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Recent developments in generative artificial intelligence (GenAl) are
progressing swiftly, significantly impacting education. Therefore, this survey
study aims to identify the level of awareness of GenAl in chemistry education
among trainee teachers from the aspects of general knowledge and use in
chemistry education through survey. The sample selection was carried out

through random sampling involving 100 chemistry trainee teachers in
Universiti Pendidikan Sultan Idris. The questionnaire contained three parts,
Keywords: the demographics of the sample, the level of awareness of GenAl in among
trainee teachers in the aspect of general knowledge and the level of awareness
of GenAl among trainee teachers in the aspect of chemistry education. This
. . research instrument obtained expert validity of 91.9% through percent of
Chemistry education agreement and a reliability value of 0.92. The study reveals that trainee
Generative artificial teachers exhibit a moderate level of awareness regarding GenAl in chemistry
intelligence education, encompassing both general knowledge and its application in this
Trainee teacher domain. The implications underscore the importance of understanding how
trainee teachers perceive and utilize GenAl, enabling academic institutions to
devise more effective teaching methodologies incorporating GenAl tools.
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1. INTRODUCTION

Over the years, generative artificial intelligence (GenAl) underwent various developments and one of
the major breakthroughs of GenAl was developed in 2018 known as generative pre-trained transformers (GPT)
by OpenAl. Some other best GenAl tools can be listed such as are Scribe, Jasper, Wordtune, Notion, and GitHub
Copilot. GenAl tools including the prominent ChatGPT which is broadly used in education provide instant access
to vast amounts of information. They support diverse student needs, accommodating various aptitudes, language
backgrounds, and accessibility requirements, while also promoting diverse approaches to problem-solving.
According to Aljanabi et al. [1], there are many possibilities for ChatGPT in the educational field such as a search
engine, an assistant for academic writing, coding developer and social media tools.

In this context, the usage of GenAl tools in chemistry education cannot be neglected. The complexity of
chemistry education attracts the students and the educators to use the GenAl tools. ChatGPT, one of the GenAl
tool is significance in chemistry education where it can address the challenges in chemistry education, contribute
as virtual learning assistant for concepts understanding, complete assignments, increase content knowledge and
enhance the conceptual understanding [2]. In addition, GenAl has the potential to enhance active participation
and engagement, foster self-directed learning, and optimize teaching and learning methodologies. This technology
is anticipated to significantly benefit educators and students alike through personalized support, virtual tutoring,
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adaptive assessments, and tailored learning engagements. United Nations Educational, Scientific and Cultural
Organization (UNESCO) through its academic conference in UNESCO Regional Office in Bangkok (UNESCO
Bangkok), which was held on November 7th, 2023 discussed the importance and capability of GenAl in education
[3]. They highlighted that while taking into account potential risks involved with the utilizing Al in education, the
expanding the Al capabilities, incorporating cutting-edge Al technology, and creating new methods of teaching
and learning are issues need to be addressed.

The knowledge on usage of GenAl in chemistry education among tertiary students especially among
trainee teachers are still under discussion and it also might influence their learning process. Students’ views on
technological innovations like GenAl, along with their opinions, concerns, and experiences with the tool, can
shape their willingness to use it and, consequently, its integration into the learning process [4].
Laupichler et al. [5] stated that adults pursuing higher education and beyond ought to be acquainted in the
fundamentals of artificial intelligence. Not only that, various studies have been done on GenAl which focuses
higher education students in general but there is a lack of studies that focuses on trainee teachers [6], [7].
Ivanov et al. [8] also examines the possible effects of the use of GenAl tools on the application of these tools in
higher education in reality, as well as the interdependence of relationship between the factors in theory of planned
behavior and the intention to use them. However, this study used international sample that involved 168 students
and130 academic in higher education institutions in several countries.

Additionally, Al-driven molecular generators have emerged as valuable resources in chemical education.
These tools enable students to visualize and manipulate complex molecular structures, with improved accuracy
and efficiency in computational chemistry, while noting challenges like data quality and model interpretability
that must be addressed for broader adoption [9]. Furthermore, the integration of GenAl in chemistry education
promotes collaboration among students and researchers by enhancing computational chemistry tools. GenAl can
predict molecular properties, simulate reactions, and even suggest new materials or drugs for discovery [10]. This
fosters a learning environment where students not only understand theoretical chemistry but also apply it in real-
world problem-solving contexts. However, despite these advances, challenges remain. While Al holds significant
potential for advancing STEM education, successful integration depends on overcoming challenges such as
teacher training and ensuring equitable access to Al tools [11].

To the best of the author’s knowledge, a comprehensive search and analysis conducted on Google
Scholar did not reveal any existing studies specifically addressing the awareness of GenAl in chemistry education,
either in general or with a focus on trainee teachers, particularly within the context of Malaysia. The absence of
such research highlights a gap in the literature concerning this emerging area. This study, therefore, aims to bridge
the knowledge gap by investigating the level of awareness of GenAl in chemistry education among trainee
teachers. Specifically, it seeks to assess their general knowledge of GenAl and how familiar they are with its
applications and potential uses in chemistry education. By exploring both of these angles, the study intended to
show a clearer understanding of how trainee teachers perceive and engage with GenAl in their educational
practice, which could have significant implications for curriculum development and teacher training programs.

2. METHOD

This study employed a survey research design, utilizing a simple random sampling technique to select
its population of semester six to eight chemistry trainee teachers. Validity and reliability of the survey was
determined. A total of two experts validated the survey. The reliability study involved 30 chemistry trainee
teachers which were chosen randomly. A survey with four-point Likert scales, where 1=strongly disagree,
2=disagree, 3=agree, and 4=strongly agree with general knowledge in artificial intelligence and the use of GenAl
in chemistry education was adapted from several studies [12]-[15]. The data was evaluated using the survey
distributed to 100 chemistry trainee teachers. The sample selection was carried out through random sampling
involving 100 chemistry trainee teachers in Universiti Pendidikan Sultan Idris. The questionnaire contained three
parts, the demographics of the sample, the level of awareness of GenAl in among trainee teachers in the aspect of
general knowledge and the level of awareness of GenAl among trainee teachers in the aspect of chemistry
education. The data was analyzed with descriptive statistical analysis and processed using statistical package for
social sciences (SPSS). The research methodology is simplified and summarized in Figure 1.
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Figure 1. Simplified flowchart of methodology used in the study
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3.  RESULTS AND DISCUSSION
3.1. Validity and reliability

The method used to analyze the validity aspects was percentage of agreement method. Two experts
with chemistry education background have validated the constructs of the survey. Findings as shown in
Table 1 revealed that the survey is valid and can be proceeded for next stage of the study. The data shows
average of 91.9% percent of agreement which according to Tuckman dan Waheed, an achievement level of
70% is considered reached a high level [16]. Through analysis of reliability study, as shown in Table 2, the
reliability coefficient, Cronbach’s alpha value was found to be 0.92 which indicates excellent level of internal
consistency for the questionnaire items of the survey [17].

Table 1. Percentage of experts’ agreement on validation of survey

Expert Percent of agreement (%)  Expert review
1 95.0 Accepted
2 88.8 Accepted
Total percentage 91.9 Accepted

Table 2. Reliability of research instrument

Construct Cronbach’s alpha (o)  Internal consistency
General knowledge on GenAl 0.88 Good
GenAl use in chemistry education 0.90 Excellent
Average 0.92 Excellent

3.2. Level of awareness of GenAl among chemistry trainee teachers in the aspect of general knowledge

Part B of the survey focus awareness of GenAl among chemistry trainee teachers in the aspect of
general knowledge. There were 10 items used to identify the trainee teachers’ level of awareness. The
descriptive statistic data which are frequency, mean and standard deviation is shown in Table 3.

Analysis of the data revealed that item number B10 which was “I believe GenAl tools will become
the new normal in future” has the highest mean score, 3.61 where 68 respondents strongly agreed. This shows
that respondents believed that GenAl tools will become the new normal in future as they are aware of its rapid
growth and development. In fact, after just two months of its launch, the most publicly known GenAl tool,
ChatGPT has amassed 100 million monthly users and one million users in just five days, a phenomenal growth
that makes it one of the fastest-growing consumer applications [18].

Next, item number B8, “I believe that responses from GenAl are reliable and accurate” has moderate
low mean score, 2.68 of which 38 respondents disagreed. This indicates that the respondents are aware that the
responses generated by the GenAl tools are not really reliable and accurate. This is because GenAl generates
responses by an algorithm where it uses the information from all over the data on the internet regardless of the
validity of the content [19], [20]. Harrer [21] also mentioned that if there are aspects of bias, inaccuracy, or harm
in the dataset used to train a model, the material generated by GenAl may be affected by them. Additionally, this
is because GenAl technologies could not assess the accuracy of content or detect whether the output they produce
contains mistakes or misinformation and therefore, human monitoring is necessary when using them [22]. The
second lowest mean score, 2.97 was from item number B7, “I understand the limitations of GenAl and its tools”
whereby 36 respondents disagreed with it. This demonstrates that the understanding of respondents regarding the
limitations of GenAl and its tools is low. The respondents may recognize that generative Al has limitations, but
they lack a deep understanding of the specific constraints and limitations associated with its use. Applications of
GenAl are limited in their ability to address intricate, multifaceted societal problems, despite their great output
capabilities. Although they do well in specific, limited activities, they are not well-versed in larger issues like
strategic decision-making or moral quandaries [23]-[25].

3.3. Level of awareness of GenAl among chemistry trainee teachers in the aspect of chemistry education

Part C of the survey focused on awareness of GenAl among chemistry trainee teachers in the aspect
of chemistry education. There were 10 items used to identify the trainee teachers’ level of awareness. The
descriptive statistic data which are frequency, mean and standard deviation is shown in Table 4.

Item number C9, “I intend to use GenAl tools as part of my creative activities in chemistry education’
has the highest mean score, 3.43 of which 51 respondents strongly agreed with it. This indicates that the
respondents are aware about the use of GenAl tools and have intention to use it as part of their creative activities
in chemistry education. GenAl tools have a major influence on the revolution in chemistry education.
GenAlbots such as Gemini, Bing Chat, Bard and the largely use ChatGPT can lead philosophical conversations
akin to Socrates, promoting introspection, critical thinking, and a better comprehension of the fundamentals,
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presumptions, and ethical ramifications of chemistry [26]. In fact, chemistry educators must embrace this new
development in technology which provide wide array of applications, and possibly misuse, can assist those
looking to innovate their teaching and learning provided by this new technology [27].

In addition, item number C7, “I would be open fto receive instruction about how to use GenAl in
chemistry education” revealed the second highest mean score, 3.36 where 48 respondents show agreement. This
proves that the respondents are ready to receive instruction about how to use GenAl in chemistry education as
they are aware that it is needed to get guidance on ways to utilize GenAl in chemistry education. This is because
when working with language models, prompting the act of providing instructions is essential. Guidance especially
the correct and dignified way of using the tools is important. A thorough explanation of prompting, together with
extensive examples and thorough comments can be referred through various resources [28]. Although user may
initially face challenges in mastering the intricacies of quick prompting, the use of organized frameworks greatly
improves their perception of the quality of GenAl-generated responses as well as emphasizes the need for targeted
educational guidelines to enhance GenAl interaction in academic settings [29].

Item number C2, “I am familiar with GenAl tools for chemistry education,” has the lowest mean score
for this construct which was 2.79 and 46 respondents agreed with it. Although this item has the lowest mean
score, it was agreed upon by most of the respondents. This demonstrates that respondents are aware of the
GenAl tools for chemistry education. There various GenAl tools for chemistry education have been presented
as creative answers to enduring problems in chemistry education [30], [31]. In addition, new findings which
investigate the responses in assignment of chemistry between authentic students and GenAl tools display
detectable trend in engagement of explanation [32], [33].

The analysis of mean scores for general knowledge items indicates a moderate to high level of
agreement (Mean=3.10, SD=0.558). Secondly, the analysis of mean scores for items related to GenAl’s use in
chemistry education also shows a moderate to high level of agreement (Mean=3.18, SD=0.503). Hence, trainee
teachers demonstrate a moderately high awareness of GenAl in both general knowledge and its application in
chemistry education.

Overall, the descriptive analysis of the items for both variables, general knowledge about GenAl and
use of GenAl in chemistry education, summarizes the level of awareness on GenAl among the respondents.
This can be seen from the average mean score and the standard deviation for the both variables. Overall
awareness is moderately high which indicates that the awareness on GenAl in the aspects of general knowledge
and use in chemistry education among trainee teachers should be enhanced to prepare the trainee teachers
according to the current trend. The findings are significant to increase the awareness of student especially
trainee teachers regarding this aspect to keep up with fast and rapid development of this technology. For
example, the image processing capabilities of ChatGPT-4 has been shown to have potential to be utilized for
educational purposes, such as tackling the visual challenges in chemistry [34]. It is essential to understand
GenAl to recognize its challenges, such as conceptual understanding across various domains, especially in
terms of its depth where issues with representations will defeat knowledge transfer effectiveness [35].

Table 3. Analysis of level of awareness of GenAl among trainee teachers in the aspect of general knowledge

No ftem 1 2 Frequenc}; 4 Mean (?:/ril:t?gril

Bl. Iam aware of the term GenAl 3 7 34 56 343 0.756
(3.0%)  (7.0%) (34.0%) (56.0%)

B2.  Iam familiar with the concept of GenAl 4 12 59 25 3.05 0.730
(4.0%) (12.0%) (59.0%) (25.0%)

B3. I am aware of the working principle of GenAl 7 24 43 26 2.88 0.879
(7.0%)  (24.0%) (43.0%) (26.0%)

B4.  Iknow GenAl can be used in various sector 3 8 45 44 3.30 0.745
(3.0%)  (8.0%) (45.0%) (44.0%)

B5.  GenAl will play an important role in my field 1 6 49 44 3.36 0.644
(1.0%)  (6.0%) (49.0%) (44.0%)

B6.  Ihave good understanding of the basics of GenAl 7 12 57 24 2.98 0.804
(7.0%)  (12.0%) (57.0%) (24.0%)

B7.  Tunderstand the limitations of GenAl and its tools 8 36 25 31 2.79 0.977
(8.0%) (36.0%) (25.0%) (31.0%)

B8.  Ibelieve that responses from GenAl are reliable and 7 38 35 20 2.68 0.875
accurate (7.0%)  (38.0%) (35.0%) (20.0%)

B9. I believe GenAl retrieves the most recent data for 6 23 41 30 2.95 0.880
generating responses (6.0%) (23.0%) (41.0%) (30.0%)

B10. I believe GenAl tools will become the new normal 1 5 26 68 3.61 0.634
in future (1.0%)  (5.0%) (26.0%) (68.0%)

Mean=3.10, SD=0.558
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Table 4. Analysis of level of awareness of GenAl among trainee teachers in the aspect of chemistry education

No ftem 1 2Frequency3 4 Mean 32?;?;?1
Cl.  Ihave used GenAl in chemistry education 8 12 36 44 3.16 0.929
(8.0%)  (12.0%) (36.0%) (44.0%)
C2. I familiar with GenAl tools for chemistry education 7 27 46 20 2.79 0.844
(7.0%)  (27.0%)  (46.0%) (20.0%)
C3.  Tuse GenAl-based tools for studying in chemistry 6 20 42 32 3.00 0.876
(6.0%)  (20.0%)  (42.0%) (32.0%)
C4. Al uses better learning and teaching styles than 9 23 40 28 2.87 0.928
humans do in chemistry education (9.0%)  (23.0%) (40.0%) (28.0%)
C5.  Incorporating GenAl systems in chemistry 0 7 58 35 3.28 0.587
education would ease my learning process (0%) (7.0%) (58.0%) (35.0%)
C6. I would be comfortable using GenAl to build a 0 9 57 34 3.25 0.609
course assignment (0%) (9.0%) (57.0%) (34.0%)
C7.  I'would be open to receiving instruction about how 0 8 48 44 3.36 0.628
to use GenAl in chemistry education (0%) (8.0%) (48.0%)  (44.0%)
C8.  Tintend to use GenAl tools as part of my research in 0 8 50 42 3.34 0.623
chemistry education (0%) (8.0%) (50.0%) (42.0%)
C9. lintend to use GenAl tools as part of my creative 0 8 41 51 343 0.640
activities in chemistry education (0%) (8.0%) (41.0%) (51.0%)
C10. My instructors have addressed the use of GenAl in 3 10 42 45 3.29 0.769
my courses of chemistry education (3.0%)  (10.0%) (42.0%) (45.0%)

Mean=3.18, SD=0.503

4. CONCLUSION

These findings suggest several positive implications. They underscore the potential need for training
initiatives aimed at enhancing trainee teachers’ proficiency in utilizing GenAl and their expressed intention to
receive instructions on its integration in chemistry education. Such specialized professional development
programs could empower educators to effectively employ these tools in their teaching practices, thereby fostering
more engaging and personalized learning experiences for students. Furthermore, insights gained from how trainee
teachers perceive and utilize GenAl will contribute to the development of further and enhance effective strategies
for teaching and learning within academic institutions. Additionally, these findings enable educational institutions
to anticipate future trends and prepare for the evolving landscape of chemistry education, particularly regarding
the integration of GenAl. It’s important to note that this study focused exclusively on trainee teachers at one
education focus university in Malaysia limiting its generalizability to other institutions and regions. Future
research is recommended to include trainee teachers from diverse universities across various states to broaden the
understanding of GenAl awareness in chemistry education. Furthermore, expanding the study to encompass
students across all academic semesters and incorporating interview methods alongside questionnaires could
provide deeper insights into trainee teachers’ awareness and perceptions of GenAl in chemistry education.
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