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Abstract: With the advent of OpenAl, Generative Al (GenAl) has certainly taken the world by storm. To date, much
of the debate around its use is very reminiscent of the debates around calculators, in the arguments for and against, and
how it might best be used. This paper serves as a provocation in posing questions we should be asking about the future
impact of Al, with a principal focus on what mathematical content and skills we believe our students should be learning
in a world where Al is going to continue to develop. Indeed, what might our role as teachers be in such a world? Given
how rapidly GenAl is developing, it is impossible to draw a line in the sand; nevertheless, this argues we should be
thinking about the future, and how agile we must be in our own professional learning and curriculum development, in
meeting constantly changing imperatives for learning.

1. Introduction

In his 2016 ATCM address, Oates [27] considered the history of the use of digital technologies
in mathematics education, focusing primarily on the period of growth from the mid-1990’s. He
described the ‘current state of play’ at that time for the effective integration of technology into the
teaching and learning of mathematics, and using this position and framework as a starting point,
postulated some significant challenges ahead for teachers and institutions in the continuing search
for effective meaning-making in mathematics with technology. The 1990’s had heralded a rapid
growth in the development and use of digital technologies in mathematics education, with more
powerful desktop computers, more advanced graphics calculators, and computer algebra systems
(CAS) capable of symbolic manipulation. However, at the time of these reflections, while social
media (SM) were having a burgeoning impact on mathematics teaching and learning, research at
that time with respect to SM was somewhat limited [14], and further, while Al was prevalent in
many aspects of technology, especially social media and many online learning platforms, the full
awareness of the momentous impact of Generative Al (GenAl) in the form of OpenAl was still to
come [15].

In tracing the history of technology developments, Oates [27] observed that the response to
technology from mathematics educators (teachers, curriculum developers, and researchers alike) has
often been critical, and slow to adapt to change. Notwithstanding the growth of social media use,
and the looming impact of GenAl, Oates concluded that the critical challenge today and for the
future is “How do we most effectively exploit the pedagogical, mathematical and motivational
potential of the technologies available to our students and ourselves as teachers?” [27, p. 12]. Much
earlier in 1996, Penglase and Arnold had suggested that:

Even today, there remain widespread reservations regarding not only the best ways to
incorporate such tools into teaching and learning, but fundamental questions regarding their
appropriateness...The questions which practitioners have been asking (What will be left to teach
if students have access to tools which factorise, solve, and do calculus? What about their
manipulative skills? What will we ask them to do in examinations?)...were precisely the same
questions asked twenty years ago regarding student access to traditional calculators [32, p. 21].
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In the same year, Koblitz [20] had argued that that “...computers should not be a major
component in math education reform...the intrinsic value of a pedagogical idea is not considered as
important as its [the technology’s] saleability...” (p.10), and such opinions were still being voiced
some twenty years later, when Kardaras [19], who while not writing specifically about mathematics,
observed in TIME magazine that:

From inner-city schools to those in rural and remote towns, we have accepted tech in the
classroom as a necessary and beneficial evolution in education. This is a lie. Tech in the
classroom not only leads to worse educational outcomes for kids...it can also clinically hurt
them (with reference to ADHD)...

Early responses to OpenAl have echoed such sentiments, and Devlin’s comments in 2013 [8]
may in some ways be seen as foreshadowing the wider GenAl debate, when he observed that
technology developments may completely change the direction of mathematics forever:

There is no denying that advances in technology change the kind of mathematics that gets done.
When calculating devices are available to everyone on the planet ... the world is unlikely to
ever again see the kinds of discoveries made in earlier eras by mathematical giants such as
Fermat, Gauss, Riemann, or Ramanujan. The notebooks they left behind showed that they spent
many, many hours carrying out long hand calculations...There are likely to be properties of
numbers that will never be suspected (using) powerful computing technology. On the other
hand, there is also a gain, since the computer has given rise to what is called Experimental
Mathematics, where massive numerical simulations give rise to a different kind of
conjecture—conjectures that likely would not have been discovered without powerful
computers.

The use of artificial intelligence has been around for many years, and its use has become
increasingly more publicly prevalent in social media, education, and commercial platforms (see
e.g., Advances in Mathematics Education: Social Media in the Changing Mathematics Classroom
[14]). However, when OpenAl! (founded in 2015) introduced ChatGPT in November of 2022, a
new level of artificial intelligence was achieved. ChatGPT and its quickly expanding GenAl
variations (e.g., CoPilot?, Grok®0 combine generative Al with large language models, resulting in
artificial intelligence with the ability to think and reason. Questions of how to most effectively
leverage the available technologies become even more critical in an environment where GenAl
(most especially OpenAl) will take on an ever increasing role. The potential for technology to
perform all the mathematics we currently base our curricula on, and to mimic or even take over the
role of the teacher, certainly raises significant questions; indeed, this capacity is already occurring
in the multitude of available online mathematics tutors leveraging Al such as in the long-standing
platform WolframAlpha*, the Khan Academy’s khanmigo®, or Thetawiseb, the latter of which
claims to be “the world's most accurate Al for math”. As well as showing students the steps in
solving problems, these tools can provide effective individual feedback, including being able to
respond to handwritten mathematics assignments. There are also myriad sites for teachers, which
provide a range of supports from lesson plans, reporting, assessment, and designing appropriate

1 https://openai.com/

2 https://copilot.microsoft.com/chats/GINDA5ZVak5Ux2MGHBpcB
8 https://grok.com

4 https://www.wolframalpha.com/input/?i=artificial +intelligence

5 https://www.khanmigo.ai/

6 https://thetawise.ai/.
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learning activities (see for example School Genius’ or Kangaroos Al8, which incorporates a range
of aids for mathematics teachers).

The sheer scope of what Al can currently perform and the realisation that every few months,
the landscape will have changed significantly, poses many more questions than may have been
suggested with previous technology innovations such as the graphics calculator, CAS, and more
recently social media. Engelbrecht, Oates, and Borba [15] nevertheless argue that mathematics
education is well-poised to consider the affordances and challenges of GenAl, with experience built
on the use of calculators, and more recently computer algebra systems (CAS). In their discussion of
the use of GenAl in social media, they conclude that ...teachers must be agile and open to adapting
to the changing dynamics of Al ... ensuring we remain at the forefront of digital engagement” and
further emphasise that «“...as Al continues to develop, there is a pressing need for further research to
identify the true extent of Al obstacles and affordances” [15, p. 43].

How the impact of GenAl compares to, and differs from, previous technological
developments is considered next.

2. How does OpenAl compare to previous technology developments?

OpenAl has exploded onto the educational stage, with exponentially increasing uses being
proposed, and a dramatic growth in research, with many special issues focusing on its uses and
effects. There will doubtless be several papers at this year’s ATCM conference that will consider
aspects of GenAl in mathematics learning and teaching, and the systematic reviews of artificial
intelligence in mathematics education in [24; 30], and the Springer Special Issue (SI) due to be
released in 2026, Reimagining Mathematics Teacher Education and Research Through Artificial
Intelligence® both evidence the significant attention being paid to GenAl. The 2025 call for papers
in the Springer Sl noted:

The use of artificial intelligence (Al), particularly generative Al, has garnered significant
attention from educators and researchers. While much of the current conversation emphasizes
Al’s potential to transform education, it is equally important to focus on how Al can be
responsibly and ethically integrated into educational practice and research. Specifically, we must
consider how to ensure that Al does not amplify existing challenges and inequities. As Al rapidly
evolves and shapes educational tools and systems, there is a growing need for critical, research-
informed perspectives on their use in mathematics education. Ideally, Al should serve as a tool to
create new opportunities for teachers, teacher educators, and researchers to address the complex
problems within mathematics education.

In a similar vein, the Special Issue of the Computers and Education: Artificial Intelligence
journal, entitled Empowering learners for the age of Al [17] showcases papers within which they
identify seven main themes: the intersection between Al and humans [see also 5; 14; 43];
challenges and opportunities afforded by the use of Al in educational assessment; the critical need
for humans in education to understand and trust Al; assessment design for learning that offers
principles for designing Al-driven systems and educational opportunities; the need to explore the
conceptual underpinnings of Al and to develop new theories of learning connected with existing
theoretical foundations in education; accurate predictions and their role in future education; and
finally applications of Al in classrooms and educational systems. In their editorial, the editors
conclude that “...the findings of these studies highlight pressing research and policies challenges

7 https://aischoolgenius.com/

8 https://www.kangaroos.ai/about/
9 https:/link.springer.com/collections/efjicdgeej
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and opportunities that arise with the broad penetration of Al in education [17, p. 1]. These
challenges and opportunities lie at the heart of the provocations raised in this current discussion.

From its launch, OpenAl has generated widespread educational excitement about its potential
for knowledge development, and the very performance of work [15]. Educationally, as well as its
potential learning benefits, GenAl developments have raised many concerns, including, significant
ethical concerns about academic integrity and the impact on assessment, and ‘cheating’ in higher
education [7]. As in the response to calculators in the preceding decades, many early responses
looked at ways of blocking or limiting the use of GenAl, to minimise negative impacts. Other
responses included the use of Al-detection tools, but these quickly grew out of favour as while they
do provide some indication of Al-use, it was difficult to use these as a definitive basis for penalising
students’ work. Some higher education institutions have seen an increasing demand for ‘Al-proof’
assessment which for many has seen a return to ‘safe’ invigilated examinations that had previously
lessened considerably post-COVID in higher education settings. There has been the emergence of
ever-more sophisticated tools for preventing unwanted use of Al in summative assessment, for
example the Proctortrack!®, which offers to secure your exams from ChatGPT & other Al
Cheatbots. Unlike ordinary proctoring solutions, which operate on conventional browsers and are
vulnerable to ChatGPT, chatbots, Al Cheatbots, and Al extensions, this system uses PEBbDle, a
standalone browser that blocks all unauthorized applications, along with other advantages such as
dual cameras, student data privacy and provision for access to their personal data.

Most educational institutions have rapidly developed, and are continually reviewing, policies
around Al use, for example the guidelines released by TEQSA (Tertiary Education Quality and
Standards Agency) in Australia, Gen Al strategies for Australian higher education: Emerging
practice, which asks for “a credible institutional action plan addressing the risk generative artificial
intelligence (Gen Al) poses to award [degree] integrity”[37]. The Organisation for Economic Co-
operation and Development (OECD) has released the document Empowering Learners for the Age
of Al: An Al Literacy Framework for Primary and Secondary Education [29], and aligned with this,
in 2029, the Programme for International Student Assessment (PISA) will conduct the Media &
Artificial Intelligence Literacy (MAIL) assessment!!, to shed light on whether young students have
had opportunities to learn and to engage proactively and critically in a world where production,
participation, and social networking are increasingly mediated by digital and Al tools. The results of
this assessment are expected to be available in December 2031.

Engelbrecht, Oates and Borba [15] note that most educational professionals are now shifting
from a focus on preventing and/or mitigating Al-use, advocating instead for a more balanced
approach, which seeks to exploit the affordances of Al, while minimising harmful effects. They
describe the considerable debate that focuses on the relationship between artificial intelligence and
human learning, and suggest we need to rethink the capabilities our learners need for a world with
Al? [4; 15]. Markauskaite et al. [22] suggest we need to rethink the entwinement between artificial
intelligence and human learning, asking what capabilities do learners need for a world with Al?
They identify three areas in which these capabilities might fall, which collectively can be seen to
encompass much of the research cited to date (see Figure 1). The machine-human interface
(humanistic perspectives in Figure 1) is a common research focus in mathematics education, for
example the humans-with-media concept developed by Borba and colleagues. (e.g., 5; 43], and
from a neuroscience perspective, for example Zotos [44], who explored how concepts and methods
from numerous mathematical fields can be used to prepare and optimise Al models that are
understandable to humans. One Australian university, while simultaneously adopting careful

10 https://proctortrack.com/
11 https://www.oecd.org/en/about/projects/pisa-2029-media-and-artificial-intelligence-literacy.html
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policies for safe and effective Al-use, has adopted an approach that recognises the knowledge
dimension of Al, observing that the biggest transformation that Al makes may be what we teach -
knowledge that will enhance human agency in the Al age, and nurture what is distinctly human.
Some mathematics educators nevertheless raise concerns about the impact of Al on students’
reasoning abilities, and question the future of the teaching profession, when ChatGPT and the
development of Chatbots can impersonate teachers and tutor, possibly threatening the end of
mathematics teachers, and potentially the beginning of the end of all human educators [4]. Aligned
with the social and cognitive dimensions of Figure 1, Borba et al. [3] highlight the urgent need for
criteria to assess the mathematical and educational quality of technologies and resources available
to teachers, given these are largely the very same resources GenAl will draw from in its search and
generation of solutions. Borba et al. suggest that “student access to [new] technologies creates a
student-mathematics relationship that disrupts the traditional flow of mathematics knowledge from
teacher to student, and they ask how can we offer guidance and influence the quality of these
interactions? [3, p. 27].]

Humanistic perspectives
Human-centred Al, human
values and freedoms, etc.

Al-centered
perspectives
Competencies

directly related
to Al

Figure 1 Synthesis of different perspectives towards the capabilities for a world with Al [22, p. 12]

In many ways, the capabilities of Al, and its affordances and obstacles mirror those of
previous technologies; for example, like CAS systems (many of which now incorporate Al
components), in its ability to take care of the procedural skills and algorithms that have long been
key components of our curricula [15, 44]. With respect to assessment integrity, many educational
institutions have adopted similar approaches to those adopted for calculator use in the past, opting
for a ‘two-lane’ or ‘traffic light’ approach which sees some assessment as Al-free, similar to
calculator use, where some examinations allow open use of CAS, while others are limited to
scientific calculators only, and in some cases, calculator-free components. For example, in the
Victorian Curriculum and Assessment Authority (VCAA) Year 12 ‘Mathematical Methods’ course



in Australia, where students are expected to apply techniques, routines and processes with and
without technology:

They [students] should have facility with relevant mental and by-hand approaches to estimation and
computation.

The use of numerical, graphical, geometric, symbolic and statistical functionality of technology for
teaching and learning mathematics, for working mathematically, and in related assessment, is to be
incorporated throughout each unit as applicable [42].

The two-lane approach for Al demands a certain proportion of assessment should demonstrate
no use of Al (lane 1), while the remainder can allow for and encourage appropriate use of Al (lane
2). The traffic light approach extends this to red, amber and green, for none, limited, and open use
respectively. It is worth noting that at the time of writing this paper, no examples were found where
the use of Al in mathematics assessment was explicitly included in examination statements in
Australia, or in a general international search, although in Finland, where their matriculation
mathematics exam is delivered digitally online (no external calculators allowed) with access to a
range of digital tools (e.g., GeoGebra, Logger Pro, Texas Instruments TI-Nspire CAS, Casio
ClassPad Manager), it seems the platform for considering Al inclusion may feasibly be not too
distant?

One key area worth exploring with respect to GenAl capabilities lies in the theoretical
conceptualisation of pedagogical technology knowledge (PTK, [38]), also characterised as
technological pedagogical content knowledge (TPACK, [23]), and the intersection of this with
instrumentation [2; 9; 39]. Oates [27] describes how the ability of students to interact effectively
with the increasing complexity of available digital technologies (instrumentation) raises important
issues with respect to the time needed to learn the technology and interact effectively with the
mathematics [36]. With GenAl, while on the face of it a much simpler interface, may in some ways
extend the notion of instrumentation, with respect to how to generate appropriately effective
prompts to direct accurate and targeted searches and outputs by the Al? PTK on the other hand
describes the ability of a teacher to realise the full potential of technology to effectively support
learning. It requires the teacher for example to be sufficiently familiar with the technology to
recognise its affordances and constraints [6] and to be aware of potential obstacles [9; 11]. In the
rapidly and ever changing GenAl environment, it remains highly problematic how teachers may
maintain possess sufficient levels of PTK to appropriately integrate the task into their teaching and
suitably orchestrate student learning [11].

Further, like all technological innovations, GenAl introduces its own concerns, constraints
and obstacles. Hallucinations and bias have been identified as significant challenges in the field of
artificial intelligence, often stemming from flaws in training data or the inherent limitations of Al
models. Al hallucinations are incorrect or misleading outputs generated by Al models, which may
appear as factual inaccuracies, nonsensical text, or unrealistic visual content. Al bias refers to the
unfair or discriminatory outcomes generated by Al systems, often reflecting biases present in the
training data. Mathematically for example, Al models, especially those trained on numerical data,
may learn to approximate relationships rather than grasp the underlying mathematical rules. This
can result in close, but not exact, solutions. Al can make errors when solving quadratic equations
due to limitations in its training data, reliance on approximations, and occasional misinterpretations
of mathematical rules. Specifically, Al might struggle with incorrect expansions or subtractions,
especially when dealing with signs or distributing terms in factored and standard forms, executing
the same error we have commonly seen students make, to expand 5(x-2) as 5x-2. It can also treat

expressions such as (x2 -1)/(x+1) and (x 1) as the same, while neglecting to notice that the first



expression is not necessarily defined at x = -1, or fail to consider both positive and negative
solutions when using the quadratic formula. Al can also provide factually correct solutions that
might be elegant and correct, but might often be at an advanced mathematical level, that might not
be accessible to a student at their stage of learning. While is it of course might be an effective way
of extending a student’s thinking, it can also confuse a student and lead to anxiety? Consider the
example in Figure 2, where the Al was asked “Can you explain to me how to solve the equation
cosx = 0.6?”. This solution might be very unhelpful for a student meeting the solving of
trigonometric equations for the first time, as they are unlikely to have met trigonometric identities at
that point.

1. Start by recognizing that
cos?(x) + sinz{.\J =51

(the Pythagorean identity).

2. Since we know that
sin(x) = /1 — cos?(x)

, we can find the value of
sin(x)

sin(x) =1 — 0.6 =038

3. Now, we have

sin(x) = 0.8

Figure 2 An elegant, but potentially unhelpful solution to solving cosx = 0.6

A further concerning aspect of Al is currently its inability to discern the
accuracy/correctness/reasonableness of outputs, and its tendency to provide answers with
unwavering confidence, even when they are wrong, or to change its answer in the face of concerted,
but incorrect evidence? This can be misleading, as humans tend to be more hesitant when unsure,
and we encourage our students to check their answers to avoid such mistakes. These examples have
significant implications for how we approach the ongoing use of Al, considered in the next section.

3. Implications and questions for our future use: Where to from here?

Previous studies with technology and mathematics have considered the potential for
technology to reshape and remould mathematical activity. Noss and Hoyles for example, in their
seminal 1996 book Windows on mathematical meanings: Learning cultures and computers [25],
took pains to point out the significance of keeping mathematics as our principal focus, with
technology viewed as a background tool, when they emphasise that their “focus of interest is not on
the computer, it is on what the computer makes possible for mathematical meaning-making [25, p.
5]. However, it is probable that OpenAl blurs the lines of the human-machine interface, and
changes the bounds of mathematics itself from the time when Noss and Hoyles were writing.



There are many questions we might ask of ourselves as educators, for example “to what
extent do we limit/ allow/ encourage the use of Al?” As teachers, we should ask questions about
what content should we teach, what competencies/capabilities do our students need to be
mathematically literate in our future world, and how might our role increasingly become as a
facilitator, where Al has taken over as the ‘sage on the stage’ role? Students might question what Al
they are allowed to use, how they are allowed to use it, and how to know which one they should
select for the best learning outcome? They also need to judge how accurate and effective their
solutions are, not just seeking and accepting an answer gained solely at the input of an appropriate
prompt.

A key implication that follows from this lies with respect to research, for example in
revisiting our theoretical underpinnings for mathematical learning and the use of technology itself,
and how we might develop a roadmap for Al use that keeps the human role central to the
mathematics, with technology as an aid to teaching and learning, not a replacement for it [40]. We
should consider how instrumental genesis might be reframed in an Al environment [2], and
question how the orchestrations framework might be extended to describe and inform teachers’
facilitation of student learning with Al [11; 39]. With graphing calculators for example, students
need to know how to input examples, and interpret output (e.g., with respect to appropriate scales
on axes, or identifying the undefined value at x = -1 in the earlier example). With Al, students need
to know how to generate and progressively develop appropriate prompts, as well as critically
analyse the outputs for accuracy and completeness.

We should also consider how social constructivist perspectives might be consistent with, and
useful in examining, the use of Al in mathematics teaching and learning [e.g., APOS theory, 12;
zone theory,16], and the opportunities Al offers for personalised, or hyperpersonalised learning,
consistent with self-determined learning, theorised as heutagogy [13]. Al extends the opportunities
available to support student learning outside the classroom beyond the multitude of commercial and
freely available online sites (such as WolframAlpha and the Khan Academy described earlier).
Students can explore readily in their own time, which has implications for example with respect to
homework beyond the common rote practice of immediate lessons and content, and the potential for
students to prepare in advance for upcoming lessons.

The TPACK model [23] highlights Technological Pedagogical Content Knowledge (TPACK)
as lying at the intersection of three components:

e Technological Knowledge (TK): Knowledge about the use of technology, including how it
works and how to operate it.

e Pedagogical Knowledge (PK): Knowledge about teaching and learning, including
instructional strategies, assessment techniques, and classroom management.

e Content Knowledge (CK): Knowledge about the subject matter being taught, including
concepts, theories, and methods specific to a particular discipline.

Oates [27] highlighted TPACK as an important area for exploration, asking the question “how
can we develop suitable PTK for our teachers in an ever-burgeoning technology environment, so
they can best realise the potential of the tools at their disposal, or the ones students’ are using or
bring to the classroom?” This becomes even more critical with OpenAl, with the potential to impact
all components of the TPACK model, suggesting a need to reexamine, and potentially extend the
TPACK model in this respect.

Sadiku et al. [33] distinguish between seven different components of Al, several of which
resonate closely with mathematical thinking and reasoning, for example:



¢ Neural networks consist of artificial synapses designed to imitate the structure and function
of brains.

e Machine learning includes a range of algorithms and statistical models that make it possible
for systems to find patterns, draw inferences, and learn to perform tasks without specific
instructions.

o Deep learning is a form of machine learning based on artificial neural networks that can deal
with complex non-linear problems.

Van Vaerenbergh and Pérez-Suay [41] expand on this, proposing a taxonomy for Al systems
explicit to mathematics education:

» Information extractors are Al technologies that take observations from the real world and
translate them into a mathematical representation, such as modelling word problems into
mathematical equations or applying Al algorithms to extracted digitised data from a
camera or a microphone, to get computer-interpretable mathematical information

« Reasoning engines are software systems that are capable of automatically solving a
mathematically formulated problem. Reasoning engines also include the more
sophisticated automated theorem provers, whose aim is to verify and generate proofs of
mathematical theorems. Proof generation is much deeper than mere proof verification as
it requires searching through huge numbers of possible steps in the proof sequence.

« Explainers in the field of mathematics education, have been built mainly for solving
mathematical equations step by step. Reasoning engines can solve mathematical
problems and generate correct proofs, but they do not necessarily produce results that can
be understood by humans. In learning mathematics, it becomes important to have
solutions and proofs that are understandable.

 Data-driven modelling allows building models that can be used to improve specific aspects
in the learning process of individual students. It facilitates personalised learning,
identifying individual problems and preferences of students. In a big-data fashion it also
provides a way of building a database of common errors by analysing student tasks.

[from 15, p. 48]

The ability of Al to mimic the cognitive function of humans and perform activities that would
typically be performed by humans [24] further suggests we should consider cognitive and
mathematical knowledge perspectives with respect to Al-use. While the scope of this paper does not
extend to a detailed examination of the purpose and objectives of our mathematics curricula, the
capabilities of Al make it clear that the focus will increasingly be on a higher cognitive functions,
reasoning, interpretive skills, and critical thinking, rather than mere technical skills, algorithms, and
processes. “If a given question or issue is raised and it is solved by a quick look at Google, at
ChatGPT, or other tool impregnated with Al, then it is no longer a problem—it is just a question”
[14, p. 60]. There is thus a pressing need to reevaluate our curricula, and Stacey, in her 2003 ATCM
paper [35], provides a potentially effective means of conducting such an evaluation, from a
perspective of the pragmatic, epistemological and pedagogical (heuristic) value of topics. She
suggests for example that the Product Rule for differentiation may have lost its pragmatic value
given we can now differentiate complex functions without it using CAS (and now Al), however it
retains its epistemic value because of connections to other concepts and should thus be retained.
Other areas and topics may have lost their value now Al can reproduce them directly [35].

This revaluation should extend to assessment, highlighted as a critical issue in the technology
framework by Oates [26] and Stacey [35]. Prior to the release of OpenAl, Drijvers posed a central



question of “how to design digital tests that assess mathematical knowledge in a valid way” and
suggested we need to develop “assessment environments which offer rich opportunities for students
to do mathematics and for test designers to design rich items [10, p. 41]. Oates [27] raised the issue
of curriculum misalignment if students use technology in all aspects of their learning, only to have
technology not permitted in assessment. Given the increasing frequency of students accessing
activities and resources outside the classroom that OpenAi (and social media) provides, how might
we better integrate the use of Al in our still-predominant summative assessment systems, or more
importantly develop better ways of using the power of technology in formative assessment [21]?
There is also a potential for assessment concerns where we require Al to be used, but students (or
teachers and schools) remain sceptical, or hold beliefs opposed to its use. A recent case of this has
occurred in one Australian university post-graduate teacher education course, where a group of
students refused to engage in an assessment task that actively involved Al in designing
constructively aligned lesson sequences, based on their own beliefs opposing Al-use. The activity
was closely aligned to the Australian curriculum and had been designed around a well thought out
strategy to challenge assumptions about Al and assessment [28]. The problem confronted in this
example yet again mirrors some of the challenges faced in previous years with opposition to using
calculators.

A final implication considered here concerns the exponentially increasing proliferation of
options available to students and teachers, both in the forms of technology, and the platforms
available to use. There are many exciting new tools which extend our teaching and learning options
with the potential to make mathematics more fun and engaging. For students, in addition to the
feedback provision discussed earlier, Patel [31] notes that Al can generate project ideas on a topic
that are related to students’ interest, and GenAl chatbots can generate worked examples related to a
specific topic — a good tool to improve understanding of concepts. Abstract mathematics problems
can also be converted into word problems and vice versa — giving students the opportunity to move
between abstract and real-life representations. For teachers, there are many new opportunities; the
example cited earlier with respect to the creation of lesson plans; the ability to examine student
performance and make predictions and informed decisions in developing future teaching strategies
[1]; and precision targeting to identify groups of students with specific needs, using data sourced for
example from students’ SM activities [34]. There is the potential for OpenAl to be used to create,
and/or rewrite innovative word problems, and even pose new problems, although concerns have
been identified with respect to such aspects as appropriateness, solvability and cognitive load, and
there is variability in the quality between different platforms, both of which are the focus of current
studies. Such issues are consistent with the final conclusion by Oates [27, p. 12], that “teachers and
students need easily used and accessible tools to assess the mathematical and educational value of
the exponentially increasing selection of technological tools, apps, software, and digital resources
available to them”.

4, Summary

As Engelbrecht, Oates and Borba conclude [15, p. 59], “There is little doubt that integration
of Al in mathematics education [is, and] will transform the way we learn and teach mathematics.”
The discussion here has highlighted some of the similarities with past technology developments,
and how mathematics education is well-poised, using this past experience to adapt to the GenAl
environment. However, it has also offered some provocations in highlighting several challenges and
directions for pressing attention, in respect of research, theoretical perspectives, the purpose and
objectives of mathematics curricula, content, and assessment. A key conclusion we can draw from
these considerations is that we must be considerably more agile to adapt to rapid change than we



have shown in the more than 30 years it has taken for us to effectively integrate the increasing
sophistication of calculators (from numeric, graphing and symbolic manipulation capabilities) into
our curricula, and teaching and learning practice. We must urgently evaluate what we believe our
students need to learn in this new GenAl mediated world; how might the curricula change to reflect
new competencies and skills, with less emphasis on procedural skills and routines, and more on
critical thinking and evaluation of Al-generated solutions? How can we as teachers best leverage
the power of GenAl in creating effective lessons, and better preparing our students for their future?
How might our students use GenAl to explore and create new spheres of mathematical knowledge?
How should our assessment change to incorporate GenAl abilities [21], and value the new
competencies and skills that our students now need? As the former CEO of IBM Ginni Rometty is
credited with saying, “Al will not replace humans, but those who use Al will replace those who
don’t”[18]. We need to ensure that we as teachers, and our students in their future lives, are not
those replaced.
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