 4 stud
| Environment | installation and environment [Mg eling] Minimize barriers to coding practices using gen Al and students
Setu configuration, Introduction | accessing new environments and tools | receive step—by—step guidance for environment
P to generative Al usage setup
Computational Understanding algorithm concepts, | [Recruiting] Generate interest and motivation [Maximum Support] Students ask questions about
2 Thinking & flowchart creation, learning for fundamental programming concepts ambiguous aspects of algorithm definitions and flowchart
Algorithms problem-solving procedures (algorithms) creation to clarify concepts

Practice with variables, data

3 Basic Syntax I
types, and operators

[Simplification] Help understand complex
syntax structures easily and reduce anxiety
about errors

[Maximum Support] Generate simple code, then analyze
and modify the generated code to learn syntax

Practice with input/output and

4 Basic Syntax T built-in functions

[Direction] Support repetitive syntax error
resolution to maintain focus on learning
objectives (function usage)

[Maximum Support] Input error codes that occur during
practice assignments and request explanations of solutions
and causes

Practice with conditional

5 | Control Statements .
statements (if, match)

[Fading] Guide focus on conditional logic
design instead of simple syntax generation

[Partial Reduction] Present student—created logical
structures (conditions) and request validation of logic and
outcome predictions

Practice with for and while

6 Loop Statements 1
00ps

[Frustration Control] Support rapid resolution
of difficult errors such as infinite loops in
iteration

[Partial Reduction] For complex loop errors, request
debugging directions and checkpoints (not direct
solutions) to attempt independent resolution

Practice with lists, tuples, and

7 Data Types 1 strings

[Collaboration] Explore methods for
manipulating complex data structures in
consultation with tutor

[Partial Reduction] Inquire about the most efficient
Python built-in functions for specific results and integrate
them into own code

Mid-term evaluation (coding

8 Midterm Exam and concept understanding)

[Evaluation] Assess foundational knowledge
learned independently without scaffolding

[No Usel

Practice with sets and

) Data Types I dictionaries

[Collaborative Problem—Solving] Design
complex structures for actual project
application together with tutor

[Progressive Independence] Receive assistance only
for overall project structure (framework) design,
while implementing specific details (sub—functions)
independently

Practice with function

[Conceptualization] Understand conceptually

[Progressive Independence] Input self—written code and

10 Functions definition, calling, and return PR ; request feedback on “improvements in function definition
how to effectively separate and reuse functions L "
values and modularization aspects
. . e [Progressive Independence] Inquire about usage examples
1 Modules Practice with standard modules | [Independent Tool Use] Expand problem-solving and limitatons of equired standard modules, using them ke

and user—defined modules

capabilities by utilizing external resources

official documentation
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Week Topic Learning Content Scaffolding Goal Generative Al Application and Role
b Classes & ] Ob]ec‘t—orlenged Mastery] Learn abstract concepts like object- [Progressive Ipde?endence] Request various real-life exgmple
o concepts, class design and ST ) codes for specific concepts (e.g,, inheritance, polymorphism) to
Objects . : orientation through concrete examples A
implementation deepen conceptual understanding
. . . [Problem Analysis & Design] Independently predict [Progressive Independence] Discuss possible exception
. Text file read/write, exception S . . - . - .
13 File I/O . and resolve complex scenarios such as 1/0 error | scenarios, but write specific exception handling implementation
handling : .
handling independently
Comprehensive | Design and implementation of | [Full Fading] Complete final deliverable and self- [Mmlme?l/No Support Use p rOhlb.lted 1n prncip l?’ when stuck,
14 . : S Lo . . resolve through textbooks, official documentation, or peer
Project simple application program verify without generative Al assistance o . .
discussion instead of asking questions
Final Exam & | Final evaluation and reflection | [Evaluation] Assess final learning outcomes with all
15 . . . o [No Usel
Reflection on learning experience scaffolding withdrawn
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Table 2. Reliability of Research Instruments (Cronbach's Alpha)

Scale Sub-Factors Q. Pre @ | Post a
Self-Learning Efficacy 3 0.902 0.923

i, | e | s | s
Technical Efficacy 2 0.927 0.924

Social Presence 6 0.842 0.901

Presence Cognitive Presence 6 0.879 0.964
Teaching Presence 4 0.88 0.902
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Table 3. Effects of Gen Al-Based Scaffolding on Self-Efficacy Factors

Sub— Pre Post . Cohen's
Factors | 2 | M(SD) | M(spy | M Piff-| ¢ P d
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: 302 | 379 )
Lea'rmr‘lg 3 092 | ©8D) 0.77 452 | <001 0.60
Efficacy
Classroom
Engagement| 3 (8'5% (828) 0.67 | -401 | <001 | 053
Efficacy ) :
Technical 3.41 4.08 _
Efficacy | 2 | (0.89) | (0.69) | 067 | 7443 | <001 1 0.59
326 | 3.92 .
Total 8 082 | 0.72) 0.66 4.63 | <001 0.61
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