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Abstract

Higher education staff and students are beginning to emerge from the liminal space
created by the exponential rise in generative artificial intelligence technologies such as
large language models. Both groups exhibit a low or developing understanding of the
issues related with the use of such tools. On one hand, staff in many institutions are
concerned about critical skills development, academic integrity, ethical implications and
the long-term cognitive effects of the use of such tools. Equally, students are concerned
about the acceptability of the use of such tools at university and the need to develop work-
related GenAl skills. On the other hand, foundational large language models are being
trained on larger and better data sets and have evolved into ‘reasoning’ models that can
allegedly ‘think’. Furthermore, with the emergence of agentic Al, systems that can ‘act’
independently, claims of shifting agency away from humans to machines are common.
This has implications for the world of work and for higher education institutions. This
opinion piece presents a new framework that | have developed for enhancing the GenAl
literacy of staff and students and to empower and augment themselves with GenAl tools in
a balanced, meaningful and collaborative way, whilst maintaining their agency. The mind-
metaphors framework includes techniques such as mind-surfing, mind-mending, mind-
bending, mind-gaming, mind-storming and mind-stretching, which can help staff and
students to develop trust in their chosen GenAl models and master co-inference and

collaborative GenAl use.
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Introduction

Developments in the field of generative artificial intelligence (GenAl), in particular large
language models (LLMs) such as ChatGPT, Gemini, Claude or Perplexity, and more
recently, large ‘reasoning’ models (LRMs) and agentic Al systems, have created a liminal
space (Nikolic et al., 2024; Singh and Ngai, 2024; Andersen et al., 2025). Emerging
empowered from this liminal space is critical in order to avoid inappropriate use and/or
overuse of GenAl tools. Cognitive offloading and an increased reliance on GenAl tools can
lead to cognitive debt, diminished learning skills, impoverished long-term memory,
weakened problem solving skills and reduced critical skills (Kosmyna et al., 2025; Lee et
al., 2025; Li, Liu and Dong, 2025; Oakley et al. 2025). This article introduces a novel mind-
metaphors framework designed to empower GenAl users as they emerge from the liminal
space created by these technologies. It paves the way for enhancing GenAl literacy
alongside developing and exerting user agency through meaningful co-inference and

collaboration with GenAl models.

Working in collaboration with a ‘GenAl-mind’ (non-conscious, with no emotional
intelligence or desires) involves aligning your own experience and domain expertise with
the GenAl tool’'s knowledge to meet your intended goals. This has the potential to
accelerate productivity while ensuring that users remain in control and retain their agency.
This can help actively mitigate the dangers mentioned above, such as cognitive offloading

and diminished critical skills.

Beyond the size and quality of the training data, the usefulness of a response in earlier
LLMs (e.g. ChatGPT3.5, ChatGPT4.5 or even ChatGPT5 ‘Instant’ mode) is a function of
the user’s GenAl literacy, their prompting skills and their prior knowledge, which informs
their prompt creation. Before diving into mind-metaphors, it is important to understand how
LLMs work and how the human/machine agency balance has evolved over time (see
Table 1). In a prolonged conversation with an LLM, co-inference refers to the conscious
(by humans) and algorithmic and probabilistic (by LLMs) selection and pruning of what
stays in its context window affecting future content generation. A context window is defined
as a finite number of tokens, in the chat history of a current conversation, that are used in
the generative text production process as the chat progresses. Tokens are part of the LLM
vocabulary and are full or part words (see next section for examples) which the LLM

responds to and generates its responses as. Tokens, represented as numbers, are
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mathematically processed by LLMs to generate more tokens. At each step, many possible
output tokens with different probabilities exist to choose from. These probabilities are
based on the training data used to train the model. An LLM chooses a token to output to
the user based on its temperature settings. It may choose something far less probable and
be more creative if its temperature is set to high values. At the lowest temperature
settings, an LLM chooses the most probable tokens to favour accuracy, although
inaccuracies may still be present depending on the training data, the prompt used, and
what is already in the context window. The mind-metaphors framework taps into these

probabilities to be more or less creative, as will be explained later.

Prompts and their outputs fill the context window as a conversation builds. This is then
used by the model to determine the next output token when prompted again. Thus,
exerting your agency to control what remains in the context window, helps align what is
generated with your actual needs. In other words, past prompts and responses that are
permitted to stay in the context window by the user, are used by the models to predict
future tokens, forming the sentences and paragraphs in response to a user prompt.

Specific mind-metaphors, as will be shown later, empowers you to regain your agency.

Simply put, foundational LLMs, such as ChatGPT 3.5 or the more recent 4.5 or ChatGPT5
Instant, are quick next token predictors. Humans recognise things quickly, through
associations and resemblances. Likewise, LLMs use the tokens in their context window to
rapidly generate the next tokens, chosen from a list of probable options, forming sentences
and paragraphs iteratively. Such automation is analogous to system 1 or fast thinking, as
popularised by Nobel laureate and economist, Daniel Kahneman (2011). System 1
thinking requires little or no effort. It is intuitive, fast and automatic in humans, and the
underlying mathematics and computations make it work in a similar fashion in LLMs.
Foundational LLMs allow the user the most agency (see Table 1), but the user must know
how and when to exert their agency when using these models. This is where the mind-

metaphors come in handy, as will be shown later.

Kahneman also describes a more deliberate, effortful and therefore slow human process
called system 2 thinking. Rapid evolution in the GenAl space, has seen models process
prompts more in a system 2 ‘thinking’ way (Hua and Zhang, 2022). LRMs or ‘reasoning’

models make choices on behalf of the user, rely less on user’s prompting skills or

knowledge, and more on test-time compute, also known as inference-time compute (Snell

% Journal of Learning Development in Higher Education, Issue 38: December 2025 3



Malik Co-inference and collaboration: empowering higher education staff and students
through a GenAl literacy development framework based on mind-metaphors.

et al., 2024). Test-time compute or inference-time compute refers to the computational
resources used by LRMs to autonomously produce their final outputs as they ‘think’
through multiple chains of token generation to bring you its best output. The LRMs or
‘reasoning’ models take time and compute in generating intermediate outputs that fill the
context window, and these are then used cumulatively to produce their final outputs. This
gives the illusion that these models can deliberate and debate internally and are ‘thinking’
models that work like system 2 thinking. This does, however, take agency away from users
as the ‘thinking’ and deliberations are not user controlled, as LRMs determine the outputs
less collaboratively. There are contested findings that question the usefulness of LRMs
and their likening to human thinking (Opus and Lawsen, 2025; Shojaee et al., 2025). The
mind-metaphors give the user a way to con-infer and be in control of the ‘thinking’ they

want the model to do for them, which is otherwise missing when using ‘thinking’ models.

Table 1 shows changes to human and machine agency with recent developments in the
models, using the example of evolution in OpenAl’s models (Achiam et al., 2023; Cascella
et al., 2024), updated to be correct at the time of publication. It shows the general trend
using the specific example of OpenAl’s models, though some models may aim to preserve
human agency as well. It also lists an agentic Al tool, namely Deep Research from
OpenAl, which can make use of tools such as web search to complete its allocated task.
Deep Research autonomously searches the web for relevant content and collates a long
report, with minimal or no human input post the initial prompt. It attempts to preserve some
human agency by offering some choice it deems acceptable to the user. The agentic tool
'reads' and attempts to 'understand' the relationship between the many concepts present
in the search results related to the user request from multiple online sources and its own

training.

Table 1. OpenAl models: impact on agency over time

Date Technology | Human Agency Machine Agency Model Type
Nov-22 | OpenAl High: Humans direct flow | Low: Human-like Foundational
ChatGPT of conversation and conversations
3.5 interpret
Mar-23 | OpenAl High: Humans direct flow | Moderate: Multimodal Foundational
ChatGPT 4 of conversation and capabilities expand Al's
interpret autonomy
Nov-23 | OpenAl Moderate: Humans High: Extended context Foundational
releases define tasks and do result | allows for more complex
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GPT-4 validation tasks
Turbo
May-24 | OpenAl Moderate: Humans guide | Very High: Advanced Foundational
releases flow and application and | capabilities across text,
GPT-40 interpret and validate voice and vision
complex outputs
Sep 24 | OpenAl Low: Humans formulate | Very high: Advanced Reasoning
ChatGPT o1 | problems and interpret problem-solving and
result logical reasoning
Jan-25 | OpenAl Moderate: Humans guide | Very high: Sophisticated Reasoning
ChatGPT application and validate reasoning in a more
03-mini complex outputs compact form
Feb-25 | OpenAl Moderate: Humans Very high: multi-step Agentic
Deep provide initial prompts research and synthesis
Research and verify results
Feb-25 | OpenAl High: Humans direct flow | Very high: Largest model Foundational
ChatGPT and interpretation yet with improved pattern
4.5 recognition and
connections
Aug ChatGPT 5 Low to high: Based on Low to high: Based on LLM, LRM or
2025 prompt complexity and prompt complexity and Agentic Al
version, High in ‘Instant’ version, Low in ‘Instant’ are chosen
mode and Low in Auto, mode and High in Auto, dynamically
‘Thinking’ and ‘Pro’ ‘Thinking’ and ‘Pro’ modes. | or by user.
modes.

The world of work is increasingly interested in the efficiency savings offered by such
agentic Al technologies for automating many knowledge and work processes (Dubey,
Astvansh and Kopalle, 2024; Faruqui et al., 2025). For example, many edtech startups are
increasingly interested in automating educational tasks fully with agentic Al systems
(Concannon et al., 2023). As these armies of agents or silicon slaves, in the shape of
agentic Al systems, enter the workflows of higher education staff, they can take their
agency away from them. This may leave them feeling frustrated and disenfranchised,
particularly when presented with the need to evaluate agentic work, which may not meet
their exact needs. This misalignment could result in a waste of time and money for higher
education institutions. Using mind-metaphors, staff can augment themselves with GenAl
and collaborate on completing work that is aligned with their own needs, values and

domain of expertise much faster.
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Research shows that the best outcomes in using GenAl comes from domain experts, who
also know how to use GenAl tools to augment their ways of working (Senoner et al.,
2024). Regardless of the advances in the GenAl space, the dependence on what is in the
context window for the generation of final outputs remains true for LLMs, LRMs and
agentic Al systems. Highlighting the need to control the contents of the context window,
can help rebalance this shift of agency from humans to machines, thereby empowering
users. For staff, knowing how to retain their agency involves developing and exercising
their critical skills and developing an understanding of, and trust in, these models through
use. It is through such co-inferring that a more meaningful collaboration can take shape.
Equally important is creating a learning and teaching environment that empowers
students, so that they can develop, not just their domain expertise, but also their agency in

using GenAl meaningfully and critically.

We have indeed come a long way in a short span of time with these models, and yet we
continue to see more developments. Whilst GenAl use by staff and students has gone up,
GenAl literacy training for staff and students still needs to catch up (Freeman, 2025). The
GenAl mind-metaphor framework can help both staff and students to emerge empowered
out of the liminal space. Metaphors help link the abstract and unfamiliar concepts through
concrete, already understood and familiar concepts (Lakoff and Johnson, 2008). The
guiding metaphor useful here is the GenAl as a mind metaphor. To avoid misinterpretation
of this, | would like to stress that the ‘GenAl-mind’ is neither conscious nor has emotions; it
is a processing machine, much like a calculator, but for concepts and ideas. The popular
models are designed to agree with the user to gain their trust, or in other words show signs
of sycophancy (Abels et al., 2025). With critical use of GenAl models and the principles
linked to the mind-metaphors framework, staff can generate content that aligns better with
their needs and with fewer, or easier to spot, inaccuracies. Using selected mind-metaphors
and being aware of the need to be critical, students can invoke different types of learning
and control the outputs of the GenAl to help them learn topics of interest or brush up on
their metacognitive skills. The next section looks at each of the mind-metaphors and their

use for staff and students.
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Mind-metaphors framework for co-inference and collaboration with
GenAl tools: an explanation

Let us assume that we have generated outputs from a GenAl model, related to all the key
concepts that it was trained on, through a prompting exercise. This may not be technically
or practically possible, but let us run with this idea for now, to hypothetically populate the
context window with all the knowledge a GenAl model has. This now represents a vast set
of inter-connected networks of concepts, or schemata, to use a Piagetian term. Figure 1a
is the representation of such a ‘GenAl-mind’ with all its interconnections, like how we may
connect and organise ideas in our minds. On a more practical note, the LLM schema
related to a concept held in the model, can be externalised to a user and made available
into the context window through an appropriate starter prompt, see Figure 1b for a visual
representation of this concept. Humans can relate to this knowledge elicitation process as
they are familiar with how they and other humans converse and ‘pick’ each other’s brains

to find areas of knowledge to collaborate on.

The metaphor of the ‘GenAl-mind’ gives users an idea of how to use a starter prompt (see
below) to first access relevant parts of the schemata which were built during training and
then use it in different ways to achieve their objectives. Prompts inspired by the mind-
metaphors, give the users greater agency to co-infer and collaborate by managing and
processing the contents of the context window to meet their objectives. The LRMs on the
other hand, using Test-time compute or inference-time compute, also attempt to take more
time and ‘think’, but they do so in an automated and non-collaborative fashion (Snell et al.,
2024). There is little or no opportunity for a user to co-infer with the tool. The mind-
metaphors seek to address this loss of agency, and in the process, empower the user in
using LLMs with agency.
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Figure 1. The GenAl-mind-metaphors visualised (generated by ChatGPT4o0).

(a) The ‘GenAl-mind’ shown with its entire schemata.

(b) Externalising a schema before mind-surfing and exploring topics using mind-surfing.

(c) Controlling the context window through mind-mending prompt.

(d) Generating in expected and unexpected ways using mind-bending prompt.

Rebalancing the agency between the user and the tool helps avoid the problems of
misplaced expectations, overreliance and reduced critical thinking related to
anthropomorphising (Akbulut et al., 2024; Shardlow and Przybyta, 2024). One should not
lose sight that it is a user’s agency that matters, and the metaphor of the ‘GenAl-mind’
used here alongside other mind-metaphors are there as guides for relating with and
effective GenAl use. Let me explain the role each of the mind-metaphors play in

empowering the user in detail next.

Mind-surfing
A foundational LLM, trained on a large natural language corpus or dataset, can produce

responses or communication in natural language. Cognition and communication are linked
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closely (Sperber and Wilson, 1987; Coulardeau, 2018; and Roberts and Roberts, 2020).
Whilst it is true that cognition births communication and vice-versa in humans, such
communication can reveal the knowledge structures within the ’GenAl-mind’. Mind-surfing
is the act of externalising a specific knowledge schema (the schema in the ‘GenAl-mind’
relevant to a user) and exploring it using the exact same tokens that the model outputs to
enhance the fidelity of its outputs. By externalising and using the same tokens that were
outputted by the model, you control the input to the model, such that the underlying
mathematics supports the prediction of more relevant outputs. Mind-surfing is, therefore, a
process of externalising and more reliably exploring a smaller part of the LLM’s schemata
(see Figure 1b) that are related to what you want to learn or work with. Mind-surfing is best
done within a foundational LLM. However, it can be used before switching to an LRM or
agentic Al system, to populate the context window with high-fidelity tokens to control the

LRM or agentic Al system outputs to increase reliability.

In LLMs, the output communication depends on the next token prediction capabilities of
the Generative Pretrained Transformer (GPT) technology through a mechanism called
‘attention’ (Vaswani et al., 2017). The attention mechanism is the very mechanism that
forces the LLMs to identify the interrelations between the tokens in the context window at
any point in a conversation. After determining the important tokens, future tokens are
generated iteratively. If a user asks a complex prompt in one go, they are effectively
handing over all the agency to the LLM, which uses whatever there is in the context
window and the attention mechanism to produce a response it deems suitable for the
complex prompt. However, by using a starter prompt (see below) on a chosen broad topic,
forces the LLM to use the attention mechanism and output its knowledge structure,
informing the user on the most probable output containing its schema for a chosen broad
topic ‘X'. This empowers the user with agency in what and how to more reliably explore

within a topic X that a model has been trained on. The following is one such prompt:
What is there to learn about X?

where X is the chosen broad topic. The context window, after using this starter prompt,

should contain a list of topics related to X, representing a schema held within the model in

its own vocabulary. A user can choose to explore different sub-topics by further prompting

using the very tokens the model outputted. Let us use a more detailed example.
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Figure 2 shows the response to the following example starter prompt:

What is there to learn about assessment design?

The output has the list of subtopics mentioned earlier with the tokens colour coded, with
blue and green representing the higher, and those with red and orange, the lower
probabilities. This output is generated using a tool developed by Ryan Tannenbaum called
‘tokens for education’ (Tannenbaum, 2025), which uses ChatGPT4o. Its temperature was
set to 0, which forces it to use the most probable next token from a list of options, as
shown for 'assessment' and 'design’, which, in that order, have highest probabilities. As is
evident here, the starter prompt has helped externalise the model’s knowledge structure
related to 'assessment design' and the user can delve deeper from this broader output, co-

inferring as they continue prompting.

Figure 2. GenAl mind-surfing starter prompt and related future token probabilities.

What is there to learn about assessment design?

Assessment design is a of education , as if| directly impacts well learning are and how ' understanding
skills are . Here are some key to consider when learning about assessment design
1% of Assessment**: Understand different purposes as formative ( ing feedback to improve learning), summative (evaluating at
the end of an instructional unit), diagnostic (identifying existing knowledge and skills), and ipsative (comparing a learner's current performance their
performances).
2. **Alignment with Learning Objectives**: Ensure that assessments are aligned with the learning objectives and outcomes means the assessment tasks should
directly measure the skills knowledge that the aim to develop.
B of o ize yourself with various types of assessments, including multiple-choice questions, essays, performance , portfolios, peer
assessments, self-assessments. Each type has its and limitations, the choice should depend on objectives
4. **Validity and Reliability**: Design assessments that are both valid (accurately what they are intended to measure) and reliable (produce consistent results over time
and across different of learners)
" 0, . . . g
Assessment: 98.96%  design: 100.00%  Purpose: 77.61% Alignment: 93.04% Validity: 89.87%
. . 0, - . - . i 0, 5
Learning: 0.67% Design: 0.00% Alignment: 17.32%  leamning:5.25%  pe|;: 5.75%

Types: 0.49%

Design: 0.25% is: 0.00% Types: 2.34% Assessment: 1.45%
There: 0.09% designing: 0.00% Cl Alan:049% iteri g

ere: 0. esigning: 0.00% Clear: 1.11% S T Criteria: 1.28%
There's: 0.01% and: 0.00% Learning: 0.59% Assessment: 0.20% Fair: 0.53%
When: 0.01% in: 0.00% Understanding: 0.59% Validity: 0.12% Authent: 0.42%

The follow-up prompt makes use, verbatim, of the externalised knowledge or tokens, to
mind-surf and delve deeper, as shown in the second image in Figure 1b. This is analogous

to a user clicking links embedded in web pages to surf the web, hence the name mind-
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surfing. Using the text ‘alignment with learning objectives’ from the previous response in
the next prompt can serve as a ‘link’ to generate relevant outputs, by signalling to the

attention mechanism what is important to a user, as shown below:

Tell me more about Alignment with Learning Objectives with examples and identify

theory that supports this.

Figure 3. GenAl mind-surfing follow-up prompt, delving deeper.

Tell me more about Alignment with Learning Objectives with examples and identify theory that supports this.

with learning objectives is a foundational principle in design, ensuring that assessments measure the outcomes.
alignment is for providing insights into ' progress and for instructional Here's a look this concept, supported by
examples and educational theories

##H Importance of Alignment

- **Clarity Focus**: When assessments aligned with learning objectives provide clear targets for both teaching and learning. This helps educators focus their
instruction helps learners understand what is expected of them.
- **Validity** ensures that are valid, meaning they measure what they are to measure is essential for making accurate judgments about

learners’ knowledge and skills.
### Examples of Alignment

1. *Mathematics™*: If a learning objective students to " quadratic equations the quadratic formula," an aligned assessment might problems that require
students to the quadratic formula to solve equations. An assessment that asks students to simply identify quadratic equations without solving them would be aligned

2. **History**: For a learning objective like "analyze the causes effects of Industrial Revolution," an aligned assessment be an essay students
explore specific causes and , rather than a multiple-choice test that dates definitions.

3. **Science** objective is to "understand the process of photosynthesis," an aligned assessment alab where students demonstrate the process or a
diagram labeling task, rather than a test that only asks for rote memorization of terms.

### The Support
Several educational theories support the of alignment assessments and learning objectives:
- **Constructive Alignment ( Biggs)™: This theory the alignment activities outcomes, and tasks. According to Biggs, all
of educational process should be to support deep learning. ive alignment that what is taught and assessed is directly related to the

learning objectives

Design (Grant Wiggins and Jay McTighe)**: involves starting with the end in mind—identifying desired learning outcomes first then designing
assessments and instructional activities to achieve those outcomes. Backward ensures that assessments are fully aligned with the
outset.

- **Bloom’s Taxonomy™** categorizes educational goals levels of complexity and specificity, basic to higher-order thinking skills
analysis and evaluation. Aligning assessments with the appropriate level of Bloom's Taxonomy that accurately measure the intended processes

The green and blue text (e.g. Examples of alignment) in the response in Figure 3 means
highly relevant next tokens, helping to delve deeper and co-inferring, by the user guiding
the model to generate highly relevant next tokens and output in the direction they want,
usually going from a broad to a narrower focus. The output shows the examples of
alignment and theories as were categorically requested by the user. Once you have

externalised content related to your topic of interest, you may wish to work with selected
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parts of it or bring in other related things that may have been missed out. This is where the

next mind-metaphor comes in.

Mind-mending

Mind-mending is the act of exercising user agency in controlling what stays in the context
window, either within the output or through new insertions as needed by the user. The
human analogy here is when you are guiding someone you are talking with and highlight
to them what is more important to consider during your conversation. Controlling the
conversation in this way can empower them as they co-infer with the model. The model
gets aided in focusing its attention on a selected topic list. Most users are not aware of this
when conversing with LLMs. In fact, when using LRMs or agentic Al systems, mind-
mending can still be done post mind-surfing and prior to calling a reasoning model or
agentic Al system for something specific. Let us see in detail what mind-mending involves.
It is not shown in Figure 2, but not all the 10 topics may be of relevance to the user and
may contain ‘hallucinations’ or conjectures. ‘Hallucinations’ or conjectures are outputs from
an LLM that may not meet the needs of the user but are well within the possible range of
outputs from a model given what was in the context window. Equally a user may wish to
work with some related topics that were missed out in the schema when prompted first,
say due to lower probability values. Users could add, remove or correct the schema
themselves through mind-mending, as shown in the second image in Figure 1c. When the
user attempts to control (or mind-mends) the content in the context window, they control
the future token generation in a reliable and desirable way, reducing ‘hallucinations’ or

conjectures, for example, by using the prompt:

| only want to talk about 2, 4, 5 and 6 going forward. and could you add

‘assessment security' in the mix.

Thus, mind-mending can and should be used anytime throughout the interactions to
control LLM outputs, thereby empowering the user. A new feature in most LLMs, namely
Canva, allows such editing of the output. Post mind-mending, the conversation aligns
more with the user’s way of thinking and working because it is the user who is co-inferring
and controlling the LLM output. Figure 4 shows blue coloured (high probability) topic lists
to show this control, in response to the mind-mending prompt used. Once you have

successfully externalised one schema, you can choose to work with more than one
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schema in an expected fashion, or you could choose to be creative to produce novel
outputs. The next mind-metaphor takes things one level up into the production of work

outputs but also into creativity.

Figure 4. GenAl mind-mending prompt and its control on output.

USER:

I only want to talk about 2, 4, 5 and 6 and could you add "assessment security” in the mix.

Certainly! Let's delve the specific aspects of assessment design you alignment with learning objectives, validity and reliability, fairness and inclusivity, feedback

mechanisms, and assessment security.

### 2. Alignment with Learning Objectives

- **Importance**: Ensuring assessments with learning objectives is crucial accurately measuring whether learners have achieved the desired outcomes.
Misalignment can lead to that test irrelevant skills or knowledge, providing little into learners’ actual

- **Implementation™*: Clearly define objectives and design assessment tasks that directly measure objectives. of types to capture
different of learning as and attitudes

### 4. Validity and Reliability

- **Validity**: This refers to the to which an assessment what it to measure. A valid assessment reflects objectives and
meaningful data about learners' abilities

- **Reliability**: This involves the consistency of assessment results over time and across different groups of learners. assessments produce stable and

outcomes, which essential for comparisens

##H 5. Fairness and Inclusivity

- **Fairness**: Assessments should learners with an equal opportunity to their knowledge and skills. This involves eliminating and ensuring that
assessments accessible to all , regardless of their or

- *Inclusivity**: assessments that diverse learning needs, as alternative formats for disabilities.

- aches**: Use universal design principles to create assessments that are accessible to the widest range of learners. Regularly review assessments for potential
and seek from diverse to ensure ivity.

### 6. Feedback Mechanisms

- **Role of Feedback**: is a critical component of learning process, providing learners with on their performance and on how to improve.

- **Effective Feedback™*: Feedback should be specific, and 5 on both strengths and areas for improvement. It should encourage reflection and self-
assessment, learners of their learning

- **Implementation**: Incorporate various feedback such as written comments, one-on-one reviews. to immediate
feedback where b as through automated quizzes.

#Ht Assessment Security

- - security is essential to maintain the integrity of the assessment process. It involves from
unauthorized access dishonesty.

- **Strategies** secure storage and of assessment materials, use detection , and design assessments that opportunities for
cheating, such as open or unique, personalized

- **: Utilize online platforms assessments consider proctoring high-stakes exams that assessments are
conducted

@ Alignment: 100.00% B Learning: 100.00% B Cutcomes: 100.00% B Reliability: 100.00% B Valid: 100.00%
Align: 0.00% Educational: 0.00% Objectives: 0.00% Reli: 0.00% Validation: 0.00%
*=: 0.00% Learning: 0.009% Outputs: 0.00% : 0.00% \"alldlt}" 0.00%

Mind-bending

Mind-bending is the act of simultaneously attempting to externalise two or more schemata

the ‘GenAl-mind’ or the LLM is trained on to achieve mixing of the two knowledge
structures in a meaningful and creative way. Humans can use existing knowledge

structures from more than one discipline to produce work or be creative. Here you are
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asking the model to use the attention mechanism on multiple different schemata, say one
representing a subject area and the other pedagogy. Mind-bending can also be used
before the use of LRMs to inform the work accomplished by LRMs. Figure 1d shows how
two schemata are used in expected and unexpected ways through mind-bending. For
example, an academic may be well trained in using Bloom's taxonomy for designing
learning outcomes, just as they are trained within their specialist domain knowledge.
Assume that the ‘GenAl-mind’ can generate outputs about pedagogical theories (Bloom's
taxonomy and learning outcomes) and outputs in the user's subject domain. Mind-bending
happens when text generation is deliberately influenced by the user using two or more
domains of knowledge already present in the model's knowledge structure (or the two
schemata in the ‘GenAl-mind’). This is achieved by including words that reference these
domains together in the same prompt. This way, a user may use GenAl to produce what
they already know, or even create new outputs, which may be accurate without them
knowing a great deal about them. Mind-bending, therefore, gives the user’s agency a
productive and/or creative boost (subject to verification of course). In fact, future skills in
the orchestration of GenAl tools, working in related fields on demand, to solve complex
problems under human control will become important. This could shift the nature of a
professional from being T shaped (specialists in one area) (Demirkan and Spohrer, 2015)
to being comb shaped (capable of inter, trans, multidisciplinary work or orchestration of the
same) (Ninan, Hertogh and Liu, 2022). Mind-bending empowers staff and advanced
students to first learn about new domains and then use the knowledge together with other

chosen domain(s) they are familiar with already.

Figure 5 shows a mind-bending prompt and the transformation of a single learning
objective, 'To analyse the causes and effects of the Industrial Revolution', to multiple

learning outcomes written at different levels as an example of this:

Identifying the different levels in Bloom’s taxonomy model, map this learning
objective, 'To analyse the causes and effects of the Industrial Revolution’, to a

relevant level and rewrite it to make it suitable to all levels of the model.

Due to the need for verification and selection of established workflows when using this
approach, the use of mind-bending is more suitable for subject-matter experts and
researchers, but it may also be used by students studying at a higher level. For example,

academics could use it to create pedagogically inspired resources, and researchers and
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advanced students could use this approach to analyse data using different lenses in the
process of producing research work. Of course, they will need to develop and demonstrate
their confidence in the tool, using comparative statistics like Kappa (Hua and Yao, 2024).
Kappa is used to establish inter-rater reliability between two raters — in this case, it could
be between humans and machines — on how each codes research data or makes
classification decisions. For an example of this, in the context of scoping reviews, see
Malik and Sime, (2025), where we classify synthetic abstracts generated using mind-
metaphors. Whilst mind-bending is more useful in doing work within a user’s chosen
domain or cross-domain creative work, the next few mind-metaphors are about learning

with GenAl. These metaphors can help learners engage with the topic in different ways.

Figure 5. GenAl mind-bending prompt and its impact on output.

Identifying the different levels in bloom’s taxonomy model, map this learning objective

“To analyze the causes and effects of the Industrial Revolution” and rewrite it to make it suitable to all levels of the model.

Bloom's Taxonomy is a to classify educational learning objectives into levels of complexity and specificity. original by
Benjamin Bloom and colleagues, consists of six levels, which revised. The revised version includes the following levels:

**Remembering**: Recalling facts and basic concepts
**Understanding™*: Explaining ideas or concepts.
**Applying**: Using information in new situations.
**Analyzing**: Drawing connections among ideas.
**Evaluating™: Justifying a decision or course of action.
**Creating**: Producing new or original work.

o0~ LN =

The original learning objective, "To analyze the causes and effects of the Industrial Revolution," is situated at the **Analyzing** level. To adapt this objective to all levels of
Bloom's Taxonomy, can rewrite it as follows:

1. **Remembering**: List the events with the Industrial Revolution
Task*: a timeline of events during the Industrial Revolution

2. **Understanding**:
- Objective: "To explain the main concepts and significance of the Industrial Revolution.”
- Task: Students will fundamental concepts explain the Industrial Revolution was significant.

3. **Applying**:
- Objective: "To illustrate Industrial Revolution influenced modern industrial practices.”
- Task: Students will use to show the Industrial Revolution's innovations applied in today's industries.

4._**Analyzing**:
- Objective: "To analyze the causes and effects of the Industrial Revolution.”
- Task: Students will break down the causes , identifying and

5. **Evaluating™*:
- Objective: "To assess the of the Industrial Revolution on different social classes."
- Task: Students will evaluate positive and negative impacts of the Industrial Revolution on various social , providing evidence to support their judgments.

6. **Creating™™:

- Objective: "To design a presentation proposing an alternative historical scenario where the Industrial Revolution occurred in a different region

- Task: Students will create a that imagines how the Revolution might have if it had started in another part of the world, considering
potential causes and effects
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Mind-stretching

Mind-stretching empowers a learner, researcher or staff member to explore concepts
using two specific or random axes to help them think clearly and completely about
something or to stretch their own thinking. There are many human analogies here, for
example Boston Consultancy Group’s Growth Share Matrix. This metaphor is best used
with a foundational LLM but could be used post LRM use to analyse the output as well.
Mind-stretching is an extension of the mind-bending technique, but for finer analysis as
opposed to producing text. It is akin to zooming in on a topic with multiple lenses, that is, it
requires the LLM to view a topic using two scaled axes, forming a two-by-two matrix. For
example, the following prompt produces Table 2, which shows how the ‘GenAl-mind’
categorises various entries in the table into four different quadrants, followed by some
explanation of the logic behind this (not shown):

Suggest a two-by-two matrix to better understand the industrial revolution.

Any two specific lenses of your choice could be specified instead, enhancing the agency
here. Students could use it to understand and be more critical about a topic, whilst
researchers could use this approach to analyse new possibilities with ease. The skill in
using this technique relies on choosing meaningful axes and interpreting the results.
Tapping into the ability of GenAl to play multiple roles in a simulated conversation to learn

new topics is the focus of the mind-metaphors described next.

Table 2. Mind-stretching helps in the analysis of a concept using multiple lenses
(generated by ChatGPT 4.5).

Industrial Revolution Matrix

Low Technological Advancement High Technological Advancement
Negative Societal Impact Pre-Industrial Society Early Industrial Revolution

- Agricultural economy - Harsh working conditions

- Manual labor dominates - Child labor & pollution

- Limited social mobility - Displacement of artisans
Positive Societal Impact Sustainable Traditionalism Modern Industrial Economy

- Craft-based economies - Technological progress

- Small-scale innovations - Improved labor laws

- Stability in social structures - Increased living standards
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Mind-storming

Mind-storming is the act of generating an appropriate simulated discussion between
multiple role holders, for example a teacher and a small group of students, to empower
students to learn from the simulated discussion. So far, the mind-metaphors focused on
controlled content creation. Next, | show how mind-storming triggers a simulated
discussion, to play out on a users’ screen, between chosen virtual role players. For
example, between an excellent virtual professor and their novice and advanced students.
The virtual professor’s useful questions, the novice students’ common mistakes and the
support from other more advanced virtual students could all be defined as part of the
system prompt within a GenAl tutor. A system prompt is a prompt which is appended into
the context window by the tutor designer, hidden from the student. This empowers the
designer to set up a pedagogically helpful interaction for their students to benefit from. The
output of such a prompt could help real students to learn from the simulated interaction on
their screens. When used as a simulated discussion between virtual key role holders,
working within an institution or between them and external accreditors, it could help
prepare for an accreditation visit, tackling challenges and problem solving. Researchers
could use this method to prepare for data gathering in a simulated focus group and
analysis. This approach lends itself well to learning by reading the contrasting
conversation between virtual roles. The next mind-metaphor turns this simulated
conversation into a hybrid of virtual and real conversation for a more realistic and engaging

feel.

Mind-gaming

Mind-gaming is the act of taking part in a challenging real-time simulated discussion
between multiple virtual role holders and the user. For example, a mind-gaming session
with a small group of simulated students with pre-defined roles and a challenging brief, can
empower an early career academic to learn how to respond to students in a challenging
situation. Mind-gaming is a simulated, but more challenging, conversation than mind-
storming. It could be used to prepare a PhD candidate for the panel viva, for example.
Researchers could use this as a method to practice netnography in virtual settings
described in the scenario and analyse the data collected themselves. Academics and

students could use it for group interviews to prepare for job seeking.
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Challenges and barriers

GenAl use in higher education still faces several structural and epistemic barriers which
may delay an empowered emergence from the said liminal space. Some unresolved
questions, related to data privacy, intellectual-property ownership and sustainable use, do
create barriers for staff and students as well as institutional risk that need understanding,
demystifying and/or mitigating. Staff and students should not become over-reliant on
GenAl and should exercise their own thinking, using the mind-metaphors, so that they can
reduce the ‘hallucinations’ or produce more relevant and accurate outputs. They need to
be aware of the limitations in training data by exploring the model’s knowledge structures
through mind-surfing, and control what is in the context window through mind-mending.
Bias and opacity of models is another problem that undermines academic trust from staff
and students. Compute-intensive inference (Snell et al., 2024) and the associated energy
footprint more generally, may conflict with the universities’ sustainability targets, so
understanding the impact of comparative human work may become critical. The benefits of
co-inferring and collaboration can only be realised through sustained professional

development and with inclusive and sustainable design.

Conclusion

This paper has highlighted the differences between foundational and other models in
terms of their impact on human and machine agency. It has highlighted how mind-
metaphors can empower staff and students to better understand and master GenAl
literacy, to help them emerge out of the liminal space created by GenAl developments.
Staff and students can use mind-metaphors with foundational LLMs or before and after the
use of LRMs to direct the attention mechanism, so the models generate outputs that are
less ‘hallucinatory’ and more aligned with the user’s intent. With mind-metaphors the user
can control what is in the context window to influence the predicted output token and direct
the model’s attention mechanism. Staff and students need to develop their agency in the
use of foundational LLMs to emerge empowered out of the liminal space. LRMs and
agentic Al systems are dependent on the context window and attention mechanism too.
Although LRMs and agentic Al systems take agency away from users, careful mind-surfing

and mind-mending can help control the input to LRMs and agentic GenAl systems.
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By focusing on the activities, such as mind-surfing, mind-mending and mind-bending,
users are empowered to talk about their use of the GenAl in a way that promotes their
agency over it as opposed to referring GenAl as a noun, for example ‘GenAl can do...’,
which suggests the agency is with the models. The framework has helped over 250
academic staff to use foundational models as evidenced by their high satisfaction levels
(Malik, 2025). Many lecturers use the techniques to co-infer and collaboratively create
content at my institution. | have used these to produce course materials and synthetic
abstracts for a GenAl-assisted scoping review screening, with high accuracy and Kappa

values when compared with human screening (Malik and Sime, 2025).

Students, too, can start by mind-surfing and mind-mending their chosen domain and/or
metacognitive topics. This can be done in supported classrooms where they are
encouraged to verify LLM outputs as they learn with GenAl. They can learn to be critical in
this way. They can be guided by staff on useful pedagogical concepts such as common
misconceptions, troublesome and threshold concepts, which can then be used in mind-
storming and mind-gaming to learn and practise concepts. Advanced students can co-infer
and collaborate by using mind-stretching and mind-bending to support their study and
work needs. The framework can be used in many other use cases, within teaching,
learning, research and beyond, and | invite researchers and practitioners to report on such

use cases in appropriate conferences and journals in future.
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