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Abstract
Purpose – In November 2022, the commercial company, OpenAI, launched ChatGPT. Since then, university
students have rapidly become regular users of this artificial intelligence (AI) platform. One reason for this is
the powerful capability of this generative AI tool to produce textual content, which in many cases, is almost
indistinguishable from human-generated content. Another reason is that ChatGPT easily gives anyone access
to knowledge. However, there is a problem as the vast majority of its users have no idea how this AI platform
works and thus overlook the importance of thinking critically about information communicated in ChatGPT.
While some call for banning this generative AI tool, this study aims to provide evidence that science
classrooms can become scenarios where students find explicit, concrete, and realistic opportunities to critically
evaluate scientific information generated by ChatGPT.

Design/methodology/approach – An intervention study was conducted with 55 students (26 females and
29 males, 17–24years old) during a university Spanish-English bilingual science course taught within an
active learning environment. The data consist of the written critiques of the students about Spanish-English
bilingual scientific texts produced by ChatGPT.

Findings – Results indicate that the intervention had a positive effect on students’ abilities to construct sound
arguments in Spanish and in English while judging the quality of scientific texts produced by this AI bot.
Moreover, the findings suggest that the intervention enriched students’ skills to make improvements to texts
produced by this generative AI tool.

Originality/value – The evidence provided in this study contributes to the exploration of possibilities to help
students become critical users of ChatGPT.
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Introduction
In September 2022, Bill Gates (2023) had the opportunity to see the Chat Generative
Pretrained Transformer (ChatGPT) in action. He was really impressed and described his
experience as follows: “I knew I had just seen the most important advance in technology
since the graphical user interface.” Two months later, OpenAI (2022) – the American
commercial company that created this advanced generative artificial intelligence (AI) tool –
introduced it as a freely available service to a mass audience. Since then, ChatGPT has
rapidly received notable mediatization and gained great popularity. Brockman (2022),
OpenAI’s president and co-founder, stressed that in only five days after its launch, one
million people signed up to test it. Likewise, Lee (2023) emphasized that it appears to be one
of the fastest online services that globe has ever adopted when compared with other services
such as Instagram (2.5 months taken to reach one million users), Dropbox (8 months),
Facebook (10 months), Twitter (24 months), and Netflix (41 months). Given the viral public
interest in this AI platform, it was not surprising to observe that in February 2023, OpenAI
(2023) launched ChatGPT Plus: a subscription plan available for US$20/month.

Arguably, much of the vitality of ChatGPT is explained by its tremendous ability to pass
complex written exams (e.g. United States Medical Licensing Exam [Kung et al., 2023;
Mihalache et al., 2024]), create art, literature, and music (Zhu et al., 2024), generate large
amounts of textual content (e.g. scientific texts) (Khalifa and Ibrahim, 2024; Langin, 2024),
and complete language translation tasks (Gulati et al., 2024; Martin and Graulich, 2024),
face biometrics tasks (DeAndres-Tame et al., 2024), language editing tasks (Alyasiri et al.,
2024), and software engineering tasks (Marques et al., 2024; Meyer et al., 2024). Despite the
potential benefits of ChatGPT, the uncritical use, misuse or abuse of this large language
model raises several concerns. For instance, Khowaja et al. (2024) emphasize various
worries, such as sustainability (a lot of energy is consumed during ChatGPT training and
inferential phases), privacy (data collection and use by OpenAI are unclear), digital divide
(ChatGPT is creating a digital divide among the high- and the low-income countries), and
ethics (ChatGPT is not guided by ethical values).

The ethical use of ChatGPT and other generative AI tools is a major issue of concern. In
fact, the use of these tools in academic and educational environments is a reiterative point of
discussion in the Second Handbook of Academic Integrity (Eaton, 2024). Moreover, there is
evidence of higher education institutions that have developed guidelines in response to
generative AI (Moorhouse et al., 2023). Nevertheless, as Zonjić (2024) explains, “students
are on the receiving end of AI-use policies, but rarely have agency over how they are
developed” (p. 1). She maintains that students’ voice about the use of AI tools should
be valued and made visible, while giving them opportunities to critically reflect about the
strengths and weaknesses of ChatGPT. Of course, this AI tool is far from perfect. For
example, in a highly cited Science editorial, Thorp (2023) says that having tested this
generative AI tool with an exam and a final project of a university science course, his
conclusion is that “it did well finding factual answers, but the scholarly writing still has a
long way to go” (p. 313). Indeed, OpenAI (2022) acknowledges shortcomings relating to the
performance of ChatGPT.

Also, Thorp (2023) notes that this AI programmay invent sources/references of scientific
studies that do not exist. Because not all the scientific texts generated by ChatGPT present
trustworthy or accurate information, science education practices should provide students
with explicit, concrete, and realistic opportunities to critically engage with ChatGPT’s texts
containing scientific information. The role of science education is even more necessary if we
recognize that students have rapidly become regular users of this AI platform (Cooper, 2023,
Mogavi et al., 2024; Tan et al., 2024). It is therefore vital to foster its critical use. In this
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sense, Mogavi and his colleagues (2024) argue “for a more responsible and effective
integration of ChatGPT in educational contexts” (p. 18). ChatGPT seems to be a promising
ally in the creation of personalized science learning experiences (Alneyadi and Wardat,
2023), as well as in the reduction of language barriers in science classrooms (Martin and
Graulich, 2024), the promotion of holistic reading of socio-scientific texts (Cheung et al.,
2024) and the improvement of students’ mastery of scientific knowledge, motivation, and
self-regulated learning (Ng et al., 2024). Moreover, Gates (2023) and Lee (2023) claim that
ChatGPT deserves to be used for educational purposes. However, there is insufficient
research evidence to support such a claim. Much of the reason for this is that “ChatGPT
research in education is still in its early stages” (Polat et al., 2024, p. 77). Furthermore, in a
recent systematic review, Lo et al. (2024) reported a lack of studies concerning the
promotion of critical mindset habits that enable students to judge the quality of ChatGPT’s
responses.

To address this research gap, the present study seeks to contribute to our understanding of
emergent and crucial issues, namely, how to take advantage of ChatGPT in science education
and how to help students become critical users of it. Specifically, the study aims to provide
evidence that science classrooms can become scenarios where students find explicit
opportunities to critically assess scientific information presented in this generative AI tool.
To make explicit such opportunities we integrated elements of (1) deep active learning
(DAL) (Matsushita, 2018), (2) scientific AI literacy, and (3) useful feedback (Winstone and
Carless, 2020) throughout a one-semester-long university Spanish-English bilingual biology
course. The questions addressed in this intervention study are:

RQ1. To what extent does the university bilingual biology course give students explicit
opportunities to critically evaluate scientific information presented in texts
generated by ChatGPT?

RQ2. What are students’ impressions of the intervention with regards to giving them
opportunities to critically evaluate texts generated by ChatGPT?

Conceptual framing
In this section, we discuss the conceptual basis of the three mainstays (DAL, scientific AI
literacy, and useful feedback) of our intervention. The first pillar relates to DAL which,
according to Matsushita (2018), is aimed at promoting both content knowledge and higher-
order thinking skills. Furthermore, she insists that universities ought to add the feature of
depth to active learning practices, being aware that students’ acquisition of content
knowledge is a prime condition for effective engagement in higher-order thinking processes.
It should be noted that such acquisition will be insufficient by itself if instructors do not
provide students with explicit opportunities to become engaged in higher-order thinking
practices. In this sense, Mizokami (2018) claims that if university education really seeks to
promote not only deep learning, but also higher-order thinking skills (e.g. argumentation),
then it needs to move away from lecture-based knowledge transmission approaches since
these perpetuate passive learning. In similar fashion, Nobel laureate Carl Wieman (2017)
reminds us that “people do not develop true understanding of a complex subject such as
science by listening passively to explanations” (p. 9). Research demonstrates that university
science courses can become effective scenarios of DAL even when there are large groups
(Archila et al., 2022a). Nonetheless, many universities around the world still adopt
instructor-centered practices, and thus, active learning seems a slogan rather than the reality
of many university science courses. To give an example, in a recent study conducted in the
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USA, Idsardi et al. (2023) examined the relationship between undergraduate science,
technology, engineering, and mathematics instructors’ (N = 22) conceptions of learning and
practices. These scholars found that 12 participants primarily lectured in their courses and
did not provide students with opportunities to engage in active learning.

At this point, it is valid to agree that DAL is a legitimate and desirable educational
approach, but it may be asked why we decided to include it as an element of our intervention
study. The reason is that we assume that the critical evaluation of scientific information
presented in texts generated by ChatGPT entails both the mastery of scientific knowledge
and higher-order thinking, which as we have already explained, are key features of DAL
practices. This critical evaluation is fundamental because this generative AI tool can expose
users to (un)intentional false and/or inaccurate scientific information (Cappellani et al.,
2024; Naddaf, 2023; Thorp, 2023). This is why the second pillar of our intervention
addresses scientific AI literacy which we define as skills to engage critically with science in
AI settings. Like other types of literacies, such as scientific media literacy – which integrates
scientific literacy with media literacy (Chang Rundgren and Rundgren, 2014) – and COVID-
19 literacy (Archila et al., 2021a) – which combines health literacy, scientific literacy, and
scientific media literacy – scientific AI literacy results from the articulation of scientific
literacy with AI literacy.

Batarseh (2022) defines AI as a branch of computer science concerned with automating
intelligence and enabling machines to perform complex tasks in complex environments.
Pretorius (2023) and Ng et al. (2023) consider that the growing popularity of AI technologies
in everyday life settings is one reason why AI literacy will increasingly become a major
source of quality for all students. At this point, it is fair to say that “the concept of AI literacy
is quite new” (Chan and Colloton, 2024, p. 28). However, the construction of AI literacy
frameworks is gaining global interest. Pretorius and Cahusac de Caux’s (2024) framework is
a prime example of this. They created an AI literacy framework for higher education which
included five elements, namely:

(1) Foundational – basic skills that allow for an effective use of generative AI;

(2) Conceptual – understandings about how to locate, organize, evaluate, use, and
repurpose generative AI outputs;

(3) Social – assuming the role of interlocutor when interacting with generative AI
platforms;

(4) Ethical – acting ethically when using generative AI; and

(5) Emotional – developing socio-emotional awareness of the use of generative AI tools.

This framework provides important insights at this time when several scholars (e.g. Chu-Ke
and Dong, 2024; Kong et al., 2024; Łabuz and Nehring, 2024) urge education stakeholders to
address the need to equip all citizens with skills to leverage advances in AI technologies from
an informed and a critical point of view.

Another interesting AI literacy framework is the one proposed by Chan and Colloton
(2024). This framework consists of five elements:

(1) understanding AI concepts;

(2) awareness of AI applications;

(3) AI affectivity for human emotions;

(4) AI safety and security; and

(5) responsible AI usage.
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Furthermore, Chiu et al. (2024) created a framework for K–12 AI education. This framework
includes AI literacy (knowing) and AI competency (applying the knowledge), encompassing
the following five aspects: technology, impact, ethics, collaboration, and self-reflection. A
common feature of this framework and those of Chan and Colloton (2024) and Pretorius and
Cahusac de Caux (2024) is that all of them offer a multifaceted approach. This gives us an
idea of how complex the concept of AI literacy is. This type of literacy can be defined:

As a set of competencies that enables individuals to critically evaluate AI technologies;
communicate and collaborate effectively with AI; and use AI as a tool online, at home, and in the
workplace (Long and Magerko, 2020, p. 2).

This definition is relevant in our intervention study as it includes the element of criticality
that is also part of scientific literacy. To be clear, the OECD (2020) emphasizes that a
willingness to think critically about scientific knowledge is one attribute of scientifically
literate people. Additionally, this organization reiterates the need for students to become
equipped to engage critically with science in AI settings.

Scientifically AI literate people are able to think critically about the scientific information
presented in products (e.g. texts) created by generative AI – a technology that uses deep
learning models to produce human-like content in response to complex and varied prompts
(e.g. instructions, questions) (Lim et al., 2023). ChatGPT is in essence a generative AI
technology. Academic voices are increasingly calling for the enactment of educational
scenarios in which students find opportunities to critically evaluate generative AI outputs,
such as texts generated by ChatGPT (AAIN Generative AI Working Group, 2023; Pretorius,
2023). Recently, Osborne and Pimentel (2022, 2023) invited science education stakeholders
to become aware that nowadays students are continuously exposed to a plethora of scientific
misinformation – communication of false and/or scientific information – as one consequence
of an age of misinformation. For instance, Archila et al. (2019, 2021b) argue that news
articles can expose readers to false (e.g. confusing protozoon with virus) and/or inaccurate
(e.g. use of sensationalist language) scientific information. They warn that this can lead to the
public misunderstanding of science. Clearly, this is also the case of ChatGPT. To reiterate,
students should be provided with explicit opportunities to critically evaluate its output.

These opportunities, we argue, can be created if students, for example, are asked both (1)
to examine critically creations generated by ChatGPT and (2) to provide useful feedback on
it. Furtak et al. (2019) note that although possibilities for engaging students in formative
assessment practices are vast, summative assessment still dominates in many science
classrooms around the globe. Feedback is widely recognized as the heart of formative
assessment. Accordingly, useful feedback is the third pillar of our intervention. It is useful
when underpinned judgments are provided (Archila et al., 2022b). This naturally implies
going further than the mere use of conventional expressions (e.g. Well done!). Evidence
indicates that students who give thoughtful comments and suggestions on the work of others
learn constructively (Wu and Schunn, 2023). Moreover, Topping (2018) maintains that
students demonstrate that they have constructed genuine understandings of the product under
consideration (in our case texts generated by ChatGPT) when they are able to provide useful
feedback.

Winstone and Carless (2020) observe that students cultivate their critical judgment – a
prime element of critical thinking skills (Davies and Barnett, 2015) when they are prompted
to provide useful feedback on the work of others (in our case ChatGPT), (1) identifying
strengths, (2) weaknesses, and (3) areas for improvement. These three attributes largely
explain why we included useful feedback in our intervention. Winstone and Carless (2020)
also place emphasis on student feedback literacy – a fundamental element of assessment
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literacy (Price et al., 2012). These authors point out that “feedback literacy is more than just an
academic skill, also being an important dimension of professional competence in the
workplace” (p. 32). This undoubtedly implies that students should be provided with optimal
opportunities to develop the view of feedback – a process that enables students to make sense
of information and use it to enrich their learning or work strategies (Carless and Boud, 2018) –
as a valuable source of lifetime learning.

Nieminen and Carless (2023) consider that “a key building block within new paradigm
feedback practices is the notion of feedback literacy” (p. 1382, original emphasis). Student
feedback literacy is defined as the group of understandings, capacities and dispositions that
students need to leverage feedback processes to enrich their practice in learning or work
settings (Carless and Boud, 2018). In addition, these academics claim that feedback literacy
can facilitate teacher-student interactions that tend to be rare due to the expansion of mass
tertiary education systems. In our study, we contend that these interactions can be fostered if
the instructor uses the students’ critical judgment of texts generated by ChatGPT to engage
them in informal formative assessment (also known as on-the-fly formative assessment and
interactive formative assessment) – a kind of assessment for learning in which feedback is
provided during the course of events (Ramnarain et al., 2022). To this end, we adopted
Archila et al.’s (2022a) notion of instructor–student argumentative interaction – a type of
argumentative interaction in which instructor and students exchange and/or co-construct
arguments in a symmetric atmosphere – as a platform of informal formative assessment. In
this interaction, the instructor acts not as the authority, but as a facilitator and a challenger,
taking advantage of students’ participation to interact argumentatively with them and give
useful feedback. Importantly, instructor–student argumentative interaction is flexible since it
can be enacted in one-on-one, small-group or whole-class discussions. We will explain later
how this interaction occurred in our intervention.

Methods
Study design and setting
We used a quasi-experimental one-group time series design to assess the effectiveness of the
educational intervention. As recommended by Cohen et al. (2018), we conducted repeated
pre-test/post-tests throughout the intervention. They stress that this “enables the participants
to become their own controls, which reduces the effects of reactivity” (p. 407). The
intervention was carried out in a one-semester-long university bilingual (Spanish-English)
course called the Biology of Organisms. This course was chosen because of convenient
access (convenience sampling [Cohen et al., 2018]), as the last author was the course
instructor. This is an introductory course that is offered every semester to students in all
undergraduate programs (e.g. anthropology, biology, engineering and law) at a prestigious
university in Bogotá, Colombia. Following the calls to move away from Englishisation
(English-only and English-always) of science to multilingual practices (Amano et al., 2023;
Piller et al., 2022), in this course, both Spanish (the students’ first language) and English (a
foreign language) are recognized as valuable educational resources for science teaching and
learning (Archila et al., 2022b, 2022c). Specifically, the course makes use of a preview/view/
review methodology (see García, 2009, p. 214, for a fuller discussion) in a dynamic, flexible,
and purposeful way through diverse translanguaging practices (Mazak and Herbas-Donoso,
2015), such as engaging students in classroom activities (e.g. the creation of phylogenetic
trees) in one language and encouraging discussion in another (Archila et al., 2020). It is
important to emphasize here that neither a high level of English language proficiency nor a
high mastery of scientific knowledge are stipulated as requirements to take this introductory
course.
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Participants
Our sample originally included 68 undergraduates enrolled in the Biology of Organisms course.
However, 13 study participants were excluded from the analyses because they did not complete
at least three out of the four pre-test/post-test series carried out during the intervention. Thus, a
final sample of 55 (26 females and 29 males) participants was used. Ages ranged from 17 to 24
(M = 20, SD = 1.53). The sample of this study included participants graduated frommonolingual
(Spanish, n = 22), bilingual (Spanish-English, n = 24), and trilingual (e.g. Spanish-English-
French, n = 9) schools. Ethical approval was obtained from the University’s Research Ethics
Committee, approval number 1637. The study adhered to the ethical guidelines of the American
Psychological Association (APA, 2017). Accordingly, written informed consent was obtained
from all participants as well as the parents of the students that were below the age of consent
(18 years). It is important to clarify that the non-identification of the participating students was
ensured through the use of codes, for instance U36means Undergraduate Number 36.

Intervention
The Biology of Organisms course is taught over a 16-week period and consists of two 80
lecture minutes per week. Our intervention took 15 weeks distributed in six DAL cycles
(Figure 1). Specifically, as part of the intervention, the instructor implemented a DAL
(Matsushita, 2018) methodology throughout the course, in which the students were given
explicit in-class opportunities to become engaged in activities and discussion (small-group
debates and/or whole-class debates). Following the principles of DAL, these opportunities
involved both high-level complex scientific content and high-level cognitive processing
(argumentative and critical thinking skills). To illustrate this idea, consider the case of the
construction of phylogenetic trees – a type of visual representation of evolutionary
relationships. Based on the claim that the drawing of phylogenetic trees is an even more
complex process than reading or interpreting them (Young et al., 2013), the instructor (1)
discussed content about key features (reading, interpretation, and construction) of
phylogenetic trees; (2) asked students to draw an evolutionary tree with a list of familiar
organisms purposefully selected by him; and (3) created a whole-class discussion in which
students produced verbal arguments, counterarguments and rebuttals (argumentative
interaction) while judging the soundness of the phylogenetic trees created by their peers. He

Figure 1. Main features of the 15-week intervention
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organized the verbal participation of the students to interact argumentatively with them and
provide useful feedback to the whole class (informal formative assessment, Archila et al.,
2022a). This basic three-step (presentation of the topic-activity-discussion) cycle was used
throughout the 15-week educational intervention. It is worth mentioning that, as documented
in other university courses (Idsardi et al., 2023), active learning practices encouraged the
instructor to make the students’ development of in-depth understanding (quality of learning)
the priority instead of the coverage of a large variety of topics throughout the course.

In DAL cycles 2, 4, 5, and 6, the students were provided with explicit opportunities to
critically judge scientific information communicated in texts generated by ChatGPT. These
cycles correspond to what Pretorius and Cahusac de Caux (2024) call the “conceptual”
(p. 32) element of AI literacy, as students must evaluate ChatGPT outputs. To be precise, at
the beginning of each one of these four cycles the instructor told undergraduates to (1) read
the text (4 in total, Appendix 1) he had previously selected which was produced by ChatGPT
and was closely related to the topic that would be discussed; and (2) examine critically this
text with a view to offering useful written feedback meeting three requirements:

(1) The identification of two strengths of the text generated by ChatGPT and the
production of at least two valid arguments (one per strength) – based on evidence
and/or reason (Erduran et al., 2022) – as well as being coherent – thus, effectively
underpinning her/his judgment (Archila et al., 2022b) – while answering the
question, “Why do you consider this is one strength?” – the purpose of this question
was to prompt students to assess critically the text;

(2) Identification of two weaknesses (or aspects that require enhancement) and
construction of at least two valid and coherent arguments while answering the
question, “Why do you consider this is one weakness?”; and

(3) Edition of the text carrying out improvements only relating to the two weaknesses
identified in the second requirement.

The instructor encouraged students to revise the text as far as possible adopting critical
thinking dispositions, such as open-mindedness and healthy skepticism (avoiding blind
acceptance of ideas) (Davies and Barnett, 2015). The reason for this is that thinking critically
about products created by generative AI is an essential feature of AI literacy (Long and
Magerko, 2020). Likewise, it is reasonable to assume that students used their prior
knowledge while offering useful written feedback about the text produced by ChatGPT.
Hence, the instructor harnessed this to present the topic, and thus linked the text to the first
step of the basic three-step (presentation of the topic-activity-discussion) cycle.

At the end of each one of the four DAL cycles, once the third step (discussion) of the basic
three-step cycle was carried out, the instructor asked undergraduates to give useful written
feedback about another text (4 in total) that he had previously selected which was closely
related to the topic that was discussed during the cycle. Students were asked to meet the three
requirements already mentioned (identification of two strengths [“Why do you consider this
is one strength?”], identification of two weaknesses [“Why do you consider this is one
weakness?”], and edition of the text). After this, the instructor created a whole-class
discussion in which he listened to those students who voluntarily communicated their
judgments of the text generated by ChatGPT. He used these judgments as a springboard to
interact argumentatively with the undergraduates and provide immediate feedback to the
whole class. Instructor feedback was intended to help students both clear up possible
scientific content misunderstandings and reflect on the importance of judging products
created by generative AI from a critical perspective as part of the long process of becoming
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scientifically AI literate. In short, our intervention provided participants with eight explicit
opportunities to critically assess scientific information presented in texts (8 in total) produced
by ChatGPT. Four opportunities were given at the beginning of the DAL cycles (4 in total)
and four at the end of these cycles.

Finally, the Spanish-English bilingual character of the Biology of Organisms course was
another element considered in our intervention. According to Cummins’s (2017) theory of
the interdependence of literacy-related skills and knowledge across languages, providing
students with purposeful opportunities to carry out activities in one language (e.g. Spanish),
allows them to strengthen functional conceptual and linguistic experience that can be
available in another (e.g. English). Drawing on this theory, Texts 1–4 were written in Spanish
and participants were asked to offer useful written feedback in this language, while the last
four (Texts 5–8) were in English and students were asked to give useful written feedback in
English. To facilitate the students’ gain in self-confidence, as recommended by Archila et al.
(2021c), the undergraduates were provided with the opportunity to code-switch – going back
and forth from one language to another in the same speech or writing (Gardner-Chloros,
2009) – between Spanish and English in their written feedback on Texts 5–8.

Research design
Data collection
Given that our study aimed at providing evidence that science classrooms can become scenarios
where students are able to find concrete opportunities to critically judge scientific information
presented in ChatGPT, the data corpus was composed of the undergraduates’ written feedback
pieces – one piece consisted of three elements: strengths, weaknesses, and edition – about the
eight texts generated by this generative AI tool and the responses of the participating students to
an anonymous online 13-item survey (Appendix 2). In total, 418 pieces were collected. As
previously mentioned, during four cycles, participants were given explicit opportunities to
critically assess texts generated by ChatGPT. TheMicrosoft Forms® platformwas used to collect
the written feedback produced by the students. At the beginning as well as at the end of each
of the four cycles, participants were given access to this platform. In addition, students had access
to the texts in PDF® files through a learning management system called: Brightspace®. To
facilitate the data collection process, participants were asked to copy from the PDF® file the two
parts they considered strengths of the text generated by ChatGPTand paste them in theMicrosoft
Forms® platformwhere they had to argue in writing twice (one per strength) while answering the
question, “Why do you consider this is one strength?” This copy-paste-argue routine was
repeated in the two weaknesses part. Finally, the students were required to adopt the following
copy-paste-edit routine:

• copy the full text from the PDF® file;
• paste it in a Word® file; and
• edit the text generated by ChatGPT, carrying out improvements (highlighting them

in yellow) only in relation to the two weaknesses they had identified.

Each student had to upload the edited file to the platform. Participants were given as much
time as they needed to carry out both routines (copy-paste-argue and copy-paste-edit).
During these routines, the students were asked to not seek information on the Web, or in
books, or notebooks.

Each of the eight texts presented to the students was produced by ChatGPT a couple of
days before the instructor carried out each of the four DAL cycles. In other words, he
prompted this AI tool to write an argumentative text – a kind of text that typically follows the
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macrostructure: introduction-argument-conclusion (Stavans et al., 2019) – related to the
topic of the cycle (e.g. ChatGPT prompt-write an argumentative text about the importance of
Hardy–Weinberg equilibrium for evolution). We decided to prompt this generative AI tool to
produce argumentative texts because this type of text often communicates reason-based and/
or evidence-based arguments more regularly than other kinds of texts, such as, informative
texts and narrative texts. Moreover, as Erduran et al. (2022) point out, the communication of
scientific knowledge claims underpinned by the production of reason-based and/or evidence-
based arguments is highly desirable.

Once ChatGPT generated the text (4 in total, two in Spanish and two in English), the
instructor used the option “regenerate response” – an option that prompts this generative AI tool
to produce a brand-new response – four times (16 in total), thus obtaining five different texts
(20 in total) about the same topic. Then, he randomly selected two (8 in total) from these five
texts. One of these texts was presented to the students at the beginning of the DAL cycle while
the other was presented at the end. The length of the four texts in Spanish varied between
approximately 250 and 450 words, while the four texts in English were between approximately
300 and 350 words long. To get an idea of the readability level of the eight texts presented
to the students, we used the Flesch Reading Ease Score (Flesch, 1948) – a score of zero means
a text is very difficult to read while a score of 100 means a text is very easy to read – for
texts in English and the Fernandez-Huerta (1959) formula – “a validated Spanish equivalent [to
the Flesch Reading Ease Score]” (Gorrepati and Smith, 2021, p. 142) – for texts in Spanish.
These calculations were performed using the Microsoft Word® software (Stockmeyer, 2009) and
the Legible® software (legible.es), respectively. The scores calculated were 52.8 for Text 1; 42.9
for Text 2; 51.4 for Text 3; 61.1 for Text 4; 15.5 for Text 5; 10.5 for Text 6; 30.5 for Text 7; and
32.1 for Text 8. This means that the texts were fairly difficult/very difficult to read.

Finally, inspired by the idea that participants’ voice is a legitimate and desirable source
from which researchers can “gain feedback on an intervention” (Cohen et al., 2018, p. 42), in
the last cycle of the educational intervention we administered a voluntary and anonymous
online 13-item survey. This instrument was in no way intended to collect precise information
about participants’ satisfaction, it was merely a pragmatic tool that allowed us to receive
student feedback which we believe is relevant for future improvements. Items were adapted
from previous feedback surveys developed in interventions related to higher-order thinking
skills (e.g. argumentation, critical thinking) (Archila et al., 2021b; Brooke, 2006; Bulgren
et al., 2014; Matthee and Turpin, 2019) and bilingual science education (Archila et al.,
2021c; 2022b). The instrument was especially useful for collecting data on the respondents’:

• frequency of use of ChatGPT (Question 1 in Appendix 2);
• previous instruction in the critical evaluation of texts generated by this AI platform

(Question 2 in Appendix 2);
• opinions about the intervention (Questions 3–7 in Appendix 2); and
• views about the importance of thinking critically about ChatGPT in the Biology of

Organisms course (Questions 8–13 in Appendix 2).

The survey was in Spanish and undergraduates were free to respond in Spanish, English or to
code-switch between these languages in answering the open-ended questions (Questions 3
and 4 in Appendix 2). Fifty-three out of the 55 undergraduates voluntarily responded.

Data analysis
Data analysis was carried out at three levels to answer our research questions. First, the
bilingual character of the intervention was examined. At this level, the languages used by the

ILS



students in the written feedback pieces (418) about the judgment of texts generated by
ChatGPT were examined to establish the number of feedback pieces written in Spanish, the
number of pieces produced in English, and the number of pieces written using code-
switching. At the second level, each piece was coded (scored) according to four criteria
(codes) (Table 1). Additionally, this coding process was guided by two specifications,
namely:

(1) A correct use of scientific concepts was assumed as no errors at all in the written
feedback produced by the student. For instance, “the protists organisms don’t have
a true nucleus” (U27), was considered an error; and

(2) An argument was accepted as both valid and coherent only when it was backed by
reason and/or evidence (Erduran et al., 2022) and it effectively supported the
student’s judgment (Archila et al., 2022b). Figure 2 shows an example of a written
feedback piece produced by U38 and coded with the maximum score: seven.

Table 2 offers an idea of the relevance of the corpus on which this study was based as we
analyzed 2,508 subpieces in total. The first author coded all the data. The second author
coded written feedback pieces 1–4 and the last author coded written feedback pieces 5–8. All
the statistical calculations were carried out via the Statistical Package for the Social Sciences
(SPSS®, v28). Cohen’s kappa coefficient (Cohen, 1960) calculated was 0.94 for piece 1; 0.94
for piece 2; 0.97 for piece 3; 0.97 for piece 4; 0.93 for piece 5; 0.95 for piece 6; 0.99 for piece
7; and 0.95 for piece 8. “A coefficient of 0.75 or above [was] considered very good”
(Bryman, 2016, p. 276) inter-coder agreement. All disagreements were discussed until a final
consensus was achieved. Likewise, Cohen’s d effect size was computed to assess the
magnitude of students’ gains at the end of each DAL cycle. To be specific, this computing
was carried out using the written feedback piece produced by the participating students at the
beginning of each cycle as the “control” condition and the piece created at the end of each
cycle was treated as the “experimental” condition. To interpret our results, we followed
Cohen’s (1988, pp. 25–26) small (d = 0.2), medium (d = 0.5), and large (d = 0.8)
benchmarks.

The third level of the analysis dealt with the examination of the responses to Questions 1,
2, 5, 6, and 7 of the 13-item feedback survey (Appendix 2) using frequency counts.
Furthermore, the six Likert type (1 – strongly disagree, 5 – strongly agree) items (Questions
8–13) were analyzed. Essentially, we calculated the Cronbach’s alpha coefficient which
was found to be 0.88. According to George and Mallery (2022, p. 387), this alpha value is
“good.” Furthermore, in the next section we comment on some of the answers to open-ended
questions 3 and 4.

Findings
RQ1. To what extent does the university bilingual biology course give students explicit opportunities to
critically evaluate scientific information presented in texts generated by ChatGPT?

The results of the written feedback produced by the undergraduates at the beginning of the
four DAL cycles (Pre-DALC in Table 3) indicate that the participating students had trouble
examining critically texts generated by ChatGPT. This is a key outcome since this
demonstrates that the need to use science classrooms as scenarios where students find
explicit opportunities to think critically about scientific information presented in ChatGPT is
substantial. In the following paragraphs, we will now focus on the opportunities that our
intervention in the Biology of Organisms course provided to the participants to judge texts
generated by ChatGPT.
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In general, our results suggest that the written feedback produced by the students at the
end of each one of the four DAL cycles (Post-DALC in Table 3) was slightly better than that
produced at the beginning. To be specific, the intervention showed a small/medium effect
size. These are in essence positive outcomes for several reasons. First, undergraduates were
presented with a highly complex task. One fundamental condition for the safe use of
ChatGPT is that users have to “have expert[i]se to verify that the output is accurate”
(UNESCO, 2023, p. 6). The noun (1) “expertise,” the verb (2) “verify,” and the adjective (3)
“accurate” are defined in the Oxford English Dictionary (2024) as (1) “expert knowledge or
skill in a particular subject, activity or job,” (2) “to check that something is true or accurate,”
and (3) “correct and true in every detail,” respectively. These three definitions give us an idea
of how complex the task of critically judging ChatGPT-generated texts can be. Expertise

Figure 2. Written feedback given by U45 about a text generated by ChatGPT (Text 6 in Appendix 1)

Table 2. Details of the 2,508 subpieces of the 418 pieces coded

Subpiece
WFP 1
(n = 54)

WFP 2
(n = 54)

WFP 3
(n = 49)

WFP 4
(n = 49)

WFP 5
(n = 53)

WFP 6
(n = 53)

WFP 7
(n = 53)

WFP 8
(n = 53)

Total
(N = 418)

S 108 108 98 98 106 106 106 106 836
W 108 108 98 98 106 106 106 106 826
E 108 108 98 98 106 106 106 106 836
Total 324 324 294 294 318 318 318 318 2,508

Notes: WFP = written feedback piece; S = strengths; W = weaknesses; E = enhancements
Source:Authors’ own work
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seems to play a determinant role. Therefore, it is reasonable to consider that the small/
medium effect size reported here is a positive result since our intervention was carried out in
an introductory (not an advanced) biology course in which students are not necessarily
expected to develop “expert” biological knowledge. By the same token, the concrete action
of providing students with explicit opportunities to critically judge scientific information
presented in texts generated by ChatGPTcould be seen as a step in the right direction, toward
the exploration of genuine possibilities to help students assess scientific information
communicated through generative AI technologies from a critical point of view.

Although this article does not aim to document false and/or inaccurate scientific information
presented in ChatGPT, Table 4 shows examples of these weaknesses that the instructor
discussed with the students (whole-class discussion) at the end of each Post-DALC. We
included this table to briefly illustrate how ChatGPT can foster the public misunderstanding of
science. Clearly, the fact that we have asked students to provide arguments to support their
judgment about strengths and weaknesses in texts generated by this AI tool, increased the
complexity of the task because they had to produce valid and coherent arguments to support
their judgment. Also, the participants were asked to edit the texts, carrying out improvements.

Having demonstrated that our intervention contributed to the Biology of Organisms
course in providing undergraduates with explicit, concrete, and realistic opportunities to
critically judge scientific information presented in ChatGPT, it is important to note that our
findings suggest that this intervention also gave undergraduates opportunities to use their
Spanish-English bilingual repertoires (Figure 3). Specifically, guided by the theory of the
interdependence of literacy-related skills and knowledge across languages (Cummins, 2017),
in our intervention, participants were asked to offer written feedback in Spanish for Texts 1–
4 and in English (or code-switch) for Texts 5–8:

RQ2. What are students’ impressions of the intervention with regards to giving them opportunities
to critically evaluate texts generated by ChatGPT?

We believe that hearing participants’ impressions about being involved in the activities of
critiquing ChatGPT-generated texts is beneficial not only to have an idea of the contribution

Table 3. Means, standard deviations and total scores of the written feedback pieces produced per
cycle

WFP n
USC S W E Total

dMean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

WFP in Spanish
1 (Pre-DALC 1) 54 0.53 (0.50) 1.31 (0.82) 1.29 (0.71) 0.38 (0.62) 3.54 (1.92)
2 (Post-DALC 1) 54 0.94 (0.23) 1.37 (0.65) 1.46 (0.66) 0.59 (0.68) 4.37 (1.29) 0.50
3 (Pre-DALC 2) 49 0.65 (0.48) 0.77 (0.82) 0.81 (0.75) 0.32 (0.51) 2.57 (1.80)
4 (Post-DALC 2) 49 0.75 (0.43) 1.04 (0.76) 1.32 (0.74) 1.65 (0.69) 4.77 (2.01) 1.22

WFP in English
5 (Pre-DALC 3) 53 0.52 (0.50) 1.50 (0.74) 1.30 (0.78) 0.69 (0.72) 4.01 (1.80)
6 (Post-DALC 3) 53 0.56 (0.50) 1.62 (0.68) 1.37 (0.81) 0.88 (0.84) 4.45 (1.85) 0.24
7 (Pre-DALC 4) 53 0.39 (0.49) 1.20 (0.84) 0.92 (0.85) 0.52 (0.74) 3.05 (2.21)
8 (Post-DALC 4) 53 0.52 (0.50) 1.52 (0.69) 1.18 (0.73) 0.79 (0.76) 4.03 (1.88) 0.47

Notes: WFP = written feedback piece; DALC = deep active learning cycle; USC = use of scientific
concepts; S = strengths; W = weaknesses; E = enhancements; d = effect size
Source:Authors’ own work
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of our intervention study, but for future improvements. The results of the 13-item survey
reveal that nearly all the respondents of the survey (52/53) considered that the introductory
biology course provided them with opportunities to critically assess ChatGPT-generated
texts (Q3 in Appendix 2). Students reaffirmed this with comments, such as “The course gave
me various examples of how ChatGPT can disseminate information that is not entirely
correct,” “The course showed me that ChatGPT can generate false information,” “In this
course I had the opportunity to examine texts generated by ChatGPT before and after
discussing the topics,” and “This course gave me the opportunity to realize that there were
errors in the texts. I used to hear that ChatGPT was never wrong.” Nevertheless, if these
comments are not sufficient to evidence the valuable contribution of our intervention study, it
is important to bear in mind that a large fraction of the respondents (47/53) commented that
they never (35/53) or infrequently (12/53) had the opportunity to explicitly reflect on the
importance of using this generative AI tool critically in other university courses (Q7 in
Appendix 2). This contribution is even more relevant if we take into consideration that only
six out of the 53 undergraduates who answered the survey had received instruction in the
critical examination of texts generated by ChatGPT (Q2 in Appendix 2).

Additionally, 35 out of the 53 respondents considered that the copy-paste-edit routine
about weaknesses of the texts generated by ChatGPT, was the most difficult to develop for
them (Q4 in Appendix 2), followed by the copy-paste-argue routine about weaknesses of the
texts (26/53) and the copy-paste-argue routine about strengths of the texts (15/53). Some
comments include: “At first glance it seemed to me that the texts were completely fine. So, I
had to review them thoroughly in order to identify weaknesses,” “Once I was able to identify
weaknesses, I did not always know how to improve them,” and “It is complex to improve
something that apparently seems correct.” Moreover, an interesting finding of the 13-item
survey is that the top two difficulties respondents came up against in producing written
feedback pieces in Spanish [mastery of scientific knowledge (35/53) > scientific vocabulary
(20/53)] (Q5 in Appendix 2) were the same as in English [mastery of scientific knowledge
(30/53) > scientific vocabulary (27/53)] (Q6 in Appendix 2).

Finally, Table 5 summarizes the survey of respondents’ average scores (maximum
possible = 5) along with the standard deviations on items from 8 to 13. The respondents’
average scores varied between 4.07 and 4.60 with a mean of 4.43. This value corresponds to

Figure 3. Number of undergraduates who produced their written feedback pieces in Spanish, in English
or in Spanish-English code-switching
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the “agree” (Bakar et al., 2022, p. 7) choice. Hence, it is appropriate to claim that our
intervention is a promising possibility to help science classrooms become scenarios where
students find opportunities to critically judge scientific information presented in ChatGPT.
Furthermore, it is worth noting that students scored the item “The activities of critiquing texts
generated by ChatGPT helped me realize that this chatbot can expose people to false and/or
inaccurate scientific information” (Item 9 in Table 5) the most (4.60). This result is
particularly encouraging if we accept the fact that the majority of the undergraduates (41/53)
said they were users of ChatGPTwith greater or lesser frequency (Q1 in Appendix 2).

Discussion and educational implications
The university bilingual biology course gave students explicit opportunities to critically
judge scientific information presented in texts produced by ChatGPT (RQ1)
In answer to our RQ1, the findings suggest that the biology course effectively gave
undergraduates from different disciplines opportunities to evaluate scientific information
presented in texts generated by ChatGPT from a critical point of view. In total, the
participating students evaluated eight argumentative texts. Pretorius and Cahusac de Caux
(2024) remind us that the evaluation of generative AI outputs is an element of AI literacy. In
addition, the results indicate that the DAL cycles helped students to improve their skills to
critically assess ChatGPT-generated texts (Table 3). However, this improvement was
insufficient since they continued to have trouble carrying out copy-paste-argue routines
about strengths and weaknesses of the texts as well as copy-paste-edit routines. This
corroborates the claim that expertise is a vital condition to being able to critically examine
the quality of ChatGPT output (UNESCO, 2023). Of course, it is unlikely that an
introductory science course prepares experts. It is, therefore, plausible to say that our
outcomes add empirical evidence to Archila et al. (2024a) and Osborne and Pimentel’s
(2022, 2023) reflection that given the fact that the level of expertise that students can develop

Table 5. Descriptive statistics of survey questions 8–13

# Question Mean S.D.
Cronbach’s alpha
if item deleted

8. The activities of critiquing texts generated by ChatGPT
helped me become aware of the importance of using this
generative AI tool critically

4.54 0.82 0.84

9. The activities of critiquing texts generated by ChatGPT
helped me realize that this generative AI tool can expose
people to false and/or inaccurate scientific information

4.60 0.79 0.83

10. The texts generated by ChatGPT and examined in the
activities were related to topics discussed in the Biology
of Organisms course

4.49 0.93 0.85

11. The activities of critiquing texts generated by ChatGPT
required me to use my prior knowledge

4.45 0.84 0.85

12. The activities of critiquing texts generated by ChatGPT
required me to use what I have learned in the Biology of
Organisms course

4.47 0.89 0.84

13. The critical revision of texts generated by ChatGPT
requires the adoption of healthy skepticism

4.07 1.05 0.93

Source:Authors’ own work
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in any science course is limited, science education should focus its efforts on the preparation
of students to engage critically with digital scientific information.

One important educational implication that can be drawn from our results is that the
promotion of scientific AI literacy should become a high priority for science education
stakeholders. Scientifically AI literate people – citizens who are able to engage critically with
science in AI settings – will become increasingly in demand. In the case of university
students, Chan and Colloton (2024, p. 248) “predict that employers will seek candidates who
are AI literate.” Also, they “predict that the primary users of AI will be the more educated
members of society, regardless of their economic backgrounds, with a significant proportion
being younger individuals” (p. 241). In view of these predictions, we consider that our study
is relevant, timely, and responsive. Likewise, our findings shed light on the promotion of
scientific AI literacy and reaffirm the necessity of developing scientific AI literacy
frameworks that leverage existing AI literacy frameworks (Chan and Colloton, 2024; Chiu
et al., 2024; Pretorius and Cahusac de Caux, 2024). Every evidence-based action to
encourage critical engagement with science in AI environments is essentially a welcomed
step forward.

ChatGPT can expose people to false and/or inaccurate scientific information. This is one
of the multiple reasons why Thorp (2023) invites us to view this generative AI tool with
caution and not to overestimate its capabilities. The eight ChatGPT-generated argumentative
texts (Appendix 1) are instructive examples of this since upon first glance they appeared to
be sound. These met with various of the elements that characterize this type of texts, such as
(1) paragraphs-demarcated macrostructure (introduction-argument-conclusion [Stavans
et al., 2019]) and (2) logical use of connectors (Archila, 2015; Archila et al., 2017).
Nonetheless, portions of false and/or inaccurate scientific information become evident once
one carries out a detailed examination (Table 4). This clearly explains why UNESCO (2023)
strongly recommends that users of ChatGPT should be aware that it “cannot distinguish
between right and wrong, true and false” (p. 11). Thus, our study is unique in showing that a
science course can be a scenario in which students find purposeful opportunities to become
aware that although ChatGPT is a powerful tool capable of generating science-related
argumentative texts almost indistinguishable from human-generated texts, the adoption of
healthy skepticism of the scientific information presented in these texts is crucial.

Healthy skepticism and open-mindedness are two critical thinking dispositions among
many. Our results (Table 3) indicate that students were given opportunities to examine both
the strengths (open-mindedness) and the weaknesses (healthy skepticism) of the texts
generated by ChatGPT. Thus, students assumed the (fictional) role of assessors of ChatGPT-
generated texts by producing written feedback about these texts. This is not only in line with
the view that useful feedback practices can be implemented in versatile ways (Winstone and
Carless, 2020; Wu and Schunn, 2023), but also provides insights into the exploration of
possibilities about how to use ChatGPT in educational settings. Specifically, the fact that
undergraduate students were given opportunities to play the role of assessors of science-
related texts written by ChatGPT expands the spectrum of the global discussion, which
mainly focuses on the use of this generative AI tool to complement instructor assessment of
undergraduates’ academic writing (Lu et al., 2024).

Finally, the results (Figure 3) demonstrate the bilingual character of our intervention. This is
an evidence-based response to the invitation of Amano et al. (2023) and Piller et al. (2022)
to move from the Englishisation of science to multilingual practices. In theory, the fact that
ChatGPT can communicate with users in multiple languages opens a great possibility for
the promotion of multilingual scientific practices. In practice, nonetheless, this would be
unproductive if the aim of strengthening global knowledge production continues to be guided by
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monolingual ideologies (e.g. English as a lingua franca). Likewise, the outcomes appear to
support Cummins’s (2017) view of languages as a connected entity that can be exploited if the
opportunities students find are not limited to communication in one language but they are able to
use their bilingual repertoires. In our intervention, students were presented with texts generated
by ChatGPT in Spanish and in English. Also, they were asked to produce written feedback in
these languages. In this regard, the results contribute to our understanding of how ChatGPT can
be a used as a generative AI tool in creating optimal opportunities for students to actively
participate in multilingual science education scenarios (Martin and Graulich, 2024). It is worth
adding here that many researchers (e.g. Archila et al., 2024b; Charamba, 2022; Lemmi and
Pérez, 2024) recommend that instructors should move away from monolingual toward
multilingual practices that encourage students to use, value, and cultivate their multilingual
capital. One implication is that the potential of ChatGPT to generate multilingual outputs needs
to be assumed by science education stakeholders as a possibility to make multilingual scientific
practices a reality rather thanmere rhetoric.

Participants’ impressions of the intervention (RQ2)
The results (Table 5) seem to indicate that participants had positive impressions of the
intervention. The importance of these outcomes lies in the fact that they reflect the voice of
the students. It is especially encouraging that the undergraduates appeared to recognize that
the intervention helped them develop a more informed and critical view of the use of
ChatGPT. One educational implication of this outcome might be to turn our gaze toward
Zonjić’s (2024) reasoning that education initiatives related to AI literacy should value the
voice of the student, as we have much to learn from their experiences with generative AI
platforms; after all, “students are the key users of AI chatbots in university settings” (p. 1).
As such, this means that the process of constructing and implementing AI literacy
frameworks (Chan and Colloton, 2024; Chiu et al., 2024; Pretorius and Cahusac de Caux,
2024) and comprehensive educational guidelines pertaining to the use of generative AI tools
(Moorhouse et al., 2023) would benefit from these experiences.

The inclusion of suggestions for how to revise is another relevant feature of useful
feedback. In our case, students were asked to edit the ChatGPT-generated texts carrying out
improvements only to the weaknesses they had identified earlier. In other words, students
were given opportunities to (1) identify weaknesses; (2) argue why they considered these
were weaknesses; and (3) correct the errors of ChatGPT-generated texts. The outcomes of
the intervention as well as the comments of the students in the anonymous survey seem to
suggest that this was a complex and challenging task. Importantly, students appeared to agree
that this type of task required them to use their prior knowledge and what they had learned in
the Biology of Organisms course. Hence, these findings add evidence to the recent claim that
involving students in the edition of texts generated by ChatGPT could be an option for the
use of this generative AI tool for educational purposes. Cooper (2023), for instance,
comments that in his classes students are instructed to not reference ChatGPT verbatim in
assessments. “Students may first generate essay text in ChatGPT and subsequently insert key
references mentioned in class” (p. 450). Arguably, the use of ChatGPT in this way is unlikely
to be formative for students because, as he observes, “it seems more like an essay hack”
(p. 450). This example gives us an idea of the educational value of our intervention since
participants were provided with opportunities to think critically about scientific information
presented in this AI tool.

It may be obvious to point out that judging the quality of scientific texts produced by
ChatGPT critically is crucial for users to fully exploit the generative potential of this AI tool.
Nevertheless, as Lo et al. (2024) note, to date there is little empirical evidence available
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about how to prepare students to critically use this AI tool. We argue that providing students
with explicit, concrete, and realistic opportunities to critically assess scientific information
presented in ChatGPT is a legitimate and desirable first step that can be taken in science
classrooms. Naturally, it is hard to imagine that students could find such opportunities in
instructor-centered classrooms. The problem is that, as Idsardi et al. (2023) observe, active
learning practices are virtually absent from many classrooms. For this reason, it makes sense
to ensure that active learning is a prime condition of any educational practice aimed at the
preparation of critical users of generative AI technologies. Hence, the findings of our study
contribute to the research literature by reporting an educational intervention that integrates
principles of DAL, scientific AI literacy, and useful feedback.

Conclusions
Two overarching conclusions may be drawn from this intervention study. The first is that our
intervention, that combined elements of DAL, scientific AI literacy, and useful feedback, is a
valuable contribution to the exploration of ways to provide students with concrete and
realistic opportunities to critically evaluate the quality of scientific information presented in
texts written by ChatGPT. This is paramount because ChatGPT-produced texts can contain
false and/or inaccurate scientific information (Cappellani et al., 2024; Naddaf, 2023; Thorp,
2023). The second conclusion is that students tend to be willing to cultivate their scientific AI
literacy skills when given the opportunity to do so. We hope this conclusion will inspire the
creation of student-centered scientific AI literacy practices.

Limitations and scope for future research
Although, our study provided a timely and rare opportunity for students to critically examine
science-related texts generated by ChatGPT, this is not without limitations. First, the
intervention was carried out in only one introductory biology course. Thus, we acknowledge
that the inclusion of other scientific disciplines as well as other course profiles (e.g. advanced
science courses) would provide a broader set of evidence. A second limitation is that we did
not collect data related to participants’ prior experience with generative AI platforms and
English language proficiency levels, which may be contextual factors that influence our
results. While this has never been the intention of this study, we recognize that an in-depth
analysis of these factors would help determine which, if any, influence the evaluation of
science-related texts written by ChatGPT. Another shortcoming is that participants were
students from diverse education majors (e.g. Biology, Industrial Engineering). This clearly
limits the generalizability of the findings. These should therefore be taken more as a point of
departure for future studies interested in the use of generative AI tools in science education
settings and less as illustrative of specialized science courses. Additionally, an inherent
limitation is that we focused on argumentative texts about topics (e.g. the Hardy–Weinberg
equilibrium) that are probably less familiar to the students than others, such as climate
change and COVID-19. Of course, it would be interesting to explore this intervention using
more familiar topics to investigate the influence of familiarity on students’ ability to critically
assess ChatGPT-generated texts.

Generative AI never ceases to amaze us. Recently, the powerful capabilities of ChatGPT
have revived the debate about the use of AI tools. One example of this is the case of the
Nature and Springer Nature journals (2023) which ask authors using large language models
to document this use in a section of the manuscript. We believe that science education has a
vital role to play in fostering scientific AI literacy. Further work about how to promote this
type of literacy is clearly needed and is likely to offer insights about how best to prepare
students to engage critically with science in AI settings and to become aware of the
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importance of reflecting about possible ethical issues (e.g. copyright infringement). As
always, the use of science-related generative AI tools will continue to raise questions.
Therefore, a future line of research could be to explore educational strategies to cultivate
both open-mindedness and attitudes of healthy skepticism that help students to acknowledge
both the strengths and the weaknesses of generative AI tools. There is much work to be done,
after all, “the age of AI has begun” (Gates, 2023, p. 1).
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Appendix 1. Argumentative texts generated by ChatGPT

Text 1
Instructor’s prompt: write an argumentative text on the importance of Hardy–Weinberg equilibrium

for evolution.
ChatGPToutput:
Hardy–Weinberg equilibrium is a fundamental concept in evolutionary theory because it

provides a framework for understanding how genetic populations remain stable over time and how

they can change over generations.
This equilibrium is based on the idea that the frequency of an allele in a population remains constant

from generation to generation, as long as there are no factors that affect the distribution of alleles, such as

natural selection, mutation or migration. If a population is in Hardy–Weinberg equilibrium, then the

frequency of alleles in the next generation can be predicted with a high degree of accuracy.
In reality, however, populations are rarely in Hardy–Weinberg equilibrium due to the presence of

factors that affect the distribution of alleles. Natural selection, for example, can increase the frequency

of alleles that confer an adaptive advantage, while mutation can introduce new alleles into the

population.
Understanding the Hardy–Weinberg equilibrium is important for understanding how evolution

takes place in populations. By understanding how factors such as natural selection and mutation affect

the distribution of alleles, one can predict changes in the genetic composition of a population and how

these changes may affect its long-term adaptation and survival.
In conclusion, Hardy–Weinberg equilibrium is a key concept for understanding the evolution of

populations, as it provides a framework for predicting and explaining changes in their genetic

composition. Therefore, it is an essential aspect for the research and study of evolution.

Text 2
Instructor’s prompt: write an argumentative text on the importance of Hardy–Weinberg equilibrium

for evolution.
ChatGPToutput:
Hardy–Weinberg equilibrium is a fundamental concept in genetics and evolution, which

describes the distribution of gene frequencies in a population at a given time. This equilibrium is

important because it provides a theoretical basis for understanding how genetic and environmental

factors affect the allele frequency and genetic structure of a population over time.
The Hardy–Weinberg equilibrium states that, under certain ideal conditions, gene frequencies in

a population will remain constant from generation to generation. However, in reality, many factors can

interfere with this equilibrium, including natural selection, migration, mutation, and chance. When

these factors affect the frequency of alleles in a population, evolution occurs.
Therefore, Hardy–Weinberg equilibrium is a valuable tool for studying evolution, as it allows us

to identify perturbations in gene frequency and to determine which factors may be causing changes in

the population. In addition, it also allows us to estimate the probability of a particular genetic event

occurring in a population, which is useful for predicting the occurrence of genetic diseases and other

inherited disorders.
In conclusion, Hardy–Weinberg equilibrium is a key concept in genetics and evolution,

providing a sound theoretical basis for understanding how genetic and environmental factors affect

the genetic structure of a population. This understanding is essential for predicting and preventing

hereditary disorders, and for better understanding how species evolve over time.

ILS



Text 3
Instructor’s prompt: write an argumentative text comparing the life cycles of plants, animals, protists,

and fungi with a dikaryotic phase.
ChatGPToutput:
The life cycles of plants, animals, protists, and fungi with a dikaryotic phase share a

fundamental characteristic: the presence of two haploid nuclei that fuse to give rise to a diploid

nucleus. However, there are significant differences in the way these life cycles develop in each of

these groups of organisms.
In plants with a dikaryotic phase, the life cycle is characterized by alternating generations,

i.e., alternating between a haploid and a diploid phase. During the haploid phase, the plant

produces haploid gametes that fuse to give rise to a diploid cell, which divides and gives rise to a

sporophyte, a diploid multicellular structure that produces haploid spores. These spores germinate

and give rise to a gametophyte, a haploid multicellular structure that produces gametes. This cycle

repeats continuously and is characteristic of flowering plants and non-flowering plants, such as

mosses and ferns.
In animals with a dikaryotic phase, the life cycle is characterized by the production of haploid

gametes that fuse to give rise to a diploid zygote, which divides and gives rise to a multicellular

diploid organism. This organism goes through a process of growth and development until it reaches

sexual maturity and produces haploid gametes, thus completing the cycle.
In protists with a dikaryotic phase, the life cycle is also characterized by the production of

haploid gametes that fuse to give rise to a diploid cell. This diploid cell may divide by mitosis to

produce diploid daughter cells or may divide by meiosis to produce haploid daughter cells that

differentiate into gametes. Sexual reproduction in protists is facultative, meaning that it can occur

under both favorable and unfavorable conditions.
Finally, in fungi with a dikaryotic phase, the life cycle is characterized by the production of

haploid spores that germinate and give rise to a multicellular haploid fungus. This haploid fungus may

fuse with another haploid fungus to form a dikaryotic cell that produces a reproductive structure, such

as a fruiting body, which in turn produces diploid spores. These diploid spores can germinate and give

rise to a haploid fungus, thus completing the cycle.
In summary, although the life cycles of plants, animals, protists and fungi with a dikaryotic phase

share a fundamental characteristic, each of these groups of organisms has developed its own life cycle

adapted to its environment and reproductive needs. Understanding the differences between these life

cycles is essential for understanding biodiversity and the evolution of living things, as well as for

protecting and conserving endangered species.

Text 4
Instructor’s prompt: write an argumentative text comparing the life cycles of plants, animals, protists,

and fungi with a dikaryotic phase.
ChatGPToutput:
The life cycles of plants, animals, protists and fungi with a dikaryotic phase are different from

those without this phase. The dikaryotic phase is one in which the nuclei of the cell are haploid and

fuse to form a diploid nucleus, which will give rise to the diploid phase of the cell.
In plants with a dikaryotic phase, such as liverworts and angiosperms, the diploid phase is found

in the reproductive tissue of the plant, such as flowers and fruits. In these plants, pollen is transported

from the male haploid phase to the female haploid phase, where fusion of the haploid nuclei and

formation of the diploid phase occurs.
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In animals with a dikaryotic phase, such as fungi and protists, the dikaryotic phase is necessary for
sexual reproduction. In fungi, the dikaryotic phase is found in the fruiting body and is responsible for the
production of spores, which will give rise to a new generation of fungi. In protists, the dikaryotic phase
occurs during sexual reproduction, which can take place either in the aquatic environment or in the soil.

In the case of fungi, the dikaryotic phase is essential for spore production and sexual
reproduction. Fungi reproduce asexually through the production of haploid spores, but sexual
reproduction requires the fusion of two haploid nuclei to produce the dikaryotic phase, which in turn
will produce the diploid spores.

In summary, the dikaryotic phase is essential for sexual reproduction in organisms that exhibit it,
such as plants, animals, protists and fungi. The presence of this phase allows the fusion of haploid
nuclei to produce the diploid phase, which will lead to the formation of gametes and spores.
Understanding the life cycles of these organisms with a dikaryotic phase is essential to understand
biodiversity and the evolution of living beings, and to be able to conserve and protect these
endangered species.

Text 5
Instructor’s prompt: write an argumentative text about how prokaryotic and eukaryotic organisms
obtain energy.

ChatGPToutput:
The process by which organisms obtain energy is crucial for their survival, growth, and

reproduction. Prokaryotic and eukaryotic organisms differ in their cellular structure and organization,
which leads to differences in the ways they obtain energy.

Prokaryotic organisms, such as bacteria, obtain energy through various metabolic pathways,
including aerobic and anaerobic respiration, fermentation, and photosynthesis. These pathways
involve the breakdown of organic molecules, such as glucose, to release energy in the form of ATP
(adenosine triphosphate). In aerobic respiration, the organic molecules are broken down in the
presence of oxygen, while in anaerobic respiration, the breakdown occurs in the absence of oxygen.
Fermentation is another way in which prokaryotic organisms obtain energy, but it is less efficient than
respiration as it only yields a small amount of ATP. In contrast, photosynthetic prokaryotes, such as
cyanobacteria, obtain energy by using light energy to produce organic molecules through
photosynthesis.

Eukaryotic organisms, such as plants and animals, obtain energy through a process called
cellular respiration, which occurs in the mitochondria of their cells. Cellular respiration involves the
breakdown of glucose and other organic molecules to produce ATP through a series of metabolic
pathways. Unlike prokaryotes, eukaryotic organisms cannot carry out photosynthesis to obtain energy,
and thus rely on consuming other organisms or organic matter to obtain nutrients and energy. Plants,
on the other hand, are an exception to this rule as they are able to carry out photosynthesis through
specialized organelles called chloroplasts.

In conclusion, the ways in which prokaryotic and eukaryotic organisms obtain energy are vastly
different. Prokaryotes are able to obtain energy through a variety of metabolic pathways, including
photosynthesis, while eukaryotes rely on cellular respiration to break down organic molecules for
energy. The different strategies used by these organisms reflect their unique cellular structures and the
environments in which they evolved.

Text 6
Instructor’s prompt: write an argumentative text about how prokaryotic and eukaryotic organisms
obtain energy.
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ChatGPToutput:
All living organisms require energy to carry out their essential functions, including growth,

reproduction, and movement. Prokaryotic and eukaryotic organisms are two types of cells that differ

in many ways, including how they obtain energy.
Prokaryotic organisms, such as bacteria and archaea, obtain energy through various processes,

including photosynthesis, respiration, and fermentation. Photosynthetic prokaryotes use sunlight to

synthesize organic molecules, such as glucose, from carbon dioxide and water. Non-photosynthetic

prokaryotes obtain energy by breaking down organic molecules, such as glucose, through respiration

or fermentation. Respiration is a more efficient process that uses oxygen to produce more ATP

(adenosine triphosphate), the molecule that cells use as their primary energy source. Fermentation, on

the other hand, is a less efficient process that does not require oxygen and produces less ATP.
Eukaryotic organisms, including animals, plants, fungi, and protists, obtain energy through a

variety of processes, including photosynthesis, respiration, and fermentation. Photosynthetic

eukaryotes, such as plants and algae, use sunlight to synthesize organic molecules from carbon

dioxide and water. Non-photosynthetic eukaryotes obtain energy by breaking down organic

molecules, such as glucose, through respiration or fermentation. Respiration is a more efficient

process that uses oxygen to produce more ATP, while fermentation is a less efficient process that

produces less ATP.
However, eukaryotic organisms have a unique feature that allows them to obtain energy in a

different way than prokaryotic organisms. Eukaryotes have specialized organelles called

mitochondria that are responsible for producing ATP through respiration. Mitochondria are believed

to have evolved from an ancient prokaryotic organism that was engulfed by a eukaryotic cell. The

symbiotic relationship between the two cells allowed the eukaryotic cell to obtain energy more

efficiently, leading to the evolution of more complex eukaryotic organisms.
In conclusion, both prokaryotic and eukaryotic organisms obtain energy through various

processes, including photosynthesis, respiration, and fermentation. However, eukaryotic organisms

have a unique advantage due to the presence of mitochondria, which allows them to produce more

ATP through respiration. The evolution of mitochondria in eukaryotic cells is a testament to the

adaptability of living organisms and their ability to develop specialized structures to better survive and

thrive in their environment.

Text 7
Instructor’s prompt: write an argumentative text about the phylogenetic relationships among bacteria,

archaea, plants, animals, protists, and fungi.
ChatGPToutput:
The phylogenetic relationships among bacteria, archaea, plants, animals, protists, and fungi have

long been a topic of debate among scientists. While some have argued that these groups are distinctly

separate, recent research has shown that they are more closely related than previously thought.
First, it is important to understand the classification system used to group organisms.

Traditionally, organisms have been grouped based on physical characteristics, such as morphology

and behavior. However, with the advent of molecular biology, researchers have begun to use genetic

information to better understand evolutionary relationships.
Recent studies have used molecular markers such as ribosomal RNA to reconstruct the

evolutionary history of life. These studies have shown that bacteria and archaea are more closely

related to each other than to eukaryotes, which include plants, animals, protists, and fungi. In fact,

some researchers propose that archaea should be classified as a type of bacteria.
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Additionally, studies have shown that plants and animals are more closely related to each other
than to protists or fungi. This may come as a surprise, as plants and animals appear to be vastly
different in terms of their form and function. However, molecular evidence has revealed similarities in
their DNA and cellular processes that suggest a shared ancestry.

Protists and fungi, on the other hand, are more distantly related to the other groups. Protists are a
diverse group of eukaryotes that do not fit into any other category, while fungi are more closely related
to animals than plants. Despite these differences, both protists and fungi play important ecological
roles and have significant impacts on human health.

In conclusion, the phylogenetic relationships among bacteria, archaea, plants, animals, protists,
and fungi are complex and still not fully understood. However, molecular evidence has revealed that
these groups are more closely related than previously thought. This has important implications for our
understanding of evolution and the diversity of life on Earth. Ultimately, it highlights the
interconnectedness of all living things and the need for continued research to better understand our
shared evolutionary history.

Text 8
Instructor’s prompt: write an argumentative text about the phylogenetic relationships among bacteria,
archaea, plants, animals, protists, and fungi.

ChatGPToutput:
The phylogenetic relationships among bacteria, archaea, plants, animals, protists, and fungi have

been the subject of intense study and debate for many years. While there is still much to be learned
about these relationships, there is a growing body of evidence that supports certain hypotheses.

One of the most widely accepted hypotheses is the Three-Domain System, which divides all
living organisms into three major groups: Bacteria, Archaea, and Eukarya. Bacteria and Archaea are
both prokaryotes, meaning that they lack a membrane-bound nucleus and other complex cellular
structures found in eukaryotes. Eukarya, on the other hand, includes all organisms with a true nucleus
and other complex cellular structures.

Within the domain Eukarya, there are four main kingdoms: Plantae, Animalia, Fungi, and
Protista. Plantae includes all photosynthetic organisms, such as mosses, ferns, and flowering plants.
Animalia includes all animals, from insects and worms to mammals and humans. Fungi includes
organisms like mushrooms, yeasts, and molds. Protista is a catch-all kingdom for all eukaryotic
organisms that do not fit into the other three kingdoms.

Despite the Three-Domain System being widely accepted, there are still some who argue for
different phylogenetic relationships. For example, some researchers argue that the domain Archaea
should be split into two separate domains, while others propose that the domain Eukarya should be
split into multiple kingdoms.

However, the Three-Domain System has strong support from molecular biology studies, which
have shown that bacteria and archaea have significant differences in their genetic makeup, even
though they both lack a true nucleus. Additionally, the presence of unique features such as cell walls,
membrane lipids, and ribosomal RNA sequences support the separation of the three domains.

In conclusion, while there is still much to be learned about the phylogenetic relationships among
bacteria, archaea, plants, animals, protists, and fungi, the Three-Domain System is currently the most
widely accepted hypothesis. Molecular biology studies and unique features such as cell walls and
membrane lipids provide strong support for this system, and it is likely to continue to be the basis for
our understanding of these relationships in the future.
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Appendix 2. Survey
1. How often do you use ChatGPT?

a. Very frequently

b. Fairly frequently

c. Infrequently

d. Never

2. Apart from this course, have you ever received instruction in the critical examination of texts 

generated by ChatGPT?

a. Yes

b. No

3. Do you consider that this course provided you with opportunities to critically evaluate texts 

generated by ChatGPT?

a. Yes

b. No

Why?

4. Which part of the written feedback production process was more difficult to develop for you? 

(more than one option is possible)

a. The copy-paste-argue routine related to strengths of the texts generated by ChatGPT

b. The copy-paste-argue routine related to weaknesses of the texts generated by ChatGPT

c. The copy-paste-edit routine related to weaknesses of the texts generated by ChatGPT

Why?

5. In this course, which type of difficulty did you come up against in assessing the texts generated 

by ChatGPT in Spanish? (More than one option is possible)

a. Anxiety

b. Little time to produce written feedback

c. Mastery of scientific knowledge

d. Scientific vocabulary

e. None

f. Other …………………………..

6. In this course, which type of difficulty did you come up against in assessing the texts generated 

by ChatGPT in English? (More than one option is possible)

a. Anxiety

b. Grammar

c. Little time to produce written feedback

d. Mastery of scientific knowledge

e. Scientific vocabulary

f. None

g. Other …………………………..

7. How often do you have the opportunity to explicitly reflect on the importance of using 

ChatGPT critically in other university courses?

a. Very frequently

b. Fairly frequently

c. Infrequently
d. Never

How far do you agree with the following statements: (1) Strongly disagree, (2) Disagree, (3) 

Neither agree/ disagree, (4) Agree, and (5) Strongly agree.

8. The activities of critiquing texts generated by ChatGPT helped me become aware of 

the importance of using this chatbot critically

9. The activities of critiquing texts generated by ChatGPT helped me realize that this 

chatbot can expose people to false and/or inaccurate scientific information

10. The texts generated by ChatGPT and examined in the activities were related to 

topics discussed in the Biology of Organisms course

11. The activities of critiquing texts generated by ChatGPT required me to use my prior 

knowledge

12. The activities of critiquing texts generated by ChatGPT required me to use what I 

have learned in the Biology of Organisms course

13. The critical revision of texts generated by ChatGPT requires the adoption of healthy 

skepticism

Source: Authors’ own work
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