THE GOAL: Misalignment between the measured metrics and the nebulous

concept of critical thinking in joint decision-making
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The increasing adoption of Generative Al in knowledge-heavy jobs workflows raises questions about its impact on the human
knowledge worker’s critical thinking (CT) skills and decision-making. Some people think we can mitigate the effects Al has on the
human decision-making process by creating Al-based interventions that would encourage more thoughtful decision-making. Creating
such interventions, however, requires a precise definition of what critical thinking is and how to measure it. Additionally, encouraging
certain modes of thinking in a controlled environment doesn’t necessarily translate to people applying them in a decision-making
process. This position paper clarifies the problems stemming from both the definitional and the practical CT measurement issues,

discusses what characteristics a good proxy measure of CT should have, and talks about human response to ’easy automation’.
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1 Introduction

The majority of the practitioners in the broader Al field are familiar with the general model of decision-making, where
the goal of the decider is to find a solution that corresponds to the maximum of some sort of utility function. Picking the
maximum expected utility (a goal that is frequently implicitly assumed by Al engineers during the design process) is
generally known under the umbrella term ‘Rational choice theory’ in Economics and Psychology [11]. The eponymous
Rationality in this model is expressed as the internal coherence of a set of preferences based on which a decider makes
the decision: that is, the decision is made based on the corresponding values of the utility function alone, and the
values assigned to the choices under this model are: a) Independent from each other b) Self-consistent in the variety of
situations where the choice might present itself, and fundamentally reflect the same underlying set of preferences of
the decider.

In practice, however, this kind of modelling does not necessarily explain the observed phenomena in human decision-
making. It is generally accepted in the field that humans operate under relatively strict computational constraints when
making a decision; as such, the decision-making process constitutes a balancing act between finding an acceptable
solution and the computational complexity of the decision evaluation. This broader framework is known as ‘Bounded
rationality’ [24]. Where does critical thinking fit into this kind of view of decision-making? To answer this, we should

first define what critical thinking is.

2  What is Critical Thinking ?

The idea of promoting critical thinking to make humans better at making decisions as the main goal of the K-12

education, entered the US discourse in the 1980s as a part of an education liberalization trend [7]. Paradoxically, despite
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the decades of debates, the exact definition of what counts as critical thinking remains ill-defined [14]. According to
Robert Ennis, the concept of critical thinking originates in the works of the philosopher John Dewy on ‘reflective
thinking’ [7]. Ennis defines critical thinking as ‘reasonable reflective thinking focused on deciding what to believe or
do’[7]. This definition does not specify what characterizes the ‘reasonability’ or ‘reflectivity’ of thinking: the author
tries to give examples of some of the observable characteristic of the process like ‘seeking and offering clear reason’
and ‘seriously considering other points of views’, but the examples given are explicitly stated not to be exhaustive,
so a person can still be engaged in critical reasoning without explicitly exhibiting any of those characteristics to the
observer. Similarly Peter Facione, provides the following definition: to be considered ‘critical’, thinking must ‘be a
purposeful, self-regulatory judgment which results in interpretation, analysis, evaluation, and inference, as well as
explanation of the evidential, conceptual, methodological, criteriological, or contextual considerations upon which
that judgment is based’ .[9] (p.2) The commonly used Bloom taxonomy [3] of ‘intellectual abilities and skills’ tries
to split the thinking process into a set of sub-processes starting from the ‘less-reflective’ things like idea recall and
ending with the higher-level concepts of judgment (or critical evaluation) and creation. Later works [2] that tried to
update the taxonomy to represent the process of thinking and judging in a more hierarchical fashion used the following
stages to describe the process: Remembering, Understanding, Applying, Analyzing, Evaluating, and Creating. Which
stages correspond to the actual engagement in critical thinking and even the existence of a separate from the domain

knowledge ‘critical thinking skill’ remains hotly debated [12, 19].

3 Measuring Critical Thinking

As we have shown in the previous section of this paper, the definitions of critical thinking are often broad enough to
make any meaningful measurement difficult. However, as the work around the concept was mostly done within the
framework of educational psychology, we can take another, more practical approach and specify critical thinking as a
set of skills that can be verified through the use of formalized measurement procedures and have proven correlative
relationships with real-world behavior and approaches to tasks. According to [25], there are at least 30 tests fully
or partly dedicated to the assessment of critical thinking skills. They are based on different theoretical foundations,
define different sets of skills as ‘critical thinking skills’ and test them by applying measurement instruments with
varying degrees of freedom: from choosing an answer from a multiple-choice question to writing a detailed critical
essay dedicated to the topic. Selected examples are presented in Table 1. This highly operationalized approach to critical
thinking testing has been criticized from multiple points of view. With respect to easy to score, multiple-choice options
tests, one can doubt their ability to assess the actual reasoning process [13] [22]. With respect to evaluating more
sophisticated output assessments such as problem essays and sentence completion the output evaluation (grading using
a rubric guide) itself comes into question due to its inherent subjectivity and potential lack of specific critical skills
assessment expertise among the graders [21]. Additionally, formal critical thinking education does not result in big
changes in test performance [14, 21], which points to either the general inability of the current programs to teach

critical thinking as a skill or the test itself not measuring critical thinking improvement in students correctly.

4 ‘Right’ kind of thinking, its proxies and Al

Now that we have a (self-admittedly) vague idea of what critical thinking is and how it hasbeen measured by psychologists
and education experts before, we should decide on an appropriate proxy variable that we can measure and optimize our
Al intervention for. Critical thinking describes the process a human is engaged in, not the result of the process itself.

What is often measured in the Al-based intervention research studies is the result based proxy: often, a user being
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Table 1. Critical Thinking Tests: a sample, descriptions adapted from criticalthinking.net

Test Form of Assess- What is being tested (per the authors)  Avaliability
ment
CCTST[10] Multiple-choice Ability to analyze, infer, explain, evalu- Commercial
ate, and interpret information.
CLA[15] Written response to  Data Literacy, critical reading and eval- Commercial
task uation , critiquing an argument.
Cornell CT Z[8] Multiple-choice Deduction, fallacies identification, judg- Commercial
ing the reliability of supporting state-
ments.
The Ennis-Weir CT Essay Test [28] Essay response Understanding the problem, reasons Free

and assumptions; presenting the posi-
tion, providing qualitative reasoning;
avoiding the use of emotion to persuade,
irrelevance and dealing with credibility
problems.

persuaded by the system output that a certain statement is correct or not correct [5] or self-reported engagement in

critical thinking’ aligned processes [17]. Alternatively one can imagine picking one of the critical thinking measuring

tests’ performance as a target metric to use to asses changes in an Al user’s critical thinking.

Are those kind of proxy variables good proxies ?

(1) With respect to ‘Resulting belief’ goal as a proxy: There are several theories on how humans can get persuaded to

make a certain decision. Many of them acknowledge that persuasion doesn’t have to rely on the person thinking
about the fact critically. For example, the Elaboration Likelihood Model (ELM)[20], states that persuasion can

happen through two different routes: the central route, which involves high levels of critical thinking and

requires more effort from the user, or the peripheral route, which requires less effort and less critical thinking.

Similarly, the persuasive tactics listed by Cialdini [4] exploit human biases and heuristic decision making. For

example, the scarcity persuasion tactic exploits the human fear of missing the chance to grab precious and rare

assets before it is too late, or the consistency persuasion tactic exploits a person’s beliefs about themselves to

leverage desired behavior. Imagine an LLM-based bot that has a set of consensus-factual claims it wants to

persuade user to believe in. It can lie, invent facts and use all of the persuasion techniques to achieve the end

result. Would more people believing in those claims after the interaction with this bot reflect them engaging in

more critical thinking?

(2) With respect to ‘Reported engagement in activity’: Self-reported experiences are notoriously hard to summarize,

due to the differences in individual human definitions. Would more people reporting engaging in more critical

thinking after a given intervention mean they actually change the way they think about things? For the cases

where we have both the test results and self-reported perception measures, the two often tell very different

stories. For example older people report the same or lesser levels of cognitive and memory failures as their

younger counterparts when interviewed using The Cognitive Failures Questionnaire [6]. At the same time the

actual performance on the laboratory memory tests negatively correlates with age [6]. With respect to the

Critical thinking attitude vs. skills tests one can say that there is almost no correlation between being ‘critical

thinking open’ and ‘critical thinking able’ [14].
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(3) With respect to ‘Performance on standardized test for critical thinking’: As summarized in the previous section,
those tests have a lot of issues. Additionally, the connection between the test performance and the actual

thinking outcomes ‘in the wild’ remains a hot topic in educational psychology [16].
Based of the listed issues, we invite the community to think about a better proxy metric that :

(1) Does not solely rely on the distant end result to assess the changes in the process
(2) Does not solely rely on human self-reported changes in the process

(3) Allows us to measure both intermediate and final changes in the decision making process

5 Concluding remarks: Critical thinking and the constrained use of Al

Imagine we have constructed an Al-based intervention that somehow improves human critical thinking as defined by
that elusive better critical thinking metric. Will a human who became ‘better’ at critical thinking apply their ability to
‘critically think’ ‘in the wild’ when using Al models? Let us get back to the bounded rationality model of decision-making:
humans make decisions to satisfy a certain set of *good enough’ constraints with the minimum computational effort
required from the human. Critical thinking is inherently computationally expensive, if a joint system produces an
acceptable (with respect to any given goal) decision without it, what would motivate a human to engage in it? People
will always gravitate towards the least effort satisfactory solution, so if the system provides a satisfactory answer the
user will be very unlikely to extend additional human effort to modify or engage with the answer beyond accepting it.

One can look at the adoption of the use of Al clinical scribes to see the way Al-automation unfolds in a knowledge-
heavy reasoning-heavy domain of medicine. Note-taking (the process of producing structured record of a clinical
encounter) is a part of the clinicians’ training process [1]. The process of writing is widely understood as a set of specific
hierarchical highly structured thinking processes which writers engage in during the act of composing.[18] During
the process of writing doctors have to ‘process’ all of the encounter data, extract the relevant data and often ‘reason
through’ to the diagnosis and treatment itself. That said, a lot of medical professionals find the process of writing those
notes burdensome/tiresome and time consuming [23]. As such, Al-scribes are being very rapidly incorporated into the
clinician workflow [26], despite relatively frequent important omissions and hallucinations in the produced summaries
and possible prompt-induced summarizations biases. Defenders of the Al scribes point towards the reduction of what
they call cognitive drudgery and already degraded quality of clinical notes narratives as the reason this part of the
medical practice should be automated. A boundary between cognitive drudgery, ‘mindless’ tasks, and outsourcing
reasoning is not as obvious as we would like it to be, however. While not yet deployed in medical practice, models
that boast near clinical level of accuracy on diagnostic dialogue interactions [27] and management plan generation are
being developed quite rapidly. How can we deploy Al in a way that won’t make the human side of the system reason
less? By deciding not to automate reasoning and gravitating towards automating reasoning for light tasks instead. To
do that, we would need to develop an appropriate way to rank the tasks on that scale. One way to do it would be to
compare the difference between the way an expert and a novice would approach that task: if the process of completing
the task remains largely unchanged with respect to both the steps one would take and the eventual result one would

get, it would be relatively safe to automate. You can also rely on the simple heuristics lists like

(1) Task is mostly retrieval or surface-level review;
(2) Task requires minimal working memory load;

(3) Task does not involve diagnosis, clinical reasoning or planning.
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One can imagine defining and analyzing the specific nature of the task before making a decision about its possible

automaton and then proceeding with designing the models for very specific tasks where the automation is limited to

the repetitive inherently reasoning light tasks where the correctness of the output can be assessed by a knowledge

professional without a lot of cognitive investment. For example:

e Good: "Find all the mentions of a certain type of drug class in the 100 pages of patient medical record and
provide the end-user with links to the points in the texts where they are mentioned" [Nature of the task: Direct
token extraction, end user with knowledge can easily assess if the system is correct or not by very limited
context reading]

e Bad: "Ask the user to accept or decline an automatically produced diagnosis that abstracts 100 pages of the
patient record and provides the user with an accessible post-hoc explanation as to why." [Nature of the task:
Clinical reasoning, end user with relevant knowledge would have to look through the whole patient record and
reason through it to assess the result, clinical abstraction risks, doctors not considering the alternatives and

differing to the generated result ]

Alternatively, we can just accept parts of the reasoning ‘outsourcing’ as something inevitable and focus on the joint

human-AI system performance with respect to any given task exclusively.
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