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Abstract 

Rapid technological advancement has given rise to AI-based learning which necessitates managing and protecting the 
information within organizations. This highlights the accountability of factors like digital literacy and information 
stewardship on achieving the learning outcomes. This study aims to conduct a quantitative investigation of the impact 
of AI-based learning, digital literacy, and information stewardship on the learning outcomes among employees in the 
research and development departments of information technology firms in China. Three measures were considered to 
reflect AI-based learning: effective learning, problem-solving, and learning exposure. The study developed a structural 
questionnaire for measuring the given variables using an in-depth review of past studies. The final sample comprised 
255 respondents from several IT firms with research and development departments in China. The study explored the 
respondents by using their distribution by gender, age, working experience, and interest in information technologies. 
The subsequent measurement model analysis validated the questionnaire and items of the variables through reliability 
and discriminant validity. The results using the structural equation modeling technique confirm that artificial intelligence 
learning exposure and effective learning are positively connected to learning outcomes among the employees of R&D 
departments of IT-based firms. Moreover, information stewardship confirms that a higher level of such stewardship 
means higher learning outcomes among similar employees of the targeted industry. The study findings would be of 
great support to policymakers who are involved in information and data management and learning through AI-based 
models. The policy implications also provide suggestions for future studies as observed through key limitations.  
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1. Introduction 
One of the general concepts of Information Stewardship (IFS) reveals that it is related to managing and protecting the 
information within the organization's context in a responsible way. It focuses on keeping information more accurate, 
secure, accessible, and private at every stage of its usage within the organization. This idea highlights the need for 
accountability and ethical practices when handling data and related material, especially when dealing with sensitive or 
restricted information of the organization. In this regard, the research (Smallwood, 2019) explained that information 
governance frameworks can create clear rules for handling data responsibly while helping organizations follow the 
stated ethical standards. He further points out that information stewardship requires integration from several 
departments to manage data on proper grounds. Therefore, the stated organizational policies and standards play an 
important role in keeping data accurate and secure while reducing the chances of data being misused or exposed in a 
breach (Smallwood, 2019). The recent literature evidence favors using advanced technologies for the transformative 
learning experience (Ali, 2023; Demir et al., 2024). In this regard, the AI-based tool like ChatGPT provides a good 
example of the usage of advanced technology which has reshaped the learning experience in different fields of life 
(Dalgıç et al., 2024; Prananta et al., 2023; Beerbaum, 2023). 

While digitalization and technological advancements have brought various new opportunities, they also come with certain 
challenges. For instance, more research is needed to understand how AI-related technologies, digital literacy, and 
personalized learning will impact learning outcomes. As noted by recent studies conducted by Dwivedi et al. (2023) and 
Gursoy et al. (2023), one of the most discussed topics recently is AI-based tools like ChatGPT. Gupta et al. (2023) have 
further suggested that the progress in information processing technologies will speed up the adoption of artificial 
intelligence, helping people meet personal and professional needs. Moreover, the concept of AI has also been utilized in 
terms of its effectiveness. For example, Baillifard et al. (2024) have considered the nexus between effective learning by 
using the AI as a personal tutor. The results confirm that students who use AI as a personal tutor are gaining higher grades, 
leading to an effective way of learning. However, under which direction the relationship between effective learning and 
learning outcomes are connected for the employees working in the information technology firms and their research and 
development departments is still a major gap in the literature to date. Moreover, like other benefits, AI learning can be 
reflected by exploring its role as a problem solver (Raisch; Fomina, 2023). Organizations are widely using AI-based 
technology to solve different types of complex problems. Although the routine task is automated, the nature of the 
exploration tasks, such as new problems, demands a high level of integration between human intelligence and artificial 
intelligence (Raisch; Fomina, 2023). For this reason, researchers in the available studies put their reasonable efforts into 
articulating the problem-solving role of artificial intelligence and learning outcomes (Ouyang et al., 2023; Wichert, 2020).  

Digital literacy (DIG) has been recognized as the skill to use and work with digital technology, whereas artificial intelligence 
is the ability to apply smart algorithms to process information. Both these concepts are now essential in today's changing 
market environment. For instance, artificial intelligence can track the performance of employees and other individuals 
working in diversified organizations in real time, helping the management to look at the performance of the relevant 
individuals and the departments as a whole (Okunlaya et al., 2022). The growth of e-learning applications as flexible and 
interactive tools that can be used anytime and anywhere is also remarkable (Schulz, 2023). This is particularly important 
for regional languages, as it supports preserving and enhancing language skills that often face challenges in a globalized 
world (Malik et al., 2018). DIG is more than just using technology due to several basic reasons. For example, DIG involves 
understanding, analyzing, and creating digital content as available over the web (Reddy et al., 2022). Even though 
Generation Z has grown up with digital tech, they still need structured guidance to fully develop digital literacy skills (Chan; 
Lee, 2023). At the same time, in education, digital literacy is essential for helping students analyze information and present 
data effectively (Kure et al., 2023). This given concept of DIG is equally important in fields like accounting, where 
understanding digital tools is key to managing complex data (O'Callaghan et al., 2021). In the modern changing market 
conditions, DIG includes research, analysis, and effective digital communication, as expressed by Reddy et al. (2022). 
However, whether digital literacy in the organizational work setting has the potential to determine the learning outcomes 
of the employees is not fully examined specifically in a quantitative manner. 

2. Review of Past Studies  
A conclusive summary of past studies covering AI-based learning, digital literacy, information stewardship, and learning 
outcomes is presented in Table 1.  

Figure 1 shows the framework of the study.  

 
Figure 1: Research Framework. 
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Table 1: Conclusive Summary of Past Studies. 
Study Source Variables Methodology Results Regional/Other Implications 

(Yue Yim, 
2024) 

AI literacy, educational level, Bloom's 
taxonomy, constructionism, 
computational thinking, AI ethics 

Scoping review of 19 articles 
across four credible index 
databases 

Identified 17 AI literacy frameworks; 
highlighted that AI literacy is at the 
intersection of digital literacy, data literacy, 
computational thinking, and ethics, with a 
need for a transdisciplinary approach. 

Emphasizes developing 
primary-level AI literacy 
frameworks globally, 
addressing gaps in early AI 
education. 

(Chen et al., 
2024) 

AI self-efficacy, AI-related anxiety, 
attitude toward AI, Technology 
Acceptance Model (TAM) 

Structural equation modeling 
(SEM) with data from 429 
Chinese L2 learners using online 
surveys and established TAM 
scales 

AI self-efficacy positively affects attitudes and 
reduces anxiety, which influences AI tool 
usage; anxiety negatively impacts AI tool 
usage. 

Insights for incorporating AI in 
language learning in higher 
education, especially in Asian 
regions. 

(Zhang et al., 
2024) 

Perceived ease of use (PEU), 
perceived usefulness (PU), attitude 
(A), intentions (I), concentration (C) 

Linear mixed models and path 
analysis on the impact of AI-
generated short videos vs. paper-
based materials on learning 

AI-generated videos enhance learning outcomes 
for lower-pre-test students with high PEU, PU, A, I, 
and C; paper materials suit higher-pre-test 
students with low levels in these factors. 

Provides guidance for material 
selection in language learning 
for varied student proficiency 
levels. 

(Dalgıç et al., 
2024) 

ChatGPT, digital literacy, 
individualized learning, learning 
outcomes 

Experimental use of ChatGPT, 
followed by online surveys 
among tourism students 

ChatGPT improves learning outcomes, with digital 
literacy as a mediator and individualized learning 
as a moderator, suggesting a positive impact on 
personalized learning and skill development in 
tourism education. 

Highlights the potential role of 
ChatGPT in tourism education 
and the importance of digital 
literacy globally. 

(Zheng et al., 
2024) 

Digital etiquette, digital citizenship, 
digital game-based learning (DGBL), 
student engagement, motivation 

Quasi-experiment with DGBL on 
primary students in Guangzhou, 
China, to foster digital etiquette 

DGBL improves digital etiquette literacy, 
student motivation, and engagement 
compared to conventional learning methods. 

Supports the integration of 
digital citizenship and 
etiquette education in primary 
schools worldwide. 

(Imjai et al., 
2024) 

Logical Thinking Skills, Digital Literacy, 
Self-Learning Capability, internship 
performance 

Quantitative research using PLS-
SEM on data from 559 Thai Gen 
Z accounting students through 
online surveys 

Logical Thinking Skills and Digital Literacy 
significantly influence internship performance; 
high Self-Learning Capability enables students 
to apply these skills effectively, incorporating 
online resources for self-development, 
enhancing career readiness. 

Emphasizes the need for Thai 
accounting programs to 
integrate these skills in 
curricula to prepare students 
for the profess 

(Detlor et al., 
2011) 

Student demographics, learning 
environment factors, information 
literacy program components 

Interviews with library 
administrators, librarians, 
faculty, and students across 
three business schools 

Developed a new theoretical model identifying 
factors influencing student learning outcomes in 
information literacy instruction (ILI), including 
environment and demographic variables. 

Suggests ways for business 
schools to enhance ILI 
programs for improved 
student outcomes. 

(Senkbeil, 
2023) 

ICT literacy, parental ICT values, 
monitoring/supervision, ICT self-
efficacy 

Objective testing of ICT literacy 
with data from 422 children and 
their parents, including 
adolescent and parent 
perspectives 

Parental ICT values positively predict ICT 
literacy, while monitoring negatively predicts 
it. Adolescent reports predict ICT self-efficacy 
better, whereas parent reports predict ICT 
literacy more effectively. 

Highlights the importance of 
parental attitudes in 
influencing children's ICT 
literacy and self-efficacy. 

(Chen et al., 
2023) 

Self-regulated learning (SRL), 
affective learning, teacher support, 
digital reading performance 

Multilevel latent profile analysis 
(LPA) with data from 34,000 
students across Asian and 
Western educational systems 

Self-regulated learning is a key factor in digital 
reading performance; teacher support predicts 
SRL but not affective learning. Cultural variations 
exist in SRL and affective learning patterns across 
Eastern and Western systems. 

Emphasizes the role of cultural 
factors in SRL and digital 
reading across regions. 

(Zhao et al., 
2024) 

Cultural and creative industries (CCI), 
sustainability, deep learning, 
information management, urban 
development 

Factor analysis and LSTM-based 
recommendation model for CCI 
development in six Chinese 
cities 

Developed a CCI recommendation model with 
94.74% accuracy, highlighting factors such as 
asset investment and cultural financing as 
critical for sustainable CCI development. 

Offers insights into urban CCI 
development with a focus on 
sustainability in the Chinese 
context. 

(Robichaud et 
al., 2024) 

Parental apologies, adolescent 
information management strategies 
(disclosure, lying, secrecy), 
adolescent adjustment 

Correlational and experimental 
study on parental apologies and 
adolescent information 
management strategies 

Parental apologies with need-supportive 
elements positively affect adolescent 
disclosure; need-thwarting apologies are 
linked with lying and secrecy. 

Provides guidance for 
enhancing adolescent-parent 
communication for positive 
adjustment across family cont 

3. Research Methods and Techniques 
Table 2: Variables and their Measurement Items. 

Variable Nature Measurement 

AI-based Learning 

− Effective Learning DV 

1. Easy usage 
2. Suitable results for learning 
3. Saving time 
4. Up-to-date information 
5. Easy access to resources Accurate information 

− Problem-solving DV 

1. Provide solutions to complex problems. 
2. Results through data and analysis 
3. Produce results and data patterns 
4. Predict future outcomes 

− AI learning exposure DV 
1. Improve learning experience through individual characteristics 
2. providing instant feedback 
3. Increase learning through content customization 

Digital literacy DV 
1. Using digital tools for new learning 
2. Searching information through AI-based application 
3. Identification of scams and malicious using AI. 

Learning outcomes DV 

1. Attain targeted information using AI. 
2. Satisfactory contents 
3. Improved critical thinking skills 
4. Improving self-learning skills. 

Information stewardship IV 
1. The organization understands and communicates well its responsibility in handling sensitive data 
2. The organization complies with relevant data protection regulations. 
3. The data management practices are transparent. 
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This research covers primary and secondary data based on which a questionnaire was constructed to measure the given 
variables. Each variable was examined for various factors that contributed to its understanding in the context of learning 
about IT organizations. For example, AI-based learning variable covered three factors: effective learning, problem-
solving, and learning exposure. These factors were measured through six, four, and three items, respectively. Similarly, 
digital literacy was measured through three items, namely using digital tools for new learning, searching information 
through AI-based application, and Identification of scams and malicious using AI. Likewise, the dependent variable of 
learning outcomes covered four items, and the independent variable information stewardship was measured through 
three items. Table 2 presents these variables and their measurement items.  

These items were measured using the strongly disagree as 1 and strongly agree as 5 on a Likert scale. The questionnaire 
was distributed among information technology firms and their research and development departments. A total of 300 
questionnaires were distributed over five weeks. However, in return, the researchers collected 278 questionnaires. 
Moreover, further investigation showed that 23 questionnaires were dropped due to invalid responses, reaching a final 
sample of 255 as analyzed using the given techniques. It is important to note that the current literature also justifies the 
usage of the demographic factors to describe the respondents' profile. The demographic factors included gender, age, 
working experience, and interest in the technology, as shown in the next section of the study. The study results section 
is based on the methods laid out in Figure 2.  

 
Figure 2: Methodological Sequence. 

In the first step of the analysis, we applied the descriptive results covering the Mean and standard deviation as key 
output. In the next step, the demographic analysis using the frequency distribution and percentage share was calculated 
and tabulated. Next, the reliability and validity of the model with the help of measurement model implications were 
measured. The next step focused on the HTMT ratio and the loadings and cross-loadings, which are among the integral 
components of the testing for discriminant validity. Discriminant validity measures whether the model's items show a 
relative variance. The last empirical part encompassed the structural model output. The SEM path analysis helps answer 
whether significant relationships exist between the explanatory and the dependent variables in the same model. The 
testing of the relationships chiefly depends upon the significance level, which is considered 5%, and the t-value, 
respectively. To accept the significant relationships between the variables, it is important to explore the coefficients' 
direction and the significance level and t-value. In this research, the findings for the structural model are well presented 
by providing enough discussion exploring the impact of the independent variables on the learning outcomes.  

4. Results 
Before covering the empirical findings regarding the impact of effective learning, problem-solving, AI learning exposure, 
digital literacy and information stewardship on the learning outcomes, this research reflects upon the key statements 
for discussing the Mean, median, scale minimum-maximum, observed minimum-maximum and standard deviation in 
the last column. Table 3 shows good diversification, which means that the trend in the data is not similar for the given 
items, rather than changing according to the given responses. The maximum mean score is 4.778 as reflected by the 
DIG2, and 4.76 as shown by DIG3. However, the lowest average score is linked with the IFS1, which is 3.824. The overall 
mean values are above 3 and approaching 4, meaning that the responses are near the fourth point on the Likert scale 
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which is 4. The consideration of the standard deviation shows that PRS2 has the highest deviation in the Mean whereas 
EFL1 has the lowest such deviation. However, all the deviation values are less than one.  

Table 3: Descriptive Results. 
Statements Variable Mean SD Min Max 

Improve learning experience through individual characteristics AIL1 3.959 0.497 1 5 

providing instant feedback AIL2 3.952 0.453 1 5 

Increase learning through content customization AIL3 3.969 0.447 1 5 

Using digital tools for new learning DIG1 3.935 0.397 1 5 

Searching information through AI based application DIG2 4.778 0.617 1 5 

Identification of scams and malicious using AI. DIG3 4.764 0.596 1 5 

Easy usage EFL1 3.986 0.326 2 5 

Suitable results for learning EFL2 4.027 0.401 2 5 

Saving time EFL3 4.692 0.531 2 5 

Up-to-date information EFL4 4.005 0.354 2 5 

Easy access to resources EFL5 3.995 0.381 2 5 

Accurate information EFL6 3.925 0.478 2 5 

The organization clearly understands and communicates its responsibility in handling sensitive data IFS1 3.824 0.534 1 5 

The organization complies with relevant data protection regulations. IFS2 3.839 0.502 1 5 

The data management practices are transparent IFS3 3.86 0.52 1 5 

Attain targeted information using AI LOU1 3.896 0.395 1 5 

Satisfactory contents LOU2 3.906 0.438 1 5 

Improved critical thinking skills LOU3 3.906 0.391 1 5 

Improving self-learning skills. LOUT4 3.928 0.386 1 5 

Provide solution to complex problems. PRS1 3.899 0.392 1 5 

Results through data and analysis PRS2 4.725 0.707 1 5 

Produce results and data patterns PRS3 3.961 0.459 1 5 

Predict future outcomes PRS4 3.901 0.494 1 5 

Note: EFL; Effective Learning, PRS; Problem Solving, AIL; Artificial Learning Exposure, DIG; Digital Literacy, LOU; Learning Outcomes, IFS; 
Information Stewardship.  

The respondent profile encompasses their gender, age, group, working experience, interest in the technology and 
employment status. The distribution of the frequency highlights that 65% are males whereas 35% are females. The 
other side in terms of age show that out of total sample of 255, 41.96% are in the age category of between 26.-35 years, 
showing the highest share in the respondents. The other results show that for the age group of above 55 years, there 
were only 21 respondents. For the working experience, 53% respondents had a relative experience of 0-3 years. 
Conversely, 23.92% confirm that their experience-wise background is 4-6 years. 

Additionally, the other experience groups like 7-10 years confirmed the responses from 32 respondents and those 
having above 10 years were 25 respondents who participated in this study. The overall distribution for the interest in 
technology shows that 191 participants were technology enthusiasts, whereas the rest were average users of it. The 
employment status reflected that 207 respondents held permanent job and the remaining were on contracts. Table 4 
and Figure 3 present the distribution of respondents using Gender, Age, Working Experience, Interest in Technology, 
and Employment Status both via frequency distribution and by the percentage share. 

Table 4: Respondent Distribution Via Gender, Age, Working Experience, Interest in Technology, and Employment Status (n=255). 
Description Frequency Percentage 

Gender 

Male 167 65.49 

Female 88 34.51 

Age Group 

18-25 Years 69 27.06 

26-35 Years 107 41.96 

36-45 Years 35 13.73 

45-55 Years 23 9.02 

Above 55 Years 21 8.24 

Working Experience 

0- 3Years 137 53.73 

4-6 Years 61 23.92 

7-10 Years 32 12.55 

above 10 Years 25 9.80 

Interest in Technology 

Enthusiast 191 74.90 

Average User 64 25.10 

Employment Status 

Permanent 207 81.18 

Contractual 48 18.82 
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Figure 3: Demographic Variables, Frequency and Percentages. 

The model reliability for the variables AIL, DIG, EFL, IFS, LOU, and PRS are well covered in Table 5, focusing on the Cronbach 
alpha Composite reliability (rho_a) and Composite reliability (rho_c). For example, the Cronbach's alpha for the variables 
is 0.827, 0.875, 0.867, 0.903, 0.901, and 0.875. These values are as per the suggestions in the literature are above 0.70 to 
confirm the model's reliability. For the composite reliability, the results are also shown that all the variables have a score 
of above 0.70. More specifically, al variables AIL, DIG, EFL, IFS, LOU, and PRS have their rho_and rho_c values equal to 0.921, 
0.902, 0.935, 0.905, 0.906, 0.923, and 0.888, 0.923, 0.9, 0.94, 0.931, and 0.91 respectively as shown in Table 5. The 
presented scores are a good indication of model's reliability, meaning that all of the variables of this study are valid and 
have no issue in terms of reliability when measured through different items from the existing body of literature. 

Table 5: Variables' Reliability. 
Description of the Measures AIL DIG EFL IFS LOU PRS 

Cronbach's alpha 0.827 0.875 0.867 0.903 0.901 0.875 

Composite reliability (rho_a) 0.921 0.902 0.935 0.905 0.906 0.923 

Composite reliability (rho_c) 0.888 0.923 0.9 0.94 0.931 0.91 

Note: EFL; Effective Learning, PRS; Problem-Solving, AIL; Artificial Learning Exposure, DIG; Digital Literacy, LOU; Learning Outcomes, IFS; Information 
Stewardship.  

The convergent validity aims to reflect the amount of the variance being captured by the latent variable compared to 
the variance due to the measurement model. The average variance extracted formula is where the sum of the 
Squared Loadings of Indicators is divided by the number of indicators captured into the model stated in equation 1.  

AVE=∑ (Squared Loadings of Indicators) / Number of Indicators Equation 1 

Using this equation, Table 6 depicts the AVE value for AIL as 0.725 and for DIG and EFL as 0.80 and 0.060. Moreover, 
other variables, IFS, LOU, and PRS, have their AVE values of 0.838, 0.771, and 0.718, respectively. The recommended 
threshold level of AVE value is above 0.50 for variables into the model (Afthanorhan, 2013; Tarmizi et al., 2023). Hence, 
we have achieved that AVE for the variables. 

Table 6: Convergent Validity. 
Variables Average variance extracted (AVE) 

AIL 0.725 
DIG 0.800 
EFL 0.609 
IFS 0.838 
LOU 0.771 
PRS 0.718 

Discriminant validity was also measured using the methodological output in terms of HTMT ratio. The HTMT ratio 
threshold is <0.85 (Ab Hamid et al., 2017; Henseler et al., 2015). The results are shown in Table 7 as diagonal and off-
diagonal values. For example, for the diagonal values, the correlation between AIL and DIG, between DIG and FEL, 
between EFL and IFS, between IFS and LOU, and between LOU and PRS were measured as 0.893, 0.715, 0.524, 0.726, 
and 0.506 respectively. These values were calculated using the following Equation 2: 

HTMT_ij = Average of Heterotrait-Heteromethod correlations (between constructs i and j) / Average of Monotrait-
Heteromethod correlations (within constructs i and j)  Equation 2 
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Table 7: HTMT. 
Variables AIL DIG EFL IFS LOU PRS 

AIL       

DIG 0.893      

EFL 0.808 0.715     

IFS 0.650 0.890 0.524    

LOU 0.302 0.610 0.510 0.726   

PRS 0.863 0.777 0.737 0.732 0.506  

The loadings and the cross-loadings of all variables and their respective items were also measured to confirm the 
presence of discriminant validity. The results in Table 8 present the multiple outcomes. The bold values show the 
loadings for all the items of variables as selected, whereas the normal values are off-loadings. For the items of the 
variables, the provided loadings are well above the cross-loadings. This trend provides good justification for the 
existence of discriminant validity in this research's model.  

Table 8: Loadings and Item's Loadings. 
Items AIL DIG EFL IFS LOU PRS 

AIL1 0.865 0.643 0.643 0.476 0.200 0.623 

AIL2 0.868 0.674 0.346 0.591 0.318 0.606 

AIL3 0.820 0.620 0.656 0.387 0.156 0.603 

DIG1 0.812 0.851 0.553 0.640 0.475 0.702 

DIG2 0.645 0.895 0.555 0.678 0.412 0.846 

DIG3 0.605 0.936 0.470 0.809 0.578 0.809 

EFL1 0.533 0.479 0.911 0.401 0.538 0.469 

EFL2 0.561 0.327 0.820 0.156 0.180 0.453 

EFL3 0.450 0.268 0.548 0.449 0.290 0.535 

EFL4 0.407 0.420 0.886 0.372 0.427 0.385 

EFL5 0.429 0.437 0.885 0.355 0.479 0.355 

EFL6 0.468 0.321 0.533 0.427 0.188 0.447 

IFS1 0.534 0.718 0.440 0.908 0.580 0.597 

IFS2 0.502 0.710 0.334 0.930 0.614 0.641 

IFS3 0.596 0.766 0.492 0.908 0.627 0.685 

LOU1 0.379 0.571 0.368 0.733 0.873 0.469 

LOU2 0.192 0.463 0.410 0.519 0.889 0.388 

LOU3 0.288 0.516 0.511 0.627 0.909 0.462 

LOUT4 0.125 0.383 0.474 0.424 0.839 0.410 

PRS1 0.516 0.738 0.515 0.616 0.516 0.916 

PRS2 0.617 0.845 0.435 0.692 0.438 0.871 

PRS3 0.612 0.528 0.475 0.268 0.165 0.736 

PRS4 0.750 0.786 0.531 0.646 0.417 0.857 

Note: EFL; Effective Learning, PRS; Problem Solving, AIL; Artificial Learning Exposure, DIG; Digital Literacy, LOU; Learning Exposure, IFS; Information Stewardship.  

Figure 4 presents items' loadings for IFS, EFL, PRS, LOU, AIL and DIG. As per the similar results in Table 8, the Figure 3 
also confirms that the loadings are acceptable for the given variables, as they helped to provide good reliability and 
validity scores. The inner path of the model in Figure 4 covers the correlation between the variables where the 
relationship between IFS and LOU is 0.663, between DIG and LOU is 0.555, between EFL and LOU is 0.502, between PRS 
and LOU is 0.495, between AIL and LOU is 0.287, accordingly. 

 
Figure 4: Correlation and Factor Loadings. 

Note: EFL; Effective Learning, PRS; Problem Solving, AIL; Artificial Learning Exposure, DIG; Digital Literacy, LOU; Learning Exposure, 
IFS; Information Stewardship. 
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The structural equation modeling results are reflected in Table 9, showing different direct path analysis. The given paths 
in the first column determine the impact of the given independent variables on the learning outcomes, which are the 
main dependent variables. As the results show, the AIL to LOU coefficient is 0.438 and the standard deviation is 0.184. 
The given positive coefficient of 0.438, which determines an upward change in the learning outcomes also reflected by 
significant p-value as 0.018 at 5%. This overall trend shows that a good change in the learning outcome is connected 
with the learning exposure from artificial intelligence.  

Table 9: Structural Equation Modelling Results. 
 Original Sample (O) Standard Deviation (STDEV) T Statistics (|O/STDEV|) P Values 

AIL -> LOU 0.438 0.184 2.375 0.018 

DIG -> LOU 0.173 0.277 0.625 0.532 

EFL -> LOU 0.370 0.111 3.347 0.001 

IFS -> LOU 0.595 0.150 3.979 0.000 

PRS -> LOU 0.028 0.181 0.152 0.879 

Note: EFL; Effective Learning, PRS; Problem Solving, AIL; Artificial Learning Exposure, DIG; Digital Literacy, LOU; Learning Exposure, IFS; Information 
Stewardship.  

The given coefficient 0.370 of EFL to LOU implies that it is causing an improvement in the learning exposure of the 
targeted respondents by 0.370 while keeping the other factors as constant. Moreover, the deviation from this given 
coefficient has been found as 0.111 with a t-score of 3.347 which is reasonably above the level of 1.96. These results 
provide the stated evidence for the significant impact of the EFL on the LOU among the key officers working in the 
research and development department of the information technology firms. The given effect is significant, which means 
there is enough statistical evidence to claim that a higher level of the EFL means higher learning exposure among these 
respondents, for which several policy implications can be suggested. These results also claim that EFL is essential and 
crucial for building people's skills as they work and are linked with the Research and Development units of the 
information technology organization. When companies create a culture of continuous learning within the organization, 
the employees can stay up to date with rapid technology and the changes and tackle complex business and market-
related challenges more effectively. By participating in different training sessions, using relevant resources, and 
collaborating with experts both within and outside the organization, the R&D staff can enhance their problem-solving 
skills and learn new ways of dealing with the complex business environment in a more effective manner (Frank et al., 
2020; Şenocak; Demirkıran, 2023).  

The organizational significance of information stewardship towards promoting learning and improving the performance 
cannot be neglected. Given this relationship, the findings in the Table 9 also show that the coefficient for the impact of 
information stewardship on the learning exposure is 0.595, significant on statistical grounds, and reflecting that it is 
putting an upward impact on the learning factor. Hence, their relationship also aims to cover some policies related to 
future recommendations and implications. However, the last part between problem-solving and learning exposure is 
insignificant, as per the given results and p-values. This suggests that there is no consideration of such a relationship 
while providing the policy implications and recommendations. The relationship between LOU and given variables is well 
covered in Figure 5, covering the p-values both in the inner and outer model as linked with the items of the variables.  

 

Figure 5: With p-values Inside and Outside. 

More specifically, the given positive coefficient means that improvement in the learning exposure is connected with the 
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IFS among the information technology firms' research and development department's employees. This impact is also 
found as significant at 1% as all T-values are above the defined level of 1.96 and the p-value is less than zero percent. 
The given values like the T and the P confirm that this research study accepts the significant and productive influence 
from the IFS  towards improving learning exposure.  

This relationship involves several other factors that are quite evident to explore. The given factors can be explained in 
several contexts like IFS improves employee learning in the R&D departments of IT firms by organizing and managing 
data. The data management includes the steps like easy access, usage, and share with the other team members of the 
organization specifically those working in similar research and development departments. Moreover, when both the 
data and resources are stored in an organized and secure manner, the employees working in the R&D department can 
quickly find the information they need. This can lead towards time saving and help them to learn more efficiently. For 
instance, having well-organized databases, clear documentation, and accessible knowledge-sharing platforms allows 
employees to learn from past projects, avoid repeated mistakes, and build on previous successes (Singh, 2024). This 
access to structured information helps them apply insights from past work to new challenges, supporting their growth 
and problem-solving abilities. 

The variable of information stewardship also encourages the responsible use of data (Rosenbaum, 2010), which is 
crucial in R&D as employees experiment and innovate. When data is handled properly, it is accurate and reliable, so 
employees can trust it and make better decisions. This trust makes them more willing to explore new ideas and 
collaborate with others since they know the information they're using is dependable. As a result, information becomes 
a valuable shared resource that everyone in the R&D department can learn from and build upon. This access to reliable 
information improves individual learning and boosts teamwork and innovation by creating a solid foundation of 
knowledge for employees to use in their projects. 

The existing literature has also explored the association between the artificial intelligence learning exposure and 
learning outcomes. Among the sample studies, Goksel Canbek and Mutlu (2016) indicate that in the modern 
technology-based environment, it is possible to access the useful and timely information with the help of intelligent 
personal assistance. Meanwhile, the artificial intelligence can help in learning better by changing lessons to match each 
person's strengths, weaknesses, and learning style as well. Moreover, it further aims to adjust the content based on 
how a student is doing, making it easier for them to learn and giving extra help if they're finding something hard. 
Students also get quick feedback on exercises, so they can see mistakes and fix them right away. AI-powered tools are 
available all the time, so the individuals working at different organizations can get help whenever they need it, even if 
they do not have someone to guide them. Teachers also benefit because AI reveals to them each student's progress, 
helping them change their teaching to fit each student's needs. AI adds game-like rewards and badges, to keep students 
interested, which makes learning more fun.  

Meanwhile, AI also groups students with similar needs together for teamwork, which builds communication and social 
skills. It helps students with disabilities or language differences by offering tools like voice typing or translations. With 
AI learning apps, students can also study anytime they want, which lets them go over and strengthen what they have 
learned at their own pace. All these features make learning more enjoyable and give students the support they need to 
succeed in ways that feel right for them. Therefore, AI is believed to boost the learning exposure of different individuals 
with some remarkable outcomes. However, unlike the positively significant impact of the artificial intelligence learning 
on the learning exposure, the impact of the digital literacy on the LOU was found to be positive but statistically 
insignificant when checked through full sample analysis with the help of structural equation modelling technique. 

Additionally, the learning programs offered by organizations would help them stay connected with the industry trends, 
tools, and frameworks (Giannakos et al., 2022) that are crucial in the field of information technology research. This 
commitment and dedication towards the learning supports personal growth, boosts job satisfaction, and builds a strong 
knowledge foundation among the team members and the organization. This means employees are better prepared to 
think creatively, explore new ideas, and help their company stay competitive in an ever-changing industry. Additionally, a 
strong and committed learning environment encourages team members to acquire, share and respond for better 
knowledge management practices (April et al., 2004). Meanwhile learning initiatives like workshops, seminars, and online 
courses encourage collaboration and bring in new ideas that improve team performance (Rosenberg, 2005) towards 
innovation performance (Moustaghfir; Schiuma, 2013; Lee et al., 2008). Exposure to different skills and ideas helps people 
develop a broader understanding beyond their primary areas of expertise, leading to better, more innovative approaches 
to IT challenges. For these reasons, it is believed that effective learning is a crucial indicator for improving learning exposure, 
specifically for those linked to the information technology firms' research and development departments.  

5. Conclusion  
Improving the employees' learning exposure is a better pathway for achieving greater organizational success. However, this 
achievement is primarily linked with so many critical factors which need to be considered by policymakers, management 
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executives, and other officials. Considering the information technology firms, it is widely recognized that innovation is the 
key to success. Therefore, focusing on effective learning, problem solving, artificial intelligence learning, digital literacy, and 
information stewardship can generate substantial results for strategic policymaking. This research has been conducted on 
the key firms linked with the IT sector, and the results were generated using the most advanced technique, structural 
equation modeling. The results confirm that an increase in the learning exposure of the given sample from the R&D 
departments of the IT firms is mainly connected with information stewardship, effective learning, and artificial intelligence 
learning. These factors highlight the path for the several policy implications specifically for the information technology 
department and in general, for the other firms working in a similar domain or the industry in different regional settings.  

This study recommends to focus on the relationship between artificial intelligence learning and learning exposure. For 
this objective, the study suggests that the key officials and managers in IT firms and their research and development 
departments need to create AI-driven personalized learning systems for several strategic reasons. For instance, these 
systems would suggest specific training for each employee based on their role and organizational responsibilities, skills, 
and expertise, which are linked with different innovative projects. Moreover, artificial intelligence can analyze their work 
data to find skill gaps and recommend courses or resources to create a synergetic effect. This way, employees and key 
individuals linked with the R&D departments to get the right training for their needs, saving time and making learning 
more effective. By using the virtual assistants and chatbots linked with the AI, the employees could also quickly access 
learning materials and technical help whenever they need it. AI can also help through collaboration and knowledge-
sharing platforms. AI can connect employees with similar interests or skills, encouraging them to work together and 
share ideas. It can also help organize internal resources, like research papers or project data, making finding information 
relevant to ongoing work easy. This setup allows employees to learn from each other's experiences and stay updated 
on new developments in technology. By creating easy access to useful information and linking people with shared 
expertise, AI can boost the team's knowledge and help them create innovative solutions.  

The study also recommends to focus on causing effective relationship for learning exposure of employees As an example, 
effective learning means not only gaining knowledge and information but also applying it in practical ways. LOU, on the 
other hand, is about the opportunities employees have to learn from various sources, some good experiences, and 
challenges related to different tasks. When learning is effective, it improves the value of each learning opportunity while 
helping the key employees linked with the IT firms and R&D departments in terms of new skills. In turn, increased LOU 
gives the employees of the R&D department with a wider range of experiences, which supports more effective learning. 
Furthermore, collective, the employees in the R&D departments can effectively capture the learning strengthens and 
increased exposure which can encourage the continuous growth. The study also recommends for companies to initiate 
key practices for effective learning. For instance, tailored training programs can be designed to ensure that employees 
receive learning experiences suited to their skill levels and roles, making learning both relevant and impactful. 
Opportunities can be created for hands-on learning, through projects or challenges that apply new skills directly to their 
work. Companies can also encourage mentorship programs where experienced employees share their knowledge, 
exposing others to real-world insights. By combining targeted training, practical experiences, and mentorship, 
companies can support effective learning while expanding the learning exposure for everyone as working in the R&D 
departments of the information technology firms. 

The study connects this debate with some of the limitations faced in this study. The first limitation was that this study 
had completely focused on IT firms and their R&D departments while ignoring other sectors like education, 
manufacturing, banking, and business organizations, including retail and small units. Future studies can implement 
qualitative techniques or meta-analyses regarding the trends and gaps in learning exposure, information stewardship, 
affective learning, and learning through artificial intelligence. By addressing these limitations, future studies can expand 
the implications and practical suggestions related to the given topics and field of interest. 

References 
Ab Hamid, M. R.; Sami, W.; Mohmad Sidek, M. H. (2017). "Discriminant Validity Assessment: Use of Fornell &amp; 
Larcker criterion versus HTMT Criterion". Journal of Physics: Conference Series, v. 890, n. 1, pp. 012163. https://doi.org/ 
10.1088/1742-6596/890/1/012163 

Afthanorhan, Wan Mohamad Asyraf Bin Wan. (2013). "A comparison of partial least square structural equation 
modeling (PLS-SEM) and covariance based structural equation modeling (CB-SEM) for confirmatory factor analysis". 
International Journal of Engineering Science and Innovative Technology, v. 2, n. 5, pp. 198-205. https://www.ijesit.com 
/Volume%202/Issue%205/IJESIT201305_27.pdf 

Ali, Faizan. (2023). "Let the devil speak for itself: Should ChatGPT be allowed or banned in hospitality and tourism 
schools?". Journal of Global Hospitality and Tourism, v. 2, n. 1, pp. 1-6. https://doi.org/10.5038/2771-5957.2.1.1016 

April, Kurt; Milton, Nick J; Gorelick, Carol. (2004). Performance Through Learning: Knowledge Management in Practice. 
Routledge. https://doi.org/10.4324/9780080479927 

https://doi.org/10.5038/2771-5957.2.1.1016
https://doi.org/10.4324/9780080479927


Impact of AI-Based Learning, Digital Literacy, Information Stewardship on Learning Outcomes 

e330515 Profesional de la información, 2024, v. 33, n. 5. e-ISSN: 1699-2407     11 
 

Baillifard, Ambroise; Gabella, Maxime; Lavenex, Pamela Banta; Martarelli, Corinna S. (2024). "Effective learning with a 
personal AI tutor: A case study". Education and Information Technologies. https://doi.org/10.1007/s10639-024-12888-5 

Beerbaum, Dirk. (2023). "Generative Artificial Intelligence (GAI) Ethics Taxonomy- Applying Chat GPT for Robotic Process 
Automation (GAI-RPA) as Business Case". Available at SSRN 4385025. https://doi.org/10.2139/ssrn.4385025 

Chan, Cecilia Ka Yuk; Lee, Katherine K. W. (2023). "The AI generation gap: Are Gen Z students more interested in 
adopting generative AI such as ChatGPT in teaching and learning than their Gen X and millennial generation teachers?". 
Smart Learning Environments, v. 10, n. 1, pp. 60. https://doi.org/10.1186/s40561-023-00269-3 

Chen, Dayou; Liu, Wentao; Liu, Xinyu. (2024). "What drives college students to use AI for L2 learning? Modeling the 
roles of self-efficacy, anxiety, and attitude based on an extended technology acceptance model". Acta Psychologica, v. 
249, pp. 104442. https://doi.org/10.1016/j.actpsy.2024.104442 

Chen, Jiangping; Lin, Chin-Hsi; Chen, Gaowei. (2023). "Adolescents’ self-regulated and affective learning, teacher 
support and digital reading literacy: A multilevel latent profile approach". Computers & Education, v. 205, pp. 104883. 
https://doi.org/10.1016/j.compedu.2023.104883 

Dalgıç, Ali; Yaşar, Emre; Demir, Mahmut. (2024). "ChatGPT and learning outcomes in tourism education: The role of 
digital literacy and individualized learning". Journal of Hospitality, Leisure, Sport & Tourism Education, v. 34, pp. 100481. 
https://doi.org/10.1016/j.jhlste.2024.100481 

Demir, Mahmut; Demir, Şirvan Şen; Aktürk, Onur. (2024). "The Effects of Distance Education Capabilities and 
Competencies on Learning Outcomes During COVID-19 in Higher Education Institutions". Journal of Hospitality & 
Tourism Education, v. 36, n. 4, pp. 371-382. https://doi.org/10.1080/10963758.2023.2191966 

Detlor, Brian; Julien, Heidi; Willson, Rebekah; Serenko, Alexander; Lavallee, Maegen. (2011). "Learning outcomes of 
information literacy instruction at business schools". Journal of the American Society for Information Science and 
Technology, v. 62, n. 3, pp. 572-585. https://doi.org/10.1002/asi.21474 

Dwivedi, Yogesh K.; Kshetri, Nir; Hughes, Laurie; Slade, Emma Louise; Jeyaraj, Anand; Kar, Arpan Kumar; Baabdullah, 
Abdullah M.; Koohang, Alex; Raghavan, Vishnupriya; Ahuja, Manju. (2023). "Opinion Paper: “So what if ChatGPT wrote 
it?” Multidisciplinary perspectives on opportunities, challenges and implications of generative conversational AI for 
research, practice and policy". International Journal of Information Management, v. 71, pp. 102642. https://doi.org/ 
10.1016/j.ijinfomgt.2023.102642 

Frank, Hannah E.; Becker-Haimes, Emily M.; Rifkin, Lara S.; Norris, Lesley A.; Ollendick, Thomas H.; Olino, Thomas M.; 
Kratz, Hilary E.; Beidas, Rinad S.; Kendall, Philip C. (2020). "Training with tarantulas: A randomized feasibility and 
acceptability study using experiential learning to enhance exposure therapy training". Journal of Anxiety Disorders, v. 
76, pp. 102308. https://doi.org/10.1016/j.janxdis.2020.102308 

Giannakos, Michail N.; Mikalef, Patrick; Pappas, Ilias O. (2022). "Systematic Literature Review of E-Learning Capabilities to 
Enhance Organizational Learning". Information Systems Frontiers, v. 24, n. 2, pp. 619-635. https://doi.org/10.1007/s10796-
020-10097-2 

Goksel Canbek, Nil; Mutlu, Mehmet Emin. (2016). "On the track of Artificial Intelligence: Learning with Intelligent Personal Assistants". 
Journal of Human Sciences, v. 13, n. 1, pp. 592-601. https://www.j-humansciences.com/ojs/index.php/IJHS/article/view/3549 

Gupta, Brij B.; Gaurav, Akshat; Panigrahi, Prabin Kumar; Arya, Varsha. (2023). "Analysis of artificial intelligence-based 
technologies and approaches on sustainable entrepreneurship". Technological Forecasting and Social Change, v. 186, 
pp. 122152. https://doi.org/10.1016/j.techfore.2022.122152 

Gursoy, Dogan; Li, Yu; Song, Hakjun. (2023). "ChatGPT and the hospitality and tourism industry: an overview of current 
trends and future research directions". Journal of Hospitality Marketing & Management, v. 32, n. 5, pp. 579-592. 
https://doi.org/10.1080/19368623.2023.2211993 

Henseler, Jörg; Ringle, Christian M.; Sarstedt, Marko. (2015). "A new criterion for assessing discriminant validity in 
variance-based structural equation modeling". Journal of the Academy of Marketing Science, v. 43, n. 1, pp. 115-135. 
https://doi.org/10.1007/s11747-014-0403-8 

Imjai, Narinthon; Aujirapongpan, Somnuk; Yaacob, Zulnaidi. (2024). "Impact of logical thinking skills and digital literacy 
on Thailand's generation Z accounting students’ internship effectiveness: Role of self-learning capability". International 
Journal of Educational Research Open, v. 6, pp. 100329. https://doi.org/10.1016/j.ijedro.2024.100329 

Kure, Astrid Elisabeth; Brevik, Lisbeth M.; Blikstad-Balas, Marte. (2023). "Digital skills critical for education: Video 
analysis of students' technology use in Norwegian secondary English classrooms". Journal of Computer Assisted Learning, 
v. 39, n. 1, pp. 269-285. https://doi.org/10.1111/jcal.12745 

https://doi.org/10.1007/s10639-024-12888-5
https://doi.org/10.2139/ssrn.4385025
https://doi.org/10.1186/s40561-023-00269-3
https://doi.org/10.1016/j.actpsy.2024.104442
https://doi.org/10.1016/j.compedu.2023.104883
https://doi.org/10.1016/j.jhlste.2024.100481
https://doi.org/10.1080/10963758.2023.2191966
https://doi.org/10.1002/asi.21474
https://doi.org/10.1016/j.janxdis.2020.102308
https://doi.org/10.1007/s10796-020-10097-2
https://doi.org/10.1007/s10796-020-10097-2
https://www.j-humansciences.com/ojs/index.php/IJHS/article/view/3549
https://doi.org/10.1016/j.techfore.2022.122152
https://doi.org/10.1080/19368623.2023.2211993
https://doi.org/10.1007/s11747-014-0403-8
https://doi.org/10.1016/j.ijedro.2024.100329
https://doi.org/10.1111/jcal.12745


Ling Pu; Jun Liang; Jingkun Wang; Ning Zhang; Weiping Zhong 

e330515 Profesional de la información, 2024, v. 33, n. 5. e-ISSN: 1699-2407     12 
 

Lee, Chen-Kuo; Tan, Bertram; Chiu, Jun-Zhi. (2008). "The impact of organisational culture and learning on innovation 
performance". International Journal of Innovation and Learning, v. 5, n. 4, pp. 413-428. https://doi.org/10.1504/ijil.2008.017561 

Malik, Hasmat; Srivastava, Smriti; Sood, Yog Raj; Ahmad, Aamir. (2018). Applications of Artificial Intelligence 
Techniques in Engineering: SIGMA 2018, Volume 1. Springer Singapore. https://doi.org/10.1007/978-981-13-1819-1 

Moustaghfir, Karim; Schiuma, Giovanni. (2013). "Knowledge, learning, and innovation: research and perspectives". 
Journal of Knowledge Management, v. 17, n. 4, pp. 495-510. https://doi.org/10.1108/JKM-04-2013-0141 

O'Callaghan, Susanne; Calloway, Linda Jo; Walker, John P; Elson, Raymond J; Dwyer, Cathy; Boumediene, Salem; 
Boumediene, Salma. (2021). "Digital Literacy and Accounting Students: Implications for the Profession". Global Journal 
of Accounting and Finance, v. 5, n. 1, pp. 45-63. https://doi.org/10.47177/gjaf.05.01.2021.045 

Okunlaya, Rifqah Olufunmilayo; Syed Abdullah, Norris; Alias, Rose Alinda. (2022). "Artificial intelligence (AI) library 
services innovative conceptual framework for the digital transformation of university education". Library Hi Tech, v. 40, 
n. 6, pp. 1869-1892. https://doi.org/10.1108/LHT-07-2021-0242 

Ouyang, Fan; Xu, Weiqi; Cukurova, Mutlu. (2023). "An artificial intelligence-driven learning analytics method to examine the 
collaborative problem-solving process from the complex adaptive systems perspective". International Journal of Computer-
Supported Collaborative Learning, v. 18, n. 1, pp. 39-66. https://doi.org/10.1007/s11412-023-09387-z 

Prananta, Arie Wahyu; Megahati S, Ruth Rize Paas; Susanto, Nugroho; Raule, Jean Henry. (2023). "Transforming 
Education and Learning through Chat GPT: A Systematic Literature Review". Jurnal Penelitian Pendidikan IPA, v. 9, n. 11, 
pp. 1031-1037. https://doi.org/10.29303/jppipa.v9i11.5468 

Raisch, Sebastian; Fomina, Kateryna. (2023). "Combining Human and Artificial Intelligence: Hybrid Problem-Solving in 
Organizations". Academy of Management Review, v. 0, n. ja, pp. amr.2021.0421. https://doi.org/10.5465/amr.2021.0421 

Reddy, Pritika; Sharma, Bibhya; Chaudhary, Kaylash. (2022). "Digital literacy: a review in the South Pacific". Journal of 
Computing in Higher Education, v. 34, n. 1, pp. 83-108. https://doi.org/10.1007/s12528-021-09280-4 

Robichaud, Jean-Michel; Bureau, Julien S.; Zimmermann, Grégoire; Mageau, Geneviève A.; Schumann, Karina; Kil, 
Hali; Van Petegem, Stijn. (2024). "Parental apologies and adolescents' information management strategies: Social 
learning and self-determination perspectives". Journal of Applied Developmental Psychology, v. 93, pp. 101674. 
https://doi.org/10.1016/j.appdev.2024.101674 

Rosenbaum, Sara. (2010). "Data Governance and Stewardship: Designing Data Stewardship Entities and Advancing Data 
Access". Health Services Research, v. 45, n. 5p2, pp. 1442-1455. https://doi.org/10.1111/j.1475-6773.2010.01140.x 

Rosenberg, Marc J. (2005). Beyond E-learning: Approaches and Technologies to Enhance Organizational Knowledge, 
Learning, and Performance. John Wiley & Sons. 

Schulz, Małgorzata. (2023). "E-Learning as a Development Tool". Sustainability, v. 15, n. 20, pp. 15012. https://doi. 
org/10.3390/su152015012 

Senkbeil, Martin. (2023). "How well does the digital home learning environment predict ICT literacy and ICT self-efficacy? 
Comparing the predictive power of adolescent and parent reports". Computers & Education, v. 207, pp. 104937. 
https://doi.org/10.1016/j.compedu.2023.104937 

Şenocak, Süleyman Ümit; Demirkıran, Fatma. (2023). "Effects of problem-solving skills development training on 
resilience, perceived stress, and self-efficacy in nursing students: A randomised controlled trial". Nurse Education in 
Practice, v. 72, pp. 103795. https://doi.org/10.1016/j.nepr.2023.103795 

Singh, Sarbjit. (2024). Knowledge Sharing Key to Assured Success: Continuous Learning, Innovating, Integrating, 
Validating, Networking and Sharing Knowledge Are the Keys To Assured Success. Notion Press. https://notionpress.com/ 
read/knowledge-sharing-key-to-assured-success 

Smallwood, Robert F. (2019). Information Governance: Concepts, Strategies and Best Practices. John Wiley & Sons. 

Tarmizi, Rasyid; Septiani, Nanda; Sunarya, Po Abas; Ayu Sanjaya, Yulia Putri. (2023). "Harnessing Digital Platforms for 
Entrepreneurial Success: A Study of Technopreneurship Trends and Practices". Aptisi Transactions on Technopreneurship 
(ATT), v. 5, n. 3, pp. 278-290. https://doi.org/10.34306/att.v5i3.360 

Wichert, Andreas. (2020). Principles of Quantum Artificial Intelligence: Quantum Problem Solving and Machine Learning. 
World Scientific. https://doi.org/10.1142/11938 

Yue Yim, Iris Heung. (2024). "A critical review of teaching and learning artificial intelligence (AI) literacy: Developing an 
intelligence-based AI literacy framework for primary school education". Computers and Education: Artificial Intelligence, 
v. 7, pp. 100319. https://doi.org/10.1016/j.caeai.2024.100319 

https://doi.org/10.1504/ijil.2008.017561
https://doi.org/10.1007/978-981-13-1819-1
https://doi.org/10.1108/JKM-04-2013-0141
https://doi.org/10.47177/gjaf.05.01.2021.045
https://doi.org/10.1108/LHT-07-2021-0242
https://doi.org/10.1007/s11412-023-09387-z
https://doi.org/10.29303/jppipa.v9i11.5468
https://doi.org/10.5465/amr.2021.0421
https://doi.org/10.1007/s12528-021-09280-4
https://doi.org/10.1016/j.appdev.2024.101674
https://doi.org/10.1111/j.1475-6773.2010.01140.x
https://doi.org/10.1016/j.compedu.2023.104937
https://doi.org/10.1016/j.nepr.2023.103795
https://doi.org/10.34306/att.v5i3.360
https://doi.org/10.1142/11938
https://doi.org/10.1016/j.caeai.2024.100319


Impact of AI-Based Learning, Digital Literacy, Information Stewardship on Learning Outcomes 

e330515 Profesional de la información, 2024, v. 33, n. 5. e-ISSN: 1699-2407     13 
 

Zhang, Yidi; Lucas, Margarida; Bem-haja, Pedro; Pedro, Luís. (2024). "The effect of student acceptance on learning 
outcomes: AI-generated short videos versus paper materials". Computers and Education: Artificial Intelligence, v. 7, pp. 
100286. https://doi.org/10.1016/j.caeai.2024.100286 

Zhao, Zijian; Garcia-Campayo, Javier; Liang, Jin; Pu, Ruihui; Perez, Hector Monzales; Xue, Xi; Borao, Luis; Li, Huaqiang; 
Masanda, Argel Bondoc; Chen, Jing; Portugal, Lucila Matias; Aganan, Jonathan Bulahan. (2024). "The construction of 
urban cultural and creative industries using deep learning and information management". Heliyon, v. 10, n. 13, pp. 
e33787. https://doi.org/10.1016/j.heliyon.2024.e33787 

Zheng, Yunxiang; Zhang, Junyi; Li, Yumeng; Wu, Xiaomin; Ding, Ruofei; Luo, Xianfei; Liu, Panpan; Huang, Jingxiu. 
(2024). "Effects of digital game-based learning on students’ digital etiquette literacy, learning motivations, and 
engagement". Heliyon, v. 10, n. 1, pp. e23490. https://doi.org/10.1016/j.heliyon.2023.e23490 

https://doi.org/10.1016/j.caeai.2024.100286
https://doi.org/10.1016/j.heliyon.2024.e33787
https://doi.org/10.1016/j.heliyon.2023.e23490

