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Efforts have constantly been made to incorporate AI into teaching and learning; however,
the successful implementation of new instructional technologies is closely related to the
attitudes of the teachers who lead the lesson. Teachers’ perceptions of AI utilization
have only been investigated by only few scholars due an overall lack of experience of
teachers regarding how AI can be utilized in the classroom as well as no specific idea
of what AI-adopted tools would be like. This study investigated how teachers perceived
an AI-enhanced scaffolding system developed to support students’ scientific writing for
STEM education. Results revealed that most STEM teachers positively experienced AI
as a source for superior scaffolding. On the other hand, they also raised the possibility
of several issues caused by using AI such as the change in the role played by the
teachers in the classroom and the transparency of the decisions made by the AI system.
These results can be used as a foundation for which to create guidelines for the future
integration of AI with STEM education in schools, since it reports teachers’ experiences
utilizing the system and various considerations regarding its implementation.
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INTRODUCTION

Artificial Intelligence (AI) has been significantly changing the structure of every industry and
exponentially increasing the availability of cutting-edge tools utilized in people’s everyday lives. This
state-of-the-art technology has also considerably influenced educational practices, and efforts are
constantly being made to incorporate AI into teaching and learning. For several decades, educators
have utilized AI techniques to advance learning management systems, assessment instruments,
and other learning support tools in various STEM subjects (Koedinger et al., 1997; Mitrović, 1998;
D’Mello and Graesser, 2012; Hwang and Tu, 2021). One example is Carnegie Learning’s “MIKA,”
a math courseware platform which analyzes students’ work, determines their optimal performance
level, and then offers learners instructional content and assessment tasks that are catered to their
individual performance levels (Puri and Mishra, 2020). Zhai et al. (2020) reviewed 47 studies that
adopted AI algorithms (i.e., machine learning) as assessments in science education and found AI
to be an effective and validated alternative for traditional science assessments. Furthermore, the
remarkable development of AI algorithms has brought about research on the ways that AI can

Frontiers in Education | www.frontiersin.org 1 March 2022 | Volume 7 | Article 755914

https://www.frontiersin.org/journals/education
https://www.frontiersin.org/journals/education#editorial-board
https://www.frontiersin.org/journals/education#editorial-board
https://doi.org/10.3389/feduc.2022.755914
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3389/feduc.2022.755914
http://crossmark.crossref.org/dialog/?doi=10.3389/feduc.2022.755914&domain=pdf&date_stamp=2022-03-29
https://www.frontiersin.org/articles/10.3389/feduc.2022.755914/full
https://www.frontiersin.org/journals/education
https://www.frontiersin.org/
https://www.frontiersin.org/journals/education#articles


feduc-07-755914 March 23, 2022 Time: 15:45 # 2

Kim and Kim Teacher’s Perception of AI

support learners’ performance of complex pedagogical tasks in
STEM education, such as scientific writing through a process-
oriented approach (Walker, 2019; Latifi et al., 2020; Yang, 2021).

Despite the great potentials of AI-enabled learning supports,
the pervasive use of technology in education does not guarantee
teachers’ ability to deploy technology in classrooms, nor does
it ensure the quality of teaching (Mercader and Gairín, 2020)
since teachers are not yet fully prepared to implement AI-
based education (United Nations Educational, Scientific and
Cultural Organization [UNESCO], 2019). Moreover, scholars
have claimed that the successful implementation of new
instructional technologies is closely related to the attitudes of the
teachers who lead the lesson (Fernández-Batanero et al., 2021).
Despite decades of professional development about educational
technology integration, a great number of teachers still view
the implementation of technology in the classroom negatively
and are not inclined to use it (Prensky, 2008; Kaban and
Ergul, 2020; Istenic et al., 2021). Instead, they continue using
the same materials and teaching methodologies, rejecting the
application of anything that might bring negative outcomes
(Tallvid, 2016). Moreover, anxiety brought about by using
new technologies can act as a burden (Zimmerman, 2006)
and hinder teachers’ efforts to introduce technology on-site
(Hébert et al., 2021).

In view of this, teachers need to learn not only how to use
technology but also how to successfully integrate it into their
curricula. Also, in order to be open to integrating advanced
technology into their lessons, teachers need to understand the
importance of educational technology and the affordances that
it can bring to instruction. Furthermore, when it comes to
AI, a great number of teachers and school officials have not
yet experienced AI-based learning support and might simply
recognize it as slightly more advanced educational technology.
Consequently, before the successful application of an AI support
system into education and an evaluation of its effectiveness,
teachers should first utilize it themselves so that they can fully
understand how it can scaffold STEM learning, in particular,
scientific writing.

LITERATURE REVIEW AND
THEORETICAL FRAMEWORK

Scientific Writing
Unlike general writing, scientific writing expresses scientific
thinking that explores, verifies, reinforces, and improves existing
knowledge, creating new knowledge (Lindsay, 2020; Grogan,
2021). In addition, scientific writing does not simply list
memorized scientific knowledge, but goes through the process
of constructing meaning on its own, helping students improve
their scientific thinking, critical analysis reasoning, and problem-
solving skills to foster scientific literacy, the ultimate goal
of STEM education.

Scientific writing also emphasizes the process in which,
through writing activities, learners organize what they have
already learned into their perceptions. This learning strategy for
writing can be seen to be in line with constructivism, emphasizing
active cognition of an individual, subjective interpretations of

knowledge, and collaborations (Supriyadi, 2021), which are
necessary for all STEM-related subjects focused on providing
solutions to current and authentic problems faced in our
society. The effectiveness of scientific writing has enhanced
teaching and learning strategies in STEM education, from K-12
education to post-secondary classrooms. For example, by using
a web application consisting of six systematic steps to support
middle and high school students’ scientific writing, students
were able to improve their problem-solving skills, their deep
understanding of scientific content, and their argumentation
skills to perform given tasks during science lessons (Belland
et al., 2019, 2020; Belland and Kim, 2021; Kim et al., 2021).
In addition, 33 STEM faculty from multiple disciplines (e.g.,
engineering, physics, mathematics, chemistry, and biology) in
higher education institutions pointed out the different roles that
scientific writing plays in the practice of professional scientific
knowledge, the improvement of conceptual understanding, and
the understanding of how disciplinary knowledge is constructed
and justified, all of which are essentials in STEM education
(Moon et al., 2018).

On the other hand, because the demands of scientific writing
require constant practice through the production of material and
reception of feedback (Belland et al., 2020) it can become difficult
for teachers to provide equal, individualized support to each of
their students in the classroom.

In view of this, computer-based feedback systems have been
widely used to support learner’s scientific writing, effectively
offering immediate assistance to them whenever requested
(Toth et al., 2002; Wiley et al., 2009; Chong and Lee, 2012;
Proske et al., 2012). However, since feedback in most systems
was provided uniformly without catering to the needs and
difficulties of individual students, and because such feedback
focused on the enhancement of students’ overall cognition
rather than specific higher-order thinking skills required for
scientific writing (Belland et al., 2017), a new type of support
became necessary. Such support should assist students in
leveraging their knowledge to bring strong evidence to a scientific
writing claim for an authentic/complex learning task. AI can
provide this type of support due to its many affordances in
supporting STEM education.

Artificial Intelligence
Artificial intelligence (AI) has been defined as a computer
program or system that has intelligence. This includes artificially
implemented computer programs that have human learning,
reasoning, and perceptual abilities since, as posited by Turing
(1950), even machines can think like humans. Recently, the
highest frequency of artificial intelligence implementation comes
from machine learning algorithms, which adaptively create and
utilize data-based models.

Machine learning is a computer algorithm that develops
and automatically improves algorithms and techniques so that
computers can learn. In almost all fields, machine learning
algorithms are used in a variety of ways, ranging from
pattern discovery through big data analysis, data clustering, and
sequencing to highly accurate output prediction from input
data. The field of education is no exception to the use of
AI. In particular, AI in STEM education is widely used to
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support the role of teachers as learning facilitators, academic
evaluators, and counselors through the analysis of education-
related big data collected from students, teachers, and schools.
For example, in an elementary school math class, AI instructors—
developed as a result of a machine-learning data analysis of
44 human tutors—were able to conduct one-on-one tutoring
while carrying out conversations that fit each particular student’s
background and personal history (Cukurova et al., 2021).
Another example includes Chatbot, an AI-enabled software
with voice recognition technology that can provide customized
learning support through various tools such as computers, mobile
devices, and speakers. Amazon’s Alexa and Google Home are
known examples of AI-based chatbots grafted onto a speaker.
These chatbots can interact with learners in class and play an
assistive role in learning, providing a platform for a new learning
paradigm in disciplines such as science (Topal et al., 2021),
mathematics (Laksana and Fiangga, 2022), and medicine/nursing
(Chang et al., 2021). In a study with 18,700 participants enrolled
in 147 middle and high schools in the United States, which
analyzed the change in grades in algebra, the students who used
the AI education software “MATHia” with traditional textbook
showed significantly higher average scores than those who studies
the algebra only with textbooks (Pane et al., 2014).

In addition, AI can also improve assessment methods in
traditional classrooms by providing timely information on
students’ learning progress, success, or failure, through the
analysis of their learning patterns based on big data (Sánchez-
Prieto et al., 2020). In view of this, AI can demonstrate and
present information that would not have been accessible with
previous evaluation methods: AI makes it possible to identify
whether a learner has reached the correct answer while also
providing the teacher with that learner’s process leading to the
correct answer. In addition, AI can successfully identify learners’
psychological states (e.g., bored, frustrated, sad) and provide
support catered to each particular situation.

Artificial Intelligence-Based Scaffolding
in STEM Education
Although AI has demonstrated its potential as an educational
tool, there are still unsolved questions about how it enables
learning in a meaningful and effective manner. Before the
implementation of AI in the field of education, the use
of computer-based learning support systems, also known as
intelligent tutoring systems (ITS), showed promise. ITS aimed
to provide individualized and step-by-step tutorials through
information from expert knowledge models, student models, and
tutoring models in well-defined subjects such as mathematics
(Holmes et al., 2019). Since some scholars have viewed ITS as
the ancestor of AI in education (Paviotti et al., 2013), a review
of the literature on ITS can suggest directions on how AI can
be used in the educational field. ITS has been implemented
in the instruction of several STEM subjects. For example, in
Beal’s (2013) study, ITS used problem solving errors to estimate
students’ skills in each math topic, then selected and presented
problems to students, who should be able to solve them by
using the integrated help resources within their zone of proximal

development. Butz et al. (2006) demonstrated the effects of ITS
on improving students’ engineering design skills through the
provision of an expert system that evaluated students’ problem-
solving trajectory and then provided additional tutoring—
through interactive materials—that supported the achievement of
one or more of their learning objectives.

A common point of several studies, including the
aforementioned examples, is ITS’s attempt to provide scaffolding.
Scaffolding has been utilized to make the learning tasks more
manageable and accessible (Hmelo-Silver et al., 2007) and
to help students improve their deep content knowledge and
higher-order thinking skills (Belland et al., 2017). Scaffolding
interventions can be delivered in several formats such as
feedback, question prompts, hints, and expert modeling (Kim
et al., 2018; Kim N. J. et al., 2020) similarly to what human tutors
do in STEM education. The effects of each scaffolding format can
vary according to different learning contexts, performance levels,
STEM disciplines, and expected outcomes (Belland et al., 2017).

Providing ideal scaffolding to students should encompass
(a) real-time support to extend and improve learners’ cognitive
abilities during scientific writing and to satisfy students’
scientific inquiry; and (b) dynamic support that structures and
problematizes scientific problem-solving (Reiser, 2004), allowing
students to gain higher-order skills (e.g., argumentation) as
they engage in ill-structured problem solving (Wood et al.,
1976; Belland, 2014). To this end, in the context of STEM
education, several types of computer-based scaffolds have been
developed to cater to students’ current learning status and
needs: (i) conceptual scaffolding, which provides learners with
tools, hints, and/or concepts that guide them throughout their
knowledge acquisition; (ii) procedural scaffolding, which guides
learners on how to use the resources that are available to
them; (iii) metacognitive scaffolding, which allows students to
reflect on their own thinking and learning process; and (iv)
strategic scaffolding, which provides learners with guidance to
solve problems (Hannafin et al., 1999; Belland et al., 2020).
Particularly for scientific writing, computer-based metacognitive
and strategic scaffolding can be vital in the composition of
texts, as such scaffolding can guide learners as they progress
through the writing process. These two scaffolding types also
afford the opportunity for learners to think about what rationale
they should use in the writing of their claim, which can enhance
reasoning skills and the articulation of thoughts (Tan, 2000).

In addition to metacognitive and strategic scaffolding, ITS
has also enabled conceptual scaffolding. However, due to
technical limitations, conceptual scaffolding through ITS pales in
comparison to the two other types. Additionally, ITS provides
most of its scaffolding based on fixed-time intervals, which
are not ideal for supporting students’ self-directed learning
skills and reasoning.

These issues can be addressed by the implementation of
AI-adopted scaffolding, a much more advanced scaffolding
system that is able to automatically provide and/or fade
immediate support customized according to each student’s needs
and learning progress. AI scaffolding’s advanced capabilities
include algorithms for natural language processing, which allow
computers to understand and interpret human language. Natural
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language processing algorithms process what they hear, structure
the received information, and respond in a language the user
understands (McFarland, 2016; Maderer, 2017; Kim et al., 2021).
In view of this, they can be applicable as a suitable learning
support for scientific writing in STEM education.

Because scientific writing requires students’ advanced
argumentation skills and information literacy, expert modeling
becomes key for its successful development. Research
investigating the effects of scaffolding in STEM education
has revealed that expert modeling showed the highest effect
sizes among other formats of scaffolding (Kim et al., 2018,
2021). Expert modeling shows learners how to distinguish
between valuable and futile information to use as evidence and
guides them on how to build claims based on such evidence.
Moreover, the learning experience supported by expert modeling
can activate a learner’s declarative and procedural memory
modules, which in turn can improve their ability to apply their
existing knowledge to perform given tasks (Anderson et al., 1997;
Papathomas, 2016).

Teachers’ Perception of Using Artificial
Intelligence
As previously discussed, AI implementation in the classroom
has not been fully accepted due to the great number of teachers
who still view technology negatively and prefer not to utilize
it (Prensky, 2008; Kaban and Ergul, 2020; Istenic et al., 2021).
Reasons include teacher anxiety about using new technologies
(Zimmerman, 2006), and their preference to stay in their comfort
zone, using the same materials and methodologies they are
already familiar with (Tallvid, 2016) and hindering efforts to
introduce technology on-site (Hébert et al., 2021).

Research examining educators’ overall perception of AI
revealed that in the past, they had been greatly influenced by
the concept of AI disseminated through the media and science
fiction, which caused them to consider AI to be an occupational
threat that would replace their jobs rather than be used to
support the enhancement of learning and instruction (Luckin
et al., 2016). However, recent studies have contributed to raising
teachers’ expectations for significant changes in the educational
field such as the implementation of AI in different educational
settings (Panigrahi, 2020). In light of this, a new concept has been
introduced: Artificial Intelligence in Education (AIED), involving
all aspects of educational uses of AI (Roll and Wylie, 2016;
Hrastinski et al., 2019; Petersen and Batchelor, 2019). Teachers’
perceptions of AIED systems vary according to their pedagogical
belief, teaching experience, prior experience using educational
technology, and the effectiveness and necessity of a particular
technology, all of which can influence their willingness to adopt
new educational technology (Gilakjani et al., 2013; Ryu and Han,
2018).

Several studies investigating teachers’ perception of AIED
revealed that they commonly expected AI to be able to (a) provide
a more effective teaching and learning process through digitalized
learning material and multimodal human-computer interactions
(Jia et al., 2020); and (b) resolve various learning difficulties each
student has, catering to their needs in spite of large class sizes

(Heffernan and Heffernan, 2014; Holmes et al., 2019). Moreover,
research has shown the hope for AIED to significantly reduce
teachers’ administrative workload by taking over simple and
repetitive tasks (Qin et al., 2020).

Despite these educators’ positive expectations of AIED,
researchers have indicated that before adopting AI in the
classroom, teachers first need to learn how to use technology
and, most importantly, how to successfully integrate it into
their curricula. They also need to understand the importance
of AI and the affordances that it can bring to instruction so
that they are open to integrating advanced technology into
their lessons. Additionally, a great number of teachers and
school officials have not yet experienced AI-based learning
support and might simply recognize it as slightly more advanced
educational technology, which can underestimate the AI’s role
in the classroom. Consequently, before a successful application
of an AI support system into education, it becomes necessary
for teachers to first utilize it themselves so that they can fully
understand how it can scaffold learning.

To this end, this study aimed to examine teachers’ perceptions
of the application of AI in the classroom, more specifically
through an AI-based scaffolding system for scientific writing
developed by the researchers.

The study addressed the following research questions:

1) How do teachers perceive AI-based scaffolding for
scientific writing?

2) What can be potential issues of AI utilization in the
classroom from teachers’ perspectives?

MATERIALS AND METHODS

Participants and Setting
We conducted this study in a higher education institution
located in the southeast region of the United States. All
participants were teachers in STEM-related disciplines in K-
12 schools except for one teacher who recently changed
the subject from Science to English by the request of the
school, and had at least 10 years of teaching experience;
however, none of them had used AI-based scaffolding in
their classes before. At the time data were collected, the
participants were pursuing a doctoral degree and taking part
in one online course offered in the doctoral program. In this
particular course, participants learned design principles for
formal learning environments. Table 1 shows the participating
teachers’ background information.

Artificial Intelligence-Enhanced
Scaffolding System
To allow teachers to experience how AI-based scaffolding
supported scientific writing, this study created an artificial
intelligence-enhanced scaffolding system (AISS)1 that catered
to the academic writing process, focusing on argumentation
support. The AI system utilized GPT-2, an open-source machine

1http://aiss.cehd.gsu.edu

Frontiers in Education | www.frontiersin.org 4 March 2022 | Volume 7 | Article 755914

http://aiss.cehd.gsu.edu
https://www.frontiersin.org/journals/education
https://www.frontiersin.org/
https://www.frontiersin.org/journals/education#articles


feduc-07-755914 March 23, 2022 Time: 15:45 # 5

Kim and Kim Teacher’s Perception of AI

TABLE 1 | Participants’ background information.

Teachers Gender Teaching experience School level Subject Previous experience of
educational technology

Previous experience
of educational AI

Teacher 1 Female 10 years Elementary Science Yes No

Teacher 2 Female 12 years Elementary Science Yes No

Teacher 3 Female 24 years Middle Science Yes No

Teacher 4 Male 14 years Elementary Math Yes No

Teacher 5 Male 21 years High Science Yes No

Teacher 6 Female 10 years High Math Yes No

Teacher 7 Male 12 years Middle Physics Yes No

Teacher 8 Female 11 years High English Yes No

Teacher 9 Female 14 years High Science Yes No

learning algorithm developed by OpenAI.2 This powerful
algorithm was trained on a large corpus of data (in the
millions) and can: (a) create coherent and cohesive paragraphs
of text, including citations, based on input provided by the
user. Such input can consist simply of keywords or be the
length of a paragraph; (b) perform text completion, reading
comprehension, and machine translation at state-of-the-art
levels, on par with a variety of benchmarks for assessing
language production, without the need for task-specific training
(Radford et al., 2019). In this sense, GPT-2’s text completion
served as expert modeling, providing users with conceptual
scaffolding (i.e., completing text with citations of scholarly
work according to the topic provided by users) as well as
strategic scaffolding (i.e., helping the user problem-solve by
giving examples or complementing a chosen topic) as shown in
Figure 1.

Context
In weeks 1 and 2 of the course, most participating teachers
were not familiar with AI integration to teaching and learning.
During the t weeks before experiencing AISS, teachers were
instructed to read several pieces of literature related to the
potential of AIED. The literature included both examples of
AI in STEM education and the pros and cons of existing
educational technology tools. Teachers also had a chance to
participate in a demonstration of different type of AI-based
learning systems, in the context of science education, that were
developed by researchers for another study (Kim et al., 2021).
Through this activity, teachers could understand how AI could
play a role as scaffolding to support students’ scientific problem-
solving. In addition, teachers created discussion board posts
to share their opinions about the application and integration
of AI to their STEM-related education and to respond to
at least two posts of their classmates based on weeks 1
and 2 activities.

In week 3 of the course, teachers were asked to interact with
the AISS scaffolding system and assess it from the standpoint of
students. They then shared their opinions about the perceived
advantages and disadvantages of the tool. For this activity,
participants followed the sequential activities provided in the

2https://openai.com/blog/better-language-models/

AISS to write one scientific essay. Before starting to write, they
received an ill-structured/authentic task related to an issue about
air quality in the United States (please see Figure 2) and were
given 30 min to search for relevant information to support their
problem-solving.

After their initial search, they were asked to create a draft
version of the essay without support (i.e., on their own, a
maximum of 200 words, no citation needed). Next, participants
selected an initial sentence (often their topic sentence) and let
the AISS generate the following sentences or paragraphs based
on their input. Finally, they took notes in their revision log
and reflected on what changes were made based on the AISS
scaffolding and what they learned from the AI-based essay
writing support (please see Figure 3).

Data Collection
Log Files
Log files included (i) time spent from initial log in to the
time they logged out; (ii) what they wrote in response to the
authentic topic provided to them; and (iii) the expert modeling
scaffolding generated by the AISS system. These log files were
used to triangulate each participant’s interview, contributing to
the trustworthiness of the interpretation of the data.

Interviews
All participating teachers engaged in 10-min interviews after
the completion of the writing task, focusing on (i) how they
used the AI-based scaffolding; (ii) what they learned from the
experience; (iii) the pros and cons of the AI-based scaffolding;
and (iv) its affordances as an educational tool. All interviews were
transcribed as a set of texts for analysis.

Data Analysis
Leveraging qualitative data, a thematic case analysis was
conducted. The thematic analysis aimed to identify the patterns
and links between the themes extracted from the qualitative
data that would address the research questions (Braun and
Clarke, 2006). The analysis consisted of five steps. During
the first phase, researchers read the transcribed interview
repeatedly and got familiar with its content. Secondly, initial
codes (N = 32) were created for units of words or phrases
that were relevant to the research questions. After a careful
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FIGURE 1 | Strategic and conceptual scaffolding from GPT-2 Algorithm.

FIGURE 2 | Authentic Task.

review of the codes and all codes were categorized and collated
to identify significant patterns of meaning. These grouped
codes culminated in a set of categories. Table 2 shows the
examples of codes related to one category of “support for
advanced learning.”

The categories were then finalized through a refined process
that either split, integrated, or discarded them. After all the
categories were classified and named, a total of five categories

were derived and separated into two separate themes. AI as
a source for superior scaffolding was the first theme, which
consisted of three categories. The remaining two categories fit the
theme of potential issues of AI utilization (see Table 3).

The qualitative data analysis was validated by a consensus of
the two coders and showed high inter-rater reliability between
these two coders (Krippendorff ’s alpha = 0.93), which is above
the minimally acceptable level (α = 0.667, Krippendorff, 2004).
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FIGURE 3 | Example of scaffolding in AISS.

TABLE 2 | An example of coding.

Units Codes Category

“I think this software can be very helpful to build strong argumentation skills. When I created my claim about the air
quality solution, this software provided several grounds for supporting my claims. And I should select the most
reasonable one based on my decision and justify my claim with evidence. Of course, I also had a chance to reflect on
my argument process. Great AI!!”

Argumentation
skills

Support for
advanced learning

“The software I am using in my school (Science class) tries to limit students’ thinking within a certain frame and scope,
but this AI was different. In any problem-solving solution I wrote, AI has expanded the scope of my thinking by providing
various resources that were the evidence of my claims.”

Evidence-based
writing

“I could keep comparing my claims with the AI’s suggestions. I decided to select AI’s ones. . . This AI encouraged me to
look for the reason for my claims and to reflect on my mental process.”

Reasoning

“I asked the AI for help, the AI responded immediately, and I evaluated the AI’s responses. . .It was almost as if I was
doing Socratic Questioning with AI. . ..I believe this AI can help our students improve higher-order competencies
including problem-solving skills and deep understanding of scientific content”

Higher-order
thinking skills

RESULTS

Artificial Intelligence Role as a Source
for Superior Scaffolding
Most teachers responded positively to the use of the AISS
for learning in that the system was able to act as an expert
model, providing qualified examples of scientific writing, valuable
resources to make users’ claims stronger, and immediate
individualized feedback.

Teacher 1: The sentences were generated in under forty-5
s, which was impressive. Moreover, the sentences the generator
provides are well written, which makes me want to pay more
attention to better sentence structure. The paragraphs created by
the system were an exemplary model.

Teacher 2: When I used the AISS software, I was pleasantly
surprised! . . . after I wrote about content from one book, it
gave me the following result, which I thought was pretty good,
although I don’t know the phrase “Pre-Advisory and Technical
Development.”
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TABLE 3 | Themes and codes identified in Interviews.

Themes (N = 2) Categories (N = 5) Codes (N = 30)

AI Role as a Source
for Superior
Scaffolding

Instructional
scaffolding

Conceptual support
Procedural support
Strategic support
Analytic support
Expert modeling
Feedback
Hints

Distinction from the
existing
instructional
technology

Personalized support
Immediate feedback
Customized learning materials
Similarity with Human Teacher
Performance-based support
User-friendly interface

Support for
advanced learning.

Reasoning
Higher-order thinking skills
Argumentation skills
Learner-centered instruction
Evidence-based writing
Self-directed learning
Scientific writing

Potential issues of
AI utilization

Concern about the
replacement of
human teachers by
AI

Decrease of teacher’s role
AI’s endless technological
development
Student’s familiarity with AI use
Positive perception of AI
Excellent quality of support

Transparency of AI
decision

Accuracy of AI support
Consistency of AI support
Validity of AI support
Completeness of AI support
AI bias

Teacher 4: One great feature was the reflection piece, where
one has to answer questions about the AI feedback and think
about how the writing should be revised. I don’t subscribe to
the idea that students will no longer write essays because of this
software. I do think that it would be best served as an analytical
tool for learning how to write strong paragraphs and sentences.

Beyond simply giving students a uniform example to follow
and imitate, the AISS gave each user an individualized expert
model directly based on their own writing. The suggestions
provided by the AISS played the role of scaffolding on
how to complete their writing logically and systemically in
a manner that was consistent with each user’s lexical and
grammatical choices, which can improve learners’ creative
thinking, problem-solving skill, and its application in STEM-
related real-life problems. The AISS also showed how the
claims for problem-solving in writing could be supported by
strong evidence.

In addition, some teachers made comparisons between the
AI-based scaffolding and existing educational technology
tools due to their previous negative experience and/or
impression with educational technology used in STEM
education. This comparison enabled teachers themselves to
understand the effects and possibility of AI-adopted learning
support system, which greatly differs from existing educational
technology tools.

Teacher 6: The educational technology I have experienced
so far (in my math class) has largely remained at the level of
providing a mechanical response based on the correctness of the
student’s answer. However, this program was different. It was like
the real AI robots I saw in an SF movie.

Teacher 7: When I first used this program, this reminded me
of quite a bit of Grammarly because it also gives suggestions
to improve the spelling of words or rewriting some phrases.
However, this AI is more than that. Beyond the correction
of my writing, this AI played the role of my own human
writing tutor. Amazing.

Some teachers claimed that this kind of support would be
more beneficial to middle or high school students than to
younger students, since the former have a better understanding
and more experience with scientific writing. Furthermore,
the AISS can be useful for a learner-centered instructional
model in STEM education, where the enhancement of students’
advanced self-directed learning, and problem-solving skills
are needed.

Teacher 8: I think this would be an incredibly effective tool
for students 8th–12th to learn about sentence structures and
sequencing of paragraphs. For example, any teacher can review
with students what sentence follows the topic sentence and why.
Or, a group can review why they chose one sentence over another
to logically follow the next.

Teacher 9: I do see the potential of this program. I think that
this program can be very useful in problem-based learning for
my science class. If this software can provide support whenever
students have trouble connecting claims with strong evidence, it
can be extremely beneficial to students. I can picture using this
type of technology with middle and high school students to help
them reflect and improve their writing.

Potential Issues of Artificial Intelligence
Utilization
There were many opinions regarding the fact that the
AISS assumed an intermediary position (i.e., going between
teachers and students), and these teachers felt their roles
in the learning process would be reduced to those of class
assistants and/or supervisors. As a result, teachers explained
that they needed to think about what role they would assume,
differently from the AISS.

Teacher 3: I was very skeptical about new technology in my
classroom and I never thought AI could replace a human teacher.
But I think this AI is quite amazing and has excellent potential.
It is a great resource to have! However, I am also worried that the
introduction of AI will gradually reduce our role in the classroom.
What should we do? Should we support AI?

Teachers also raised the possibility of several issues caused
by using the AISS. For example, they claimed that the system
should be able to explain its decisions. They felt that they
should know that “when A is entered into the AISS, B
comes out.” At this time, the outcomes from the AISS should
be within human comprehension. In other words, decisions
made by the system and human teachers in the same context
should be identical.
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Teacher 5: It’s so amazing. I think I can use it in my class
really well. One problem is that I can’t predict the completed
sentences that this program generates. So, I also need time to
review whether the sentences by this program are good models
for students. But students will never wait for me. And it would
be great if the AI added the explanation about how to create the
sentences, in case we wanted it. Of course, this explanation should
be reasonable from my perspective.

This teacher also added one more comment that users should
be notified that the result came from the AISS, not from a teacher,
to avoid unconditional faith in AI’s support or product. This
demonstrates teachers’ remaining doubts regarding the validity
of the outcomes generate by the system.

DISCUSSION

In recent years, there has been a push for pedagogical change
to benefit future generations through the implementation
of cutting-edge educational technology and student-centered
learning. Globally, this growing expectation has the potential to
improve students’ performance, and increase their interest and
motivation toward learning. In the United States, educational
transformation through the utilization of AI is being emphasized
in the field of STEM education (Sperling and Lickerman, 2012;
Vachovsky et al., 2016; Sakulkueakulsuk et al., 2018; Branchetti
et al., 2019). The purpose of AI education is to cultivate students’
thinking, creativity, problem-solving, and collaboration skills by
applying STEM education elements to all educational activities
using AI technology (Lin et al., 2021). For this purpose, the
efforts and capacity of teachers to lead AI education are essential.
Reflecting this, in a recent National Science Foundation funded
workshop on Artificial Intelligence and the future of STEM, most
participants agreed on the importance of integrating AI into
STEM education (Tucker et al., 2020). For AI to be successfully
integrated into STEM education, it is necessary for the roles
and relationships between students and teachers to be redefined
and for educators to be fully trained on best practices of using
AI pedagogical techniques (Tucker et al., 2020; Yurtseven Avci
et al., 2020). A significant challenge to solve before the successful
integration of AI in STEM education is teacher’s perception
of the uses and limitations of educational technology in their
classroom. Despite AI’s great capabilities to overcome many
limitations of the existing educational tools (that is, utilizing
simple technology), there is still a trend among educators to hold
negative impressions on educational technology. By changing
teachers’ current negative perceptions of educational technology,
the acceptance of AI as a new type of educational tool and its
implementation in schools is possible. In this study, teachers
personally interacted with the AI-based educational tool before
its implementation in schools. They experienced first-hand the
potential of this scaffolding system to support complex learning,
and commented on factors that, in their opinions, should be
considered for the effective and efficient application of this tool
in STEM education. A summary of teachers’ opinions regarding
the advantages and opportunities for performance improvement
is included next.

Perception Changes
Upon examining the participants’ change in perception regarding
the use and implementation of AI-based educational tools, it
was confirmed that the “hands-on” experience with the tools
increased their awareness of what this technology can do
and receptiveness to its possible future adaption in schools.
Although there were individual differences in the degree of
change in perception, the biggest change occurred in teachers
with less teaching experience (suggesting their younger age).
The younger generation of teachers, who have more experience
with educational technology as both educators and as students,
is more interested in exploring new digital technology and
potentially incorporating technology into their lessons. This
result corroborates similar research studies investigating young
teachers’ preference for the use of educational technology
(Semerci and Aydin, 2018; Trujillo-Torres et al., 2020). Another
possible reason for changing attitudes toward AI in education
may be teachers’ familiarity with AI in their daily lives. For
example, AI is now built into smartphones (e.g., Google
Assistant and Siri) and other devices (Alexa and Google home)
to continuously improve the functionality and efficiency of
our lives. Many people also have experience with self-driving
cars that are operated by AI algorithms. AI is automatically
filtering our spam emails with very high accuracy every day.
Experience with AI in any of these contexts may reduce
teachers’ reluctance to use AI for educational purposes. Within
the context of this study, having these experiences may have
positively influenced teachers’ perception of a new educational
technology tool. This claim is supported by Wood et al.
(2005)’s study demonstrating that teachers’ familiarity and
comfort with technology can lead to greater integration of
technology in the classroom. This can potentially be especially
beneficial to current and future cohorts of students who have
grown up as “digital natives” with very early familiarity with
educational technology (Tshuma, 2021). These students have
no resistance to the use of new technologies and AI for
educational purpose (Dai et al., 2020; Kim J. et al., 2020).
In other words, AI adaptations in STEM education can be a
novel solution in situations where it has been very difficult
to enhance and/or maintain students’ motivation, interest, and
engagement in learning.

Artificial Intelligence Scaffolding for
Scientific Writing in STEM Education
This study posits that the combination of three concepts (i.e.,
Computer-based scaffolding, AI, and scientific writing) can
improve the quality of STEM education and change teachers’
perceptions toward using educational technology in their STEM-
related classrooms. Several existing studies have demonstrated
that computer-based scaffolding is effective in improving
students’ advanced problem-solving and higher-order thinking
skills in STEM education (González-Gómez and Jeong, 2019;
Kim et al., 2021; Saputri, 2021). This is because computer-based
scaffolding of cognitive, metacognitive, and strategic supports
can address students’ needs and learning difficulties during
the learning process of solving the ill-structured/authentic
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STEM-related tasks (Belland et al., 2017). Furthermore,
AI-based learning support systems can serve as advanced
versions of computer-based scaffolding. For example, AI
can determine the provision and fading of more accurate
individualized and optimally timed scaffolding through data-
driven decisions in addition to other commonly utilized roles
of computer-based scaffolding (Doo et al., 2020; Spain et al.,
2021).

As the goal of STEM education has changed from
acquiring knowledge to emphasizing the process of knowledge
construction, scientific writing is emerging as a powerful learning
strategy. Scientific writing provides students with opportunities
to figure out what they already knew and what they need to
know through the reflection, clarification, and articulation of
their thinking (Jeon et al., 2021), and requires students to engage
in higher order thinking. In this sense, the trial in this research
combines an AI-basedadvanced technology tool, scaffolding
support, and scientific writing as teaching and learning strategy
into a steppingstone to full integration of AI as a learning support
to STEM education.

Results from this study suggest that all participating STEM
teachers agreed that AI could fully serve as scaffolding for
students’ scientific writing to solve the given scientific problem
in online learning environments. When interacting with the
system, teachers were prompted to actively search for and
utilize online resources for problem-solving, which, in their
opinion, made the writing process very interesting. Unlike
previous computer-based supports, the expert models generated
provided them with individualized support that was based on
the input they provided. That is, the AI-generated writing
scaffolds were in line with each individual’s writing skills
and knowledge levels, allowing them to play a pivotal role
in guiding logical thinking, reasoning, and argumentation
skills—pre-requisites for scientific writing (Belland and Kim,
2021). On the other hand, due to the need for more
advanced reasoning and problem-solving skills for the successful
completion of scientific writing, teachers commented on
its better suitability for middle and high school students
rather than younger children. In fact, scholars have predicted
an explosive demand for AI-based scaffolding in secondary
and/or post-secondary STEM education in the near future
(Maderer, 2017; Becker et al., 2018; Metz and Satariano, 2018;
Doo et al., 2021).

Artificial Intelligence Concerns and
Future Directions
Some of the participants were especially concerned about
the roles of AI when utilized in support for learning. They
feared that the AI would reduce their role to assistants
and they also questioned the accuracy and reliability of
the information generated by the system. On the other
hand, the fast pace in which changes are taking place in
the overall educational environment is likely to continue in
the future, and some teachers have acknowledged this fact.
They have suggested future directions so that teachers and
AI can coexist, which include familiarity with AI-enabled

scaffolding and an awareness of how the technology can be
integrated into instructional settings. Additionally, teachers in
this study argued in favor of receiving further professional
development regarding the use of AI, which in turn can
enhance their careers and ease typical concerns with using this
technology. This corroborates scholars’ calls for more frequent
technology-supported pedagogical professional development
(Ertmer et al., 2012; Hao and Lee, 2015; Froemming and
Cifuentes, 2020).

LIMITATION

AISS for scientific writing in this study was developed with
the main purpose of understanding STEM teachers’ general
perception of using AI. The topic of the task given for the
use of AISS was limited to the context of science education
generally. In other words, the specificity of the various subjects
of STEM education was not reflected. Specifically revealing
the advantages and disadvantages of this AI software when
it could be used in several other STEM related disciplines
was beyond the scope of this study. This leads to difficulties
providing specific suggestions on how AISS can be practically
utilized in each STEM discipline in ways that reflect each
discipline’s own unique nature and learning process. Therefore,
future research is needed to develop the tasks for each
STEM subject (i.e., Science, Technology, Engineering, and
Mathematics). In other words, the integrated STEM-related
tasks reflecting the specific curriculum of each subject so that
teachers can utilize this AI-program for scientific writing still
need to be developed.

CONCLUSION

As a result of the unprecedented Corona virus crisis, there has
been a huge shift in education as a result of K-12 schools and
universities around the world being forced to close to promote
health and safety. Online learning was adopted almost overnight
with alternative methods, leading to a full-fledged discussion
on the use of AI in the education field much faster than
expected. However, as always, the successful implementation
of new instructional technologies is closely related to the
attitudes of the teachers who lead the lesson. Nevertheless,
teachers’ perceptions of AI utilization have been investigated
by only few scholars due to an overall lack of experience
within the teaching field with AI utilization in the classroom.
Most teachers simply have no specific idea of what AI-adopted
tools would be like.

In this regard, this study brings great significance to the field
in revealing STEM teachers’ overall positive perception regarding
this innovative AI-based scaffolding and opportunities for future
improvements. In addition, results of teachers’ experiences using
the systems and their considerations of its implementation from
this study can be used as a foundation for developing guidelines
for the future integration of AI into school curricula, particularly
in STEM education.
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