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Effects of Al-integrated Project Learning and Authentic Learning
on Learners’ Efficacy and Learning Results
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ABSTRACT

This study aims to analyze the effects of artificial intelligence-integrated education and authentic learning on learners’

efficacy. To achieve the purpose, an artificial intelligence-integrated project learning in a middle school level was developed
and implemented, and then learners’ efficacies and learning results were evaluated. 140 students participated for 8 class
hours. The students’ efficacy assessed in the study includes individual and collective efficacies. The students’ efficacy
were measured before, during and after project work. The learning result was assessed with project performance results. it
includes interim presentation score, final presentation score, and individual contribution. As a result, the artificial in-
telligence-integrated education and authentic learning affected positively the development of learners’ individual and collec-
tive efficacies, and learners’ collective efficacy influenced significantly the project results as a learning outcome. For fur-
ther studies, developing various models of artificial intelligence-integrated education applicable in schools, and articulating a

variety of learning tasks solved by learners were suggested.

Keywords: Al-integrated education, Individual efficacy, Collective efficacy, Project learning, Middle schools
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Table 1. Basic information about participants

Number of
Gender e i Percentage (%)
Male 65 46.4
Female 75 53.6
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Table 2. Examples of learning strategies designed
according to the authentic learning principles

Authentic Learning

Principle Example of Applied Strategy

Have students identify problems that)
need to be solved within the school
and create a final product to address|
those problems.

Provide an interactive whiteboard for|
groups and individual Chromebooks for|
each student to facilitate resource
utilization and sharing (with instructions
on how to use generative Al).

1. Provide a realistic|

context that reflects|

how knowledge can|e

be used in the real
world.

Offer eight class hours of dedicated time,
with the flexible use of additional time forj
students.
e Organize students into groups to|
collaborate throughout the entire process|

2. Provide authentic]
activities (tasks).

ATA A3E -

Authentic Learning

el Example of Applied Strategy

and create a final product.

Encourage the free use of content learned

across all subject areas and require

presentations on related curricular content,

Provide expert modeling at each stage off

problem solving.

Share group-to-group, group-to-class, or|

teacher experiences.

¢ Assign individual roles to students and
provide opportunities to engage with|

3. Provide access toe
modeling of expert
performance and |*

Processes.

4. Allow for multiple

roles and . ] ) i
perspectives. diverse perspectives through sharing withl
other groups.
5. Facilitate . -
collaborative Hfz;vg groups rtcretz;te ta Slﬁlglg Il)m(tj)uc]tj
knowledge offering opportunities to collectively bui
construction. new knowledge.

Provide opportunities for collaborativel
reflection by comparing existing products
with group products.
Facilitate products to share with others
and peer feedbacks during interim|
check-ins.

» Provide presentation to other students
during idea generation, prototyping, and
final product completion.

Offer strategic and procedural scaffolding

6. Support student|
reflection. .

7. Offer
opportunities for
tacit knowledge to|
be made explicit.

8. Provide .

c%glc)}rl?gg?gd to individual students, groups or the entirg
scaffolding. class as needed throughout the task.

Utilize group and peer assessments within|
groups to measure individual contributions,
Conduct real-time peer evaluations during a
live product presentation using Google Forms,
Implement teacher observation, group-based,
and inter-group assessments.

9. Implement
authentic .
assessment of
learning. .
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Table 3. Teaching and learning strategies

Consideration Teaching and Learning Strategies
» Provide opportunities for group
. communication and peer
[%?n?ngfelf}cizge assessment during prototyping
Al ple . and final project development
a cﬁ?/ities an dg and presentation to enhance

curricular content communication skills.

with core ¢ Enhance problem-solving skills

through project-based learning,
where students investigate and
analyze problems, and find and
validate the most appropriate
solutions.

Ensure that students have basic
coding and physical computing

competencies and
create appropriate
evaluation criteria.

[Cojnsdergtrshslggler skills before the project begins
Provide learm and form groups accordingly.

» Allow students to choose their
roles within groups through
mutual agreement to assign roles

support strategies
that consider learner

characteristics. that match their individual
characteristics.

[Utilizing Digital e Guide students in using block

Tools] coding programs (e.g., Mblock,

Utilize Al and Entry) with rich Al extension

1345 §F ZRAERG A4 Aol Sl BT G4AT s 95 -

Consideration Teaching and Learning Strategies
programs at appropriate times.
Support students in selecting and
using appropriate physical
artifacts for problem solving.
Utilize whiteboards for group
discussions and  collaborative
coding and physical computing.
Provide formative feedback and

other digital tools
to effectively
support learner
activities.

[Conducting Process

Assessment] scaffolding  through  teacher
Continuously observation and feedback on
monitor the group activities.

learning process to

provide feedback
and use it for
achievement

criteria assessment.

During the project, students
present their problem-solving
strategies and prototypes to
check each other’s progress and
provide peer feedback.
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Table 4. Main activities by class hour

Teaching and Authentic | Assess g
}(11 ass Learning learning ment l%gszou url mclegs
e Activities principles | Method
Introduction to
] . * Observ | Easel Pads,
1 the prog]gg]tsand its 1 ation Post-it
Analysis of
. Work | Easel Pads,
2 | problem and s 14 book | Chromebook
Problem Solution
: Work Easel Pads,
3 DISCS(Q/aenl"I};g and 2,35 book a ook
Al-powered Chromebook,
4 Prototype 7 O:usg;v Educational
Creation Resources
Prototype Peer %%L;giﬁgggl
5 Presentation and | 3, 6, 7, 8 | Assess Interactivé
Feedback ment Whiteboard
6 Feedback 5 9 Observ | Chromebook,
Discussion and ? ation Educational
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Qass Teaching and Authentic | Assess Learning
hour e g I Resources
Activities principles | Method
Product
Refinement Resources
Product
7 Presentation 45 Observ | Interactive
Preparation and ’ ation Whiteboard
Finalization
Product Peer %%ggitrlggsl
8 Explanation and 9 Assess Int eractivé
Peer Assessment ment Whiteboard

3 The number indicates the number assigned the principles of
authentic learning in Table 2 in this paper.
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Table 5. Reliability analysis results

Variable Number Cronbach” s a

Name of Items | Pre-test | Mid-test | Post-test
Individual 10 961 975 970
Efficacy
Collective

Efficacy 10 .942 .970 .954
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Table 6. Interim and final presentation evaluation rubric

Item Evaluation Criteria Excellenty Good | Fair
Interim Logical problem identification 50 10 30

resent and soluﬂon process
pation High quality presentation and 50 0 20

deliverables

) Novel and effective
Final t problem-solving method 40 X 20
PreSENtfanropriate use of Al technologyl 30 | 25 | 20
ation ™ yell-implemented product | 30 25 20

Y ZeAEsEs 4AH gl Surtel BT GeAT NAE 95 -

Table 7. Individual contribution evaluation rubric

Item Evaluation Criteria Excellent| Good | Fair

Active participation in group 50 0 30

Individual _ acﬁxdﬁgs 4
Contribution| ~ Positive qontnbut]on to 50 £ 0
deliverables
34 A7 2ak
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Table 8. Research procedure

Class Main activities Notes

1 Learning knowledge elements from
various subjects

Pre-learning

9 Pre-test (H}dividua} efficacy, Google
collective efficacy) Forms
Group company name and role assignment
Project implementation
5 Prototype presentation and mid-test Google

(individual efficacy, collective efficacy) Forms

6 Product completion and presentation
7 Group (company) evaluation and peer
evaluation within the group

8 Post-test (individual efficacy, Google
collective efficacy) Forms
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Table 9. Repeated measures ANOVA results
for individual efficacy

Standard
Deviation
. Pre-test | 2.837 .686
Ig(fjg/clggsl Midtest | 3141 | 661 | 38782 | .000

Posttest | 3268 | 592

Category Mean

.00

350

Individual efficacy
9

8

2.00

Pre Md Post
lime

Figure 1. Changes in individual efficacy
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Table 10. Repeated measures ANOVA results
for collective efficacy

Standard
Category Mean | peviation F P
Collecti Pre-test | 3.036 571
eoff;ecagfe Mid-test | 3.239 608 26.713 | .00
Post-test | 3.381 534
% 3.00 //
E
Pre Mad Pst
Time
Figure 2. Changes in collective efficacy
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Table 11. Correlation between self-efficacy and
project performance evaluation

Variable
Name12345678910

1. Pre-
Individual

2. Mid-

L 533 ]
Individual

3. Post-

Individual [~ || !

4. Pre-

Collective g

5. Mid-

I I W B el el
Collective

6. Post- I -

|15 T | e | | ]
Collective
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Vﬁlna‘;a;ge12345678910
prsencio) | 2| | | | |

PI'ZS eiitreli?ilon 160 [.271%%| 212% | 112 |.297%| 2427 | 035 | 1
Corlftlr?t;/lll(tillﬁ 076 | 176% | 210% | 131 | 2 | 2 | 26| 009 | 1

10. Overall

070 | 275%%| 276 | 177% | 380+%+ 2987+ 748%++| 413%++| 738+
Score

—

N = 140, *p < .05, **p < .01, ***p < .001
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Table 12. Regression analysis results
(Dependent variable: interim presentation)

Variable Name B 515 B t D
(constant) 84.992 | 3.380 25.147%** 000
Mid-Collective | 2.389 | 1.027 194 | 2.326% | .021

F=5.409%, R=.038.
*K.05, **K.01, ***KX.001
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Table 13. Regression analysis results
(Dependent variable: final presentation)

Variable Name B SE B t D
(constant) | 84.369%** | 2.722 30.992 | .000

Mid-Individual .620 1135 | .083 .546 .586

Post-Individual| -.152 1251 | -018 | -.122 | .903

Mid-Collective | 1.530 1108 | .189 | 1.381 | .169

Post-Collective| 799 1.329 | .086 .601 .549

3566, R2=.096.
*p < .05, ¥p < .01, ¥ p < .001
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Table 14. Regression analysis results
(Dependent variable: individual contribution)

Variable Name B 515 B t
(constant) 80.923***| 4.063 19.918
Mid-Individual | -2.316 | 1.693 | -.208 | -1.368 | .174
Post-Individual | 1.571 1.866 | .126 .842 401
Mid-Collective | 4.008* | 1.653 | .332 | 2425 | .017
Post-Collective | .851 1984 | .061 429 .669
FZ3.611%*, B=097.
*p < .05, ¥*p < .01, ***p <.001
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AR Table 159 2tk 3FARF LS FAACZ eHd
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UebFtHB = 8.782, p< .0D. o] 23= 3t Hdas
7o) FoldFE FPAFE HolH oS vy uh
B, 27 AT SHB = -2.871, p> .05), A 7HUE

B = 2.950, p > .05, A HGEEFEHB = -.899,
p> .05, 183 A% %‘J‘i‘rﬁ%%}(5’= 1.144, p> .05

® J
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Table 15. Regression analysis results
(Dependent variable: overall score)

Variable
N B SE 8 t P
(constant)  |250.510%**| 7.457 33596 | .000

Mid-Individual | -2.871 | 2942 | -145 | -976 | .331

Post-Individual|  2.950 3.228 | 133 .914 .362

Pre-Collective | -.859 2226 | -037 | -.386 700

Mid-Collective | 8.782** | 2.891 | 409 | 3.037 | .003

Post-Collective| 1.144 3411 | .046 .335 738

F = 5091 R = 160.

*p < .05, **p < 01, **p < 001
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