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Abstract

This study aimed to examine the effects of an Al literacy-oriented course on
students. Through a robot design course with an Al literacy orientation, this study
explored its effects on students’ Al knowledge, attitudes toward Al, and Al use motives.
A questionnaire survey was used, and all fifth-grade students at an elementary school
in southern Taiwan were invited to participate. Paired-samples t test was conducted to
compare students’ differences in Al knowledge, attitudes toward Al, and Al use
motives before and after the course, so as to examine the effects of the course on
students.

The results showed that the Al literacy-oriented course led to a significant and
positive improvement in students’ Al knowledge. Significant differences were also
found in different dimensions of attitudes toward Al. In addition, significant differences
were found in the expectancy and attainment dimensions of Al use motives. Overall,
this study confirmed that the Al literacy-oriented course had some effects on students’
Al literacy-related Al knowledge, attitudes toward Al, and Al use motives. The
dimensions that did not show significant improvement may provide useful directions
for the future development of Al literacy-oriented course.

Keywords: Al Literacy; Attitudes Toward Al; Al Use Motives; Robot Design;
Robot Course
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Introduction

With the rapid development of Artificial Intelligence (Al), Al has widely
influenced society and education systems. Therefore, developing students’ Al literacy
has become an important issue in basic education. Previous studies indicated that Al
literacy referred to the basic abilities individuals should have in a knowledge-based
society. It included Al knowledge, attitudes toward Al, and Al use motives, such as
understanding core Al concepts, developing computational thinking and programming
skills, and thinking critically about the social effect of Al (Bawden, 2008; Long &
Magerko, 2020; Kim et al., 2021). In addition, the five big ideas proposed by Al for K-
12 emphasized the importance of helping students understand how Al works and its
social impact from an early stage (Touretzky et al., 2019), which showed the need to
develop Al literacy in basic education.

In instructional practice, robotics design course has been viewed as an effective
way to develop Al literacy. The Students as Al Learning Designers (SAILD)
framework used iterative design cycles and inquiry processes to guide students in
problem solving, hands-on practice, and reflection. This process helped integrate the
development of knowledge, attitudes, and Al use motives (Yue et al., 2025).

Based on this, this study was grounded in Al literacy theory and the SAILD
framework. It also integrated the cross-disciplinary indicators of the 12-Year Basic
Education Curriculum to develop an Al literacy-oriented course for elementary school
students. The study further analyzed the differences in students’ Al knowledge,
attitudes toward Al, and Al use motives before and after the course implementation, in
order to examine the effectiveness of the Al literacy-oriented course. The purposes of
this study were as follows: 1. to analyze the effect of the Al literacy-oriented course on
students’ Al knowledge; 2. to analyze the effect of the Al literacy-oriented course on
students’ attitudes toward Al; and 3. to analyze the effect of the Al literacy-oriented
course on students’ Al use motives. Based on these purposes, the following research
questions were proposed:

1. What was the effect of the Al literacy-oriented robotics course on students’

Al knowledge?

2. What was the effect of the Al literacy-oriented robotics course on students’

attitudes toward Al?

3. What was the effect of the Al literacy-oriented robotics course on students’

Al use motives?

Literature Review
1 Al Literacy-Oriented Course

(1) The Concept of Al Literacy

The term literacy refers to the essential abilities that every citizen should have.
Therefore, Al literacy has been defined as the basic abilities related to Al that
individuals need in a knowledge-based society, so that they can have equal
opportunities in the workplace (Bawden, 2008). Long and Magerko (2020) divided Al
literacy into three dimensions: Al knowledge, Al skills, and Al attitudes. Al knowledge
refers to understanding core Al concepts, such as definitions, types, problem solving,
reasoning, data, machine learning, and applications. Al skills refer to computational
thinking and programming abilities, including the use of Al tools. Al attitudes refer to
understanding the social impact of Al, including human-Al interaction and both
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positive and negative effects, as well as developing critical views toward Al use (Kim
etal., 2021).

Based on this, the “Al for K-12” initiative proposed five big ideas as guidelines for
Al education from kindergarten to elementary school levels: (1) computers use sensors
to perceive the world; (2) agents maintain representations of the world and use them for
reasoning; (3) computers learn from data; (4) enabling natural interaction between
humans and agents is a major challenge; and (5) Al applications may have both positive
and negative impacts on society (Touretzky et al., 2019).

(2) Framework of Al Literacy-Oriented Course

Because robotics design course had strong potential to support the development of
Al literacy, Yue et al. (2025) developed a framework called students as Al literate
designers (SAILD). This framework explained how students’ Al literacy was improved
in robotics design activities. The SAILD framework included two interactive parts:
design and research.

The design part guided students to engage in a design cycle, including problem
identification, generation of design solutions, creation of digital products, and
evaluation. The research part included students’ participation in brainstorming, hands-
on exploration, critical discussion, and reflection. In this instructional framework,
activities from both parts were conducted in an iterative and alternating process, which
helped improve students’ Al literacy.

In this study, the robotics course was designed based on the SAILD framework.
First, students were motivated to identify real-life problems. Based on the introduction
to robotics design knowledge, they proposed initial design solutions to solve these
problems. Then, the teacher provided guidance to help students understand difficult
concepts in the design process. Students used this new knowledge to further improve
their designs. After that, the teacher introduced more advanced knowledge to support
further design iteration. Students then adjusted and optimized their solutions, reflected
on their designs, and conducted evaluation under the teacher’s guidance.

Research Method

1. Research Design

Based on the SAILD instructional framework, this research team selected and
integrated Al literacy, Al core topics, and Al competency indicators (Long & Magerko,
2020), as well as the cross-curricular indicators of the 12-Year Basic Education
Curriculum, to design and implement an Al literacy-oriented robotics course for the
elementary school level. Before and after the course implementation, questionnaire
surveys were used to collect data on students’ Al knowledge, attitudes toward Al, and
Al use motives. After that, a paired-samples t test was used to examine the effects of
this course on students.

2. Population and Sample

This study aimed to examine the effects of the Al literacy-oriented robotics course
on students, in order to clarify the effectiveness of this course. Therefore, all fifth-grade
students from two classes at one elementary school in southern Taiwan were selected
as the research participants, with a total of 51 students. From September 2025 to April
2026, these students participated in two semesters and 10 instructional units of the Al
literacy-oriented robotics course. They also completed surveys on Al knowledge,
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attitudes toward Al, and Al use motives before and after the course.
3. Research Instrument

To address the research questions, the researchers developed the Questionnaire
on Al Literacy-Oriented Course and administered it to 51 fifth-grade students who
received this course. The questionnaire mainly included four sections. The section 1
was an introduction that explained the purpose of the survey. The section 2 included
items on Al knowledge. The section 3 and section 4 included items on attitudes toward
Al and Al use motives. The details of the second, third, and fourth parts are described
below.

(1) Measurement of Al Knowledge

The Al knowledge items were developed by four researchers, including an
elementary school information teacher, a student from the Department of Mechanical
and Electromechanical Engineering, an elementary school administrator, and a
university teacher. These items were developed based on Al competency indicators and
were revised three times. Table 1 showed that the Al knowledge items were divided
into two dimensions, which represented the Lego and NKNU Block robotics design
systems that students would learn in the Al literacy-oriented robotics course. The Lego
system included five course units, and the NKNU Block system included four course
topics. Each course unit had two items. In addition, there was a final achievement
presentation that combined both systems. In the course unit for this presentation, one
item was designed for each of the two systems. Therefore, the total number of items
was 20.

Table 1. Distribution of Questionnaire Items on Al Knowledge

Dimension Unit Item Numbers  Number of Items
Lego Unit 1-Unit5 -~ Unit10  1-10~ 19 11
NKNU Block Unit 6-Unit9 ~ Unit 10  11-18 ~ 20 9
Total 10 1-20 20

(2) Measurement of Al Knowledge

The measurement of attitudes toward Al used the General Attitudes Towards
Artificial Intelligence Scale (GAAIS) developed by Schepman & Rodway (2020).
Table 2 showed that the GAAIS included two dimensions: positive attitudes and
negative attitude. The positive attitude dimension included 12 items, and the negative
attitude dimension included 8 items with reverse scoring. Therefore, the total number
of items was 20. The Cronbach’s o values for all dimensions were above .80, which
indicated good reliability.

Table 2. Item Distribution and Reliability for GAAIS

Dimension Item Numbers Number of Cronbach’s a
Items
.. ) 1-2~4-~5~7~11+~12~
Positive Attitude 131416~ 17 » 18 12 .88
Negative Attitude 326-8~9 ‘230 T15-19- 8 .83

Total 1-20 20
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(Source: Schepman & Rodway, 2020)

Table 3 showed the validity of attitudes toward Al. The KMO value of the scale
was .86, which was higher than .80, indicating that the data were suitable for factor
analysis. The Bartlett’s test showed a chi-square value of 817 with p < .05, indicating
statistical significance and suitability for factor analysis. After two-factor rotation, the
cumulative variance explained reached 41.6%. In addition, the model fit test conducted
using AMOS 21.0 showed that all fit indices met the required standards, which
indicated that the scale had good validity.

Table 3. KMO and Bartlett for GAAIS

KMO measure of sampling adequacy .86
Approx. Chi-Square 817

Bartlett’s Test of Sphericity df 190
Sig. .00

(Source: Schepman & Rodway, 2020)

(3) Measurement of Al Use Motives

The measurement of Al use motives adopted the Questionnaire on Al Use
Motives (QAIUM) developed by Yurt & Kasarci (2024). The scale included five
dimensions: expectancy, attainment, utility value, intrinsic value, and cost. Table 4
showed that each dimension included four items, with a total of 20 items. The
Cronbach’s a values for all dimensions were above .80, which indicated good reliability.

Table 5 showed the validity of the QAIUM scale. The KMO value was .96, which
was higher than .90, indicating that the data were highly suitable for factor analysis.
The Bartlett’s test showed a chi-square value of 10291.85 with p < .001, indicating
statistical significance and suitability for factor analysis. After five-factor rotation, the
cumulative variance explained reached 82.85%, which was higher than 50%, indicating
that the scale had high validity.

In summary, the GAAIS and QAIUM scales showed sufficient reliability and
validity. Therefore, they were suitable for measuring attitudes toward Al and Al use
motives in this study.

Table 4. Item Distribution and Reliability for QAIUM

Dimension Item Numbers  Number of Items Cronbach's Alpha
Expectancy 4 1-4 .88
Attainment 4 5-8 .92
Utility Value 4 9-12 .92
Cost 4 12-16 87
Intrinsic Value 4 17-20 .94
Total 20 1-20

(Source: Yurt & Kasarci, 2024)
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Table 5. KMO and Bartlett for QAIUM

KMO measure of sampling adequacy .96
Approx. Chi-Square 10291.85

Bartlett’s Test of Sphericity) df 523

Sig. .000

(Source: Yurt & Kasarci, 2024)

Results and Discussion
1. Effect of the Al Literacy Course on Students’ AI Knowledge

Table 6 showed the results of the paired-samples t test on the differences in
students’ Al knowledge before and after the course. According to Table 6, for the Lego
dimension, the pretest (M = 2.40, SD = .90) and posttest (M = 3.17, SD = .63) showed
a significant difference, t (50) = -4.758, p < .001. This indicated that students’ Al
knowledge in the Lego dimension significantly improved after the course.

For the NKNU Block dimension, the pretest (M =2.28, SD =.91) and posttest (M
= 3.01, SD =.72) also showed a significant difference, t (50) = -4.362, p < .001. This
indicated that students” Al knowledge in the NKNU Block dimension significantly
improved after the course.

For total Al knowledge, the pretest (M = 2.34, SD = .91) and posttest (M = 3.09,
SD = .51) showed a significant difference, t (50) = -5.448, p < .001. This indicated that
students’ total Al knowledge significantly improved after the course.

Table 6. Results of Paired-Samples T-Test on Students’ Al Knowledge
Pre-Test Post-Test

Dimension t p
M SD M SD
- <.001™
Lego 2.40 .90 3.17 .63 4.758 *
- <.001™
NKNU Block 2.28 91 3.01 72 4.362 *
Total 234 72 309 51 - <00t

5.448

KKk

“p<.05 “p<.01, p<.001

2. Effect of the Al Literacy Course on Students’ Attitudes Toward Al

Table 7 showed the results of the paired-samples t test on the differences in
students’ attitudes toward Al before and after the course.

According to Table 7, for the positive attitude dimension, the pretest (M = 2.58,
SD =.80) and posttest (M = 3.12, SD = .68) showed a significant difference, t (50) = -
4.151, p < .001. This indicated that students’ positive attitudes significantly increased
after the course.

For the negative attitude dimension, the pretest (M = 2.58, SD = .80) and posttest
(M =2.95, SD = .65) also showed a significant difference, t (50) = 2.734, p < .01. This
indicated that students’ negative attitudes significantly increased after the course.

For total attitudes toward Al, the pretest (M = 2.58, SD = .80) and posttest (M =
3.03, SD = .33) also showed a significant difference, t (50) = -4.308, p < .001. This
indicated that there was a significant change in students’ total attitudes toward Al after
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the course.

Table 7 Results of Paired-Samples T-Test on Students’ Attitudes toward Al

Pre-Test Post-Test

Dimension t p
M SD M SD
Positive Attitudes 258 .80 3.12 68  -4.151 .000™"
Negative Attitudes 2.58 .80 2.95 65  -2.707 .009”
Total 2.58 .80 3.03 .33 -4.308 .000™"

*kKk

“p<.05 "p<.01, "p<.001

3. Effect of the Al Literacy Course on Students’ AI Use Motives

Table 8 showed the results of the paired-samples t test on the differences in
students’ Al use motives before and after the curriculum. According to Table 8, for the
expectancy dimension, the pretest (M = 2.73, SD =.74) and posttest (M = 3.09, SD =.74)
showed a significant difference, t (50) = -2.447, p < .05. For the attainment dimension,
the pretest (M = 2.77, SD = .80) and posttest (M = 3.16, SD = .81) also showed a
significant difference, t (50) = -2.418, p < .05. These results indicated that students’
scores in expectancy and attainment significantly increased after the course.

For the utility value dimension, the pretest (M = 2.99, SD = .80) and posttest (M
= 3.13, SD =.77) did not show a significant difference, t (50) = -0.817, p = .418. For
the cost dimension, the pretest (M = 2.93, SD = 1.03) and posttest (M = 3.04, SD = .88)
also did not show a significant difference, t (50) = -0.621, p = .537. For the intrinsic
value dimension, the pretest (M = 2.64, SD =.97) and posttest (M = 2.96, SD = .85) did
not show a significant difference, t (50) = -1.744, p = .087.

For total Al use motives, the pretest (M = 2.81, SD =.73) and posttest (M = 3.08,
SD =.73) did not show a significant difference, t (50) = -1.787, p = .080. This indicated
that although students’ Al use motives slightly increased after the course, the difference
was not statistically significant.

Table 8. Results of Paired-Samples T-Test on Students’ Al Use Motives

Pre-Test Post-Test

Dimension t p
M SD M SD

Expectancy 2.73 74 3.09 74 -2.447 018"
Attainment 2.77 .80 3.16 81 -2418  .019°
Utility Value 2.99 .88 3.13 7 -.817 418
Cost 293 1.03 3.04 .88 -.621 537
Intrinsic Value 2.64 .97 2.96 .85 -1.744 .087
Total 2.81 73 3.08 73 -1.787 .080

*HK

“p< .05, “p< .01, ""p<.001
Conclusions and Recommendations

1. Conclusions
This study examined the effects of the Al literacy-oriented robotics course on
elementary school students. The results showed that students’ Al knowledge significantly
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improved (p < .001), which indicated that the course effectively enhanced their
understanding of Al concepts and attitudes toward Al For Al use motives, only the
expectancy and attainment dimensions showed significant improvement (p < .05), while
overall motivation did not show a significant difference. Overall, the Al literacy-oriented
course had positive effects on Al knowledge, attitudes toward Al, and some dimensions of
Al use motives, which showed initial effectiveness of the course.

2. Recommendations

It is suggested that future course design should strengthen learning activities related
to intrinsic value and utility value to improve overall motivation. In teaching, more long-
term and cross-disciplinary learning contexts should be added to deepen students’ overall
attitudes toward Al. In addition, future studies should increase the sample size and use
longitudinal design to improve the generalizability and external validity of the results.
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