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intelligence (CAl) or progamming and artificial intelligence (PAl)education is needed to
support deep learning as part of the implementation of learning skills and innovation—
other 21st-century skills—to prepare human resources for Indonesia's Golden Age in
2045.The method used is a mixed method with data collection techniques in the form
of documentation, observation, and questionnaires, analyzed using regression with the
Structural Equation Modelling (SEM) approach in the Lisrel application. The issues are
(1) to what extent can CAl based on Gemini Canvas support deep learning and (2) to
what extent do the impact of digital literacy, human resources in artificial intelligence
(Al), and the integration of Al in education on the implementation of CAIl learning
support deep learning through teachers' skills in CAl based on Gemini Canvas, either
directly or indirectly? This research aims to (1) analyze how CAIl based on Gemini
Canvas can support deep learning and (2) determine the impact of digital literacy,
human resources in Al, and the integration of Al in education on the implementation
of CAl learning in supporting deep learning through teacher skills in CAl based on
Gemini Canvas, either directly or indirectly. The results indicate that Gemini Canvas-
based CAI can support deep learning, and the direct influence of the Gemini Canvas-
based CAl teacher skill variable on the implementation of CAl learning in supporting
deep learning is 0.65. Teachers' skills in CAl based on Gemini Canvas are directly
influenced by digital literacy (0.27), human resources in Al (0.17), and the integration
of Al in education (0.50). The indirect influence of the implementation of CAl learning
in supporting learning is from digital literacy (0.176), human resources in Al (0.111),

Keywords: and the integration of Al in education (0.325). The impact of this research is that the
coding, artificial intelligence, Gemini 21st-century skills applied in CAIl can support the implementation of deep learning to
Canvas, deep learning the fullest extent.
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1. Introduction

The results of the 2022 Programme for International Student Assessment (PISA) serve as a serious
reminder of the importance of basic literacy and 21st-century skills [25]. Indonesia's declining
rankings in reading literacy, mathematics, and science indicate fundamental challenges that directly
impact digital literacy among the population, particularly the younger generation. Digital literacy [2]
is not merely about using technology but about the ability to evaluate, create, and collaborate within
the digital ecosystem in a wise and effective manner. PISA measures students' ability to apply
knowledge in real-world contexts, which is closely linked to critical thinking and problem-solving
skills. Indonesia's low scores, with an average of 359 for reading literacy, 366 for mathematics, and
383 for science, indicate that students still struggle to understand and analyze complex texts, data,
and scientific concepts. These foundational skills are an absolute prerequisite for strong digital
literacy [1]. Without a strong foundation in reading literacy [18], an individual will struggle to evaluate
the validity of information on the internet, distinguish between facts, opinions, and misinformation,
and understand instructions or technical guides independently. Therefore, these low PISA rankings
indirectly indicate a significant gap in substantive digital literacy, not just a gap in technology access.

In the era of digital transformation, the role of teachers has evolved far beyond their traditional
function as conveyors of information [6]. Teachers are now required to become facilitators and
guides for students as they navigate a world increasingly driven by technology. The basic
competencies of teachers as defined by the government must now be enriched with technological
literacy and skills, particularly in the fields of coding and artificial intelligence (Al). The government,
through the Ministry, is currently striving to provide training and certification for selected teachers
to ensure they have the necessary qualifications to teach this material. This is an important
investment in preparing Indonesia's youth to face global challenges in the future. Coding [26] is how
we build tools, while Al is the result we create using those tools to enable machines to think and
learn. Al is an evolution of coding, where the focus shifts from merely executing instructions to
creating adaptive and intelligent entities.

A large number of studies have tested the effectiveness of Al in personalizing the learning
experience [33]. Studies show that Al-powered intelligent tutoring systems are able to adjust the
curriculum and level of difficulty in real time based on student performance, demonstrating that
these systems can provide individualized guidance that is as effective as that provided by human
tutors. Key findings from this area indicate that personalization can enhance learning outcomes,
motivation, and retention of material. However, some studies also highlight the limitations of these
systems, such as the lack of social and emotional interaction that human teachers can provide [4].
Studies show that Al algorithms can identify patterns in student behavior, such as signs of boredom,
frustration, or risk of dropping out, long before teachers notice them by examining how Al can predict
student performance and provide early warnings to teachers. The goal is to enable teachers to
intervene in a timely and targeted manner. Research has shown that Al-based assessment tools can
provide instant feedback on essays or structured assignments, freeing up teachers' time for deeper
interaction with students. Additionally, there is research exploring Al as a virtual assistant that helps
teachers create lesson plans, find resources, and manage classrooms.

Early research shows that using Gemini Canvas can enhance higher-order thinking processes in
students. The platform allows students to interact with Al to organize ideas, create concepts, and
compose content in visual or structured formats. For example, a student can ask Al to create an essay
outline or generate an initial code draft for a project. This allows students to bypass initial barriers
(writer's block or coder's block) and focus directly on deeper learning aspects, such as analyzing
arguments or refining logic. Gemini Canvas, with its collaborative nature, has also been researched
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in the context of developing 21st-century skills. The platform uniquely combines Al capabilities with
a shared workspace, enabling research to evaluate how students collaborate with Al and their peers.

The application of artificial intelligence (Al) in deep learning (referring to pedagogy, not
technology) is a rapidly growing area of research. Historically, studies have focused on general Al
tools such as intelligent tutoring systems and learning analytics. However, with the emergence of
generative Al-powered collaborative platforms such as Gemini Canvas, the literature is beginning to
shift toward exploring the specific potential of these tools. Gemini Canvas, with its collaborative
nature, has also been studied in the context of developing 21st-century skills. This platform uniquely
combines Al capabilities with a shared workspace, enabling research to evaluate how students
collaborate with Al and fellow students.

Overall, previous studies provide compelling evidence that Al has great potential to transform
classroom learning, particularly through personalization and efficiency. However, as a researcher, |
see that successful implementation depends heavily on a deep understanding of ethical and practical
challenges. Strategic steps are needed to address bias, ensure data privacy, and train teachers so
they can use Al as a powerful tool, not a replacement. Previous studies on the use of Gemini Canvas
and similar Al platforms in deep learning [27] demonstrate significant potential for enhancing
problem-solving, creativity, and collaboration. These platforms not only serve as tools but also as
environments where students can learn how to work with advanced technology [24]. This research
also highlights the need for ethical and thoughtful approaches, with a focus on the role of teachers
as facilitators who teach Al literacy and ensure that technology is used to empower students, not to
replace their thinking processes [36]. Previous studies on the use of Gemini Canvas and similar Al
platforms in deep learning [28] demonstrate significant potential for enhancing problem-solving,
creativity, and collaboration. This platform serves not only as a tool but also as an environment where
students can learn how to work with advanced technology. This research also highlights the need for
an ethical and thoughtful approach, with a focus on the role of teachers as facilitators who teach Al
literacy and ensure that technology is used to empower students, not to replace their thinking
processes [23].

The issues are (1) to what extent can CAl based on Gemini Canvas support deep learning and (2)
to what extent do the impact of digital literacy, human resources in artificial intelligence (Al), and the
integration of Al in education on the implementation of CAl learning support deep learning through
teachers' skills in CAl based on Gemini Canvas, either directly or indirectly? This research aims to (1)
analyze how CAl based on Gemini Canvas can support deep learning and (2) determine the impact of
digital literacy, human resources in Al, and the integration of Al in education on the implementation
of CAl learning in supporting deep learning through teacher skills in CAl based on Gemini Canvas,
either directly or indirectly.

2. Methodology
2.1 Participant and Data Collection

The sample in this study consisted of 613 respondents who were given a questionnaire after
attending an online seminar, comprising 252 primary school teachers, 351 secondary school
teachers, and 10 university lecturers and members of the general public. The respondent data
obtained during the study are presented in Table 1.
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Table 1

Respondent Profile of Participant
Description Frequency (%)
Kindergarten 7 1.14
Elementary School 104 16.97
Junior High School 141 23.00
Senior High School/Vocational School 351 57.26
College 4 0.65
General 6 0.98

2.2 Research Design and Instruments

This study used a quantitative method through an online questionnaire using Google Forms [16].
The effectiveness of using Gemini Canvas-based Artificial Intelligence in supporting the
implementation of deep learning approaches was tested after an online seminar on artificial
intelligence for teachers. Participants responded to the effectiveness of using Gemini Canvas-based
programming and artificial intelligence in supporting the implementation of deep learning
approaches through a questionnaire with a 1-5 Likert scale provided in the form of a Google Form
[7].

The instruments used in this study analyzed the effectiveness of using Gemini Canvas-based
artificial intelligence in supporting the implementation of deep learning, including digital literacy,
human resource competencies in artificial intelligence, and the integration of Gemini Canvas-based
artificial intelligence in learning. The distribution of instruments is shown in Table 2.

Table 2

Instruments used in research according to specified variables

Variable Total
Digital Literacy 5

Human Resources in Artificial Intelligence

Integration of Artificial Intelligence in Education

The Application of Coding and Artificial Intelligence and Coding in Learning
Teachers' Skills in Artificial Intelligence Coding based on Gemini Canvas

N O oo

2.3 Analysis Technique

The data were analyzed using an integrative approach by combining various data sources through
observation or literature to find relationships and participate in related theories in a collaborative
and reflective process. Path analysis was conducted using the Structural Equation Modelling (SEM)
approach with SPSS version 25 and Lisrel version 8.8. SEM involves three simultaneous activities. This
was done to enrich and clarify the results interpreted explicitly to approach the actual results [31].

Research data is analyzed using Structural Equation Modelling (SEM) with the Lisrel application
[9]. SEM is used to combine confirmatory factor analysis (CFA) with regression analysis, between CFA
and path analysis, as well as the combination of structural models and measurement models. SEM
can analyze the patterns of relationships between latent variables and their indicators, latent
variables with other latent variables, as well as measurement errors. SEM can provide an in-depth
explanation of the relationships between variables in the research, provided that the hypothetical
model is constructed as a diagram consisting of structural models and measurement models based
on theoretical justification. The following are the stages of data analysis:
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i. Validity and Reliability Test Analysis. The validity test of each indicator item in the questionnaire
used was analysed using the Lisrel application version 8.8. An indicator is said to be valid if the
standardization value between the indicator and the variable is above 0.50. Reliability tests were
carried out on questionnaires that met the validity test using the results of the Lisrel application.
It is said to be reliable if the Construct Reliability (CR) value is > 0.50 or Variance Extracted (VE) >
0.50, the following equation:

CR = (X Standardized Loading)?
(& Standardized Loading)?+ (3 Measurenment Error)

(¥ Std.Loading g)*?
AndVE = (X Std.Loading g)%2+(X e)

(1)

ii. Classical Assumption Test Analysis includes normality test, multicollinearity test, and
heteroscedasticity test. In SEM, the model is said to be fit if the RMSEA value is <0.05.

iii. Direct and indirect impacts. Simultaneous and indirect influence tests were obtained from the
confirmatory factor analysis (CFA) output of the Lisrel application. The regression equation must
satisfy the following equation:

Structure 1:

Z=aXl+bX2+cX3+8 (2)
Structure 2:

Y=aXl+bX2+cX3+8 (3)
Structure 3:

Y'=a'X1+b'X2+c'X3+dZ+§ (4)
3. Results

3.1 Pressure Distribution

Programming Skills and Artificial Intelligence Based on Gemini Canvas for Teachers at the Following
Stages:

i. Gemini Canvas Preparation: Teachers need to understand how Gemini and Gemini Canvas work
and their main features. This can be achieved through tutorials or initial training that provide an
in-depth understanding of how to use the platform. Once teachers have mastered Gemini Canvas,
the next step is to prepare teaching modules or in-depth lesson plans. These materials should align
with the curriculum and meet students' needs to ensure that the in-depth learning process is
effective and efficient. By understanding Gemini Canvas and preparing relevant materials,
teachers can maximize the benefits of artificial intelligence to support in-depth learning using
Gemini Canvas. See Figure 1.
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Hello Hello

(a) Gemini (b) Gemini Canvas
Fig. 1. Preparing Gemini Canvas Artificial Intelligence

ii. Using Gemini Canvas Artificial Intelligence to support deep learning: Start by introducing Gemini

Canvas to students, showing them how to use the basic tools and features. Continue with
interactive activities, such as creating contextual learning experiences related to real-life
situations that students can engage with while encouraging active participation. Finally, allow
students to explore Gemini Canvas independently to complete tasks or projects, which will help
them understand these concepts more deeply. See Figure 2.
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(a) Gemini canvas without prompts (b) Gemini canvas with prompts
Fig. 2. Use Gemini Canvas to Artificial Intelligence in the classroom

iv. Use for Evaluation: To effectively integrate Gemini artificial intelligence into the deep learning

process, it is essential to create exercises and tests that students can complete using this platform.
This allows teachers to evaluate students' understanding in real time, enabling them to identify
areas where students may need additional support. These exercises and tests should be designed
to cover a range of mathematical concepts, providing a comprehensive evaluation of students'
abilities. In addition to real-time evaluation, providing immediate feedback on tasks completed
with the help of Gemini Canvas artificial intelligence is essential. This immediate feedback allows
students to quickly identify and correct their mistakes, reinforcing their understanding and aiding
in concept retention. The interactive nature of Gemini Canvas artificial intelligence also makes it
easier for teachers to highlight specific errors and explain the correct methods, creating a more
effective learning environment. This approach not only increases student engagement but also
ensures a deeper understanding of mathematical concepts, ultimately leading to improved
academic performance. Canvas is a digital workspace for complex projects. Manual editing is the
key to success. One project in Canvas can serve as a source for various derivative teaching
materials. Teachers are the architects of learning, and Gemini is the design assistant that helps
bring the teacher's vision to life. Figure 3.
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Fig. 3. Use Gemini Canvas to evaluation and reflection in the classroom

v. Teacher Professional Development: Creating a discussion forum where teachers can share their
experiences and best strategies for using Gemini Canvas artificial intelligence is an important step
in professional development to support deep learning. This collaborative space enables educators
to exchange insights, discuss challenges, and offer practical solutions. By better integrating Gemini
Canvas artificial intelligence into learning, this ultimately enhances student engagement and
understanding.

vi. Evaluation and Improvement: Regular evaluation of the effectiveness of using Gemini Canvas
artificial intelligence in learning is essential to ensure its continued success and support deep
learning. Collecting feedback from students and teachers provides valuable insights into what is
working well and what needs to be adjusted. This feedback loop enables continuous
improvement, as teachers can make informed adjustments in the use of Gemini Canvas Al based
on these evaluations. By regularly refining and enhancing the implementation of Gemini Canvas
Al, educators can ensure that Gemini Canvas Al remains a dynamic and effective tool for improving
the quality of learning and meeting students' evolving needs to support deep learning.

The results of validity and reliability tests were obtained for each variable (CR = construct
reliability and VE = variance extracted) using Lisrel 8.8 as part of SEM (Structural Equation Modelling)
and are summarized in Table 3.

Table 3
Validity and reliability testing for 613 respondents using Lisrel 8.8

Variable Total Valid CR Result VE Result
Digital Literacy 5 5 0.9022 Reliable 0.6489  Reliable
Human Resources in Artificial Intelligence 5 5 0.9152 Reliable 0.6835  Reliable
Integration of Artificial Intelligence in Education 5 5 0.8884 Reliable 0.6156  Reliable
The Application of Coding and Artificial 9 9 0.9489 Reliable 0.6740  Reliable
Intelligence and Coding in Learning
Teachers' Skills in Artificial Intelligence Coding 7 7 0.9406 Reliable 0.6939  Reliable

based on Gemini Canvas

The results in Table 3 show that all indicators are >0.50, so all are valid. The results of CR>0.70
and VE>0.500 indicate that all variables are reliable. The results in able 1 correspond to the goodness
of fit statistical output in the Lisrel 8.8 application as follows:

DATE: 8/13/2025

TIME: 02:05

LISREL 8.80

BY

Karl G. Joreskog & Dag S6rbom
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The following lines were read from file H:\dataKKA\KKAanalisis1.spj:
Raw Data from file 'H:\datakKKA\KKAanalisis1.psf'

Sample Size =613

Latent Variables DL HRAI IAIE TSAI ACICL

Relationships

X1-X5=DL

X6-X10=HRAI

X11-X15=IAIE

Z1-Z9=TSAl

Y1-Y7=ACICL

Path Diagram

End of Problem

Sample Size = 613

Goodness of Fit Statistics

Degrees of Freedom = 424

Minimum Fit Function Chi-Square = 2667.81 (P = 0.0)
Normal Theory Weighted Least Squares Chi-Square = 2858.42 (P = 0.0)
Estimated Non-centrality Parameter (NCP) = 2434.42

90 Percent Confidence Interval for NCP = (2268.84 ; 2607.41)
Minimum Fit Function Value = 4.36

Population Discrepancy Function Value (FO) = 3.98

90 Percent Confidence Interval for FO = (3.71 ; 4.26)

Root Mean Square Error of Approximation (RMSEA) = 0.097
90 Percent Confidence Interval for RMSEA = (0.094 ; 0.10)
P-Value for Test of Close Fit (RMSEA < 0.05) = 0.00

Expected Cross-Validation Index (ECVI) = 4.91

90 Percent Confidence Interval for ECVI = (4.64 ; 5.19)

ECVI for Saturated Model = 1.62

ECVI for Independence Model = 181.81

Chi-Square for Independence Model with 465 Degrees of Freedom = 111205.60
Independence AIC = 111267.60

Model AIC = 3002.42

Saturated AIC = 992.00

Independence CAIC = 111435.57

Model CAIC = 3392.54

Saturated CAIC =3679.51

Normed Fit Index (NFI) = 0.98

Non-Normed Fit Index (NNFI) = 0.98

Parsimony Normed Fit Index (PNFI) = 0.89

Comparative Fit Index (CFl) = 0.98

Incremental Fit Index (IFl) = 0.98

Relative Fit Index (RFI) = 0.97

Critical N (CN) = 114.48

Root Mean Square Residual (RMR) = 0.011

Standardized RMR = 0.035

Goodness of Fit Index (GFI) = 0.77

Adjusted Goodness of Fit Index (AGFI) =0.73

Parsimony Goodness of Fit Index (PGFI) = 0.66

Time used: 0.234 Seconds
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The results of the fitted model were further tested without including statements with a value of
less than 0.500 to obtain the relationship between digital literacy, human resources in artificial
intelligence, and the integration of artificial intelligence in education on the implementation of
coding and artificial intelligence learning to support deep learning through teacher skills in coding
and artificial intelligence based on Gemini Canvas as a mediator with standardized solution results as
shown in Figure 4.

.00

Fig. 4. Final Structural Equation Modelling (SEM) model results from Lirel 8.8

Confirmatory factor analysis (CFA) using the Lisrel application shows that the variables have
causal relationships based on Figures 4 and 5, supported by the syntactic output results in the Lisrel
application. The final SEM model in Figure 4 yielded the following results: the relationship between
the variables of digital literacy, human resources in artificial intelligence, and the integration of
artificial intelligence in education on the implementation of coding and artificial intelligence learning
to support deep learning through teacher skills in coding and artificial intelligence based on Gemini
Canvas. The hypothesis proposed at the beginning of this article is that teacher skills in coding and
artificial intelligence based on Gemini Canvas act as a mediator. Based on the analysis and
calculations of the model obtained from the Lisrel application in Figures 4 and 5, the model is
consistent with the RMSEA (0.08) and NFI (0.98), indicating that the hypothesized relationship
between the variables is supported by empirical data. Figure 5 illustrates digital literacy, human
resources in artificial intelligence, and the integration of artificial intelligence in education in relation
to the implementation of coding and artificial intelligence instruction to support the development of
teachers' skills in coding and artificial intelligence based on the Gemini Canvas. For further details,
see Figure 5.
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Chi-Square=1507.18, df=374, P=-value=(0.00000, RMSEA=0.070

Fig. 5. Final Structural Equation Modelling (SEM) standard solution from Lirel 8.8

The results show the influence of the variable Teacher Skills in Coding and Artificial Intelligence
based on Gemini Canvas (0.62) on the Implementation of Coding and Artificial Intelligence Learning
in supporting deep learning and is influenced by the variables Digital Literacy (0.35), Human
Resources in Artificial Intelligence (0.05), and the Integration of Artificial Intelligence in Education
(0.54). The implementation of coding and artificial intelligence learning to support deep learning is
directly influenced by the variables of digital literacy (0.08), human resources in artificial intelligence
(0.17), and the integration of artificial intelligence in education (0.09) for 613 respondents. These
results indicate that teachers' skills in coding and artificial intelligence based on Gemini Canvas act as
mediators, as calculated in the goodness-of-fit statistical output in the Lisrel 8.8 application. The
indirect effects on the variables of Digital Literacy (0.097), Human Resources in Artificial Intelligence
(0.150), and Integration of Artificial Intelligence in Education (0.010).

The results of Figure 4 and Figure 5, correspond to the goodness of fit statistical output in the

Lisrel 8.8 application below:

DATE: 8/13/2025

TIME: 17:43

LISREL 8.80

BY

Karl G. Joreskog & Dag Sérbom

This program is published exclusively by

Scientific Software International, Inc.

7383 N. Lincoln Avenue, Suite 100

Lincolnwood, IL 60712, U.S.A.

Phone: (800)247-6113, (847)675-0720, Fax: (847)675-2140

Copyright by Scientific Software International, Inc., 1981-2006

Use of this program is subject to the terms specified in the

Universal Copyright Convention.

Website: www.ssicentral.com

The following lines were read from file H:\dataKKA\KKAanalisis1.spj:

Raw Data from file 'H:\dataKKA\KKAanalisis1.psf'

Sample Size =613

Latent Variables DL HRAI IAIE TSAI ACICL

Relationships
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X1-X5=DL

X6-X10=HRAI

X11-X15=IAIE

Z1-79=TSAl

Y1-Y7=ACICL

TSAI=DL HRAI IAIE

ACICL=DL HRAI IAIE

ACICL=TSAI

Set Error Covariance of Z4 and Z1 Free
Set Error Covariance of Z4 and Z2 Free
Set Error Covariance of Z4 and Z3 Free
Set Error Covariance of Z5 and Z3 Free
Set Error Covariance of Z8 and Z6 Free
Set Error Covariance of Z9 and Z7 Free
Set Error Covariance of Z9 and Z8 Free
Set Error Covariance of Y1 and Z1 Free
Set Error Covariance of Y1 and Z9 Free
Set Error Covariance of Y4 and Z2 Free
Set Error Covariance of Y4 and Y2 Free
Set Error Covariance of Y4 and Y1 Free
Set Error Covariance of Y6 and Y5 Free
Set Error Covariance of Y6 and Z3 Free
Set Error Covariance of Z6 and Z8 Free
Set Error Covariance of X4 and Z3 Free
Set Error Covariance of X3 and Y6 Free
Set Error Covariance of X2 and Z3 Free
Set Error Covariance of X4 and Z7 Free
Set Error Covariance of X5 and Y6 Free
Set Error Covariance of X7 and Y1 Free
Set Error Covariance of X7 and Y4 Free
Set Error Covariance of X6 and X4 Free
Set Error Covariance of X2 and Z7 Free
Set Error Covariance of X7 and Z2 Free
Set Error Covariance of X10 and Y7 Free
Set Error Covariance of X14 and X5 Free
Set Error Covariance of X14 and X4 Free
Set Error Covariance of X14 and Y5 Free
Set Error Covariance of X15 and Z2 Free
Set Error Covariance of X15 and Z4 Free
Set Error Covariance of X15 and Y4 Free
Set Error Covariance of X15 and X1 Free
Set Error Covariance of X15 and X7 Free
Set Error Covariance of X14 and Z4 Free
Set Error Covariance of X14 and Z5 Free
Set Error Covariance of X13 and X11 Free
Set Error Covariance of X13 and Y4 Free
Set Error Covariance of X13 and Y6 Free
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Set Error Covariance of X12 and X10 Free
Set Error Covariance of X12 and X9 Free
Set Error Covariance of Z6 to ACICL Free
Set Error Covariance of Z3 to ACICL Free
Set Error Covariance of Z4 to ACICL Free
Set Error Covariance of Y5 to TSAIl Free
Set Error Covariance of X3 to IAIE ree
Set Error Covariance of X14 to DL Free
Set Error Covariance of X3 to HRAI Free
Set Error Covariance of X5 to HRAI Free
Set Error Covariance of X11 to HRAI Free
Set Error Covariance of X12 to HRAI Free
Path Diagram
End of Problem
Sample Size = 613
LISREL Estimate (Maximum Likelihood)
Structural Equations

TSAI = 0.27*DL + 0.17*HRAI + 0.50*IAIE, Errorvar.=0.14 ,R*=0.86

(0.11) (0.17) (0.13) (0.016)
2.57 096  3.83 8.91
ACICL = 0.65*TSAI + 0.018*DL + 0.16*HRAI + 0.15*IAIE, Errorvar.= 0.099 , R? = 0.90
(0.069) (0.087) (0.14) (0.11) (0.014)
9.44 020 112 1.36 7.23

Reduced Form Equations
TSAI = 0.27*DL + 0.17*HRAI + 0.50*IAIE, Errorvar.= 0.14, R> = 0.86
(0.11) (0.17) (0.13)
2.57 0.96 3.83
ACICL = 0.19*DL + 0.26*HRAI + 0.47*|AIE, Errorvar.= 0.16, R = 0.84

(0.11) (0.17) (0.13)
1.80 1.52 3.60

Goodness of Fit Statistics

Degrees of Freedom =374

Minimum Fit Function Chi-Square = 1604.44 (P = 0.0)

Normal Theory Weighted Least Squares Chi-Square = 1507.18 (P = 0.0)

Estimated Non-centrality Parameter (NCP) = 1133.18

90 Percent Confidence Interval for NCP = (1017.38 ; 1256.52)

Minimum Fit Function Value = 2.62

Population Discrepancy Function Value (FO) = 1.85

90 Percent Confidence Interval for FO = (1.66 ; 2.05)

Root Mean Square Error of Approximation (RMSEA) = 0.070

90 Percent Confidence Interval for RMSEA = (0.067 ; 0.074)

P-Value for Test of Close Fit (RMSEA < 0.05) = 0.00

Expected Cross-Validation Index (ECVI) = 2.86

90 Percent Confidence Interval for ECVI = (2.67 ; 3.06)

ECVI for Saturated Model = 1.62

ECVI for Independence Model = 181.81

Chi-Square for Independence Model with 465 Degrees of Freedom = 111205.60
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Independence AIC=111267.60

Model AIC=1751.18

Saturated AIC = 992.00

Independence CAIC =111435.57

Model CAIC = 2412.22

Saturated CAIC = 3679.51

Normed Fit Index (NFI) = 0.99

Non-Normed Fit Index (NNFI) = 0.99
Parsimony Normed Fit Index (PNFI) = 0.79
Comparative Fit Index (CFl) = 0.99
Incremental Fit Index (IFI) = 0.99

Relative Fit Index (RFI) = 0.98

Critical N (CN) = 169.05

Root Mean Square Residual (RMR) = 0.0089
Standardized RMR = 0.030

Goodness of Fit Index (GFl) = 0.86

Adjusted Goodness of Fit Index (AGFI) = 0.82
Parsimony Goodness of Fit Index (PGFI) = 0.65
Time used: 0.438 Seconds

Eqg. (2), Eq. (3) and Eq. (4) by entering the values in figure 5, and outputting goodness of fit
statistics in lisrel 8.8. its application, for digital literacy variables (X1), human resources in artificial
intelligence variables (X2), and integration of artificial intelligence in education varaibles (X3), the
application of coding and artificial intelligence and coding in learning varaibles (Z) and teachers' skills
in artificial intelligence coding based on gemini canvas varaibles (Y) becomes:

Structure 1:
Z2=0.27 X1 +0.17 X2 + 0.50 X3 +& (5)

Structure 2:

Y=0.19 X1 +0.26 X2 + 0.47 X3 +0 (6)
Structure 3:
Y'=0.018 X1 +0.160 X2 + 0.150 X3 + 0.650 Z +& (7)

LISREL Estimation Structural Equation Calculation (Maximum Likelihood): digital literacy
variables, human resources in artificial intelligence variables, and integration of artificial intelligence
in education varaibles, the application of coding and artificial intelligence and coding in learning
varaibles and teachers' skills in artificial intelligence coding based on gemini canvas. The results of
structural Eq. (5) mean the application of coding and artificial intelligence and coding in learning
influences digital literacy (32%), human resources in artificial intelligence (22%), and integration of
artificial intelligence in education (48%). Confirmatory factor analysis (CFA) using SEM with its
application makes it very easy to find causal relationships or relationships between two variables that
influence each other, as seen in Figure 1 and Figure 2, supported by the LISREL Estimates (Maximum
Likelihood) output. The results of the independent variable correlation matrix show that human
resources in artificial intelligence is influenced by digital literacy variables by 0.98 with a t-value of
6.58. Integration of artificial intelligence in education variables is influenced by digital literacy by 0.96
with a calculated t value of 5.16 > 0.50, and integration of artificial intelligence in education is
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influenced by human resources in artificial intelligence by 0.97 by 0.50 with a t value of 7.77 > 0.50,
which means the influence is significant.

The findings of this study indicate that the implementation of coding and artificial intelligence
education is influenced by digital literacy, human resources in artificial intelligence, and the
integration of artificial intelligence in education in supporting deep learning through teachers' skills
in coding and artificial intelligence based on Gemini Canvas. This study reveals an important finding
that the use of coding and artificial intelligence based on Gemini Canvas has a significant influence
on the implementation of coding and artificial intelligence learning in supporting deep learning [34-
36]. This research was conducted with the aim of evaluating the effectiveness of using Gemini
Canvas-based coding and artificial intelligence to maximize the implementation of coding and
artificial intelligence learning in supporting deep learning. These findings are based on empirical data
collected through various methods, including observation, interviews, and analysis of digital literacy,
teachers' competencies in coding and artificial intelligence, and the integration of coding and artificial
intelligence in education before and after Gemini Canvas to support deep learning [14].

3.1.1 Teacher competence in coding and artificial intelligence

Some of the major challenges organizations face in managing talent in this field are (1) Talent Gap
and Fierce Competition. There is a very high demand for Al professionals and skilled developers, but
the supply is limited. This creates a highly competitive labor market, where companies compete to
attract the best talent by offering high salaries and attractive benefits. The challenge is how to attract
and retain this key talent from other companies, including innovative startups; (2) Rapidly Obsolete
Skills Al Technology, Programming Languages, and Frameworks are Evolving at an Extraordinary Pace.
A skill that is relevant today may become obsolete in a few years. Therefore, the HR challenge is to
ensure employees continue to learn and update their skills continuously. This requires significant
investment in training, upskilling, and reskilling, as well as creating an organizational culture that
supports lifelong learning; (3) Team Management and Retention. Al teams and developers often have
different work cultures and motivations. They tend to value autonomy, the opportunity to work on
challenging projects, and the freedom to experiment. The challenge is how to create a work
environment that is not only attractive but also retains them. This involves providing the right tools,
meaningful projects, and a flexible management structure. Retention is crucial because the costs of
recruiting and training new talent are extremely high.

Coding and Al [30] are the main pillars of innovation today, but the HR challenges in managing
talent in this field cannot be underestimated. Successful organizations will be those that can identify,
attract, train, and retain the best Al and coding talent through proactive and adaptive HR strategies.

In general, teacher competencies in Indonesia are categorized into four main areas: (1)
Pedagogical Competencies [32]: A teacher's ability to manage learner-centered instruction. This
aspect includes planning, implementing, and evaluating effective and safe learning experiences for
students; (2) Personal Competencies: Teachers must possess a stable personality, high moral
character, and authority and serve as role models. This aspect also includes the ability to reflect on
oneself to improve the quality of teaching; (3) Professional Competence [10]: Broad and deep
mastery of subject matter. This includes the ability to design learning objectives and organize
knowledge content to facilitate student understanding; and (4) Social Competence [35]: The ability
to communicate and interact effectively with students, fellow teachers, parents, and the surrounding
community. Collaboration is a key element of this competency.

In the era of the Fourth Industrial Revolution and Society 5.0, the above competencies must be
enriched with technological literacy [15]. The specific competencies required by teachers in Indonesia
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to master coding and Al include:(1) Conceptual Understanding: Teachers must understand the
fundamentals of computational thinking, which is how to solve problems in the same way a computer
does. This is the foundation of coding and Al; (2) Mastery of Tools and Languages: Ability to use visual
coding tools such as Scratch JR for basic levels, as well as text-based programming languages such as
Python for higher levels; (3) Application in the Classroom: Teachers must not only master the
technical aspects but also be able to integrate coding and Al into the existing curriculum. The goal is
for students to become creators, not just consumers of technology; and (4) Data Literacy:
Understanding how data is collected, analyzed, and used in the context of Al. Teachers need to guide
students in projects involving simple data analysis.

To keep pace with the demands of the times, teachers' competencies must be enhanced with
mastery of coding and Al [21]. These competencies are not limited to technical knowledge but also
include the ability to integrate technology into teaching methods. Technical skills and literacy include
(1) computational thinking: teachers must understand the basic concepts of problem-solving in a
logical and systematic way, which is at the core of coding; (2) Coding Literacy: Ability to use visual
coding tools such as Scratch for elementary students and text-based programming languages such as
Python for higher levels; (3) Data Literacy: Understanding how data is collected, analyzed, and used.
Teachers need to guide students in simple projects involving data, as the foundation of Al; (4)
Conceptual Understanding of Al: Understanding the basic principles of Al, such as machine learning,
and the ethics that accompany it, in order to teach these concepts to students appropriately.

Pedagogical and Implementation Skills can be implemented through (1) Project-Based Learning:
Teachers must be able to design activities where students use coding to solve real-world problems
or create creative projects. This approach transforms students from consumers into creators of
technology; (2) Digital Skills Assessment: Being able to evaluate students' understanding and skills in
coding and Al and provide constructive feedback; and (3) Digital Collaboration: Being able to
collaborate with fellow teachers or the technology community to develop best practices in teaching
coding and Al.

With the introduction of a new curriculum that includes coding and Al as elective subjects, as
announced by the Ministry of Education, Culture, Research, and Technology, the role of teachers has
become increasingly important. They are no longer merely knowledge providers but rather
facilitators and guides. Teachers must be able to help students develop systematic, creative,
independent, and responsible thinking skills in using technology.

Coding is a fundamental process where we write a series of instructions in a programming
language to command a computer to perform specific tasks. In essence, coding is the language used
to “communicate” with machines. It is the foundation of all software, including the applications we
use daily, operating systems, and even Al itself. Strong coding skills encompass logic, problem-
solving, and algorithmic understanding.

Artificial Intelligence (Al), on the other hand, is a more advanced field where we create machines
that can “think” or mimic human cognition [17]. Al doesn't just follow instructions; it can learn from
data, recognize patterns, make decisions, and solve problems without being explicitly programmed
for every scenario. Examples include recommendation systems on streaming platforms, voice
assistants, and self-driving cars. Coding is the primary tool for building Al models, training them, and
implementing them.

3.1.2 The Importance of artificial intelligence integration in education

Al integration [9] is crucial because it offers solutions to several fundamental problems in
traditional education systems. Al has the ability to personalize learning in ways that were previously
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impossible. These include (1) adaptive and personalized learning. Every student has different learning
speeds and styles. Al systems can analyze student performance in real-time and adjust learning
materials, difficulty levels, and teaching methods according to individual needs. This ensures that
every student receives the appropriate support, whether for enrichment or remediation; (2).
Automation of Administrative Tasks. Al can automate time-consuming administrative tasks such as
essay grading, scheduling, and attendance tracking. This frees up teachers' time so they can focus
more on personal interactions with students, providing guidance, and developing more innovative
curricula (3). Access to Global Learning Resources. Al can provide access to rich and diverse
educational resources from around the world, transcending geographical boundaries. Examples
include educational chatbots or virtual assistants that can answer students' questions 24/7, or Al-
based language translation tools that enable cross-cultural collaboration. This bridges the education
gap and provides equal opportunities for all.

3.1.3 Challenges in integrating artificial intelligence

Although important, implementing Al in education is not easy and faces several critical
challenges, namely:(1). Digital Divide and Access. The biggest challenge is the digital divide. Not all
schools or students have equal access to technology, hardware, and stable internet connections.
Uneven Al integration can widen the gap between privileged and underprivileged students, creating
inequality in education. (2). Teacher Training and Professional Development. Teachers are the key to
the success of Al integration. However, many educators currently lack the necessary skills or
understanding of how to effectively use Al in teaching. Insufficient professional development may
result in Al tools not being utilized optimally or even being misused; (3). Data Privacy and Ethics. Al
systems in education collect large amounts of data about students. This raises serious concerns about
privacy, data security, and ethics. Who owns the data? How is it used? There is a risk that data could
be used for commercial purposes or to create potentially biased student profiles. It is important to
have a strict ethical framework in place to protect student data.

3.1.4 The importance of coding and artificial intelligence education

The implementation of coding and Al education is no longer just about preparing students for
careers in technology but also equipping them with fundamental skills for a technology-driven future.
The implementation of KKA includes: (1). Developing Critical and Logical Thinking Skills. Coding
teaches students to solve problems in a structured and logical manner. The process of analyzing
problems, breaking them down into smaller parts, and devising step-by-step solutions is at the core
of computational thinking. These skills are highly relevant not only in programming but also in every
aspect of life, from completing daily tasks to making complex decisions; (2). Preparing Students for
the Future Economy

Almost every industry, from healthcare to the arts, is increasingly reliant on technology.
Understanding coding and Al will give students a competitive edge in the ever-changing job market.
They will not only be consumers of technology but also creators and innovators capable of leveraging
these tools to solve real-world problems; (3). Fostering Creativity and Innovation. Coding and Al are
tools for creativity. With a basic understanding, students can build applications, create games, design
robots, or even develop Al models to predict outcomes. This encourages them to think outside the
box and see technology as a means to realize their ideas;
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3.1.5 Implementation strategies in classroom learning

Implementing coding and Al in the curriculum requires a planned and gradual approach,
namely:(1) Graded Integration (Early Childhood to Middle School), including (a) Basic Level
(Elementary School): Start with unplugged concepts that do not require computers, such as logic and
algorithms through games and physical activities. Visual software like Scratch or Blockly is very
effective for introducing the basics of coding without having to type code; (b) Intermediate Level
(Middle School): Introduce simple text-based programming languages like Python. Focus on projects
relevant to their interests, such as creating simple games or analyzing data. At this stage, Al concepts
can be introduced through simple projects, such as training Al models to recognize images. (c)
Advanced Level (High School): Coding can be applied in various subjects. For example, using coding
to model physical processes, analyze statistical data, or create simulations. Here, more in-depth Al
topics such as machine learning and deep learning can be taught, with a focus on practical
applications and ethical implications; (2). Project-Based Learning Approach. Coding and Al learning
should be active and project-based. Instead of just listening to theory, students should build
something. For example, they could be asked to build an application that solves a problem at school,
such as a scheduling system, or a simple robot programmed to perform a specific task. This approach
makes learning more engaging, relevant, and meaningful; (3) Teacher Training. The most crucial
strategy is to train teachers. Teachers must have a strong understanding of coding and Al and be able
to integrate them into their curriculum. Schools must provide ongoing training, resources, and
technical support to ensure educators feel confident teaching this material.

With the right strategies, we can ensure that future generations are not only prepared to face
technological challenges but also capable of shaping the future with their creativity and intelligence.

3.1.6 Growth mindset in deep learning

In the context of education, a growth mindset is the belief that a person's abilities and intelligence
are not fixed but can be developed through dedication, effort, and the right strategies. This is a very
important psychological foundation for deep learning [19]. This mindset contrasts with a fixed
mindset, in which a person believes that their abilities are innate and cannot be changed.

When students have a growth mindset, they view challenges as opportunities for growth rather
than threats, are not afraid to make mistakes but see them as part of the learning process, value
effort and perseverance as the path to mastery rather than just the final outcome, and are inspired
by others' successes and use them as motivation [34].

This mindset is crucial because deep learning [20] requires students to step out of their comfort
zone, confront complex ideas, and solve difficult problems. Without the belief that they are capable,
students will tend to give up when faced with difficulties.

3.1.7 Principles and learning experiences for deep learning

Deep learning is an approach that encourages students to gain rich and comprehensive
understanding, not just memorize facts. To achieve this, specific learning principles and experiences
are needed, namely: (1) Active Learning: Students do not just sit and listen. They are directly involved
in the learning process through discussions, simulations, and experiments; (2) Problem-Based
Learning: Learning begins with an authentic, real-world problem or question that is interesting.
Students then search for, analyze, and synthesize information to find solutions; (3) Collaborative
Learning: Students work together in groups to solve problems. This develops communication skills,
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teamwork, and the ability to learn from other people's perspectives; (4) Constructive Feedback:
Feedback is not only in the form of grades but also specific suggestions on how students can improve
their work. This reinforces a growth mindset [5].

The principles of learning in deep learning [13] are conscious, meaningful, and enjoyable through
the learning experience of understanding, applying, and reflecting. These principles create authentic
learning experiences, where knowledge is actively constructed by students, not simply transferred
by teachers. This is a shift from the role of the teacher as an information provider to that of a
facilitator [12] and mentor [8].

3.1.8 Implementation in classroom learning

Integrating a growth mindset and deep learning [11] principles requires deliberate strategies.
Here are some ways to implement them in the classroom:(1) Test Effort, Not Intelligence: Instead of
saying, “You're so smart,” try saying, “That's amazing; you worked really hard to solve that problem.”
This reinforces the idea that effort is the key to success; (2) Design Problem-Based Projects: Assign
projects that challenge students to apply what they have learned to solve real-world problems. For
example, ask them to design a recycling system for the school or create a campaign to reduce plastic
use; (3) Implement Group Learning: Form study groups where students of varying ability levels can
work together. This encourages them to teach and learn from one another; (4) Tolerance for
Mistakes: Create a classroom environment where mistakes are seen as normal and a source of
learning. Ask students to share their mistakes and what they learned from them; (5) Use Open-Ended
Questions: Ask questions that do not have a single answer. This encourages deep and critical thinking
[3].

By implementing these strategies, teachers not only teach subject matter but also cultivate the
character and skills that are so necessary in the 21st century [22]. A growth mindset and student-
centered learning [35] principles are a powerful combination for creating a generation of lifelong
learners.

4. Conclusions

Artificial intelligence with Gemini Canvas is not just a complementary tool but a revolutionary
pedagogical approach to teaching deep learning. Its use in the classroom can accelerate the learning
curve and make complex topics more accessible and engaging for students.

By reducing the focus on tedious technical aspects and increasing direct interaction with Al
models, Gemini Canvas can foster an intuitive understanding of Al principles. This is crucial for
shaping the next generation of data scientists, Al engineers, and even individuals in other fields who
need to understand the implications of Al. Therefore, Al with Gemini Canvas has great potential to
transform how Al education is delivered, making it more collaborative, practical, and effective.

The implementation of learning as an approach that must be applied by teachers in Indonesia
requires the use of digital technology in its application in the classroom. Teachers' competencies in
coding and artificial intelligence are highly needed. By leveraging artificial intelligence through the
Gemini Canvas application, classroom learning becomes more comfortable. Thus, the principles of
conscious, meaningful, and enjoyable learning through experiences that involve understanding,
applying, and reflecting can be easily implemented, leading to improved literacy skills—particularly
digital literacy—among students in Indonesia, which can support improvements in PISA scores in
future assessments. Further research can be conducted on the experiences of students and the
school ecosystem when using artificial intelligence with Gemini Canvas.
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