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Abstract                                                

Critical thinking is a vital skill for navigating the abundance of information, misinformation, and 

disinformation available to individuals of all ages. Critical thinking predicts successful outcomes 

in academic, workplace, and general life areas. Poor critical thinking skills may put individuals 

at risk for serious detrimental consequences. Given their importance, assessment and training of 

effective critical thinking skills need to be emphasized. Although these efforts are common in 

college and adult settings, programs designed for younger ages (i.e., prekindergarten through 

Grade 12, or preK–12) may be particularly effective and may help facilitate preK–12 students’ 

postsecondary academic and occupational pursuits. In this paper, we utilized a systematic 

approach to developing a conceptual framework for critical thinking that includes four subskills: 

Information Seeking, Information Analysis, Argument Generation, and Logical Reasoning. We 

articulate key distinctions between our critical thinking definition and overlapping constructs and 

discuss assessment and training considerations for practical and research settings. With this 

framework, our goal is to provide a theoretical foundation for important measurement and 

development applications for preK–12 students, both inside and outside schools. 
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Preface 

This manuscript represents part of a larger initiative called Skills for the Future (SFF; Liu 

et al., 2023), in which we aim to expand beyond academic content knowledge to generate a 

holistic profile of prekindergarten through Grade 12 (preK–12) students’ skills and facilitate 

effective teaching and learning of these skills. The SFF initiative also aims to supplement 

traditional academic credentials with assessments and insights, aligning with competency-based 

education systems at the state level (e.g., Levine & Patrick, 2019). This initiative involves 

identifying noncognitive constructs or “durable skills” that are valued by various stakeholders in 

educational settings. This value is reflected in frameworks such as states’ Portrait of a Graduate, 

as well as by their prediction of postsecondary success. Recognizing preK–12’s role in preparing 

students for the workforce, the SFF project is also designed to support recent shifts toward skills-

based hiring (Peterson et al., 2024). The skills-based hiring movement deprioritizes traditional 

educational degree (e.g., college degree) requirements in the hiring process, generating greater 

demand for valid and operationalized skills frameworks as the essential guiding tools (Society 

for Human Resource Management, 2024). In this paper, we focus on the durable skill of critical 

thinking by summarizing a thorough literature review and offering a new conceptual framework. 

This framework addresses gaps and confusion in the critical thinking literature, with the goal of 

guiding myriad theoretical, research, and practical applications. 

Introduction 

Living in an information age, prekindergarten through Grade 12 (preK–12) students have 

easier, quicker, and broader access to an overwhelming amount of knowledge on virtually any 

topic imaginable, compared to the prior era. Students are often required to acquire and apply 

information for class projects, assignments, essays, or other tasks as they acquire academic 

knowledge and skills. As technology becomes more integrated into classrooms, this information 

access has increased dramatically and is often considered fundamental to the learning 

experience. As students approach the end of their preK–12 journey, they may also wish to 

research topics such as postsecondary academic and occupational options, including college 

programs, financial support (e.g., scholarships, governmental postsecondary grants), and local 

job openings. Moreover, students may seek this information not only through in-school 

computers but on their personal or at-home devices or in other nonschool settings (e.g., public 

libraries). This type of self-directed information gathering continues upon graduation, suggesting 
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that skills students may develop in preK–12 relevant to seeking, analyzing, and applying 

information continue to be highly relevant into adulthood. For example, adults pursue 

information to inform important decisions regarding purchases, physical and mental health, civic 

engagement, educational and occupational pathways, leisure pursuits, financial endeavors, legal 

advice, and many others.  

The open-access nature of the internet and other media requires students to differentiate 

credible, authentic, and verifiable information from claims that are unreliable, misleading, and 

factually incorrect. This necessity highlights how the information age soon coincided with the 

misinformation age (Cook et al., 2015). Whereas misinformation tends to be defined as 

information whose inaccuracy is unintentional, misinformation is also distinguished from 

disinformation, in that the latter is typically deliberately deceptive and designed to cause harm 

(Bennett & Livingston, 2021). The increasing ubiquitousness of artificial intelligence (AI) 

further emphasizes the importance of critical thinking, as students must recognize and evaluate 

information or other outputs that may have been generated or manipulated by AI (e.g., Ng et al., 

2021). Regardless, these issues highlight the importance of equipping students with the skills 

necessary to constructively and safely navigate information sources. 

Critical Thinking as a Skill 

Critical thinking represents one significant skill for differentiating credible information 

from misinformation or disinformation. Especially important when dealing with the expansive 

amounts of information at hand (Kallet, 2014), critical thinking allows for the processing and 

filtering of incoming information in reaching quality judgments (Ennis, 1985; N. C. Facione & 

Facione, 2008) and facilitates the process of acquiring and sense-making of new information 

(Alwehaibi, 2012). That is, critical thinking involves students’ strategies in seeking information 

and students’ skill in analyzing this information, including its source, content, and supporting 

evidence or argumentation. Subsequently, students may apply this information to formulate 

arguments, to solve problems, to make decisions, or for other in-school and out-of-school 

situations. In turn, critical thinking skills are necessary to help students make positive and 

effective decisions while avoiding detrimental outcomes. 

The value of critical thinking has been empirically supported by myriad research studies. 

In postsecondary academic settings, researchers have linked critical thinking to various positive 

outcomes. For instance, critical thinking has been meta-analytically linked (r = .26 under the 
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fixed effects model) with community college student academic achievements (e.g., degree 

attainment, college GPA, and test scores; Fong et al., 2017). Interestingly, college students higher 

in critical thinking abilities are also less likely to report making general mistakes in life (e.g., 

paying for late fees, taking the wrong train) compared to those lower in critical thinking abilities 

(Butler, 2012). Research has even demonstrated that critical thinking is a stronger predictor than 

general intelligence in predicting various life outcomes (Butler et al., 2017). 

Beyond academia, employer surveys often identify critical thinking as a skill employers 

value in their employees (e.g., Desai et al., 2016; Indrašienė et al., 2023). Among the reasons for 

critical thinking’s importance is that it aids in a wide variety of workplace problem solving, such 

as facilitating managers’ and employees’ decision-making by holistically evaluating all possible 

solutions, therefore mitigating negative outcomes (Murawski, 2014). Given the nature of critical 

thinking as a higher order skill, it is particularly valued for more complex jobs (Mainert et al., 

2019). Moreover, because critical thinking is transferable to problems in novel contexts 

(Halpern, 1998), it demonstrates high value across a variety of life areas. 

Considering the importance of critical thinking skills across various aspects of academic, 

occupational, and personal life, many efforts have been established to foster critical thinking for 

children and students. For instance, an American Philosophical Association Delphi report 

recommends that children should be trained on how “to reason, to seek relevant facts, to consider 

options, and to understand the views of others” from a young age (P. A. Facione, 1990, p. 27). 

Higher education faculties endorse critical thinking as one of the most important goals in 

undergraduate education (Gellin, 2003). In a survey of the American Association of Colleges and 

Universities, 74% of the member institutions indicated critical thinking as a core skill requiring 

more emphasis in general college education (Hart Research Associates, 2009). However, it is 

unclear whether these efforts are guided by objective and comprehensive conceptual frameworks 

of critical thinking. 

Developing a Conceptual Framework for Critical Thinking in PreK–12 Settings 

The relationship between critical thinking and various important outcomes suggests that 

critical thinking is a vital skill across multiple contexts. It is plausible that, to maximize efforts to 

cultivate individuals’ critical thinking skills, assessments and teaching applications should begin 

in preK–12 settings. This strategy aligns with one of the primary goals of preK–12 education: to 

prepare students for postsecondary academic and occupational success. However, these efforts 
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require a clear conceptual framework of critical thinking to guide effective implementations. In 

this paper, we aim to consolidate and expand upon previous definitions of critical thinking, with 

an emphasis toward one that applies primarily to preK–12 students. As we elaborate in later 

sections, this emphasis on younger students is a key differentiator of our framework and one that 

addresses a significant gap in the literature. Briefly, many existing definitions of critical thinking 

are conceptualized in adult contexts (e.g., Santos-Meneses et al., 2023), and frameworks that 

have been proposed in education settings often focus on postsecondary students (e.g., Behar-

Horenstein & Niu, 2011; McMillan, 1987). Thus, they may be inappropriate for informing efforts 

to measure or develop critical thinking in preK–12 students. Moreover, researchers have argued 

that extant educational definitions of critical thinking are too vague to be of practical value (e.g., 

assessment, training; Ennis, 1985; Sternberg, 1986). These concerns underline the need for a 

novel and expanded critical thinking framework for preK–12 settings. 

The structure of this paper first presents our critical thinking definition and distinguishes 

it from those of other overlapping constructs. We then discuss theoretical, research, and practical 

implications for our new conceptual framework. Recognizing the importance of critical thinking 

development for students, the current paper (a) proposes a conceptual framework to represent 

critical thinking through a multidimensional process approach and (b) provides practical 

considerations for designing assessments that measure critical thinking. Specifically, we 

synthesize and extend existing definitions of critical thinking to develop a multidimensional 

conceptualization of critical thinking as a set of reasoning processes that involve information 

gathering and analysis and that generate understanding and support decision-making. In addition, 

we review insights on factors to consider in developing assessments of critical thinking. In short, 

this paper aims to operationalize critical thinking with a particular focus on skills assessment and 

development for preK–12 students. Importantly, we also distinguish critical thinking from other 

similar skills to avoid conflation and construct drift. 

Methodology 

Consistent with the other constructs in the Skills for the Future (SFF; Liu et al., 2023) 

framework (e.g., Chakraburty et al., 2025; Liu et al., 2025; Ober et al., 2025; Williams et al., 

2026), we utilized a systematic process to gather and synthesize relevant information from 

various sources to develop our critical thinking conceptual framework. First, we conducted a 

thorough literature review to identify previous conceptualizations of critical thinking using 
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databases such as Google Scholar, which encompasses other databases (e.g., PsycInfo). Relevant 

articles were identified through this process then supplemented with forward and backward 

snowball searches. We also reviewed documents such as Portrait of a Graduate frameworks 

developed by state-level departments of education. We supplemented these frameworks with 

others conducted by established research organizations (e.g., America Succeeds, 2023; XQ 

Institute, n.d.) to consider additional alternate conceptualizations of critical thinking.  

Second, we articulated a preliminary conceptual framework of critical thinking based on 

the common features in the literature. We then refined this preliminary framework using logical 

judgment, removing or adding conceptual aspects as warranted by related literature. This step 

also involved identifying relevant subskills for our critical thinking definition, including 

behavioral skill indicators representing these subskills. One focus in this step is to emphasize 

objective and overt indicators over more covert, subjective ones (e.g., Kell et al., 2017). This 

strategy facilitates the assessment of critical thinking by external observers while recognizing 

that critical thinking may manifest in various ways. These indicators should also guide educators 

and students in recognizing concrete examples of critical thinking, which may aid assessment, 

instruction, and monitoring development (e.g., learning progressions). As a result, we developed 

behavioral indicators for each of the subskills.  

We then submitted our conceptual framework for expert evaluation. Specifically, we 

gathered feedback from psychological scientists, educators, and other relevant stakeholders to 

ensure that our framework was logical and intuitive, and that it demonstrated clear conceptual 

distinctions from other noncognitive constructs, especially others in the SFF taxonomy. A critical 

aspect of this step was to integrate socioculturally responsive assessment principles (Bennett, 

2023) to ensure that the conceptual framework of critical thinking—including its behavioral 

manifestations—and its applications were inclusive of all students and reflects the influence of 

diverse cultural norms. It was also imperative that our framework applied to conceptualization 

and practical applications (e.g., assessment, curricula) for preK–12 students. We finalized our 

overall conceptual framework for critical thinking, including its subskills and exemplar 

behavioral indicators, following the steps described previously. 

Reviewing and Synthesizing Previous Definitions of Critical Thinking 

Critical thinking has been studied for decades in psychological and philosophical 

research, leading to a proliferation of construct definitions. Identifying common themes across 
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these definitions is crucial for understanding the scope of critical thinking, differentiating it from 

other constructs, and facilitating practical applications such as assessment and training. Initial 

conceptualizations of critical thinking describe the construct as “reflective and reasonable 

thinking for deciding what to believe or do” (Ennis, 1985, p. 45). Subsequently, definitions of 

critical thinking tended to emphasize a critical thinker’s motivations or end goals. Some 

examples of relevant definitions include the following: 

• “purposeful, self-regulatory judgment which results in interpretation, analysis, evaluation, 

and inference, as well as explanation of the evidential, conceptual, methodological, 

criteriological, or conceptual considerations upon which that judgment is based” (P. A. 

Facione, 1990, p. 3) 

• “judging in a reflective way what to do or what to believe” (P. A. Facione, 2000, p. 61) 

Conversely, cognitive psychologists approach critical thinking by examining the behaviors and 

processes performed by critical thinkers and relevant applications or outcomes, resulting in 

definitions such as these: 

• “the mental processes, strategies, and representations people use to solve problems, make 

decisions, and learn new concepts” (Sternberg, 1986, p. 3) 

• “seeing both sides of an issue, being open to new evidence that disconfirms your ideas, 

reasoning dispassionately, demanding that claims be backed by evidence, deducing and 

inferring conclusions from available facts, solving problems, and so forth” (Willingham, 

2007, p. 8) 

Although approached from different lenses, Lai (2011), based on their review, suggested a shared 

emphasis in the two domains as an individual’s abilities to logically analyze, evaluate, and infer 

arguments from evidence to reach a reasonable decision.  

Conceptualization in the Education Domain 

General, noncontextualized definitions of critical thinking were soon followed by ones 

situated in specific settings. Conceptualizations of critical thinking in educational contexts are 

arguably most relevant to our purposes, namely developing a framework for preK–12 contexts. 

Previous critical thinking definitions in education contexts tend to focus broadly on skills and 

abilities. One of the most cited conceptualizations of critical thinking in existing education 
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literature is Bloom’s (1956) taxonomy for information processing. This skill-based framework 

adopts a hierarchical structure to assess thinking, ranging from lower-level comprehension skills 

to higher-level skills of critical evaluation and creation. Much research has been built on this 

taxonomy in developing critical thinking education of students in classrooms across many 

subjects. For example, Athanassiou et al. (2003) applied this taxonomy to develop a 

metacognitive framework for building undergraduate students’ critical thinking skills and 

fostering self-learning in a management class. Rahman and Manaf (2017) examined the 

effectiveness of using Bloom’s taxonomy as the basis for teaching strategies for improving 

students’ critical thinking skills in English classroom settings. Taking an interdisciplinary 

approach, this taxonomy has also been used as a model for the teaching of critical thinking for all 

disciplines (Duron et al., 2006). Similarly, other broad skills-based interpretations of critical 

thinking include interpretation, prediction, analysis, and evaluation to engage in purposeful, self-

regulatory judgment (Abrami et al., 2008) as well as ability to interpret information and approach 

problems across an array of domains (Huber & Kuncel, 2016).  

One criticism that has been received for these broad frameworks in education is that they 

exhibit vagueness and insufficient clarity to guide classroom instructions and assessment 

development (Ennis, 1985; Sternberg, 1986). Literature has thus tried to identify more specific 

representations of skills to better facilitate assessment development. For instance, the American 

Association of Colleges and Universities (AAC&U) defined critical thinking as “a habit of mind 

characterized by the comprehensive exploration of issues, ideas, artifacts, and events before 

accepting or formulating an opinion or conclusion” (AAC&U, 2009; p. 1). Specifically, it 

identified skills that focus on information processing, such as understanding the issues, analyzing 

evidence and assumptions, and understanding the complexity of perspectives (AAC&U, 2009). 

In addition, Liu et al. (2014) reviewed critical thinking conceptualizations in higher education. 

Aggregating past literature, Liu et al. (2014) summarized an operational framework consisting of 

five dimensions to cover the factors of analytical (e.g., analyzing and evaluating argument 

structure, evaluating evidence and its use) and synthetic (e.g., developing valid arguments, 

understanding arguments) skills. Some examples of specific skills include identifying unstated 

assumptions and identifying information that would strengthen or weaken presented arguments. 

More recently, the XQ Institute (n.d.) developed competency progressions for critical thinking, 

describing subskills such as interpreting information, logical thinking, and synthesis. However, 
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these definitions tend to emphasize higher education and workplace settings. Nonetheless, these 

frameworks provide some examples of research that may inform our conceptualization of critical 

thinking for preK–12 settings. 

Results: A New Conceptual Framework for Critical Thinking in PreK–12 

Our conceptual framework for critical thinking builds upon the aforementioned research, 

largely conducted in college-age or adult contexts. Ideally, translating aspects of these 

conceptualizations to preK–12 settings should provide a common language to facilitate lifespan 

assessment and development efforts from adolescence into adulthood. Our definition of critical 

thinking involves obtaining, analyzing, and utilizing information and its supporting 

argumentation in a sound, objective, and evidence-based manner. We further describe four 

critical thinking subskills: Information Seeking, Information Analysis, Argument Generation, and 

Logical Reasoning. These four subskills overlap but also include some unique aspects. Our 

subskills and respective behavioral indicators for critical thinking are displayed in Table 1. 

Subskill #1: Information Seeking 

In prior conceptualizations of critical thinking, inquiry is often noted as a core stage or 

process (e.g., Battersby & Bailin, 2018; Sternberg, 1986). Thus, the first SFF subskill in our 

framework is Information Seeking, defined as effectively pursuing information to address 

knowledge gaps or errors or to pursue other specific goals. Several behavioral indicators 

represent students’ skills in pursuing information effectively. As one important prerequisite, 

students must recognize gaps in their knowledge (i.e., know what they don’t know). This stage 

has been recognized as a common challenge in information gathering, as individuals often fail to 

consider that they may have overlooked information (see Gehlbach et al., 2024). Once gaps have 

been identified, it is necessary for students to formulate the appropriate questions to address 

them. That is, the mere act of asking questions is insufficient; information seekers should be able 

to ask the right questions. Researchers have described this skill as problem formulation, 

emphasizing that ineffective demonstration of this behavior hinders subsequent problem-solving 

efforts (e.g., Schlosser & O’Neil-Pirozzi, 2006). Careful and precise question construction 

facilitates effective information gathering. Collectively, these steps represent the first behavioral 

indicator for the Information Seeking subskill in our framework: Formulates relevant questions 

to address gaps in information (CT.IS.1).  
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Table 1. Critical Thinking Subskills and Behavioral Indicators 
Subskills Definition Behavior indicators 

Information 
Seeking (IS) 

Effectively pursuing 
information to address 
knowledge gaps or errors or 
to pursue other specific 
goals 

CT.IS.1: Formulates relevant questions to address gaps in 
information  

CT.IS.2: Pursues multiple, credible, relevant sources of 
information 

CT.IS.3: Objectively considers contradictory and alternate 
perspectives 

CT.IS.4: Pursues information through relevant personal 
experience 

Information 
Analysis (IA) 

Evaluating the relevance and 
credibility of informational 
sources, content, and 
supporting argumentation 

CT.IA.1: Is neither overly trusting nor distrusting of 
information 

CT.IA.2: Recognizes how sources may be influenced by biases, 
subjectivity, motivations, and/or emotion 

CT.IA.3: Applies fact-based strategies to evaluate information 

CT.IA.4: Objectively evaluates the credibility of information 
and weights it accordingly 

CT.IA.5: Effectively synthesizes multiple pieces of information 

Argument 
Generation 
(AG) 

Generating well-informed, 
synthesized, and defensible 
arguments 

CT.AG.1: Relies on evidence, data, and/or facts over opinions 

CT.AG.2: Doesn’t allow emotion to undermine argumentation 

CT.AG.3: Communicates arguments that synthesize multiple 
claims, perspectives, and/or pieces of information 

CT.AG.4: Effectively addresses counterarguments 

Logical 
Reasoning (LR) 

Recognizing and applying 
effective logical reasoning 
based on argument 
structure and content to 
draw defensible conclusions 
(e.g., when analyzing 
information or generating 
arguments) 

CT.LR.1: Recognizes and applies effective deductive reasoning 

CT.LR.2: Recognizes and applies effective inductive reasoning 

CT.LR.3: Recognizes and avoids logical fallacies 

Note. The critical thinking skill is defined as obtaining, analyzing, and utilizing information and its supporting 
argumentation in a sound, objective, and evidence-based manner. 
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Effective information seeking also requires students to understand which sources are the 

most appropriate and credible. Depending on the subject matter, certain sources are more likely 

to provide relevant, sound information than others. For instance, sources possessing established 

expertise or experience in an area of interest represent ideal starting points. Pursuing multiple 

sources of information allows students to build a stronger knowledge base through replication 

and potential cross-validation. Collectively, these steps represent the second behavioral indicator 

for the Information Seeking subskill: Pursues multiple, credible, relevant sources of information 

(CT.IS.2).  

Similarly, seeking information from diverse perspectives facilitates a more holistic and 

comprehensive body of knowledge to consider. Particularly, this aspect reflects students’ 

tendency to be open-minded to perspectives that may be unique, unfamiliar, or beyond those that 

are typically considered, including those that may conflict with each other (e.g., AAC&U, 2009; 

Willingham, 2007). Students’ skill in this area protects them from exclusively seeking or 

considering sources that may support pre-existing knowledge or beliefs and from rejecting 

sources based on negative preconceptions (i.e., confirmation bias). This step represents the third 

behavioral indicator for the Information Seeking subskill: Objectively considers contradictory 

and alternate perspectives (CT.IS.3). 

Finally, information seekers may take an experiential approach to obtaining information, 

particularly for certain daily problems. This strategy aligns with the field of empiricism, which 

posits that knowledge is gained empirically through sensory experience (see review by Meyers, 

2006). Empiricism relies heavily on the scientific method, including testing working hypotheses 

through observation and experimentation. For instance, in many everyday situations, students 

may “experiment” by manipulating various factors to evaluate cause-and-effect phenomena. An 

example of this strategy is troubleshooting, where a student may use tactics to investigate why 

their computer isn’t working, such as manipulating variables sequentially (trying a different 

power source, connecting to a different monitor, etc.). Alternatively, students may modify 

ingredients in a cooking recipe to evaluate the impact on flavor and other features. These 

strategies are alternatives to pursuing information from a textbook, the internet, or another 

person. Note that the goal of these behaviors is not to improve skills (e.g., athletic ability, 

technical skills) but to obtain information, suggesting that these behaviors represent a specific 

subset of learning-by-doing activities. For example, empiricism may be often demonstrated in 
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classroom settings such as career and technical education. Information and knowledge gained 

through these experiences may then be applied to other skilled activities. This process represents 

the fourth behavioral indicator for the Information Seeking subskill: Pursues information 

through relevant personal experience (CT.IS.4). 

Subskill #2: Information Analysis 

Students’ skill in analyzing information is another essential feature of critical thinking, as 

outlined in various prior conceptualizations (e.g., Bloom, 1956; P. A. Facione, 1990). This 

feature is reflected in the second SFF subskill, Information Analysis, which we define as one’s 

skill in evaluating the relevance and credibility of informational sources, content, and supporting 

argumentation. Fundamentally, there are important attitudinal dispositions and mindsets that 

influence how students process information. Students may vary in the degree to which they trust 

new information, which impacts the degree to which they may engage with the information on a 

deeper level. For instance, students with a highly trusting nature may naively accept that any new 

information is credible, which may make them susceptible to misinformation. Conversely, highly 

mistrustful students may inflexibly refuse to believe any new information they encounter, 

impeding their ability to consider potentially valuable knowledge. Ideally, students should be 

open to considering new information on a case-by-case basis, demonstrating a healthy skepticism 

rather than accepting or doubting indiscriminately. This tendency is one example of the 

dispositional aspect of critical thinking, which has been highlighted by previous researchers and 

educators (e.g., AAC&U, 2009; Willingham, 2007). This disposition is reflected in our first 

behavioral indicator for the Information Analysis subskill in our framework: Is neither overly 

trusting nor distrusting of information (CT.IA.1).  

Once students analyze information on a deeper level, aspects of its source, content, and 

supporting argumentation may vary widely in terms of their strengths and weaknesses. Most 

sources of information are human, meaning they are often inherently subjective. In other words, 

these sources may possess biases or motivations that may influence the information they provide. 

For instance, individuals may have a legitimate vested interest in sharing certain facts while 

withholding others, such as when attempting to sell a product or service. Human sources are also 

susceptible to emotional influences that may impact their perspective and the veracity of any 

evidence or knowledge they may offer. For example, a source with a strong emotional 

investment in a certain topic may fail to recognize alternative perspectives or evidence. Notably, 
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this subskill also includes one’s tendency to understand that information gathered through their 

own personal experience (i.e., CT.IS.4) may be limited, biased, or flawed. Although other 

arguably nonhuman sources such as search engines and artificial intelligence are not directly 

susceptible to these shortcomings, they are designed and maintained by humans, whose biases 

and other limitations may influence these sources. Students’ skill in evaluating sources’ 

credibility in the context of these effects is represented by our second behavioral indicator for the 

Information Analysis subskill: Recognizes how sources may be influenced by biases, subjectivity, 

motivations, and/or emotion (CT.IA.2). 

Effective information analysis also requires reliance on facts, sound data, and strong 

evidence. This type of information is typically considered more objective and reliable than 

subjective opinions and unsupported claims. Prior researchers have also argued for the 

importance of fact-based analysis when articulating critical thinking conceptualizations (e.g., 

Willingham, 2007, p. 8). Students’ skill in relying upon facts when evaluating information forms 

the basis of our third behavioral indicator for the Information Analysis subskill: Applies fact-

based strategies to evaluate information (CT.IA.3). At a basic level, this subskill depends on 

students’ skill in distinguishing between facts and opinions. At moderate levels of this subskill, 

students become more likely to fact-check claims and ideas, particularly when the source or 

content of the information appears less credible. However, for students at higher levels of this 

skill, fact-checking behavior should continue even when the source and content appears credible, 

such that they are less likely to succumb to misinformation that is presented in a trustworthy, 

convincing, or technical manner. Ideally, students should place more weight on factual 

information than nonfactual or factually incorrect information when evaluating its credibility. 

This behavioral indicator is crucial in navigating the potentially overwhelming volume of 

information that to which individuals are exposed. Scrutinizing this information to determine 

whether it is factual or not assists students in discriminating “signal” from “noise.” 

Beyond the factual nature of information, it is important for students to evaluate 

information objectively based on other features. For example, the strength and credibility of 

information are influenced by features such as the nature in which supporting data are collected 

(e.g., rigorous scientific inquiry). As another example, information such as opinion polls may be 

presented technically (e.g., 70% of individuals believe X), but despite being based on opinions, 

they may still be relevant to certain problems or areas of inquiry. Additionally, certain 
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perspectives or topics may invoke strong emotional responses for individuals, influencing their 

evaluation in that they are more or less likely to endorse it regardless of its credibility. Once 

these features are evaluated, students should ideally place more weight on credible, strong, and 

relevant information in most situations. This skill is reflected in our fourth behavioral indicator 

for the Information Analysis subskill: Objectively evaluates the credibility, strength, and 

relevance of information and weights accordingly (CT.IA.4).  

Finally, another critical component of information analysis involves students’ skill in 

synthesizing various ideas, perspectives, or claims. There are various forms in which this skill 

may manifest. At its simplest, this skill involves summarizing information or categorizing it 

based on superficial features such as the type of source, the pros and cons of an argument, and so 

forth. At more advanced skill levels, synthesis involves recognizing more sophisticated patterns 

among various pieces of information. This stage may include integrating other aspects of the 

information such as their credibility and relevance to evaluate whether some information should 

carry more weight than others. Unlike the previous behavioral indicator (CT.IA.4), this behavior 

involves evaluating the credibility and relevance of multiple pieces of information from multiple 

sources and perspectives. For example, the pro side of an argument may possess a greater 

volume of supporting evidence than the con side, but the credibility of the evidence supporting 

the con side may be greater. Synthesis may also allow students to hypothesize causal 

relationships that may explain various trends, to scrutinize and resolve incongruent claims, or to 

identify connections between seemingly disparate pieces of information. These examples are 

represented in our fifth behavioral indicator for the Information Analysis subskill: Effectively 

synthesizes multiple pieces of information (CT.IA.5). 

Subskill #3: Argument Generation 

Most definitions of communication skills recognize both receptive (reading, listening) 

and expressive components (speaking, writing; e.g., Ober et al., 2025). Critical thinking may be 

conceptualized across a similar dichotomy. In our framework, information seeking and 

information analysis are largely considered receptive components of critical thinking. 

Conversely, students’ skill in communicating information or ideas in a sound manner may 

represent an expressive form of critical thinking, one that is recognized in previous definitions 

(e.g., P. A. Facione, 2000; Willingham, 2007). Similarly, communicating information could 

exemplify the application and creation stages of Bloom’s (1956) Taxonomy of Educational 
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Objectives. This perspective forms the basis of our third critical thinking subskill, Argument 

Generation, which we define as students’ skill in generating well-informed, synthesized, and 

defensible arguments. Notably, our definition of argument generation applies equally to verbal, 

written, or other types of communication. 

Many features of the receptive components of effective critical thinking (i.e., information 

seeking and analysis) are necessary for effectiveness in the expressive domains. An important 

instance of this connection is that generating sound arguments relies on facts as opposed to 

unsupported or unverifiable opinions. Arguments supported by credible evidence are more likely 

to be defensible and objective. This assertion is reflected in our first behavioral indicator for the 

Argument Generation subskill in our framework: Relies on evidence, data, and/or facts over 

opinions (CT.AG.1). Thus, this behavioral indicator may be considered parallel to Information 

Analysis subskill indicators such as CT.IA.3 or CT.IA.4.  

In addition to the content of an argument, the way in which an argument is communicated 

may also impact its effectiveness. Similar to other critical thinking subskills, emotion may 

diminish students’ ability to generate effective arguments. For instance, if someone possesses a 

strong emotional connection to a topic, it may cause them to rely more on opinions, draw weak 

conclusions, overlook evidence, or undermine the process of generating a sound argument in 

other ways. It is often necessary for students to control or discount these emotions during the 

process of generating sound arguments. Notably, Willingham (2007) described this feature as 

“reasoning dispassionately” (p. 8) in their definition of critical thinking. This skill is noted in our 

second behavioral indicator for the Argument Generation subskill: Doesn’t allow emotion to 

undermine argumentation (CT.AG.2). Note that it is possible for students to use emotion to 

strengthen their argument without weakening its content. That is, a student may deliver a logical, 

fact-based argument passionately. Thus, it is not necessarily true that students demonstrating 

high levels of this behavioral indicator must deliver arguments devoid of any emotion. 

Another important aspect of argument generation is that it involves considering multiple 

pieces of information. This feature is similar to the synthesis behavioral indicator in our 

Information Analysis subskill (CT.IA.5). Accordingly, students may generate arguments that 

integrate knowledge from various sources or perspectives to support a sound conclusion. This 

behavior may include combining multiple arguments into a single new or summarizing 

argument. This skill is represented in our third behavioral indicator in the Argument Generation 
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subskill: Communicates arguments that synthesize multiple claims, perspectives, and/or pieces of 

information (CT.AG.3).  

Related to this concept, once a student presents an argument, they are often subjected to 

counterarguments, both from others and as a part of their own reflective processing of a topic. 

There are several possible responses students may demonstrate when presented with 

counterarguments. For example, students may credibly defend their argument, adjust their 

argument based on new information or counterarguments, integrate these arguments into their 

own, or concede that the counterargument may be stronger than their initial argument. These 

responses are reflected in our fourth behavioral indicator for the Argument Generation subskill: 

Effectively addresses counterarguments (CT.AG.4). 

Subskill #4: Logical Reasoning 

Generally, definitions of logical reasoning describe it as a process of making inferences 

from premises to arrive at a conclusion (e.g., Simon, 2001). Several researchers have argued 

explicit connections between logical reasoning and critical thinking. For instance, Bronkhorst et 

al. (2022) posited that critical thinking “includes reasoning in formal and everyday situations, for 

which it is important to build, analyze, and verify reasoning, and identify and prevent incorrect 

arguments” (p. 291). Liu et al. (2015) argued that logical reasoning represents the “core 

foundation” (p. 337) of critical thinking. Other frameworks have included logical thinking as a 

distinct subskill within their conceptualization of critical thinking (XQ Institute, n.d.). Moreover, 

formal efforts to increase students’ critical thinking skills often target logical reasoning as a 

mechanism for improvement or vice versa (e.g., Bouhnik & Giat, 2009; Bronkhorst et al., 2021; 

Nagizadeh et al., 2023). These arguments suggest that logical reasoning plays a critical role in 

analyzing or sense-making of new information—including its content and supporting evidence—

and in generating sound arguments. 

In our framework, defining logical reasoning through overt, objective indicators suggests 

that it be evaluated within behavioral contexts such as information analysis or argument 

generation. This connection aligns with aforementioned critical thinking training courses in 

which logical reasoning is taught in the context of information analysis or argument formulation 

(e.g., Bouhnik & Giat, 2009). Within the context of these other subskills, we define logical 

reasoning as students’ skill in recognizing and applying effective logical reasoning based on 

argument structure and content to draw defensible conclusions (e.g., when analyzing information 
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or generating arguments). More specifically, we developed behavioral indicators that describe 

logical reasoning within the context of observable behaviors (i.e., information seeking/analysis 

and argument generation).  

There are many different types of logical reasoning, and most of them play a critical role 

in analyzing information (e.g., Bronkhorst et al., 2022). One example of logical reasoning is 

deductive reasoning, in which one starts with a general statement or hypothesis and examines the 

possibilities to reach a specific, logical conclusion (e.g., Copi et al., 2005). If the general 

assumptions (or premises) in the specific deductive argument are true, then it is impossible for 

the specific conclusion drawn from this assumption to be false. One of the more common 

examples of a deductive argument is “All men are mortal. Socrates is a man. Therefore, Socrates 

is mortal.” The statements “All men are mortal.” and “Socrates is a man.” are assumptions, and 

the statement “Therefore, Socrates is mortal.” is the conclusion drawn from these statements. 

Effective deductive reasoning involves not only following appropriate argument structure but 

also utilizing accurate premises. That is, it is possible to form an ineffective deductive reasoning 

argument by following its structure but utilizing inaccurate premises. For example, the following 

argument is flawed: “All birds can fly. Penguins are birds. Therefore, penguins can fly.” Even 

though the argument adheres to the structural rules of deductive reasoning (i.e., a specific 

conclusion based on a general premise), the statement “All birds can fly.” is erroneous. Students’ 

skills in recognizing effective deductive reasoning when analyzing information and in 

articulating effective deductive reasoning when generating arguments are key components of our 

critical thinking framework. These skills are represented by our first behavioral indicator for the 

Logical Reasoning subskill in our framework: Recognizes and applies effective deductive 

reasoning (CT.LR.1). 

Other forms of logical reasoning are generally categorized as nondeductive reasoning. 

This distinction reflects the fact that even when nondeductive reasoning arguments follow proper 

structure and include accurate premises, their conclusions may still be inaccurate. Perhaps the 

most common form of nondeductive reasoning is inductive reasoning, in which specific premises 

are used to form reasonable generalizations or predictions (e.g., Hayes & Heit, 2018). Inductive 

reasoning is common in formal scientific research, where specific observations or data are used 

to support broader, generalizable claims. For example, a pharmaceutical company may test a new 

medication on a sample of human research participants to draw conclusions about its efficacy 
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and side effects in the general population. As a smaller, less formal example, it is possible that 

the first time a student encounters a swan, that swan is white. This student may then conclude 

that all swans are white (general conclusion) based on their observation of a white swan (specific 

premise). Structurally, this argument follows the rules of inductive reasoning (i.e., drawing a 

general conclusion from a specific premise), and the premise used to draw the conclusion is 

accurate (that the student observed a white swan). Considered from a strictly deductive reasoning 

perspective the conclusion is flawed because it is possible for swans to be colors other than 

white; however, such conclusions are considered reasonable in contexts where inductive 

reasoning provides sufficient support for our beliefs.  

A student’s skill in utilizing inductive reasoning relies on their tendency to follow 

appropriate argument structure and form conclusions that are relatively defensible. However, 

students should also recognize that their argument may be flawed (e.g., less tenable premises; 

data that may not be generalizable) and that inductive reasoning is generally less defensible than 

deductive reasoning (or at least, is evaluated using different standards), given that inductive 

reasoning leads to probabilistic conclusions whereas the deductive reasoning leads to necessary 

conclusions (assuming all of its premises are accurate; e.g., Hayes & Heit, 2018). This process is 

reflected in our second behavioral indicator for the Logical Reasoning subskill, Recognizes and 

applies effective inductive reasoning (CT.LR.2). Of note, both deduction and induction have been 

explicitly included in previous critical thinking definitions (e.g., Willingham, 2007, p. 8). 

There are several rationales, based on prior research, that explain our decision to 

distinguish deductive reasoning from inductive reasoning by creating two separate subskills. 

First, deductive reasoning necessarily leads to only one logically valid conclusion, assuming all 

the assumptions in the argument are accurate (e.g., Goswami, 2011). This property is untrue for 

inductive reasoning, which is considered “necessarily probabilistic” (Hayes & Heit, 2018, p. 1). 

For this reason, researchers often describe deductive reasoning as a superior form of 

argumentation relative to inductive reasoning (e.g., Hayes & Heit, 2018). This distinction is 

described as the problem view of comparing inductive and deductive reasoning (Hayes & Heit, 

2018). These differences supplement logical, functional distinctions between inductive and 

deductive reasoning, where “induction adds new beliefs whereas deduction draws out 

implications from what is already believed” (Evans & Over, 2013, p. 267). 
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Second, researchers have demonstrated that deductive and inductive reasoning reflect 

distinct psychological processes, accordingly named the process view comparison (Hayes & 

Heit, 2018). Specifically, two-process conceptualizations of reasoning suggest that heuristic and 

analytic processes are involved in assessing the strengths of arguments (Evans, 2008; Stanovich, 

2009). Inductive reasoning relies more heavily on quick heuristic processes that access 

associative information (e.g., context, similarity) that do not impact an argument’s logical 

validity (Heit & Rotello, 2010). This conceptualization explains how inductive reasoning 

arguments can often be invalid. Conversely, deductive reasoning involves slower and more 

deliberate analytic processes, which explains why they are typically more accurate (Heit & 

Rotello, 2010). Put differently, inductive reasoning relies more heavily on intuitive (Type 1) 

processes whereas deductive reasoning more often involves reflective (Type 2) processes (Evans 

& Over, 2013). Although some researchers argue for a one-process model to explain both 

inductive and deductive reasoning (e.g., Stephens et al., 2020), a growing body of experimental 

research supports the two-process model (e.g., Hayes & Heit, 2018; Singmann & Klauer, 2011). 

The two-process model is also supported by neurological studies that have detected differences 

in brain activity associated with inductive versus deductive reasoning (Goel et al., 1997; Henson, 

2006). Overall, this body of research has recently led some authors to describe the dual-process 

system as the dominant paradigm (Augusto, 2024, p. 279). 

Finally, there are plausible practical differences between the types of academic and 

occupational tasks that involve deductive versus inductive reasoning. For example, deductive 

reasoning involves applying general principles to specific products or outcomes, such as 

applying general thermodynamic principles when designing motor vehicle engines or heating 

and cooling systems for buildings or applying general legal principles to specific criminal cases. 

Conversely, inductive reasoning involves making connections between various data and inferring 

general conclusions, such as diagnosing diseases from laboratory test results or synthesizing 

details of a crime scene to propose the larger nature of the crime (e.g., suspects, motives). In 

preK–12 settings, these patterns suggest that specific training of inductive versus deductive 

reasoning skills may facilitate students’ career pathways, regardless of whether those pathways 

involve employment directly upon graduation or indirectly through college or other 

postsecondary education avenues. 
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Students’ logical reasoning skills also depend on how they navigate logical fallacies. 

These fallacies are objective flaws in reasoning that undermine arguments by making them 

weaker, illogical, invalid, or even deceptive. Although there is no definitive or exhaustive list of 

logical fallacies, common examples include causal fallacies (i.e., mistaking correlation with 

causation), “straw person” arguments (i.e., replacing one proposition with another proposition in 

order to better argue against it, such as quoting someone out of context), false equivalencies, 

false dichotomies, circular reasoning, and “slippery slope” arguments (i.e., proposing 

exaggerated potential consequences of a course of action; e.g., Bregant, 2014; Nippold, 2024; 

Stark, 2000). Logical fallacies are relevant when students seek or analyze information, 

specifically with regard to students’ skill in recognizing such flaws in potential sources of 

information. Additionally, logical fallacies relate to argument generation through students’ skill 

in avoiding these fallacies when developing and communicating argumentation. Notably, logical 

fallacies are often discussed in the context of critical thinking (e.g., Bregant, 2014; Nippold, 

2024; Stark, 2023). Although students may be unable to articulate the technical or lay terms 

associated with specific fallacies, students’ skill in recognizing and avoiding fallacies is a critical 

component of strong logical reasoning skills. These factors are reflected in our third behavioral 

indicator for the Logical Reasoning subskill: Recognizes and avoids logical fallacies (CT.LR.3). 

Synthesized Critical Thinking Conceptual Framework: Connecting Critical Thinking 

Subskills 

Figure 1 graphically depicts the relationship among the subskills in our critical thinking 

conceptual framework. This figure demonstrates that logical reasoning behaviorally manifests 

within the context of each of the other three subskills. That is, students may seek information 

sources that have a reputation for demonstrating strong logical reasoning, may recognize sound 

logical reasoning when analyzing information, and may articulate proper logical reasoning when 

generating arguments. Our depiction also includes sections of information seeking, information 

analysis, and argument generation that do not overlap with logical reasoning, reflecting that these 

three skills may be evaluated through behavioral indicators beyond logical reasoning. 

There are also aspects of information seeking, information analysis, and argument 

generation that may overlap with each other, as illustrated in our depiction. For example, 

students’ skills in processing information may influence their information-seeking behaviors, 

including students’ tendency to refine the types of sources they seek in the future based on their 
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experiences analyzing past information. Students may also improve their argument generation 

skills by emulating strong information sources (which they encountered during information 

seeking) and in recognizing sound information content (i.e., which they have refined during 

information analysis). Additionally, our depiction recognizes unique aspects of these three 

critical thinking subskills. It is possible for students to process information that they themselves 

did not seek out, to seek information but not logically process it for various reasons, or to 

generate arguments based on novel ideas rather than information that was previously acquired or 

processed. These variations may be reflected in students who demonstrate high skill levels for 

some subskills but low levels in others or in occupations that may only include responsibilities in 

a subset of the subskills (e.g., seeking information and then delegating the information analysis 

stage to a coworker). 

Figure 1. Graphical Depiction of Critical Thinking Conceptual Framework 
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Significant Elements of the SFF Critical Thinking Conceptual Framework 

In developing our conceptual framework for critical thinking, we followed several 

guidelines that were consistent across all constructs included in SFF. One significant 

consideration involves the extent to which critical thinking may be categorized under affective, 

behavioral, or cognitive domains. Our initial description of the SFF taxonomy (Liu et al., 2023) 

categorized critical thinking as a primarily cognitive construct. However, as outlined previously, 

our critical thinking framework also includes affective and behavioral elements. Specifically, 

one’s skill in preventing emotions from undermining their critical thinking skills suggests an 

affective component. Additionally, as previously described, skill indicators were developed by 

emphasizing objective and overt indicators of critical thinking instead of more covert, subjective 

ones (e.g., Kell et al., 2017). Thus, critical thinking may be assessed more easily and objectively 

by external observers while acknowledging that critical thinking may be expressed in multiple 

specific ways. Nonetheless, our critical thinking definition retains cognitive aspects that have 

been consistently recognized in previous research. For example, critical thinking overlaps with 

constructs such as mathematical thinking, scientific thinking, systems thinking, pattern 

recognition, and other types of cognitive ability (e.g., Macpherson & Stanovich, 2007). Yet, these 

studies also demonstrate that critical thinking predicts outcomes such as academic performance 

independent of cognitive ability, suggesting additional noncognitive aspects of critical thinking 

(e.g., Ren et al., 2020). 

Distinguishing SFF Critical Thinking From Other Relevant Noncognitive Constructs 

In articulating a framework for critical thinking, we assert the importance of 

distinguishing this skill from other similar skills or terms. For example, our review of state 

Portraits of a Graduate, the scientific literature, and other frameworks (e.g., America Succeeds, 

2023; XQ Institute, n.d.) identified several terms that are presented in the context of critical 

thinking. Some of these terms are included within our framework as example behavioral 

indicators, including troubleshooting, analytical thinking, interpreting information, logical 

thinking, and synthesis. Thus, we recommend that these terms should not be used 

interchangeably with critical thinking as a broader concept. Other terms found in the literature 

represent specific situations or contexts under which critical thinking may be applied, including 

research, investigation, and data analysis. These terms also describe technical skills and may be 
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influenced by skills beyond critical thinking. Thus, we again recommend that these terms should 

not be conflated with critical thinking. 

Problem Solving 

Another skill that is mentioned frequently in the context of critical thinking is problem 

solving (e.g., Sternberg, 1986; Willingham, 2007). Unfortunately, problem solving appears to be 

a poorly defined skill in most conceptual frameworks. For example, one of the more obvious 

definitions for problem solving is tautological (one’s ability to solve problems). Moreover, we 

argue that problem solving is an outcome-driven skill that may be relevant to a wide range of 

other noncognitive constructs. For instance, constructs such as perseverance, collaboration, 

creativity, leadership, and many others may be utilized to solve the same problem. In fact, some 

definitions of problem solving describe it as the application of critical thinking skills 

(Golubovich et al., 2017; Sternberg, 1986; Willingham, 2007). That is, critical thinking may 

represent one process for solving some specific problems but is not considered a proxy for 

problem solving as a distinct skill. The issue of construct drift then arises when skills such as 

collaborative problem solving (e.g., Sun et al., 2020) and creative problem solving (e.g., 

Treffinger et al., 2006) are utilized. The contextual nature of problem solving is also reflected 

when discipline or subject matter terms are included in terminology (e.g., mathematical problem 

solving). These issues complicate practical applications such as assessment development and 

training. Thus, we strongly recommend that problem solving be omitted from critical thinking 

definitions, an explicit decision we made when developing our own conceptual framework. 

Persuasiveness 

Persuasiveness (or persuasion) is another skill that may be conflated with critical 

thinking, particularly with our Argument Generation subskill. Generally, persuasiveness is 

defined as one’s skill in influencing others’ attitudes or behaviors (e.g., Druckman, 2022). 

However, similar to problem solving, these definitions highlight that persuasiveness is largely an 

outcome-driven construct. It is also plausible that persuasiveness and critical thinking (i.e., 

argument generation) are independent constructs. For example, it is possible for a logically 

sound, fact-based argument to be nonpersuasive, and it is also possible to persuade individuals 

with arguments that are illogical and not based upon facts or strong evidence. Moreover, 

researchers have demonstrated that persuasion as an outcome may be influenced by several 
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factors such as the speaker, the content of the argument, the audience, and the medium by which 

the argument is communicated (Druckman, 2022). Thus, we explicitly separate persuasiveness 

from critical thinking. Specifically, students’ skill in persuading others is considered distinct 

from students’ skill in generating sound arguments. Similarly, a student’s tendency to be 

persuaded by illogical, opinion-based, or otherwise flawed arguments conflicts with the 

definition of strong information analysis skills. 

Communication Skills 

There is also overlap between critical thinking and communication skills. However, this 

overlap is primarily due to the expansive scope that defines communication skills. Thus, 

depending on one’s definition of communication skills, one may argue that critical thinking be 

considered a subset of communication skills. As noted previously, a commonality between 

communication skills and SFF critical thinking is that both involve receptive and expressive 

elements. Using our critical thinking subskills as a reference, the information-seeking behavioral 

indicators represent examples of receptive communication skills (e.g., reading information 

sources) and expressive communication (e.g., asking questions in writing, speaking, or other 

forms of communication). Information analysis also requires receptive communication (e.g., 

reading or listening to information, and processing the information read or heard) and expressive 

communication (e.g., fact checking by verbally asking, typing, or writing questions, or through 

other communicative means). By definition, argument generation is a largely expressive 

communication skill, either through writing, speaking, or other types of communication. For 

these reasons, effort was taken to ensure that the SFF definitions of critical thinking and 

communications skills (Ober et al., 2025) have minimal or low-level overlap. Practically, 

communication skills assessments should focus on the communication aspects, whereas critical 

thinking assessments should focus on critical thinking aspects. That is, examples of 

communication skills conducted for the purpose of information seeking, information analysis, 

and argument generation should be excluded from the SFF communication skills definition. 

Instead, this definition focuses on the underlying processes and act of communicating itself and 

regards communication skills as encompassing the use of multiple modalities to convey ideas, 

the ability to adapt communication styles, active listening and comprehension, as well as 

knowledge and use of social, emotion, and ethical aspects of communication (Ober et al., 2025). 

This practice was applied across the other constructs included in the SFF framework (e.g., 
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perseverance, see Williams et al., 2026). We encourage researchers and practitioners to exercise 

similar efforts to avoid redundancies and confusion between various skills within a similar 

framework, particularly when considering sprawling constructs like communication skills. 

Digital Literacy, Digital Information Literacy, and Artificial Intelligence (AI) Literacy 

Digital literacy, digital information literacy, and AI literacy are three constructs that have 

seen growing interest recently (e.g., Sparks et al., 2016). Broadly, these constructs reflect one’s 

skill in navigating and utilizing digital/AI tools and information. These constructs overlap with 

critical thinking in that much of the information individuals consume is through digital media. 

The digital space also represents a significant channel individuals use for communicating 

arguments. Critical thinking is also relevant to AI in contexts such as prompt generation and 

interacting with bots (i.e., information seeking) and when identifying AI-generated content or 

evaluating AI-summarized information (i.e., information analysis). However, digital literacy, 

digital information literacy, and AI literacy are relatively expansive concepts that include other 

durable and technical skills. Moreover, digital and AI contexts represent only a subset of those 

relevant to critical thinking. Thus, we posit that critical thinking overlaps with digital/AI literacy 

but is not synonymous. 

Curiosity 

By definition, one of the primary characteristics of curiosity is one’s desire for 

knowledge. By this logic, the trait of curiosity overlaps with our critical thinking 

conceptualization, particularly the Information Seeking subskill. However, the key distinction 

between information seeking and curiosity as individual difference constructs is that the latter is 

largely viewed as a disposition. For example, the Big Five (see McCrae & Costa, 2008) and 

HEXACO (Ashton & Lee, 2007) personality models each describe curiosity—also referred to as 

inquisitiveness—as a subconstruct within the larger construct of Openness to Experience. 

However, unlike our Information Seeking subskill, these models make no assumptions about 

one’s skill in seeking information. Instead, curiosity tends to be conceptualized as one’s general 

tendency to ask questions and seek knowledge (McCrae & Costa, 2008). That is, curious 

individuals may demonstrate frequent information-seeking behaviors, though they may not be 

particularly adept at formulating pertinent questions or pursuing relevant sources. Thus, although 

curiosity may be considered a prerequisite for critical thinking (i.e., information seeking) in that 
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incurious individuals may not even attempt to pursue information, they remain subtly distinct 

constructs.  

Discussion 

With the abundance and free access of knowledge embodied by the information age and 

social media, the importance of strong critical thinking skills has grown dramatically. The rise of 

misinformation and disinformation further emphasizes this importance, given that critical 

thinking influences “what to do or what to believe” (P. A. Facione, 2000, p. 61). In turn, critical 

thinking is pertinent to various life areas, including academia, the workplace, and our personal 

lives. Researchers have explicitly argued for critical thinking skills’ importance to the process of 

learning (Sternberg, 1986), further supporting its relevance to preK–12 settings. However, the 

focus on critical thinking education in preK–12 settings also acknowledges that these efforts are 

designed to help students not only within their current academic studies but also in subsequent 

postsecondary and workplace settings. For example, as AI assumes more menial tasks previously 

conducted by humans and becomes more sophisticated, individuals’ use of critical thinking skills 

in interacting with AI agents and AI-generated information will become more common and more 

crucial. Specifically, in the context of human critical thinking applications, researchers have 

argued that information summarized or generated by AI may be prone to “potential for echo 

chambers, and difficulties in nuanced understanding” (Darwin et al., 2024, p. 2). In turn, there is 

sentiment that AI should not replace human intelligence, particularly in situations where human 

critical thinking intersects with AI-augmented educational applications (Spector & Ma, 2019). 

These applications may be found in both the classroom and the workplace. 

Although some efforts have been made to formally cultivate critical thinking skills in 

structured settings such as classrooms and workplace training programs (e.g., Bronkhorst et al., 

2021; Nagizadeh et al., 2023; Song et al., 2024), there are many other contexts that rely on the 

more autonomous practice of critical thinking. Particularly, as more individuals desire to “do 

their own research” on various critical topics, critical thinking is imperative for identifying 

potentially harmful misinformation. Although some forms of misinformation are relatively 

benign, others—particularly disinformation—have been linked to phenomena such as 

radicalization and extremism (Awan et al., 2023; Roberts-Ingleson & McCann, 2023), hate 

speech and racism (Kim & Kesari, 2021), medical fraud (Xiang & Lehmann, 2021), conspiracy 

theories (Pereira et al., 2020), identity theft (Gilbert & Gong, 2024), and financial scams 
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(Damulis, 2023). These outcomes highlight the need for rigorous assessment and teaching of 

critical thinking skills, which should be founded upon a clear conceptual framework. Again, 

these efforts may be most effective if initiated in preK–12 settings. 

We describe a new conceptual framework for critical thinking that outlines its key 

components. These components relate to the various stages of navigating and utilizing 

information: information seeking, information analysis, argument generation, and logical 

reasoning. In defining these subskills, we emphasize overt behavioral indicators to facilitate 

objective and accurate measurement by self-report and by outside observers (e.g., parents, 

teachers, etc.). This strategy also permits variations in specific behavioral manifestations of 

critical thinking skills, which may reflect demographic, cultural, social, or regional norms. In 

addition to behavioral components, our definition reflects important affective and cognitive 

aspects of critical thinking. Moreover, we define critical thinking as both a skill and a 

disposition. That is, our behavioral indicators reflect individuals’ proficiency in demonstrating 

critical thinking skills and their initiative in exhibiting these skills across situations without 

prompting. Importantly, we differentiate critical thinking from other overlapping skills such as 

cognitive ability, problem solving, digital/AI literacy, communication skills, and persuasiveness. 

The goal of this initiative is to facilitate clearer understanding of the critical thinking construct, 

which should benefit measurement and teaching applications. 

Various specific assessment approaches may be informed by our critical thinking 

framework. For example, standardized, objective measurement of critical thinking through 

formats such as behaviorally anchored rating scales, surveys, situational judgment tasks, or 

observational methods (e.g., Kyllonen, 2012; Kyllonen et al., 2024) may be explored. 

Additionally, these strategies may include test-free methods such as process data, transcripts, or 

other sources that capture critical thinking behaviors demonstrated organically inside and outside 

of the classroom. Such applications should also be amenable to domain- or discipline-specific 

measurement of critical thinking (e.g., mathematics, social studies, science). Critical thinking 

assessments could also be utilized to guide and evaluate deliberate training efforts or in tracking 

natural longitudinal changes in preK–12 education, including their role in predicting academic 

success. Additionally, our preK–12 conceptualization of critical thinking may be usefully applied 

to adults, though this assertion should be empirically investigated. Such research could aid in 

describing the development of critical thinking from adolescence into adulthood. 
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Assessment-related research is vital for informing potential developmental benchmarks 

for critical thinking based on age or grade. However, by its very nature, critical thinking may be 

difficult to observe naturalistically in a classroom environment. Processes such as information 

seeking and analysis may be largely covert, requiring classroom activities to be structured such 

that there is adequate opportunity for critical thinking skills to be demonstrated. For example, 

students may articulate the difference between facts and opinions, or their evaluation and 

consequent weighting of more versus less credible evidence may be demonstrated through 

decision-making, argumentation, or problem-solving activities. Alternatively, educators may 

need to prompt students or utilize direct assessments to adequately measure critical thinking. The 

behavioral indicators included in our critical thinking framework may be useful in guiding these 

efforts. 

Critical thinking assessment and training applications should also acknowledge that 

various student, situational, or sociocultural factors may influence the behavioral demonstration 

of critical thinking. For example, Bloom’s (1956) taxonomy specifies that lower order skills 

related to memory and comprehension are prerequisites for demonstrating higher order skills 

related to critical thinking (e.g., information analysis and application). Similarly, a basic level of 

reading comprehension or written communication skills may be necessary to demonstrate 

specific behavioral demonstrations of critical thinking. Additionally, sociocultural influences 

may be integrated into critical thinking assessments by providing students with subject matter 

that is personalized to their lived experience. Alternatively, a variety of valid critical thinking 

demonstrations may be elicited through response formats such as open-ended assessment 

prompts, or by adopting assignment formats that encourage students to choose their own specific 

topics of inquiry within a broader scope of study (e.g., mathematics, social sciences). Thus, 

students are provided with the flexibility to demonstrate skills in a familiar way, as opposed to 

matching a rigid template or perspective (Bennett, 2023). 

Related to these points, we also clarify that various contextual or other factors may 

influence students’ behavioral manifestation of critical thinking. Specifically, we consider critical 

thinking to be domain general, in that it should be assessed in a similar manner across subject 

matter areas but may still be influenced by students’ knowledge in particular areas. For example, 

in our framework, a student who only demonstrates critical thinking in domains that they are 

interested in would be considered to possess lower critical thinking skills than one who 
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demonstrates critical thinking regardless of their personal interest level. Subject matter 

knowledge may also influence critical thinking demonstrations, as a student may not fact-check 

information that they already conclusively know to be true or false, for instance. Other factors 

such as student motivation, teacher characteristics, or classroom environment may also moderate 

students’ critical thinking behaviors. For these reasons, we recommend that students’ critical 

thinking be assessed as an aggregate across multiple settings, domain areas, and contexts (e.g., in 

and out of school settings). 

These assessments should facilitate research that may empirically support our critical 

thinking framework or suggest revisions. It is possible that some of the subskills or behavioral 

indicators in our framework may require consolidation or that additional elements should be 

included. For example, researchers often distinguish other types of nondeductive reasoning 

beyond inductive reasoning, such as abductive reasoning, analogical reasoning, and analytical 

reasoning. Kovács and Spens (2005) described abduction as “an intuitive leap that comes forth as 

a whole” and “the systematized creativity or intuition…to develop ‘new’ knowledge,” which “is 

necessary to break out of the limitations of deduction and induction” (p. 136). In research 

settings, abduction is utilized when attempting to explain novel or anomalous findings and, thus, 

follows a logical reasoning process that is distinct from induction and deduction (Kovács & 

Spens, 2005). Alternatively, analogical reasoning involves one’s ability to recognize and 

articulate relationships between concepts using the general structure “A is to B as C is to D” and 

is, therefore, seen as critical in understanding and explaining complex or technical concepts in 

familiar or nontechnical terms (e.g., Gentner & Maravilla, 2018). Finally, analytic reasoning is 

described as the “ability to understand a structure of relationships and draw conclusions about 

that structure” as defined by the Law School Admission Test (LSAT) Analytical Reasoning 

section, which is separate from the LSAT Logical Reasoning section (Law School Admission 

Council, 2024a). Example analytical reasoning questions on the LSAT and other similar 

assessments often present hypothetical scenarios that require test takers to determine appropriate 

solutions for a problem given a set of restrictions and contingencies, such as seating 

arrangements around a table or a weekly schedule of events. Interestingly, the LSAT Analytical 

Reasoning section was replaced with the LSAT Argumentative Writing section, which is 

designed to measure analytical evaluation (Law School Admission Council, 2024b). For now, we 

have excluded these types of reasoning to maintain a relatively concise conceptual framework 



K. M. Williams et al.  A Conceptual Framework for Critical Thinking in K–12 

ETS Research Report No. RR–26-11  © 2026 Educational Testing Service  30 

for critical thinking. We included deductive and inductive reasoning as distinct behavioral 

indicators because they appear to be the most well-researched types of logical reasoning (e.g., 

Goswami, 2011), but additional research may support adding other subskills. 

Conclusion 

In this paper, we aimed to expand educational and psychological research by developing 

a conceptualization of critical thinking that is specifically relevant to preK–12 applications. 

These applications include assessment and development efforts, facilitated by emphasizing 

objective, overt indicators over subjective, covert ones. Specifically, largely based on a synthesis 

of prior research, our framework proposes four critical thinking subskills: Information Seeking, 

Information Analysis, Argument Generation, and Logical Reasoning. This framework is 

proposed to standardize and clarify behavioral demonstrations of critical thinking, while 

acknowledging that such demonstrations may be influenced by contextual or sociocultural 

norms. Overall, these applications and supporting research are critical for establishing empirical 

evidence relating to the nature of critical thinking. In turn, educators may support students’ skills 

in navigating the information, misinformation, and disinformation age in preK–12 settings and 

beyond. 
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