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Abstract 

The United States Chairman of the Joint Chiefs of Staff declared critical thinking as a 

capability imperative for Force XXI. He directed Military Services to develop critical 

thinkers. There is limited evidence of success in terms of developing critical thinking 

abilities. Specifically, the U.S. Army lacks a single, generally accepted, codified method 

for assessing warfighters’ critical thinking skills. Using a quantitative approach with a 

meta-analysis design, this study aimed to examine the extent to which common 

components of higher-level thinking (remembering, understanding, applying, analyzing, 

evaluating, and creating) contribute to developing junior and mid-level learners’ critical 

thinking abilities. Bloom’s revised taxonomy model served as the theoretical framework 

for this research study. Random purposeful sampling was employed. Primary studies 

identified during the literature search were coded using a preset criterion, yielding 13 

qualified studies. Subsequent statistical analyses yielded a medium positive effect size of 

0.501 (SE = 0.125, 95% CI = 0.256 to 0.747), confirming that the higher-level thinking 

features contribute to developing critical thinking skills and are generally effective for 

creating a critical thinking skills assessment strategy. Heterogeneity results indicated that 

the variance in effect size cannot be confidently attributed to sampling error (Q = 

289.931, df  = 39, p = 0.001). The study's outcome offers the U.S. Army and military 

discrete, structured features most efficacious in evaluating the warfighters’ critical 

thinking abilities. This stance promotes positive social change by informing the U.S. 

Army of an opportunity to advance the armed forces' cognitive readiness to maintain the 

nation's defense and fulfill national security requirements.   
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Chapter 1: Introduction to the Study 

This chapter includes an introduction to the topic of this study, a model for 

measuring U.S. Army warfighters’ critical thinking skills. This subject was examined to 

assist the U.S. Army and military in developing measures and systematic procedures to 

evaluate the development and practice of critical thinking abilities within the Armed 

Services. Due to increasingly complex and dynamic operational environments, senior 

leadership has stressed the necessity for 21st-century competency (Chairman, Joint 

Chiefs of Staff [CJCS], 2020; Odierno & McHugh, 2015; Straus et al., 2013). Critical 

thinking, communication, creativity, and innovation are crucial skills and competencies 

that employees need to possess to thrive in the 21st century (American Management 

Association [AMA], 2019). Critical thinking skills are among the most demanded 

competencies during the 21st century for the military and industries. Academic and 

training institutions purport to teach critical thinking skills. Still, U.S. Army senior 

leaders continue to appeal for its development among U.S. Army service members 

because of uncertainty regarding the quality of their critical thinking skills. 

Acquisition of critical thinking skills is a key priority area for the U.S. Army as it 

strives to enhance the effectiveness of its warfighting personnel. Effective critical 

thinking assessment strategies will better equip military personnel with cognitive tools to 

adapt to complex situations. This can improve the U.S. Army’s ability to deliver and 

sustain an unmatched scale of ground forces to advance the protection of the nation. 

Furthermore, the study might lead to social change by helping to address U. S. Army 
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senior leaders’ concerns regarding whether service members are acquiring the necessary 

critical thinking skills to function as valuable professionals and engaged citizens. 

This chapter provides context by sharing the background and purpose of the 

study. The theoretical framework is explained to provide structure and support for the 

study. I introduce the methodology and describe using a quantitative meta-analysis design 

to answer the research question. I then address assumptions, limitations and delimitations, 

significance of the study, and a summary of the chapter. Limitations and delimitations 

contribute to contextualizing research findings and strengthening the credibility and 

validity of the research. This study is significant to the U.S. military and related literature.   

Background 

To confront global security challenges and adversarial threats against the U.S. and 

its allies, senior Army leadership connects critical thinking skills with warfighters’ moral, 

physical, and tactical capabilities (Austin, 2021; CJCS, 2020). Due to the ever-changing 

nature of warfighting, warfighters can no longer rely exclusively on tactical and 

operational skills to carry out their duties (Austin, 2021; CJCS, 2020; Odierno & 

McHugh, 2015). Driven by the changing character of warfare, the 38th Chairman of the 

CJCS has levied Military Services to provide education and complement training to 

produce professionally competent critical thinkers. The U.S. Army depends on the 

professional military education system to teach warfighters cognitive skills and mental 

habits. However, U.S. Army senior leaders signaled uncertainty about whether 

warfighters possess sufficient critical thinking abilities (CJCS, 2020; Odierno & 

McHugh, 2015; Straus et al., 2013). More importantly, the U.S. Army does not possess a 
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single generally accepted codified method to assess warfighters’ critical thinking skills, 

regardless of the military context in which soldiers learn the craft.  

In any situation, U.S. Army warfighters, regardless of rank or profession, must be 

able to examine a problem, gather and collect available information, analyze facts and 

assumptions, extrapolate courses of action, and make sound operational judgments. These 

are attributes of critical thinkers. The extent to which warfighters have honed their critical 

thinking skills is unknown. 

Current and foreseeable security environments can become complicated, irregular, 

fluid, dynamic, and unsympathetic. Cognitive demands on U.S. military personnel exceed 

those of the past (Odierno & McHugh, 2015; Straus et al., 2013). As a result, critical 

thinking abilities have become a priority for the U.S. Armed Forces. Odierno and 

McHugh (2015) stated that the Army of 2025 will require warfighters with “warfighting 

capabilities and an expeditionary mindset comprised of confidence, competence, and 

critical thinking skills” (p. 10). Additionally, the 38th Army Chief of Staff noted that 

warfighters will be better equipped and able to adapt to unanticipated scenarios dictated 

by the environment if they have three abilities: competence, confidence, and critical 

thinking abilities (Odierno & McHugh, 2015).  

The CJCS stressed the importance of the professional military education system’s 

role in cultivating leaders to be competent, forward leaning, and critical thinkers. The 

CJCS (2020) further indicated that “deterring, fighting, and winning” (p. 2) against 

adversaries cannot be done without investing in cognitive competencies. The U.S. Army 

Training and Doctrine Command [TRADOC] Regulation 25-36, which establishes 
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doctrine for the U.S. Army, underlined the value of critical and creative thinking as an 

enabler for Force XXI, referred to as U.S. Army’s operational forces at all echelons. 

According to Straus et al. (2013), the broad spectrum of operations carried out by 

warfighters underscores the U.S. Army’s need to transform the PMES to promote 

adaptability and critical thinking skills. TRADOC (2014) cautioned that leadership 

development must center on higher-order cognitive skills that “cultivate soldiers’ ability 

to dissect information quickly; rapidly assess situations accurately; develop options; and 

easily transition as the operation changes” (p. 6). Biddle (2016) suggested that the U.S. 

Army focuses on improving critical thinking, communication, and understanding senior 

civilian leaders’ worldviews and behavior. Biddle considered these attributes essential to 

help the U.S. Army deal with the challenges of predicting and preparing for the future 

and addressing problems. Ayers (2016) indicated that the U.S. Army does not know the 

level of critical thinking talent across the workforce. The U.S. Army lacks measures to 

determine whether higher education develops critical thinking talent in its leaders (Ayers, 

2016). Ayers suggested that the U.S. Army employ the professional military education 

system to strengthen soldiers’ critical thinking skills. 

Problem Statement 

The U.S. Army depends on the professional military education system to teach 

warfighters cognitive skills and mental habits of the mind. The repeated requests from 

Department of Defense authorities to develop the critical thinking abilities of warfighters 

indicate a need for more confidence in their possession of these abilities (CJCS, 2020; 

Odierno & McHugh, 2015; Straus et al., 2013). The U.S. Army does not possess a single 
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generally accepted or codified method to assess warfighters’ critical thinking skills, 

regardless of the military context in which they learn the craft. In this context, I attempted 

to assist the U.S. Army in overcoming its constraints involving assessing critical thinking 

skills capabilities and potentially extending throughout the general U.S. military 

population.  

This study is relevant, current, and significant to the discipline. While critical 

thinking is not new, emphasis on developing the skill has gained significance in private 

and public sectors and academia. Critical thinking is one of the 21st century skills needed 

to operate in society. Students who aspire to participate in the modern era, which is 

marked by complex cultures and a globalized economy, must be able to collaborate with 

others to solve problems, exercise critical thought, communicate clearly, and accept 

globalization (Care et al., 2018). Although critical thinking skills are emphasized as a 21st 

century human attribute, clear indicators of levels of competency involving these skills 

are lacking. These indicators are central to designing assessment frameworks. 

Purpose of the Study 

This quantitative meta-analysis study involved determining the extent to which 

conventional features of higher-level thinking—remembering, understanding, applying, 

analyzing, evaluating, and creating—significantly contribute to developing junior and 

mid-level learners’ critical thinking skills in postsecondary education. Assuming this 

study demonstrates that these higher-level thinking features contribute to developing 

critical thinking skills, the U.S. Army professional military education system is set to 

receive a framework to measure and validate critical thinking skills throughout the 
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Armed Forces. The findings of this study will deliver value to the Department of the 

Army [DA], professional military education faculty, and TRADOC. The research will 

help warfighters improve their learning ability and benefit from critical thinking training 

and education. Additionally, this research may enhance and broaden future literature to 

further investigate and address conceptual processes associated with critical thinking. 

Testing hypotheses, collecting data, and evaluating and interpreting results depend on 

establishing independent and dependent variables. The independent variables in this 

study are: remembering, understanding, applying, analyzing, evaluating, and creating.   

Research Question 

In this study, I used the following research question: 

RQ: To what extent can standard features of higher-level thinking (remembering, 

understanding, applying, analyzing, evaluating, and creating) contribute to developing 

junior and mid-level learners’ critical thinking skills in postsecondary education?  

H01: Standard features of higher-level thinking (remembering, understanding, 

applying, analyzing, evaluating, and creating) do not contribute to developing critical 

thinking skills in post-secondary education. 

Ha1: Standard features of higher-level thinking (remembering, understanding, 

applying, analyzing, evaluating, and creating) contribute to the development of critical 

thinking skills in postsecondary education. 

Theoretical Framework 

Bloom’s revised taxonomy model served as the framework for the study. Bloom’s 

taxonomy is a strategy for educators, philosophers, and psychologists. The taxonomy 
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levels and forms of learning are ordered into six progressive stages: remembering, 

understanding, applying, analyzing, evaluating, and creating (Facione, 1990). To become 

skilled in critical thinking, each step must be executed and mastered. Stage one is 

remembering, which involves recognizing or recollecting newly learned content. The 

remembering stage includes recalling a wide range of information, from specific facts to 

theories. Stage two is understanding, or the capacity to construct meaning from recently 

learned material by deciphering and translating material or foreseeing results or effects. 

During stage three, applying individuals apply learned material in new and concrete 

situations. Applying involves using benchmarks, strategies, techniques, ideas, standards, 

laws, and theories.  

The most complicated mental processes are necessary when an individual reaches 

the following three phases: analyzing, evaluation, and creating. The fourth stage, 

analyzing, adds complexity to the previous stages. Analyzing is the capacity to dissect 

materials into parts to comprehend organizational structure. This capability involves 

mental exercises such as differentiating, organizing, and attributing and the aptitude to 

distinguish between components or groups. Stage five is evaluation, which refers to using 

standards and criteria to determine the material’s importance and conduct a thorough and 

rational data assessment. Creating and organizing components into a new pattern or 

structure is stage six, the last stage in Bloom’s revised taxonomy. Creating requires 

reassembling parts in a new form or product or synthesizing elements into something new 

(Anderson et al., 2001). Creating is the most complex stage in Bloom’s revised 

taxonomy. 
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Because it provides an inventory of qualities and characteristics for teaching and 

assessing critical thinking, Bloom’s taxonomy applies to this study. Bloom’s revised 

model emphasizes problem-solving, applications of principles, analytical skills, and 

creativity (Facione, 1990).  

Nature of the Study 

This quantitative study involved synthesizing empirical studies with critical 

thinking skills assessments. I identified conventional features of critical thinking for use 

in developing an assessment model for the Army to measure warfighters’ acquisition of 

critical thinking skills. I conducted a systematic review using a meta-analysis design. A 

systematic review is a compilation of systematic approaches designed to convert study 

results to common metrics and statistically analyze relationships between variables and 

effects (Glass, 1976). The review helped to determine whether adequate information 

exists to proceed with a meta-analysis. The system review supported that enough data 

existed. Therefore, a meta-analysis ensued.  

Researchers use meta-analysis to examine performance tests, compare 

interventions, and assess program effectiveness. Meta-analysis addresses the direction 

and scale of effects across studies (Wilson, 2010). The general steps of a meta-analysis 

include: formulation of the problem, establishing criteria, searching for and selecting 

studies, assessing risk, extracting effect sizes, coding features, synthesizing effect sizes, 

analyzing data, and interpreting and reporting outcomes (Basu, 2014). I applied these 

general steps to collect the data, analyze, and formulate findings for this study.   
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Possible Types and Sources of Data 

This research encompassed a comprehensive literature search to identify essential 

empirical studies relevant to the central research question. Keywords in the review 

include “critical thinking assessment,” “critical thinking measures,” “teaching critical 

thinking,” and their variations. The review integrated the cognitive skills signified in 

Bloom’s revised taxonomy. The electronic databases cited below were some sources used 

to identify relevant studies. ProQuest Dissertations & Theses Global, Educational 

Resources Information Center (ERIC), Cochrane Database of Systematic Reviews, 

PsycINFO, Academia Social Sciences Index, Military and Government Collection, 

Education Research Complete, Social Science Direct, and Google Web and Scholar. 

These databases held a selection of peer-reviewed studies, maximizing the sources 

required to complete this meta-analysis. 

A study must fulfill predetermined criteria to be included in a meta-analysis. The 

following criteria were applied in this study. The selected studies must be accessible, 

available publicly, or archived; address the issue of critical thinking development, 

improvement, practice, assessment, and application; involve instruction-based 

interventions for developing critical thinking compared with another intervention or no 

intervention; include at least two independent variables, pre-and post-test experimental or 

quasi-experimental design; possess sufficient statistical information to extract effect size; 

be published within ten years of the literature review and written in the English language; 

and have sample sizes with ten or more participants (Hedges and Olkin, 1985). I 

conducted a thorough quality review of the studies selected using established critical 



10 

 

evaluation guidelines and quality checklists. The detailed quality assessment helped 

investigate heterogeneity and inform decisions on the suitability of meta-analysis. 

Following Lipsey and Wilson’s (2001) suggestions, I developed a coding technique 

including statistical and theoretical data to transform the characteristics of the included 

studies in this meta-analysis into variables.  

Proposed Analytical Strategies 

Creating a pathway to develop a model for the U.S. Army to measure and validate 

critical thinking skills among its warfighters required examining experiments and 

interventions to measure junior and mid-level learners’ achievement in learning these 

skills. A systematic analysis followed by a meta-analysis was beneficial. The meta-

analysis consisted of a five-stage process involving collecting suitable studies, coding 

study features, calculating effect sizes, transforming study outcomes to standard metrics 

to compare results, examining relationships between study characteristics and outcomes, 

and assessing bias.  

The meta-analysis started with critically appraising information from selected 

studies to confirm they met internal validity criteria. The next step involved coding each 

study by characteristics such as study source, demographic environment, study method, 

instructional features, and measurement features.  I also considered the possibility of 

skewed data. Skewed data are detected when the standard deviation is significant 

compared to the mean size, especially when the data has a maximum and minimum range 

value (Cochrane, 2017). When faced with skewed data, a sensitivity analysis is 

performed. An analysis was not required because I did not detect any skewed data. 
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Another important calculation was the weighted average of the intervention effects in 

each selected study. An assessment of bias was also part of this meta-analysis. IBM SPSS 

Version 28 was used for data analysis, including evaluation of mean effect size, subgroup 

analysis, publication bias assessment, and heterogeneity test.  

Definitions of Terms 

In this study, I used the following terms, which are defined here:  

Cochrane Handbook for Systematic Reviews of Intervention: The Cochrane Handbook is 

a comprehensive guide that outlines the process of preparing and maintaining systematic 

reviews on the effects of interventions. 

Critical Thinking:  Critical thinking is thinking activities that include active and skillful 

conceptualizing, applying, analyzing, synthesizing, and evaluating information (National 

Council of Excellence in Critical Thinking (Scriven & Paul 1987). Critical thinking 

involves deliberately evaluating issues and subjects, understanding logical questioning 

and reasoning processes, and proficiency in using such approaches (Glaser, 1972). Some 

prominent features of critical thinking are defining assumptions, focusing on 

uncertainties, analyzing discussions, asking and answering questions, and evaluating the 

reliability of sources (Anderson et al. (2001).  

Junior and Mid-Level Learners: Individuals who are studying in a capacity between high 

school and post-secondary education. 

Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA):  A 

guide developed by Cochrane authors to standardize the process and documentation for 

conducting a systematic review.   
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Professional Military Education System:  A five-level professional training, development, 

and schooling of military personnel.  It includes a broad range of initiatives, training, and 

other programs to assist military personnel in progressing throughout their careers and 

being ready for higher levels of responsibility. 

Assumptions 

According to Creswell (2014), assumptions are factors that cannot be verified but 

are acknowledged as true. I assumed that a systematic review yielded sufficient 

information for a meta-analysis.  I assumed deviations from the Cochrane Handbook for 

Systematic Reviews (2023) established meta-analysis protocols led to inaccurate 

conclusions regarding the associations between the variables. I assumed conscious or 

unconscious biases might influence how data are perceived during the study’s data 

collection and analysis phases. I strictly followed predetermined protocols while 

collecting data and performing analysis for this study. The protocol enabled me to remain 

objective and reduce or eliminate assumptions.  

Scope and Delimitations  

The U.S. Army does not possess a single generally accepted and codified method 

to assess warfighters’ critical thinking skills (Ayers, 2016; Biddles, 2016). This study 

involved validating standard features of higher-level thinking that contribute to the 

development of critical thinking skills. A set of structured and isolated standard features 

of critical thinking skills will provide a framework for U.S. Army professional military 

education system facilitators to design an effective model to assess warfighters’ critical 

thinking skills. Also, through this research, I hope to inform the general military and 
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educational professionals about findings regarding the plausibility of a holistic validated 

model to measure the development and practice of critical thinking skills.  

Limitations 

Inherent in a quantitative meta-analysis are limitations and constraints that might 

affect study findings. The first limitation was that several studies needed to report the 

necessary statistics to include in the meta-analysis. The second limitation depended on 

the included studies' data quality to make valid inferences. The third limitation was the 

need for more research on critical thinking measures and evaluation techniques in 

published literature. The fourth limitation that had to be considered was the need for 

more data, which could have presented various challenges. For example, it reduces the 

statistical power and representativeness of samples. A fifth limitation involved the 

possibility of publication bias. Applying quality inclusion and exclusion criteria, a valid 

statistical methodology, and interpreting results in context with available data allowed for 

limitations to be overcome.  

Delimitations 

Delimitations are qualifiers that define the capacity and limits of a study. The 

participants’ education levels had to be at the college/university level equivalent to the 

stakeholders of this study, U.S. Army junior and midlevel commissioned officers 

between the ranks of Second Lieutenant (O-1) and Lieutenant Colonel (O-5). This 

population represented the U.S. Army’s future senior leaders. As their levels of 

responsibility increase, their ability to reason, analyze, and interpret for good decision-

making becomes more important. This demographic will be able to develop new habits of 
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the mind through education, training, and practice. O-6 Colonels and above tend to resist 

changing old habits or reprogramming. Thus, I explored critical thinking measurement 

tools to support professional military education courses designed to educate junior and 

midlevel U.S. Army officers. 

Another delimitation included narrowing the study to a quantitative meta-analysis 

design, limiting what could be a more extensive conceptual understanding of the problem 

in other military services and academic and social science fields. Due to the study’s 

limited scope, time constraints to complete the study, and generalizing the findings 

proved to be a complicated process.  

Significance of the Study 

War today, and conceivably in the foreseeable future, demands a change in how 

U.S. soldiers operate. Regardless of occupation specialty, warfighters perform tasks and 

make decisions when information, rules, and guidance may be limited. Realizing that 

critical thinking skills are necessary for soldiers to operate in rapidly changing 

operational environments and deal with novel situations, the U.S. Army has mandated 

change in its PMES and training to equip soldiers with these skills. In 2006, the CJCS 

identified critical thinking as one of the six desired leadership attributes for Joint Force 

2020. The U.S. Army implemented a policy to include critical thinking instruction in 

course curricula throughout its PMES. 

Even though the U.S. Army reformed its educational curriculum and training to 

include teaching critical thinking skills, objectively measuring soldiers’ strengths and 

weaknesses in developing these skills is challenging. A clear understanding of standard 



15 

 

features that contribute to developing critical thinking skills might lead to establishing an 

effective critical thinking assessment strategy to better equip the Armed Forces with 

cognitive tools to adapt to complex situations. Furthermore, while there is literature on 

teaching and developing critical thinking, there is little evidence of a universally accepted 

gold standard assessment technique or best practice. 

I aimed to build on broad literature. Abrami et al. (2008) expressed that 

researchers in the education and psychology fields have created a variety of critical 

thinking skills methods that differ in format, characteristics, scope, and application.  

If the U.S. Army cannot effectively measure soldiers’ critical thinking 

capabilities, this could result in leaders’ inability to identify problems from multiple 

perspectives, make rational decisions, and possibly achieve and maintain a competitive 

advantage against adversaries.  

Summary 

This study involved synthesizing empirical studies with critical thinking skills 

assessments to identify key critical thinking features that will help the U.S. Army develop 

a model to measure and validate these skills among its warfighters. Chapter 1 included 

the study’s background, rationale, and conceptual framework. I also addressed 

assumptions and, known limitations and delimitations. The study is significant to senior 

military leaders, scholars, and social science and education practitioners.  

Chapter 2 includes a literature review regarding the general concept of critical 

thinking, its importance, and how it is learned and assessed in the U.S. Army. Chapter 3 

provides information about the nature of quantitative research and strategies and 
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procedures for sampling, participant selection, data collection, and data analysis and 

interpretation. Chapter 4 includes an analysis of data, results, findings, patterns, 

relationships, and themes. Chapter 5 includes interpretations of findings, conclusions and 

recommendations for action and further study. 
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Chapter 2: Literature Review  

Increasing U.S. Army warfighters’ critical thinking capability is a prevailing 

narrative of the CJCS and other senior military officials. U.S. Army senior leaders hold 

critical thinking skills as an indispensable core capability that warfighters need to respond 

to adversarial threats and complex global security challenges. The potential security 

climate might cause the U.S. to face a spectrum of unforeseeable challenges. Challenges 

include but are not limited to great power competition, threats of aggressive and 

destructive operations, disruption of alliances and partnerships, cyberattacks, and 

humanitarian crises (Joint Operating Environment, 2016). To overcome anticipated 

challenges, political and military objectives must be flexible, dynamic, and multifaceted, 

skills achieved mainly through applying critical thinking skills. As a result, cognitive 

abilities, particularly critical thinking, are in high demand for warfighters (CJCS, 

2020(Joint Operating Environment, 2016). Critical thinking capabilities provide 

advantages that warfighters might not possess without adequate instruction and 

assessment (Facione, 1990; Paul & Elder, 2008). 

Despite efforts to embed critical thinking into the U.S. Army professional military 

education curriculum, senior Army leadership does not know whether soldiers are 

developing sufficient critical thinking skills to apply them in the operating environment. 

At the time of this study, the U.S. Army has yet to have a unified, generally acceptable, 

and scalable codified tool for evaluating critical thinking skills among warfighters. I 

address theories relevant to the study and methods for measuring critical thinking 

capabilities among the U.S. Army’s commissioned officer population. 
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Literature Search Strategy 

In this study, I used the following search terms: critical thinking skills and 

dispositions, assessment approaches or models for critical thinking skills, critical 

thinking in the U.S. Army, measuring critical thinking skills, measuring soft skills, 

evaluating critical thinking skills or soft skills, Bloom’s taxonomy, student learning 

outcomes, and assessing critical thinking skills in the military.  

Most of the studies selected for review were published between 2008 and 2022. I 

used the following databases: ABI/INFORM Complete, Academic Search Complete, 

EBSCOHost, ERIC, PsycINFO, ProQuest Central, ProQuest Dissertations and Theses, 

Research Gate, Social Science Index, SAGE Journals, Science Direct, and Thoreau. In 

addition, I investigated general literature on formative and summative critical thinking 

skills assessment interventions using Google Scholar. 

Theoretical Foundation  

Bloom’s revised taxonomy model, used for designing cognitive learning strategies 

and assessments, served as a framework to help answer the research question. I used 

Bloom’s revised taxonomy thinking levels, cognitive verbs, and knowledge nouns to 

characterize assessment practices and patterns in selected critical thinking development 

studies. Bloom’s revised taxonomy involves classifying knowledge and cognitive levels 

and forms of learning and assessment posed in two components: The knowledge 

component comprises four hierarchical categories: factual, conceptual, procedural, and 

metacognitive (Anderson et al., 2001). The cognitive component consists of: 

remembering, understanding, applying, analyzing, evaluating, and creating (Anderson et 
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al., 2001). Bloom’s classification system, divided into knowledge and cognitive 

components, provides learners with a range of thinking levels to demonstrate the depth of 

their critical thinking skills (Anderson et al., 2001). 

Bloom’s revised taxonomy model can be used to classify the level of knowledge 

and thinking skills that warfighters need in professional development, training, and 

delivering combat power in support of national security strategies. For example, an 

Intermediate Level Education instructor who wants to incorporate critical thinking skills 

in coursework can use higher-order skills such as application and analysis. These skills 

and dispositions are associated with an upper-level course curriculum equivalent to senior 

Captains’ and Majors’ experiences and skills. Conversely, lower-level courses such as the 

Basic Officer Leaders Course for Lieutenants and junior Captains are akin to skills, 

knowledge, and comprehension. Critical thinking skills are demonstrated in upper-level 

courses by warfighters who can classify, compare, and contrast information to reach 

decisions (Anderson et al., 2001). When warfighters effectively think and reason through 

problems, they demonstrate cognitive skills such as combining, creating, designing, 

developing, evaluating, justifying, and measuring. Exercises that stimulate knowledge, 

understanding, and application of thinking abilities in lower-level classes can establish 

whether soldiers can recite facts and organize information to answer problems by 

applying basic principles (Anderson et al., 2001). Learning objectives for lower-level 

courses are frequently served by the phrases: recall, choose, search, define, demonstrate, 

explain, build, develop, and use. Scholars and educators can use verbs to build 
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conversation questions that address phases of cognitive thought processing and classify 

students’ responses into taxonomy levels (Halawia, 2007). 

Bloom’s revised taxonomy model is based on the concept that learners master 

lower-level categories of the pyramid before progressing to higher-level categories 

(Anderson et al., 2001; Fastiggi, n.d.; Halawia, 2007). Learners gain knowledge, skills, 

and a better grasp of learning content as they progress through the taxonomy (Fastiggi, 

n.d.; Halawia, 2007). Verbs can be used to create learning objectives, questions, and tasks 

and depict what learners should be able to execute with the content they are learning 

(Fastiggi, n.d.). 

Bloom’s revised taxonomy model is one of the most used and enduring 

instruments to guide successful teaching practice and assessment throughout the 

education and psychology sectors. However, some educational and psychology 

professionals challenged aspects of the model. The best-known critics of the model are 

Case (2013), Forehand (2005), and Wineburg & Schneider (2009). The educators argued 

that Critical thinking should not be bound to a specific classification of mental operation 

but a set of characteristics or qualities of thinking as demonstrated in any intellectual 

activity (Case, 2013; Forehand, 2005). Another criticism is that the taxonomy constitutes 

a succession, not an authentic integration seen in real-life situations. Wineburg and 

Schneider (2009) claimed that situating the phrase knowledge at the base of the 

taxonomy pyramid devalued knowledge in learning. 

 Despite the validity of these concerns, some counterarguments undermined Case, 

Forehand, Winesburg, and Schneider’s claims. The taxonomy includes a framework of 
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core concepts to be considered when developing curriculum, instruction, and assessment 

(Munzenmaier & Rubin, 2013). By converting standards into a common language, the 

revised taxonomy is intended to assist educators in terms of comparing what they aim to 

achieve regarding learning outcomes. Furthermore, Bloom’s revised taxonomy model is 

structured to balance a full range of skills to accommodate varying instructional 

outcomes and learners from diverse backgrounds (Soozandehfar & Adeli, 2016).  

Wineburg and Schnieder’s (2009) contention over the positioning of the phrase 

knowledge in Bloom’s revised taxonomy neglected to capture the capacity and scope of 

the classification as the basis for future actions of the mind (Fastiggi, n.d.). Bloom 

viewed knowledge as foundational, and situating it at the lower part of the pyramid was 

his method of focusing on its significance as the building block for achieving higher-level 

thinking (Bokhove & Campbell, 2020). In the revised taxonomy, Anderson and 

Krathwohl (2001) re-emphasized the foundational importance of knowledge by adding it 

as a separate dimension to the cognitive process dimension, with four types of knowledge 

included: factual, conceptual, procedural, and metacognitive. As a result, knowledge is no 

longer one level in the new model but rather a dimension that encompasses all six levels 

and changes in either direction or beyond (Anderson & Krathwohl, 2001; Bokhove & 

Campbell, 2020). Bloom’s revised taxonomy is more than flexible enough to integrate 

new observations, allowing the potential to expand on previous models. 

Despite the criticisms of Bloom’s revised taxonomy model, the framework 

remains applicable for this study because it provides a generally acceptable inventory of 

qualities and characteristics for teaching and assessing critical thinking (Facione,1990; 
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Lau, 2018). Bloom’s revised taxonomy aims not to explain how the mind acquires new 

information but to propose a method for teaching and assessing thinking skills. 

Educators, psychologists, and academic professionals consistently viewed Bloom’s 

revised taxonomy as one of the primary frameworks contributing to educational program 

improvement in the 21st century (Anderson, 2001; Fastiggi, n.d.; Halawia, 2007; Lau, 

2018). Its longevity supports the view of many educators, philosophers, and 

psychologists that it is still accepted, practical, and helpful (Facione, 1990; Lau, 2018). 

Bloom’s revised taxonomy provides a structure to build a breadth and depth of 

educational programs and curricula that accomplish learning objectives.  

Further, educational professionals find the taxonomy a straightforward, flexible, 

and comprehensive framework to teach, learn, and measure cognitive skills (Facione, 

1990; Radmehr & Drake, 2019). The development of measures to assess levels of critical 

thinking capabilities within the U.S. Army formations requires understanding the 

constructs important to cognitive function and readiness. To that end, through layers of 

process skills, Bloom’s revised taxonomy offers a framework that might help the U.S. 

Army’s PME facilitators develop a model to measure and assess the quality of 

warfighters' learned critical thinking skills. The core cognitive skills described in this 

study are readily grasped by educators and used for instruction and evaluation. 

Critical Thinking Roots  

Reflecting on the origin and contribution of critical thinking helps acquire a 

broader, more concrete interpretation of the fundamentals of critical thinking, 

perspectives on what has been practiced, and what has been recognized as viable and 
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ineffective ways of applying and assessing critical thinking. A review of origin might 

also enhance perspective on slight gaps, differences, or similarities to build upon 

intellectual road maps of the critical thinking skills framers: Socrates, Aquinas, 

Descartes, Bacon, Machiavelli, Marx, Darwin, Freud, Sumner, Dewey, and Bloom 

(Florence, 2014; Hitchcock, 2018; Murawski, 2014; & Paul et al., 1997). 

Critical thinking can be traced back to Socrates’s teachings, which set the 

foundation for critical thinking through the line of questioning paradigm. Socrates viewed 

that knowledge develops from questioning rather than instruction (Cooper & Hutchinson, 

1997). Obtaining facts, assessing logic and conclusions, presenting fundamental 

concepts, and explaining inferences have all been critical to Socrates. These behaviors are 

shown in the various contemporary definitions of critical thinking. To expose individuals’ 

irrational reasoning or unreliable information, Socrates asked questions (Kim & Mejia, 

2019). In his style of questioning, Socrates emphasized the need for thinking to permit 

transparency and logical consistency. Today, educational institutions, schools, and other 

learning venues still use Socrates’s questioning concept. Greek philosophers Plato and 

Aristotle (the founder of the study of logic) followed Socrates. 

Philosopher Thomas Aquinas personified systematic thinking in his work. He 

influenced society’s understanding of the potential effects of reasoning and the need to 

improve and cross-examine reasoning (Egan, 2005). Aquinas systematically articulated, 

considered, and responded to them as an essential stage in their development to ensure 

that his thoughts withstood critical thinking scrutiny. Aquinas’s work also taught that 



24 

 

thinking critically does not mean rejecting established beliefs, only those that lack a 

reasonable basis.  

René Descartes, the Father of Modern Philosophy, pioneered a new way of 

thinking in the 17th century, often known as the Age of Enlightenment. Descartes 

rejected the philosophical views of Aristotle and Aquinas, arguing that the mind has to be 

specifically and systematically trained to help it think (Florence, 2014). Descartes 

developed a method of critical thought based on the principle of systematic doubt, 

meaning that all aspects of thinking should be questioned, doubted, and tested. Moreover, 

to ensure that individuals accept what is true, they must consciously renounce all the 

strong yet doubtful convictions they gained through experience and education. Descartes 

underpinned dissecting problems into parts, deducing inferences, and performing a 

deliberate, systematic synthesis considering all things (Serrat, 2017). 

During the 15th and 16th centuries, the application of critical thinking gained 

more influence among scholars in Europe. For example, Francis Bacon was concerned 

with how people mishandled their minds to pursue knowledge (Weeks, 2019). Bacon 

underscored the risks of leaving the mind to its natural inclinations. He pointed out that 

utilizing one’s devices produces poor thought patterns (called idols) that prompt false or 

deceptive thinking. Bacon characterized four main errors in mental processing: The term 

idols of the tribe refers to ways in which individuals tend to trick themselves; idols of the 

marketplace refers to ways in which individuals misuse words; idols of the theater 

denotes a tendency to become trapped in conventional thought patterns; and idols of the 



25 

 

schools indicates thinking problems that are caused by illogical rules and subpar 

instructions (Weeks, 2019).  

According to Engel et al. (2016), Bacon stressed the importance of studying the 

world empirically. Another critical factor about Bacon is that because he was credited as 

the first to genuinely understand the power of sound inductive reasoning to generate 

insights, peers and scholars crowned him the father of empiricism (Muntersbjorn, 2003). 

Bacon abandoned conventional, inflexible ways of classifying knowledge to favor a new, 

from-the-ground-up idea that relied on experiments to verify or refute theories. 

Contemporary critical thinking scholars view his book as one of the first primers of 

critical thinking.  

Niccolò Machiavelli led to the entry of modern critical political thought as he 

assessed politics during the Italian Renaissance. He rejected the notion that the 

government operated as individuals in positions of authority or great influence (Onion et 

al., 2018). Instead, he analyzed how government worked and created a framework for 

political thought that revealed politicians’ real agendas and the inconsistencies and 

irregularities of the harsh, ruthless world of politics at the time. 

In the 18th and 19th centuries, Karl Marx, Charles Darwin, and Sigmund Freud 

extended the concept of critical thought to humanity, society, and culture. Karl Marx 

concentrated his efforts on addressing capitalism’s political and economic issues and the 

socialist revolution’s problems (The Research Group of Socialism and Democracy, 

2014). He applied critical thought to critique capitalist class society. A key point of 

Marx’s critique of the political system was that it remained a form of exploitative social 
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structure. Marx’s theory held that a capitalist system inherently contains roots of 

destruction. He maintained that as ownership and capital accumulate, the working class’s 

exploitative conditions deteriorate over time, prompting them to battle against the middle 

class. Marx's writings contribute to the current analysis of capitalism. 

Critical thinking enabled Charles Darwin to effect a distinct change in biology 

methodology. According to Mayr (2009), Darwin founded evolution biology and, in the 

process, introduced historicity into science. Darwin considered collecting evidence that 

did not agree with his previous assumptions, referring to this principle as a golden rule. 

Critical thinking is exemplified in Darwin’s theory of evolution and his notion that the 

species most adaptable to change, rather than the strongest, will survive. 

Sigmund Freud displayed critical thinking in and through his works on the human 

mind. In applying critical thinking, Freud discovered psychoanalysis (McLeod, 2017). 

Psychoanalysis is a treatment for those experiencing psychiatric issues in which they are 

questioned about their emotions to determine the reason for their condition.  Freud also 

developed the Free Association Therapeutic technique, which includes a picture 

slideshow for patients to express what happens in their minds. Freud extended critical 

thought by establishing the concepts of ego, super-ego, and id. The concept represents the 

three distinct elements of the human psyche. According to Freud, the id is the hidden, 

inaccessible aspect of our personalities that governs a person's primal desires. The ego, 

the reality principle, makes realistic efforts to appease the fundamental urges. The super-

ego strives for perfection; it consists of each person's ego ideals and opposes the id. 
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Freud's study on various topics, including sex, religion, women, and society, exemplifies 

how he used critical thought. 

William Graham Sumner was one of the principal researchers investigating the 

construct of critical thinking. In 1906, Sumner sparked debate in the sociology discipline 

when he elevated the idea of critical thinking through the context of Darwin’s theory of 

evolution (Elder & Cosgrove, n.d.). Sumner raised the argument that critical thinking 

requires cultivation in an environment that will foster its growth. According to Summer, 

as individuals grow in their thinking they learn to examine evidence, reject prejudice, and 

perceive everything as subject to change and scrutiny (Elder & Cosgrove, n.d.). In 1906, 

Sumner published Folkways, which highlighted the risks of social teaching in schools. He 

argued that school education produces men and women who are molded by a single 

routine as if manipulated in a lathe unless guided by the highest knowledge and good 

sense. The mainstream views are rife with generalizations, half-truths, and fallacies. 

Sumner bolstered critical thinking throughout life and education; he maintained that 

practical thinking relies on mental habit and power.  

At the dawn of the 20th century, John Dewey popularized critical thinking by 

igniting the modern-day critical thinking movement (Prawat, 2000). According to 

Dewey, learning is the main objective of schooling, and learning is an outcome of 

thinking. Dewey introduced reflective thought and inquiry as fundamentals of critical 

thinking (Rodgers, 2002). Dewey described reflective thinking as functioning, 

continuous, and cautious thought of an instinctive or perceived form of information as a 

result of the motives for its development and the farthest implications wherein it 
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culminates. The academic philosopher’s definition is featured in present-day narratives 

concerning the dynamic nature of critical thinking, reason, and inference. Dewey's work 

also contributed to the theory of metacognition, or thinking about thinking, which 

emerged in the 1970s and opened the way for critical thinking to become a widely 

acknowledged educational feature. Dewey’s work dramatically transformed evaluation 

techniques and concepts.  

Drawing on the wisdom of early Greek, European, and English scholars, 

Benjamin Bloom, who, through his research and work with students, strongly influenced 

the field of education. His studies centered on the idea that the home and the classroom 

can help people reach their full potential, which inspired experimentation and change in 

the educational system (University of Chicago Chronicle, 1999). Bloom and a group of 

American Psychological Association colleagues embarked on exchanges that eventually 

resulted in developing a taxonomy of educational goals, a classification method now 

referred to as Bloom's Revised Taxonomy Model. The taxonomy depicts significant 

components in the cognitive domain and elevates a technique for aligning educational 

goals, curricula, and assessments (Bellis, 2020).  

Critical Thinking Skills and Their Importance to the U.S. Army  

Complexity, instability, irregularity, and competitiveness are signals that U.S. 

warfighters must adjust as they execute future military operations and carry out 

obligations to protect national interests. The ongoing conversations and experiences 

acquired from the hybrid conflicts in Iraq and Afghanistan underpin the U.S. Army’s 

foreseeable operational environment. Hybrid war is characterized as a series or 
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simultaneous use of non-conventional modes such as irregular warfare, insurgency, 

terrorism, and proxy wars (Roberts & Lawson, 2019). A typical school of thought holds 

that the future is a modified version of the present and that one must first understand past 

and present conflict to comprehend future conflict. As such, the span of contemporary 

conflicts and key trends indicates what future military interventions might emerge. These 

factors shape why critical thinking matters and support soldiers’ mental flexibility, 

interoperability in joint operations, the outmatching of the adversary, and the perspective 

of global competition.  

Critical thinking supports soldiers’ mental flexibility. John Dewey alluded to 

mental or cognitive flexibility in his views on education (Prawat, 2000). Dewey implied 

that to grow and gain experience, individuals must consistently change and readjust to the 

environment. The dynamic and unpredictable security environment in which soldiers are 

expected to operate contributes to the idea that exercising mental flexibility is central to 

encountering future adversaries. Mental flexibility is the ability to shift perspectives and 

actions when exposed to new or unexpected events and information (Cojocar, 2011). 

Cognitively flexible warfighters can better comprehend and adapt to changes in the 

operational environment, forecast, assess future occurrences, and act quickly in 

unforeseen scenarios. Warfighters adept in critical thinking and mental flexibility can 

swiftly reorganize while adjusting their responses to shifting operational conditions. 

Critical thinking supports the advancement of integrating and operating in a joint 

environment. The nature of future warfare and constrained resources would further 

motivate U.S. military services and coalition partners to collaborate on a wide range of 
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operations (Joint Operating Environment, 2016). An essential aspect of functioning in a 

joint force environment is the interchange between the service components and coalition 

partners, access to service and resources, and enhanced responsiveness. Military scholars 

characterize the joint force environment as cooperative arrangements among coalition 

partners or nations, integrating functions, capabilities, and resources to achieve strategic 

goals, objectives, and interoperability (Reiter, 2012). Soldiers who think broadly and 

across domains can gain perspective and a shared understanding of other service 

components and partner nations’ cultures, values, and attributes, ultimately leading to 

consensus around goals. Warfighters with critical thinking abilities are more likely to be 

flexible, intuitive, open-minded, and agile in a joint environment (Scott, 2016).  

Military leaders and strategists suspect that future warfare will compel U.S. forces 

to contend against adversaries with extensive experience, progressive forces, and 

comparable or superior technologies (DA, 2019; Becker & DeFoor, 2018; Scott, 2016). 

The force that outsmarts the other will likely gain the advantage. Armed Forces with 

critical thinking abilities are better able to acquire, interpret, analyze, and understand 

massive volumes of data and foresee likely outcomes than their adversaries. Fusing 

critical thinking skills with the mastery of warfighting capability and superior technology 

can create the outcomes necessary to exploit adversaries’ systems and vulnerabilities.  

Cultural Differences and the Development of Critical Thinking 

Critical thinking is founded on two competing perspectives on learning. The 

assumption that humans learn through the passive transfer of information is one 

viewpoint. Passive transfer occurs when a novice learns something from an expert; they 
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then become knowledgeable (Advance Consulting for Education, 2013). The other idea is 

that humans consciously and independently construct their knowledge based on 

professional expertise and experience. Humans objectively create knowledge. This view 

is known as constructivism, a core belief of English-speaking cultures (Abrami et al., 

2008). In cultures that believe learning is generated through passive transfer, the 

education system is fact-based and noncritical (Advance Consulting for Education, 2013). 

Students participate in rote memory, descriptive, and narrative activities that involve little 

to no critical component.  

In cultures that believe in constructivism, the instructional process is critical, 

whereas there is a constant exchange of information between the instructor and student 

(Abrami et al., 2008). Problem-solving, critical thought, discovery, dialogue, and 

argument are examples of constructivism that place knowledge under scrutiny and 

evaluation. Students who learn through passive transfer need help adapting to 

constructivism and critical thought. Therefore, students require an explicit understanding 

of the concept, demonstration, and exercises or activities that enable them to gradually 

improve their critical thinking skills. Bloom’s Taxonomy is the framework for forming 

constructivism and critical thinking. The taxonomy’s six distinct learning process stages 

help bridge the gap between passive transmission and constructivism. As students 

progress through the levels, the required thinking becomes more complex.  

U.S. Army State of Critical Thinking Capability  

There is a shared acknowledgment among the U.S. military senior leadership, 

both past and present, that critical thinking is an important skill needed to operate in the 
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current and future operational environment (JCS, 2020; Davitch & Folker, 2017; DA, 

2019). The U.S. Army senior leadership has identified critical thinking skills as a 

capability gap. The notion that the U.S. Army leadership is unaware of the critical 

thinking abilities potential inside its formations further complicates the situation. 

Examining the extent to which common features of high-level thinking contribute to 

developing critical thinking skills might assist the U.S. Army Professional Military 

Educators with encouraging measurement approaches to validate warfighters' critical 

thinking capacities. The ability to measure critical thinking skills might provide 

confidence that warfighters would be able to recognize and react appropriately to 

dynamic alterations in the character and conduct of warfare, as well as to ill-structured 

national security threats.  

For the past 20 years, the U.S. Army has been immersed in warfighting that did 

not resemble the typical conventional war that forces had trained for and were 

accustomed to fighting. Conventional wars are generally open confrontations between 

two or more state actors with well-defined forces using familiar guerilla fighting 

strategies and doctrinal thinking (West, 2014). During the Iraq and Afghanistan 

campaigns, warfighters engaged in irregular warfare with multiple unidentifiable 

adversaries and clandestine terrorist organizations (Berry, 2017). In addition to fighting 

against an ill-defined enemy, the U.S. Army’s mission expanded significantly to building 

partnerships and nation-building, eventually taking precedence over destroying them. 

Therefore, it is widely challenging the U.S. Army’s technical and tactical capacity. The 

20th CJCS, General Milley, also echoed this point, asserting that the character of warfare 
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is changing, and future conflicts likely involve a blend of conventional and irregular 

warfare labeled as “hybrid warfare” or “operations in the gray zone” (Smith, 2019, p.3). 

While the U.S. Army forces mastered warfighting and advanced weaponry, they 

needed to enhance other areas of warfare response, including recognizing and adapting to 

changes in the operational environment; exploiting adversaries’ vulnerabilities; course-

correcting; and thoughtful consideration of objectives and the definition of success 

(Hooker & Collins, 2015; Smith, 2019; West, 2014).  

Lessons from the Iraq and Afghanistan conflicts taught the U.S. Army that the 

character of contemporary conflict is complicated, unusual, and unstable in scale, timing, 

salience, and politics (Smith, 2019). The lessons also drew attention to cognitive skill 

gaps that contributed to challenges encountered throughout the campaigns. For example, 

strategic military officers’ perception that modern technologies would change how wars 

are fought clouded their evaluation of the operational environment. It hampered the 

refinement of war plans and strategies (McMaster, 2013). 

This widely held viewpoint resulted in unforeseen political consequences that 

took time to resolve. Second, military leaders underestimated the will and determination 

of adversaries (Berry, 2017; White, 2014). The perception that the U.S. military had won 

past conflicts because the adversary was less capable and motivated produced an 

overconfident attitude (Berry, 2017). Key decision-makers were deceived by this 

perception, which had yet to be tried or studied with insurgency operations. Third, the 

U.S. military forces’ inability to rapidly adjust to the insurgents’ tactics and conditions on 
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the ground reduced the effectiveness of operations, which led to increased costs in lives 

and operational success.  

Next, the coalition strategy in Iraq neglected to adequately address the war’s 

political and humanistic aspects (White, 2014). In a 2014 Veteran’s Day address, 

McMaster, the Deputy Commanding General of the U.S. Army Training and Doctrine 

Command, indicated that many challenges faced in the protracted conflicts in 

Afghanistan and Iraq were predetermined by fundamentally erroneous thinking about 

future warfare (McMaster, 2013). Defense experts and Senior Fellows pointed out that 

many of the challenges encountered by the U.S. military were primarily rooted in faulty 

assumptions about its capabilities (Berry, 2017; McMaster, 2013; White, 2014). 

Notably, after implementing the new Counterinsurgency (COIN) policy, U.S. 

forces and coalition allies significantly enhanced combat operations. The new strategy 

and the demands of complex and fluid combat operations necessitated a shift in thinking 

and cognitive abilities. The strategy demanded well-rounded soldiers capable of adapting 

to situations, gathering and analyzing data, making timely decisions, and engaging in 

developing and reshaping the operational environment, all stimulated by critical thinking. 

In addition to adopting the COIN Strategy, the US Army shifted to the Mission 

Command doctrine. The doctrine fosters the decentralization of command and control to 

encourage freedom in decision-making, rapid speed of action, and effort to take effective 

action within specified limits (Kalimuddin, 2017). Military officers under mission 

command should adapt and seize opportunities as they arise and conditions change. The 

capacity for critical thought strengthens mission command because to execute it; Army 
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commanders must have a broad perspective, shared knowledge, and awareness of actions 

occurring across the operations. They need to operate in a way consistent with the 

commander's intentions.  

The emphasis on developing critical thinking aptitudes is not new for the U.S. 

Army. The CJCS (2009) required the armed forces to train forces in critical thinking, as 

the CJCS expected that cognitive abilities would become increasingly important. The 

Chairman accorded continuous learning, cross-domain cooperation, and critical and 

creative thinking top priority in the 2019 Vision and Guidance for Professional Military 

Education and Talent Management. Contrarily, the training approach used by the U.S. 

Army focuses on rote learning or muscle memory, which is incompatible with critical 

thinking. The premise behind this training approach is that skill is learned through 

repetition and eventually becomes second nature (Harman, 2012). The existing and 

anticipated warfighting environment does not afford the U.S. Army the ability to train in 

this manner. Rote learning is relevant for an environment that requires little effort to 

comprehend concepts, connect new information, adapt to changing conditions, and solve 

complex problems.  

The Iraq and Afghanistan conflicts revealed that the true nature of warfighters’ 

responsibilities and their quality in applying military power depends on a required 

standard of thinking. The state of critical thinking capability in the U.S. Army unearthed 

that unless the U.S. Army adjusts and adequately addresses the vulnerabilities among 

soldiers’ cognitive skills through some form of measurement, it risks creating a void in 

assuming the obligations required for future conflicts.  
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PME and Developing Critical Thinking Skills  

Dempsey (2012) challenged the Joint Professional Military Education (PME) to 

develop warfighters' habits of mind, expressly critical thinking. To appreciate the total 

value of mission command, General Dempsey pressed military joint education program 

facilitators to ingrain in warfighters' cognitive capacity. The General expressed that to 

execute mission command, Army leaders must be able to perceive and expressly 

communicate, take specific actions, embrace judicious risk, and build trust within the 

forces. A look into the U.S. Army Professional Education system’s practices in teaching 

critical thinking skills provides a greater understanding of variables that might impact the 

nature and scope of this study.  

PME is an array of continuing education and programs within the U.S. Army 

intended to develop service members as they progress through their careers and to 

prepare them for duties of increasing scope and complexity (Kaurin, 2017). It is essential 

to look closely at the distinction between training and education because they are used 

interchangeably in the military. Training is the process of inculcating a specific skill or 

form of action in an individual. Training applies rote learning to perform a particular task 

or use an object and is generally paired with practical, hands-on experience (Masadeh, 

2012). On the other hand, by imparting knowledge, education creates a long-term 

behavioral transformation in the individual. Individuals gain the ability to critically 

connect with their surroundings, solve issues, and make decisions due to their education. 

Hence, education helps warfighters learn how to think and solve problems, while training 

teaches them what to do. The PME system is the primary program the U.S. Army 
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requires to develop warfighters’ habits of the mind (Caine, n.d.). PME supports officers 

and enlisted personnel, and its structure, content, and purpose vary across rank, 

organization, function, tasks, and responsibilities (Kaurin, 2017).  

PME Learning Models For Developing Critical Thinking 

The PME system is the primary establishment to develop critical thinking skills at 

various levels of warfighters’ careers. While senior leaders depend on the PME to 

develop habits of mind and critical thinking skills, education seems to be abbreviated and 

limited. The U.S. Army PME system comprises several instructional and learning 

platforms and approaches to teaching critical thinking. Traditionally, warfighter training 

focused on muscle memory or repetition mechanics to ensure that soldiers make the right 

choices as directed (Harman, 2012). This method lacked emphasis on acquiring thinking 

skills and instead encouraged knowledge in a straightforward, sequential environment 

and systematic decision-making. Additionally, it did not prepare soldiers for solving 

novel, multifaceted problems and challenges (DA, 2018a). This methodology outgrew its 

relevance for training and preparing warfighters to function in a complex, ambiguous, 

and disorderly environment. Thus, it provoked the TRADOC and Doctrine Command to 

adopt meaningful learning and active learning theoretical concepts.  

Meaningful learning contrasts with rote learning. Educators recognize meaningful 

learning as the purposeful construction of meaning by connecting concepts and 

knowledge to previously acquired knowledge and then applying that knowledge to learn 

more (Allrich, 2017). Like meaningful learning, active learning is a form of learning in 

which students engage directly or experientially in the learning process (Bonwell & 
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Eison, 1991). TRADOC’s adoption of these concepts follows the U.S. Army philosophy, 

which urges expanding educational and training programs to develop the warfighters’ 

cognitive processes and establish systems to assess students’ learning and institutional 

performance (DA, 2018a). Meaningful and active learning aligns with Bloom’s revised 

taxonomy because active learning involves engaging higher-order thinking skills such as 

analysis, synthesis, and evaluation (Mayer, 2002). These higher-order tasks are described 

in Bloom’s taxonomy as the upper levels of this taxonomy.  

In consonance with the meaningful learning and active learning concepts, PME 

instructors cultivate warfighters’ critical thinking skills through Applied Critical 

Thinking (ACT), Groupthink Mitigation (GTM), Experiential Learning Model (ELM), 

Problem-Solving, and Decision-Making (DA, 2018a). ACT is the process of applying 

critical thinking skills and disposition with a focus on curiosity, connection, creativity, 

and communication. It fosters individuals to challenge their thinking. The U.S. Army 

PME instructors leverage ACT tools in courses to introduce curiosity, inferences, and 

reasoning through Socratic questioning, brainstorming, and posing complex problems to 

analyze. However, educators who do not comprehend the fundamentals of critical 

thinking and do not comprehend how to develop quality, objective questions are probably 

inefficient at employing the ACT. 

GTM is applying tools to foster divergent thinking during problem-solving by 

incorporating individuals’ views into the group before converging on alternative 

solutions. GTM aims to eliminate or restrict “groupthink” when individuals cannot 

separate their points of view from the remaining group members and often arrive at 
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conclusions not shared by the other group members. TRADOC finds GTM valuable in 

developing social relationships and mitigating groupthink through small group exercises, 

techniques, and feedback. 

The Experiential Learning Model (ELM) is the process of learning through 

experience, reflective observation, and active experimentation (Kolb, 1984). Using this 

model in the PME environment, learners acquire critical thinking experience through 

collaboration between the instructors or subject matter experts and the learners. Dialogue 

aims to stimulate thought and knowledge construction to achieve critical thinking skills. 

Also, critical thinking experiences emerge from individual and group projects, practical 

exercises, and group discussions, casting new perspectives on additional issues that need 

to be analyzed (Pool-Funai & Hansen, 2016). 

Problem-solving and decision-making tasks are two more learning modalities 

employed in the PME to enhance critical thinking abilities in warfighters. Problem-

solving involves understanding the situation, predicting, and finding a solution 

(Headquarters, Department of the Army (HQDA), 2011). By promoting joint problem-

solving events, U.S. Army PME instructors use problem-solving techniques to involve 

learners in reasoning and learning the significance and meaning of what they read. The 

U.S. Army educational processes incorporate decision-making approaches to enable 

learners to question their decision-making processes and conclusions. 

This section offered a quick overview of the literature on the concepts, 

approaches, and activities used throughout the U.S. Army Professional Military 

Education system to promote warfighters’ critical thinking skills. 
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Three Levels of PME Education  

The PME provides education at three distinct levels: tactical, operational, and 

strategic. The PME levels of education are structured to systematically build Officers' 

expertise and knowledge at the appropriate grade from Commissioning through 

General/Flag Officer while elevating cognitive growth at every level (DA, 2018c). 

Tactical Level 

 Generally, professional military education for an Officer starts at the tactical 

level with the Basic Officer Leader Course (BOLC), a two-phased training program 

intended to produce commissioned officers in the U.S. Army. Prospective officers 

complete Phase I (BOLC A) either as a cadet (United States Military Academy or 

Reserve Officers’ Training Corps) or as an officer candidate (United States Army, 

Officer Candidate School) before progressing to BOLC II as Second Lieutenants. 

Officers receive a branch assignment after commissioning. BOLC II is the first training 

an officer completes. It is a rigorous, branch-immaterial course that tests junior officers’ 

mental and physical suitability, with most training conducted hands-on in a tactical or 

field environment (HQDA, 2019). The training primarily focuses on warrior tasks. Pleban 

et al. (2006) pointed out that soft skills are taught but are mainly abbreviated and limited 

to small group instruction, counseling, after-action reviews, and risk management. PME 

cadre evaluates officers’ performance in various leadership positions under different 

conditions and situations (Caine, n.d.). The officers in training also participate in several 

peer reviews and self-assessments. The skills learned in BOLC are reinforced at the 

junior officers’ first unit assignment, where on-the-job training and exercises build upon 
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initial training. Officers need to effectively know or develop the tactical experience 

required to perform the core duties so that the ability to switch from a focus on muscle 

memory to more sophisticated problem-solving will become easier. 

Operational Level  

Mid-grade officers Majors (O3) and Lieutenant Colonels (O4) complete the 

Intermediate Level Education (ILE) and the Advanced Operations and Warfighting 

Course (AOWC), which is operational level training and the third stage of PME for 

commissioned officers. Officers who attend ILE are typically at the 10-to-13-year point 

of their career (HQDA, 2019). PME develops mid-grade officers’ critical thinking skills 

at this level by presenting opportunities to think objectively about various topics, analyze 

and synthesize information, and propose solutions to complicated problems. In addition 

to preparing officers for battalion and brigade command and senior staff positions, ILE 

educates and develops officers for joint, interagency, and multinational operations. 

Critical and creative thinking are important to an officer’s success at this level (Caine, 

n.d.).  

Strategic Level  

At the Strategic level, Senior officers (Lieutenant Colonel (O5) and Colonel, 

(O6)) reach the final stage of PME by attending one of the Senior Service Colleges 

(SSC): Army War College, Air War College, Naval War College, or The National 

Defense University (HQDA, 2019). In place of SSC, some officers pursue fellowship 

studies at leading universities such as Harvard, Georgetown, and the NATO Defense 

College, and interdepartmental courses such as the Advanced Operational Studies 
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program, the Defense Systems Management College, or the Center for Strategic and 

International Studies (Caine, n.d.). Each SSC instruction stresses strategic thinking, 

strategic planning, policy, national security decision-making, operational art, and joint 

and combined military operations. SSC aims to prepare senior officers to formulate and 

execute military strategies based on joint and service-specific operations. Critical 

thinking enables these attributes. Investing in critical thinkers can help create leaders who 

better understand the environment, make connections, integrate operations, predict 

change, and react quickly to unexpected events (Wolter et al., 2013).  

Methods to Teach Critical Thinking 

With an end goal of providing the U.S. Army with a roadmap to an effective 

critical thinking assessment strategy to better equip warfighters with cognitive tools, it is 

important to obtain as much information about the targeted skill’s concept, practices, and 

standards as possible to build on this study. This section explores expert methods of 

teaching critical thinking and formats that repeatedly appear in the literature. However, 

before identifying teaching approaches, it is necessary to examine whether applying 

critical thinking is skills-based or context-bound. A closer look at these concepts 

indicates that there is ambiguity and overlap in how academics view critical thinking 

should be taught, which must be considered when designing assessment measures.  

Ennis (2003), Facione (1990), and Halpern (1998) described skills-based as 

generic traits such as reasoning, judging, making assumptions, and drawing inferences 

that can be learned apart from any knowledge domains and then transferred or applied 

across any field or undertaking. Most school curriculums and assessments conceptualize 
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critical thinking as a generic skill. In contrast to Ennis, Facione, and Halpern’s view that 

critical thinking is skills-based, other scholars hold different views. Kuncel (2011) and 

McPeck (1981) assigned critical thinking to context-bound, noting that information about 

a subject is necessary for critical thinking. These authors further pointed out that critical 

thinking differs widely between disciplines. There remain varying perspectives on 

categorizing critical thinking as a set of generic traits that apply across subject domains or 

context-bound used within the context of a specific domain (Al-Ghadouni, 2021; Ennis, 

1989; Southworth, 2022). However, modern-day philosophers and educators regard 

critical thinking as a generic trait (Al-Ghadouni, 2021; Liu, Frankel, & Roohr, 2014). 

There is no commonly agreed view of critical thinking categorization as a collection of 

common characteristics or context-bound. However, both must be considered in 

theoretically designing an algorithm to ensure the measurement is accurate and 

accommodates various teaching formats and approaches.  

Ennis’s (1989) critical thinking typology identifies four learning approaches 

commonly used in instructional interventions to develop student’s critical thinking skills: 

general, infusion, immersion, and mixed. In the general approach, CT skills and 

dispositions are taught independently with no specific subject matter content. While 

popular, this approach has only improved critical thinking in undergraduate programs if 

used with other strategies (Eldridge, 2010; Facione, 1990; Moore, 2004). The infusion 

approach combines in-depth teaching of the topic and deliberates critical thinking 

principles (Willingham, 2008). This approach identifies and teaches several critical 

thinking skill types through the learning material. When studying a subject, students are 
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primarily taught how to think, what processes to use, and how best to reach logical 

conclusions. The immersion approach varies from the infusion approach in that students 

are encouraged to practice critical thinking through in-depth subject-matter instruction 

without explicitly referencing critical thinking principles. In effect, students practice and 

apply their critical thinking skills but will not receive explicit guidance on the principles. 

The mixed approach combines the general approach with either the infusion or the 

immersion approach (Ennis, 1989; Willingham, 2008). Students take part in a unique 

thread of courses that combine in-depth subject matter training that teaches them how to 

think critically through foundational critical thinking lessons. 

  Several factors interact to determine the effectiveness of instructional outcomes in 

teaching critical thinking and learners’ acquisition and practice of the skill. A review of 

the four learning approaches—general, infusion, immersion, and mixed—helps to 

understand better the types of instructional approaches that might be found in the 

collection of individual studies proposed for this meta-analysis. 

Assessment Formats to Evaluate Critical Thinking  

According to literature reviews on the U.S. military and critical thinking abilities, 

several instructional and evaluation approaches can help learners develop these abilities. 

A view of the instructional formats’ characteristics and the differentiation between them 

was helpful in fully comprehending the components needed to model a critical thinking 

skills assessment process. 
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Classroom Sessions  

Classroom Sessions involve continuous facilitation, monitoring discussions, and 

sharing experiences among instructors and students. Throughout the classroom sessions, 

instructors will assess students’ critical thinking skills through written assignments, 

papers, and responses to questions that promote discussion and sharing experiences.  

Online Discussion Forums 

  Similar to classroom sessions, instructors use online discussion forums to 

encourage collaborative sessions by moderating the discussion forums to stimulate 

critical thinking. Instead of relying upon reading materials to obtain information, students 

use open-source data to validate online discussion posts (Arend, 2009). Online discussion 

forums are a reasonable strategy for developing students’ understanding by participating 

in dialogue throughout the discussion thread (Shana, 2009). Online discussion forums can 

also help students organize and devise ideas before posting comments. Through 

interacting with other understudies, students explore the learning process and debate 

discussion topics using analysis and supporting evidence.  

CLS 

CLS facilitates groups working together to solve problems, complete a task, or 

develop a product (Laal & Laal, 2012). In a CLS environment, the groups exploit each 

other’s resources, ideas, skills, and talents. Instructors perform a facilitator’s role by 

offering learners support for determining creative, constructive, and ethical solutions to 

problems (Klimovienė et al., 2006). The Cooperative Learning process challenges 

learners cognitively as they engage in constructive listening and share and justify their 
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thoughts without relying on professional opinion or textbook material. A well-structured 

cooperative learning process can provide understudies with the fundamentals to advance 

their critical thinking (Cooper, 1995). However, instructors and other learners must 

provide constant reinforcement to help foster critical thinking skills and dispositions. 

Case Studies and Discussions 

Case studies and discussion center on active learning; the instructor serves as a 

facilitator by presenting a topic, scenario, or problem to the class. However, no 

conclusion is provided (McDade, 1995). The instructor poses questions to elicit dialogue 

and debate between students, culminating in constructing conclusions. As students share 

and flow ideas among themselves, they practice inductive learning while building critical 

thinking capacity.  

Socratic Questioning 

Socratic questioning is one of the most popular types of questioning. This method 

involves the instructor posing specific questions to students to promote independent 

thinking and thoughtful dialogue.  

Reciprocal Peer Questioning and Reader’s Questioning 

The reciprocal peer questioning method involves the instructor presenting 

students with questions after participating in the lectures. Students also develop questions 

for small-group sessions and class discussions (King, 1995). Reader’s questioning 

involves students submitting questions from reading assignments for discussions before 

the class.  
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Conference Style Learning 

CSL involves the instructor facilitating the conference while the learners ask and 

discuss each other’s questions. The learning material allows learners to develop 

independently while drawing from instructors to create more significant challenges with 

ideas through strategic assistance or guidance (Underwood & Wald, 1995). For the 

learning experience to be meaningful, learners must read all necessary material 

extensively before class. For the learning experience to be significant, learners must read 

all the required material extensively before class.  

Writing 

The application of writing is a key element in improving critical thought.  

Writing helps improve learners’ critical thinking skills by encouraging them to recognize 

issues and propose theories and arguments (Gocsik, 2002). Writing compels learners to 

clarify their thoughts, connect ideas to formulate logical premises, and present a critical 

opinion.  

Ambiguity 

Ambiguity is a teaching approach that provokes learners to better understand the 

situation or problem before launching a solution or response. Strohm and Baukus (1995) 

suggested that instructors should produce substantial ambiguity in the classroom by 

giving learners conflicting and ambiguous information to think through. This approach 

allows learners to make connections, devise new concepts, and find new meanings.  

Many factors interact to determine the effectiveness of developing critical 

thinking skills. This section addressed methods and formats commonly used to teach 
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critical thinking skills. Knowing these elements helped to shed light on possible 

methodological approaches that might be used in the various individual studies. 

Barriers to Critical Thinking in the U.S. Army 

As the U.S. Army’s strategic vision and leadership doctrine exalt the value of 

improving warfighters' critical thinking skills, the assumption is that the PME delivers on 

this demand (CJCS, 2019; HQDA, 2015; Perkins, 2017). Furthermore, critical thinking is 

mentioned more than twenty-five times as a fundamental competence or talent to acquire 

in the U.S. Army. Regardless of the interest in improving warfighters’ critical thinking 

skills, the focus does not appear to align with the practice and culture of the U.S. Army 

(Reidal, 2002). This section highlights four barriers within the U.S. Army institution that 

impede the development of critical thinking skills: hierarchical structure and internal 

cultural norms, ethnocentric and egocentric culture, time and resources devoted to 

learning and practicing critical thinking, and lack of PME instructors’ understanding of 

critical thinking and quality of instruction.  

Hierarchical Structure and Internal Cultural Norms 

First, information flows from the bottom to the top in a hierarchically organized 

organization, with minimal downflow to lower organizational levels, restricting debate 

and ideas (Senge, 2006). Rank, internal order, and superior conformity that harmonize 

with hierarchically organized institutions often make it difficult for subordinates to 

dialogue, raise questions, and offer dissenting opinions (Allen & Gerras, 2009). The 

principles that govern good thinking are incompatible with a culture that suppresses 

openness and genuine dissent with superiors. Furthermore, an environment that does not 
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allow transparency and dissent can foster groupthink. While groupthink facilitates 

cohesiveness and information, it can cause U.S. Army leaders to ignore important 

alternative options (Riedel, 2002). Groupthink is directive, abandoning others’ insights 

and producing weak decision-making (Chen et al. 1996).  

Ethnocentric and Egocentric Culture 

The second barrier the U.S. Army faces is its ethnocentric and egocentric culture. 

Across the U.S., Army forces have adopted an ethnocentric and egocentric attitude that 

their way is superior or surpasses other military powers through the common belief that 

they rule the world of warfighting (Monat & Gannon, 2017). The consequences of this 

mindset prevent the U.S. armed forces from viewing the world from new perspectives, 

limiting receptivity to better ways of doing things and refusing to change attitudes when 

appropriate (Allen & Gerras, 2009; Paul & Elder, 2007). White papers produced by the 

U.S. Army’s Human Dimension Capabilities Task Force on cross-cultural competence 

expressed a strong need to improve on this line of thinking. They appealed to the force to 

develop a nuanced appreciation for the social context of its operational environments 

(Brown, 2014).  

Devoting Time and Resources to Developing Critical Thinking  

Third, leaders across the Department of Defense proclaim the importance of 

critical thinking skills, but less time and resources are devoted to warfighters’ learning 

and practicing the craft (Murray, 2014). While scholars suggested that it takes three to 

five hours a week over two years in a college setting to infuse learners with critical 

thinking skills, the PME curriculum contains 700 hours (about four weeks) of core and 
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advanced-level instruction (Williams, 2013). However, educators only allocate roughly 

100 hours (about four days) to critical thinking skills. Consequently, less time is devoted 

to critical thinking, and students are often overloaded with instructional materials and 

information to learn in a brief period (Allen & Gerras, 2009). Warfighters not only have 

to learn critical thinking concepts but also need the time and resources to apply and 

practice the principles facilitated by an experienced facilitator (Gelder, 2005). According 

to Gelder, understudies will not automatically develop critical thinking abilities by 

merely examining a subject or ignoring educational material. In summary, the U.S. Army 

must place a high priority on critical thinking for it to flourish. This takes both learning 

the trade and some deliberate practice.  

PME Instructors’ Understanding and Instruction Quality 

The fourth barrier with which the Army grapples in developing soldiers’ critical 

thinking is the uncertainty of PME instructors’ robust understanding and instruction 

quality in implementing critical thinking. To develop critical thinking skills, instructors 

must be knowledgeable or possess a rich understanding of the role of thinking, 

intellectual engagement, and requisite teaching strategies (Paul & Elder, 2007; Stone, 

2017). Aside from an expectation that instructors’ skills should be higher than their 

students’, there is no evidence of defined PME standards teaching critical thinking skills 

(Allen & Gerras, 2009). It is unclear if PME instructors have the training or expertise to 

guide and assess students' critical thinking. Allen and Gerras contended that the U.S. 

Army would benefit from attracting educators with the education, intelligence, and skills 

required to foster critical thinking. Additionally, the authors challenged the U.S. Army to 
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develop a critical thinking course specifically for the instructors. The foremost authorities 

on critical thinking, Paul and Elder (2007), also held that teaching critical thinking 

involves an awareness of the connections between learning, education, and critical 

thinking. In addition, they state that teaching deep thinking requires a clear conception of 

critical thinking and the intellectual workings of the mind. 

Critical thinking is a fundamental capacity for how warfighters can capitalize on 

deterrence, fight, and win battles through multi-domain operations (DA, 2018a). 

Answering the research question depends upon seeing all aspects of the critical thinking 

capability internal to the U.S. Army. Acknowledging barriers helps to identify areas that 

potentially impinge upon the U.S. Army’s ability to develop soldiers’ critical thinking 

skills. 

Relevance of Critical Thinking Assessment  

Attending to the relevance of critical thinking assessment is vital for warfighters 

expected to apply cognitive abilities beyond routine mental activity, such as recall or 

memorization. Critical thinking assessments evaluate an individual’s strength in this area. 

They are a key element in determining whether warfighters will benefit from critical 

thinking training or education and their potential to practice the skill in the field. Vogler 

(2002) asserted that using appropriate assessment techniques facilitates monitoring 

development and measuring the success of critical thinking applications. A report by the 

Spellings Commission (2006) noted a lack of quality assurance in higher education that 

stems from the failure to adequately assess student progress in the outcomes that are 

deemed most important, such as developing critical thinking skills. In summary, 
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assessments are essential to eliciting evidence of warfighters’ growth in critical thinking 

skills. It is also a tool for providing valuable feedback on instructional outcomes to 

warfighters and instructors.  

Common Critical Thinking Assessments 

A range of commercial evaluation instruments aims to measure general critical 

thinking capacity. The tools’ cost-effectiveness and suitability for the Army’s specific 

features, such as the wide range of occupational specialties and career paths and its 

technically focused, command-centric, and doctrine-based culture, are still being 

determined (Jackson et al., 2000). This section aimed to demonstrate some of the basic 

concepts underpinning critical thinking measurement instruments and how they connect 

to or differ from one another rather than to offer a complete overview of all existing 

tools. The most widespread critical thinking assessment tools include the Watson-Glaser 

Critical Thinking Assessment (WGCTA) (Watson & Glaser, 1980), the Cornell Critical 

Thinking Test (CCTT) Level X and Level Z (Ennis, Millman & Tomko, 1985), the 

California Critical Thinking Skills Test (CCTST) (Facione, 1990a), the Ennis-Weir 

Critical Thinking Essay Test (EWCTET) (Ennis & Weir, 1985), the Halpern Critical 

Thinking Assessment (HCTA) (Halpern, 2010), Critical Thinking Assessment Test 

(CTAT) (Center for Assessment & Improvement of Learning, 2017), and the Collegiate 

Learning Assessment (Council for Aid to Education, 2017). 

WGCTA 

The WGCTA is the oldest critical thinking assessment, developed in the early 

1940s by Glaser for his doctoral dissertation (Watson, 1980). The Appraisal assesses an 
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individual’s ability to digest and understand situations and information. Although the 

WGCTA is one of the most popular critical thinking measures, it covers the fewest 

critical thinking skills. It comprises 80 multiple-choice reading passages introducing 

problems, statements, arguments, and interpretations that measure the ability to draw 

inferences, recognize assumptions, evaluate arguments, and use logical interpretation and 

deductive reasoning. The principal limitation of WGCTA is that it does not thoroughly 

test critical thinking. The appraisal does not assess knowledge and attitudes, which 

characterize critical thinking. Secondly, the WGCTA offers a functional assessment of 

analytic skills such as deduction, yet the test is limited in measuring induction or 

generalization. The WGCTA is primarily used in the health care industry, particularly in 

nursing, to assess understudies’ capacity to think critically in medical care settings. The 

scope of WGCTA used in a military environment was recorded in two studies, one by the 

U.S. Air Force (Stone, 2017) and the other by a Rand Study for the U.S. Army (Lytell et 

al., 2017). 

The U.S. Air Force study focused on three factors: The state of critical thinking in 

the Air Force, recommended metrics to gauge critical thinking skills, and determining 

whether the existing condition of critical thinking skills aligned with the Air Force Future 

Operating Concept (Stone, 2017). The researcher guided the study toward active-duty Air 

Force students attending Air Command and Staff College, School for Advanced Air and 

Space Studies, and Air War College in the Academic Year 2016. The research yielded 

several findings, and the most significant are: (a) different modalities of thought can 

occur among students that do not effectively translate to the WGCTA's measurement; (b) 
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the Department of Defense and Air Force senior leaders consistently stressed the 

importance of critical thinking. Conversely, they rarely issued advanced directives 

describing the critical thinking skills to hone and how they should be developed and 

measured; and (c) the top 20 percent of Air Force officers at the field grade officer level 

were below-average critical thinkers. The Air Force study’s findings showed that the 

scale of the problem set identified in this study spans beyond the U.S. Army. 

Furthermore, considering the unique Professional Military Education system 

environment, assessing the diverse mix of critical thinking skills might prove difficult. 

The RAND Arroyo Center conducted a study to develop and test a process to 

assess critical analytic competencies and proficiency of U.S. Army-enlisted all-source 

intelligence analysts. The study also involved designing a protocol for ongoing evaluation 

(Lytell et al., 2017). Although the study offered little information about the use of the 

WGCTA measurement, it did provide the following findings: (a) there is no guarantee 

that participants will complete the assessment test, which might result in an insufficient 

sample size; (b) the absence of repercussions for failing to finish the test is one of several 

factors that may affect participants' desire to complete evaluative assessment or exercises 

completing the test; (c) participants could only perform the practical exercises with using 

guides and reference materials, which may have contributed to not completing the 

WGTCA test. The WGCTA is the most popular measurement for critical thinking. Still, it 

shares the challenges of other assessments in costs, correlation with the U.S. Army 

education, training, and operational environment.  
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CCTST 

The CCTST, developed by Peter Facione in the early 1990s, objectively measures 

core reasoning skills. The CCTST covers more of the critical thinking domain than the 

other instruments. The CCTST is a dynamic consortium of tests comprising 52 multiple-

choice items using real-life situations and general education for various professional 

fields and educational levels up to post-secondary schools. It measures critical thinking 

skills elements such as induction and deduction, observation and credibility, definition 

and assumption identification, and meaning and fallacies (Insight Assessment, 2016). The 

CCTST is the first instrument to derive construct validity from the Delphi Report’s 

definition of critical thinking (American Philosophical Association, 1990). Construct 

validity is a method of determining if the measuring technique used to test a given 

construct is sufficient and rational and allows the researcher to conclude the sample 

population (Westen & Rosenthal, 2003). Reliability means the measurement instrument is 

stable or constant (Laerd Dissertation, 2012). When researchers use the same 

demographics or conditions, the instrument should yield the same (or nearly identical) 

outcomes from the administration of one to another. The literature review identified one 

study that linked CCTST to measuring critical thinking skills within the military. The 

study published in 2010 aimed to measure the critical thinking skills of U.S. Army 

Medical Department Center and School (AMEDDC&S) instructors at Fort Sam Houston, 

Texas. The study intended to establish a benchmark or frame of reference for critical 

thinking skills development and curriculum design for U.S. Army healthcare 

professionals, as required by regulatory mandates and professional guidelines (Hobaugh, 
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2010). The study concluded that there are no critical thinking skill standards expected of 

instructors aside from the understanding that instructors’ skills should be higher than 

those of their students. The study also discovered that neither the teachers nor the 

students at the AMEDDC&S had taken additional tests to gauge their critical thinking 

skills. Because of this, it was impossible to compare the study's findings to further 

research on military medical teachers' critical thinking abilities.  

CCTT 

The CCTT Level X and Level Z, developed in 1985, is a widely used general 

critical thinking assessment test for advanced students in secondary education, higher 

education, and adults (Ennis et al., 1985). The CCTT is a two-series multiple-choice 

instrument that assesses five critical thinking aspects: deduction and induction, semantics, 

observation, the credibility of sources, and definition and assumption. Identification 

Level X is for grades five through 12, and level Z is for grades ten through 12 and 

college. Level X includes 71 multiple-choice questions that present fact-based passages 

to evaluate critical thinking skills associated with induction, deduction, credibility, and 

identification of assumptions. Level Z consists of 52 multiple-choice questions that 

present short fact-based passages that measure critical thinking skills related to induction, 

deduction, and credibility; identification of assumptions; semantics; definition; and 

prediction in planning. Studies using the CCTT to gauge the critical thinking skills of 

military personnel, particularly those in the U.S. Army, do not seem to exist.  
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CAT 

The CAT is commonly used in professional fields to assess the analysis, 

conceptualization, and reasoning components of critical thinking (Ennis, 2003). The test 

presents real-world situations requiring essay responses to evaluate induction, 

identification of assumptions, deductions, interpretation, and evaluation of arguments. 

The CAT is unique in that it is designed to help faculty improve the development of 

student’s critical thinking skills (Haynes et al., 2015). In the literature study, the 

researcher found no research that linked the Critical Thinking Evaluation Test to the U.S. 

Army in assessing critical thinking abilities. 

CLA 

The CLA is a standardized test that measures critical thinking, analytic reasoning, 

problem-solving, and written communication skills. The assessment, which consists of 

open-ended questions, is administered to students online and controls for incoming 

academic ability. Rather than testing for specific content knowledge, CLA tests for 

general skills (Arum & Roksa 2011). One critique of this tool is that it needs instrumental 

validity in assessing individual success because it relies more on general ability than 

domain knowledge (Benjamin & Chun, 2003). Based on this literature review, there is no 

indication that CLA has been used in the U.S. Army’s Professional Military Education 

system to measure warfighters’ critical thinking skills. 

EWCTET 

The EWCTET is a commonly used open-ended test. It is an essay-based 

assessment test that quantifies the capacity to dissect, assess, and react to arguments and 
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debates in realistic scenarios (Ennis & Weir, 1985). The test helps evaluate an 

individual’s ability to appraise an argument and formulate an equal written response. The 

test covers a range of critical thinking competencies such as specificity, identifying 

reason and assumptions, expressing one’s position, considering others' perspectives, 

avoiding equivocation, and extreme skepticism. EWCTET is appropriate for high school 

and college students. EWCTET has been criticized for its domain-specific nature, the 

subjectivity of its scoring convention, and its predisposition to skilled writers (Adams et 

al., 1996). Based on this literature review, no studies demonstrate using EWCTET within 

the U.S. Army, particularly the PME, to measure warfighters’ critical thinking capability.  

HTCA 

A contemporary critical thinking assessment with an open-ended format is the 

HCTA (Halpern, 2010). The HCTA comprises 25 open-ended questions that focus on 

plausible everyday scenarios, accompanied by 25 concrete questions that prod for an 

explanation to support each answer. The multi-part nature of the questions enables an 

assessment of specific CT skills (Ku, 2009). The HCTA questions represent five 

categories of CT application: Hypothesis testing, verbal reasoning, argument analysis 

skills, applying relevant probability standards, and problem-solving and selecting 

solutions. In the current literature review, the degree to which HTCA had been used in 

the U.S. Army’s PMES is unknown. 

International Critical Thinking Essay Test 

The International Critical Thinking Essay Test assesses critical thinking 

fundamentals for application in any subject (The Foundation for Critical Thinking, 2019). 
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The goal of the test is twofold. The first goal is to provide a practical approach to pre- 

and post-test students to determine the extent to which they have learned to think 

critically within a discipline or subject. The second goal is to provide a test instrument 

that stimulates faculty to foster students’ critical thinking within their field. The essay test 

comprises two parts: an analysis of a written scenario and an assessment of a written 

scenario. In the analysis segment, the student must accurately identify the elements of 

reasoning within the written response. The student must construct a critical analysis and 

evaluation of the reasoning that supports the written response in the assessment segment. 

The test is tailored for secondary and higher-education students and fosters close reading 

and practical writing skills. The extent to which ICTET was employed in the U.S. 

Army’s PMES is unknown in the current literature review.  

MCQ 

 The MCQ format is used in several tests described above. This format is the least 

preferred because of its limitations. According to Halpern (2003), using the MCQ format 

turns the evaluation into a test of verbal and quantitative skills instead of critical thinking. 

Furthermore, instead of exhibiting their ability to logically analyze, evaluate, and find 

solutions to problems, MCQ encourages test-takers to guess when they do not know the 

correct answer. (Ku, 2009). Open-ended questions better measure critical thinking skills 

by enabling test-takers to exhibit whether they spontaneously use a specific CT skill. No 

evidence in the literature review shows the use of MCQ in the U.S. Army’s PMES to 

measure warfighters’ critical thinking skills. 
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This section highlighted commercially available critical thinking assessment 

instruments used in multiple research and studies to test individuals’ critical thinking 

skills. According to the literature review, except for the Watson-Glaser Critical Thinking 

Appraisal and the California Critical Thinking Skills Test, there is no evidence of 

experience with these instruments in the U.S. Army PMES. The U.S. Army’s lack of 

engagement with these instruments might be attributed to unfamiliarity or that they may 

be too costly to implement. The literature review revealed similar measurement aspects 

of critical thinking among the instruments: reasoning, analysis, argument, and evaluation. 

Also, the literature review revealed that the instruments varied in the scope of the 

involvement of critical thinking skills. For instance, some instruments relate to decision-

making and problem-solving, while others concentrate on writing or metacognition 

(Ennis, 2003; Ku, 2009; Watson-Glaser, 1980). 

Difficulties with Assessing Critical Thinking Skills  

For warfighters to develop, practice, and employ critical thinking skills, 

instructions, and measurement instruments must be designed to enable them to learn and 

perform beyond the safety nets of the educational and training environments. Warfighters 

can only become skilled in critical thinking with proper instruction and assessment of 

their performance. Assessments are essential to identify strengths and weaknesses, 

determine the effectiveness of instruction and techniques, and gauge development and 

progression. Assessing the development of critical thinking skills, however, can be 

challenging. Researchers have pointed out several challenges in assessing students’ 

critical thinking skills and dispositions. Primarily, these challenges are associated with 
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the reliability and validity of learning instruments and measures, independently and 

accurately evaluating critical thinking skills and dispositions; students’ motivation to 

learn and practice the skill; confusion about overgeneralization or specificity of the 

critical thinking skill; and faculty involvement.  

Scaling Tests 

Scaling tests to demonstrate that students gain critical thinking skills that can be 

transferred to various settings is challenging when measuring critical thinking. For 

example, Moss and Koziol (1991) conducted a study to analyze scores of interventions 

intended to measure critical thinking skills in domain-specific courses. Instructors 

required students to read a passage, support an inference with argumentation, or evaluate 

an argument as part of the intervention. According to the authors, no single element 

enhanced performance through tasks that were supposed to be related. Students’ abilities 

to apply certain critical thinking skills to formulate facts, arguments, assumptions, and 

conclusions did not generalize through the tasks. In each situation or assignment, 

anomalous and immaterial characteristics became more apparent in students’ 

performance than the general capacity to think critically. Although researchers have 

distinguished between critical thinking abilities and dispositions, the continuing dispute 

over whether critical thinking is general or domain-specific makes assessing the skill 

challenging (Ennis, 2003; Facione, 1990b; Halpern, 1998; & Lai, 2011). For example, the 

unresolved debate raises the question of whether understudies can transfer critical 

thinking skills from one topic to another if they demonstrate them in one. Furthermore, 

would the inability of understudies to share critical thinking skills imply that they require 
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additional schooling in one or both subject areas (Lai, 2011)? Despite the dispute over the 

nature of critical thinking, in most assessments, the skill is considered generic (Davies, 

2013; Ennis, 1989; Moore, 2011). According to Abrami et al. (2008), designing an 

evaluation instrument that delineates the distinct effects of critical thinking skills and 

disposition is a tall order.  

Student Motivation 

Retaining students’ motivation while executing a learning outcome is a constant 

problem. Several studies have demonstrated that students’ motivation in test-taking is 

frequently insufficient for tests that do not significantly affect performance or other 

educational outcomes (Barry et al., 2010). Students with high motivation perform better 

on tests than test-takers with low motivation (Cole & Osterlind, 2008; Wise & DeMars, 

2005). Because critical thinking involves reflection, substantial effort, and intellectual 

commitment, low motivation for test-taking might be problematic for valid and impartial 

measurement of critical thinking. Liu, Bridgeman, and Adler (2012) affirmed that 

motivation significantly affects how successfully students perform when learning 

outcomes are assessed in higher education. The authors argued that test-taking motivation 

is low because the low-stakes assessments typically have no personal consequences for 

the tested students. Lai (2011) pointed out that emphasizing that tests have consequences 

may raise test-taking motivation and improve assessment accuracy.  

Instructional Relevance and Legitimacy of Tests  

Another challenge of designing a standardized critical thinking assessment is 

instructional relevance in fostering critical thinking skills. Representatives of the 
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American Association of Colleges and Universities opined that faculty are increasingly. 

They are concerned about the legitimacy of tests to assess learning outcomes because, 

often, test developers produce tests in isolation from curriculum and teaching (AAC&U) 

(AAC&U 2011). For example, while educational institutions recognize the value of 

critical thinking abilities, few provide courses mainly geared toward promoting critical 

thinking (Abrami et al., 2008). Similarly, studies have revealed that an institution’s 

faculty must accept ownership of designing learning outcomes even when assessment 

results in the need to grow students’ critical thinking skills. Understanding and 

incorporating general education's common goals into learning outcome assessments is 

critical. 

Faculty Involvement  

Educators widely understand that faculty involvement is key to assessment impact 

(Paul, 2005). Nevertheless, gaining faculty involvement and support is a top challenge for 

learning outcome assessments. Critical thinking is an art that necessitates students’ 

understanding of the concept, its application, and its practice. According to Paul, most 

college faculty lack a substantive concept of critical thinking. Consequently, they do not 

(and cannot) use it as a core organizer in the instructional design and cannot teach it. 

Also, there is a perception among educators that assessments are used mainly to 

demonstrate openness to external stakeholders as opposed to providing data about 

understudies’ acquisition of critical thinking skills (AAC&U, 2011). As a result, the 

connection between assessment and teaching needs to be more evident to faculty.  
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Human Scoring  

Multiple assessment formats are the preferred approach for assessing critical 

thinking (Adams et al., 1996; Ku, 2009; Williamson, Xi, & Breyer, 2012). Despite this 

notion, using constructed‐response items poses questions about scoring. An advantage of 

human scoring is that scorers can comprehend the content, make judgments on its nature, 

and evaluate critical thinking skills and the accuracy of the assertion (Shermis & 

Burstein, 2003). Contrarily, human scoring relies upon the decisions of less-than-ideal 

human beings. Limitations in specialized training, experience in assessing content, and 

variations in understanding can impact the reliability of human scoring. Additionally, 

there is a tendency for humans to inject subjectivity into decisions, limiting the 

consistency and objectivity of scoring. Automated scoring is a feasible option to mitigate 

concerns about human scoring. A unique quality of automated scoring is its efficiency 

and consistency. External factors such as deadlines, bias, preconceptions, or stereotypes 

do not affect automated scoring. These advantages potentially increase the chances of 

consistency and objectivity.  

Identifying the Appropriate Coursework  

An added challenge is identifying coursework that requires students to 

demonstrate critical thinking skills and effort. When students perform a standardized test 

and are asked to do something outside the course environment, there might be an issue 

with the amount of effort they put into it. Students will be less inclined to put forth effort 

if they do not perceive activities or assignments as having value, relevance to their 

learning, or a connection to their studies (Heft & Scharff, 2017). They also have an 
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aversion to being constantly tested. The lack of student interest and participation will 

impact assessment. Misalignment of course activities designed to enhance critical 

thinking abilities is a similar challenge. Specifically, coursework that fails to match the 

instructors’ assignment expectations of the critical thinking concept. For instance, 

activities offered for coursework do not lend themselves to critical thinking. To mitigate 

this challenge, instructors must align coursework and assignments with critical thinking 

skills. 

Selection of Key Variables 

A broader literature review conducted on numerous topics and strategies for 

teaching, learning, and assessing critical thinking skills supports the six levels of Bloom's 

informed taxonomy model. Based on a broad spectrum of cognitive psychologists, 

curriculum theorists, instructional researchers, educators, and testing and assessment 

professionals, Bloom’s revised taxonomy is viewed as an unambiguous validated model 

that influences the development of critical thinking skills (Thompson & O’Loughlin, 

2015; Zaidi et al., 2017; Zapalska et al., 2018).  

Zapalska, McCarty, Young-McLear, & White (2018) attempted to demonstrate 

that undergraduate management majors in the Business field could enhance critical 

thinking skills by accomplishing coursework, assignments, and projects through a 

sequence of gradually challenging thought practices. The authors adopted Bloom’s 

Revised Taxonomy model to structure projects and reports as tasks for students to 

accomplish to develop critical thinking skills. The authors purported that if students 

followed the process of ‘memorizing, comprehending, relating, applying, examining, 
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assessing, and creating,’ which correlates to Bloom’s Revised Taxonomy model, they 

would develop and master critical thinking skills. The authors inferred that students 

would gradually develop critical thinking skills in a classroom environment that provides 

projects and assignments that apply the six levels of Bloom’s revised taxonomy model. 

The authors claimed that Bloom's revised taxonomy is the most commonly accepted and 

used paradigm for cultivating autonomous and critical thought in academic settings.  

According to the authors, utilizing Bloom's taxonomy as a teaching tool can assist 

in balancing assessment and evaluation questions in class, assignments, and readings to 

ensure that all orders of thought are employed in students' learning. Christy, Sami, and 

Arumugam (2020) incorporated Bloom’s revised taxonomy model in their work to build 

a prediction model to analyze students’ learning skills. The authors’ goal was to create a 

software tool that would show the application and shortcomings of cognitive skills by 

using questions corresponding to the six levels of Bloom's revised taxonomy model.  

Significant terms (verbs) of the questions became independent variables, whereas 

Bloom’s revised taxonomy levels were designated as the dependent or class variable. The 

experiment’s outcomes revealed that the Support Vector Machine (SVM) classifier can 

effectively classify the RBT levels of questions with an accuracy of 98%. Also, with 

accuracy values of 0.83 and 0.79, the K-means clustering findings accurately categorized 

students of different ability levels, including low, good, and medium.  

Khadijeh and Mirzaei Rad (2018) investigated the association between critical 

thinking and listening comprehension across different genders of Iranian primary English 

Foreign Language learners. The study aimed to improve listening skills among students 
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of different genders so they can read, analyze, and respond to contemporary worldwide 

dilemmas in education. The researchers used the California Critical Thinking Skills Test 

and the listening comprehension test to examine the listening comprehension ability of 

EFL learners using the six levels of Bloom’s revised taxonomy model. Based on the 

results of two-way ANOVA, the researchers concluded that adopting the six levels of 

Bloom's revised taxonomy model in educational systems increases the likelihood of 

critical thinking.  

Using Bloom's revised taxonomy model, Morton Colbert-Getz (2017) explored 

the influence of the flipped classroom on first-year medical students at the University of 

Utah School of Medicine. The flipped classroom paradigm is an innovative way to 

improve student-centered learning (Lage et al., 2000; Moravec et al., 2010; Prober and 

Khan, 2013; Moffett and Mill, 2014). The study investigated whether the discrepancy in 

prior research findings was linked to the level of cognition (low or high) required to 

perform satisfactorily on the course assessment.  

The course concluded with students taking a 150-question multiple-choice test to 

assess all academic topics. The course and assessment were utilized to examine if the 

flipped classroom (FC) compared to the lecture classroom (LC) improved student 

performance (Morton & Colbert-Getz, 2017). Based on the performance of the FOM final 

examination anatomy items, the primary study results classified by Bloom's taxonomy 

were preferred over the FC students who finished FOM in 2013 and LC students who 

completed FOM in 2014. Overall, the study results aligned with Bloom's revised 
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taxonomy model, which establishes that a student must possess either a high or low 

degree of cognition to answer a question correctly.  

Faravani and Taleb (2020) conducted a study to ascertain whether teachers' use of 

higher-order questioning techniques had any discernible effects on Iranian EFL students' 

capacity for listening comprehension. The researchers also investigated the impact of 

teachers using higher-order questioning techniques on Iranian EFL students' capacity for 

critical thought. The participants were college students pursuing various majors or 

university graduates holding multiple degrees. The first stage of the study consisted of 

administering two instruments to the participants: a listening comprehension test of 

TOEFL (TOEFL PBT) and a California critical thinking skill test by Facione (1990).  

The researchers administered an English listening comprehension test of TOEFL 

(TOEFL PBT) twice as a pretest-posttest. The California Critical Thinking Skill test was 

then offered as a pretest in the experimental and control groups to assess students' critical 

thinking skills at the start of the classes. The intervention was then administered to the 

experimental group in the second stage, with students being asked higher-order thinking 

questions based on ‘Bloom’s revised taxonomy model’ by listening to the book audio 

Basic Tactics for Listening, 2nd Ed. The final step was to administer post-tests to both 

groups. To assess the aptitude for listening, students in both groups were given the 

TOEFL listening comprehension test (TOEFL).  

The study findings unveiled that teachers who employed higher-order questions 

positively impacted learners’ listening comprehension ability. Also, the findings signaled 

that teachers need to use higher-order questions more than lower-order questions in 
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classes. Akram and Ensie (2020) asserted that one of the most popular hierarchies that 

might be used in the course is using higher cognitive level questions based on Bloom’s 

Taxonomy.  

Qasrawi and Beni Abdelrahman (2020) conducted a quantitative, qualitative 

content analysis to investigate the extent to which Intermediate Unlock English Reading, 

Writing, and Critical Thinking Skills textbooks enhanced higher-order thinking skills. 

The researchers analyzed the frequency of the lower and higher thinking learning 

objectives by creating a checklist with the verbs under Bloom's revised taxonomy model. 

The authors calculated the number of learning objectives for each activity. The goals 

were coded and categorized according to Bloom’s levels to document the presence of the 

thinking skills levels (HOTS and LOTS) in the textbooks. 

The data analysis revealed that comprehension, a lower-order thinking skill, is 

where half of the cognitive objectives fall (Qasrawi & Beni Abdelrahman, 2020). The 

second half of the examined cognitive objectives ranked under the higher-order thinking 

abilities of analysis and synthesis. The analysis concluded that most cognitive objectives 

belong to LOTS (comprehension) and HOTS (analysis and synthesis). The analysis also 

revealed that many cognitive goals fell under LOTS (comprehension) and HOTS 

(analysis and synthesis).  

Mulcar and Shwedel (2017) introduced the Critical Reading Topics (CRT) 

method to determine whether it promotes deep thinking through students' critical 

engagement, students' active analysis, pointed feedback, and quick assessment. The CRT 

method consisted of four distinct multistep phases with tasks for students and instructors.  
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Phase I consisted of an at-home comprehension assignment requiring students to 

critically read a select set of materials and construct the author's argument before taking a 

computerized multiple-choice quiz. In Phase II, students performed an in-class 

comprehension assignment. The students analyzed the lecture and textual material to 

comprehend concepts and highlighted the most confusing part of the reading. Phase III 

involved formal grading and instructor feedback. In Phase IV, students received another 

reading assignment requiring them to read topics, categorize, and raise the text’s main 

points. In this phase, students could actively interact with the material, learn more about 

the various levels of Bloom's revised taxonomy, and exercise critical thinking. 

The CRT included four levels of Bloom's Taxonomy as expressions of higher-

order thinking: analysis, application, evaluation, and creation. According to Mulcare and 

Shwedel (2017), these four levels of Bloom's revised taxonomy were included in the 

CRT because they encouraged critical thinking by allowing students to map out the 

course themes, make connections between readings and other texts, investigate the 

application of ideas in various contexts, evaluate the viability of an author's arguments, or 

use concepts to develop novel approaches to the matter. 

The studies above are a demonstration of the widespread application of Bloom's 

revised taxonomy model to various investigations or exploratory studies to teach, learn, 

or gauge thinking skills (Akram & Ensie, 2020; Christy et al., 2020; Faravani & Taleb, 

2020; Khadijeh & Mirzaei Rad, 2018; Mulcare & Shwedel, 2017; and Qasrawi & Beni 

Abdelrahman, 2020). Bloom’s revised taxonomy model is often used as a guide for 

categorizing or crafting critical thinking skills questions, checklists, projects, and other 
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activities for learning. More importantly, the literature established acceptance of Bloom’s 

revised taxonomy as the model to determine objectives, activities, and critical thinking 

skills assessment. 

Conclusion 

Developing warfighters' critical thinking skills is a key priority for the U.S. to 

enhance their cognitive readiness to better execute complex, fluid, unprecedented mission 

demands. Social science and educational researchers have contributed to defining the 

concept, development, testing, and measurement of critical thinking skills in many ways. 

This chapter included a thorough literature review of contemporary theories and practices 

and methodological advances in assessing and evaluating critical thinking skills. I aspire 

that this body of literature lays the groundwork for identifying core higher-level thinking 

features to develop a structured and holistic approach to accessing critical thinking 

capabilities within the U.S. Army.  

Senior military officials hold critical thinking skills as an indispensable core 

capability that warfighting professionals need to respond to the rigors of great power 

competition, advanced adversarial threats, and complex challenges worldwide. Despite 

this, leadership does not know whether soldiers have sufficiently developed their critical 

thinking skills to apply them in various operating environments. The U.S. Army lacks a 

single, generally acceptable, and scalable codified tool to assess its force’s critical 

thinking capabilities. This study can advance the U.S. Army’s warfighting capabilities 

and literature by demonstrating assessment and measurement methodologies to improve 

students’ learning and critical thinking practices.  
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In Chapter 3, I provide a detailed discussion of the methodology for this 

quantitative meta-analysis study. This includes a detailed discussion of the research 

design and rationale. I explain the data collection strategy, including sampling and 

screening. I discuss the data analysis strategy, including statistical tests and the process 

for interpreting results. A review of validity and ethical procedures concludes the chapter.  
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Chapter 3: Research Method 

I examined common critical thinking skills involving developing reliable tools to 

gauge U.S. Army warfighters’ critical thinking abilities. I used a quantitative five-step 

meta-analysis design. I examined empirical studies regarding critical thinking skills 

assessments and measurements and Bloom’s revised taxonomy model. I selected studies 

based on preset criteria to include in the meta-analysis. Then, I extracted and 

standardized data from selected studies. I calculated the effect sizes from each study. I 

calculated a combined intervention effect to determine the extent to which the high-level 

thinking features contribute to developing junior and mid-level learners' critical thinking 

skills.  

The research will serve the DA, PME faculty, TRADOC, and vested educators in 

terms of enhancing warfighters’ cognitive capacities. In addition, the study could 

promote and provide more detailed answers to improve current critical thinking 

assessment models and methods. This chapter includes information about the research 

design, quantitative approach, and meta-analysis design. The chapter consists of the 

rationale for the design, sampling procedures, data collection procedures and instruments, 

and data analysis processes and techniques. Possible threats to validity and ethical 

considerations conclude Chapter 3. 

The study involves identifying common critical thinking skills features that might 

be useful for the U.S. Army to measure warfighters’ critical thinking skills and learning 

achievement regardless of training construct, occupational specialty, subjects, or 

educational levels. The research question is:  
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RQ: To what extent can standard features of higher-level thinking (remembering, 

understanding, applying, analyzing, evaluating, and creating) contribute to developing 

junior and mid-level learners’ critical thinking skills in postsecondary education?  

H01: Standard features of higher-level thinking (remembering, understanding, 

applying, analyzing, evaluating, and creating) do not contribute to developing critical 

thinking skills in postsecondary education. 

Ha1: Standard features of higher-level thinking (remembering, understanding, 

applying, analyzing, evaluating, and creating) contribute to the development of critical 

thinking skills in postsecondary education. 

The results of these questions are critical to providing the U.S. Army with a 

baseline for establishing measurement options for assessing critical thinking skills. Also, 

anticipated results are expected to improve critical thinking instruction. 

Research Design and Rationale 

This section includes information about the research design for the study. I 

adopted the quantitative meta-analysis design to gain a comprehensive coverage of 

common features that contribute to assessing the development of critical thinking skills. I 

aimed to provide the U.S. Army with a baseline for establishing critical thinking skills 

measurement options. Meta-analysis is used for various studies, including examining 

performance tests, comparing interventions, and assessing program effectiveness. While 

traditional research methods involve statistical significance testing, meta-analysis 

addresses the direction and scale of effects across studies (Wilson, 2010).  
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The general steps of the meta-analysis are: formulating the problem, establishing 

criteria, searching and selecting studies, assessing risk, extracting effect sizes, coding 

themes and features, synthesizing effect sizes, analyzing data, and interpreting and 

reporting outcomes (Basu, 2014). A systematic analysis must precede a meta-analysis to 

establish that enough data exists from each study. A systematic review is a set of 

procedures for converting results from several studies to a standard measure (Borenstein 

et al., 2009). Statistical correlations between variables and outcomes are among 

systematic review and meta-analysis processes.  

Alignment of the problem statement, purpose, and research question supported the 

application of a quantitative meta-analysis design rather than a qualitative review. The 

quantitative meta-analysis, which involves using numbers to analyze literature, enables 

an objective view across a series of studies to explore tools, interventions, diagnostic 

procedures, and measurements to assess critical thinking skills. The design favors 

discovering broad patterns across studies, practices, specific interventions, conditions, 

and treatments (Page et al., 2021; Salters-Pedneault, 2020). 

Methodology 

Methods of the Preferred Reporting Items for Systematic Reviews and Meta-

Analyses (PRISMA) statement guided the conduct of this meta-analysis. The PRISMA 

statement is intended to aid in promoting a high-quality meta-analysis. The Cochrane 

Handbook for Systematic Reviews of Interventions supplemented implementation of the 

PRISMA statement. The Cochrane Handbook provides rigorous methods for producing 

high-quality, relevant, accessible systematic reviews and other synthesized evidence. 
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Incorporating Bloom’s revised taxonomy as a criterion for evaluating measurement 

properties in studies helped strengthen this methodology. Bloom’s revised taxonomy is a 

validated and well-accepted tool that provides a generally acceptable inventory of 

qualities and characteristics for teaching and assessing critical thinking (Facione, 1990; 

Lau, 2018). I aimed to develop a baseline for establishing critical thinking skills 

measurement options based on statistical results using pooled data from single studies to 

evaluate and calculate critical thinking skills growth.  

Population 

This research's target population or unit of analysis was primary studies 

collected from a literature review. A comprehensive literature search was used to identify 

studies eligible for evaluating critical thinking measurement properties using the 

(PRISMA statement and Cochrane Handbook to conduct a quality review. The studies 

included original published and unpublished research articles.  

Sampling and Sampling Procedures 

This study covered a wide range of studies that were relevant to the research 

question. Selection of studies was made using the purposeful sampling method. 

Purposeful sampling is used when particular conditions, persons, or activities are selected 

deliberately to provide meaningful and rich information that cannot be obtained 

effectively from other means (Taherdoost, 2016). Purposeful sampling is the most 

suitable method for conducting research in conditions that meet particular criteria or 

possess specific characteristics. Using defined inclusion and exclusion criteria specified 

in the data collection section of this chapter, deliberate sampling consists of original 
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research articles, systematic reviews, and unpublished studies that demonstrated 

interventions using high-level thinking classifications that were identified via Bloom’s 

revised taxonomy. 

Defining Variables 

A key phase in the data collection and analysis is defining the variables and 

considering how they may be applied to explore the research subject. The variables 

identified for this study are the six high-level thinking features extracted from Bloom’s 

revised taxonomy model: remembering, understanding, applying, analyzing, evaluating, 

and creating. These higher-level cognitive features are a tiered classification of distinct 

learning, understanding, and thinking (Lederman, 2017). The higher-level characteristics, 

which vary from basic knowledge and understanding to higher evaluation and creativity, 

promote the development of critical thinking and problem-solving skills depending on 

their complexity. Bloom’s revised taxonomy model is a prominent and validated theory 

in education, psychology, and social science research that provides a systematic 

classification of the learning and thinking processes to teach, develop, and assess critical 

thinking skills (Anderson & Krathwohl, 2001; Zapalska et al., 2018). According to 

Anderson and Krathwohl (2001); Thompson and O’Loughlin (2015); and Zaidi et al. 

(2017), Bloom’s revised taxonomy model exhibits the highest levels of critical thinking, 

evaluating, and creating. The six levels of knowledge are remembering, understanding, 

applying, analyzing, evaluating, and creating. Remembering signifies recalling details 

like dates, events, and concepts. Understanding involves comprehending information, 

articulating it in one’s own words, and providing examples. Applying is using knowledge 
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and skill in new situations. Analyzing involves deconstructing information into its 

components and explaining their relationships. Evaluating is judging or assessing the 

value of resources and techniques in specific objectives. Creating refers to forming 

connections for new situations and consolidating information to create a new whole 

(Anderson & Krathwohl, 2001). 

Bloom’s revised taxonomy model is a commonly used framework to design and 

structure instruction and assessment tools to measure cognitive skills, particularly critical 

thinking.  The six levels of Bloom's updated taxonomy model were the variables 

examined to understand the hypotheses better. 

Data Collection 

A meta-analysis requires the specification of inclusion and exclusion criteria. 

Lipsey and Wilson (2000) stressed that assigning explicit inclusion and exclusion criteria 

is a characteristic of a good review. Defining these criteria helps to communicate the 

study’s focus and leads to including and dismissing primary research studies. A study had 

to meet preset criteria based on the primary question under investigation to be eligible for 

inclusion in this meta-analysis. The study had to be widely accessible, published, or 

unpublished, or archived. The study had to focus on developing, applying, assessing, and 

practicing critical thinking. The study must have involved experiments or interventions to 

improve, measure, or assess critical thinking. At least two independent samples, 

interventions, or pre-and post-test experimental or quasi-experimental designs had to be 

used in the study. To extract effect sizes, sufficient statistical data and sample sizes 

greater than ten participants were required (Hedges and Olkin, (1985). 
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A meta-analysis literature review was beneficial in identifying empirical studies 

relevant to the research question. The primary keywords used to identify empirical 

studies in the literature review included critical thinking assessment, critical thinking 

measures, teaching critical thinking, and their variations. Also, the literature review 

involved a search for any insertion of the cognitive skills signified in Bloom’s Revised 

Taxonomy and the Delphi Report. The following electronic databases represent some 

sources explored: ProQuest Dissertations & Theses Global, Educational Resources 

Information Center (ERIC); PsycINFO; Academia Social Sciences Index; Military, 

Education, Philosophy and Psychology journals; and Google Web and Scholar. These 

databases contain a collection of peer-reviewed studies that expanded access to the 

sources required to accomplish this meta-analysis. 

Power Analysis 

No minimum sample size criteria exist to test a hypothesis in a meta-analysis 

(Turner et al., 2013; Valentine et al., 2010).  However, studies conducted in the Cochrane 

Reviews usually included data from one or more small studies.  Given that there is no 

established sample size benchmark, this study incorporated a power analysis using the 

Power Calculation for Meta-Analysis tool. I used the standard criterion for detecting a 

medium statistical power (β = .80) alpha (α = .05) (Cohen, 1988).  I also considered 

Jackson and Turner’s (2017) proposed principle, according to which random-effects 

meta-analysis studies require at least five studies to maintain statistical power. The 

authors conducted a study to explore methods for evaluating the power of random-effects 

meta-analyses.  The authors’ methods are referenced in statistical primers and other 



80 

 

published literature.  Also, I applied the medium effect size (0.05) and the ideal minimum 

sample size of 60 (30 per group) for a meta-analysis (Cohen, 1988; Fisher, 1925).   

Meta-Analysis Model 

The meta-analysis comprises two parts. The first involved calculating a summary 

statistic and standard of error for each included study to convert the many studies into 

one standard metric. The second consisted of combining, averaging, and calculating the 

inverse variance weight for each effect size. The inverse variance helps account for 

studies that vary in size to better estimate the effect size (Lipsey and Wilson, 2000). The 

meta-analysis addressed the presence or absence of heterogeneity and variability across 

studies. It was logical to predict that the studies selected for this meta-analysis would 

have a different effect because various researchers conducted them, varied in their 

locations, length, and demography, and used different types of interventions. The 

random-effects model, which assumes that the effect size might differ from study to 

study, informed how to address this assumption and made it possible to examine the 

effect of individual-specific characteristics on a response variable (Higgins et al., 2021). 

The standard error of the summary represents the confidence interval, which 

communicates how well the sample data represents the population of the included 

studies. The standard error of summary also aided in deriving a p-value, which displays 

the strength of the evidence against the intervention effect. 

One of the many practical factors that must be considered when conducting a 

meta-analysis is missing data (Chilcott et al., 2003; Higgins et al., 2021). Even though the 

implications of missing data have received most of the attention in the literature, aside 
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from specific statistical tests, there needs to be more guidance on addressing it (Pigott, 

2019; Tierney & Cook, 2018). Deeks et al., nevertheless, presented four general 

recommendations: contact the initial investigators to request any missing data; make 

predictions on the methods employed to address the missing data; assess the sensitivity of 

the results to acceptable modifications in the assumptions by performing a sensitivity 

analysis; explain any probable missing data in the findings of Discussion Section.  Other 

options for dealing with missing data include: limiting analysis to the available data; and 

substituting values for missing data to treat them as though they were observed.  I 

considered these recommendations and options in addressing missing data, primarily 

advancing the search to obtain additional information and ensuring to identify and 

include the impact in the discussion section of this meta-analysis study.   

Using the search strategy Participant or Population or Problem, Intervention, 

Comparison, and Outcomes (PICO), the meta-analysis started with a comprehensive 

literature review search for relevant critical thinking measurement or assessment studies 

that evaluate at least one cognitive skill and affective dispositions signified in Bloom’s 

revised taxonomy (Higgins et al., 2021; Richardson et al., 1995). The literature search 

included a critical appraisal and data extraction of studies that meet the inclusion criteria. 

The search involved a review of unpublished or gray literature for relevant sources such 

as reports, dissertations, theses, databases, google searches, studies from other countries, 

and conference abstracts. 

The search also included a check for any relevant retraction statements and errata 

in information. A comprehensive search is necessary to minimize the risk of publication 
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bias and to uncover as much reliable information as possible (Higgins et al., 2021). 

Although no formal approaches exist that prescribe when to stop a search, this study 

adopted the method highlighted by (Chilcott et al.,2003). The search ceased when 

additional terms introduced to the database search generated no new relevant records, 

removing keywords or concepts about missing pertinent records or an appropriate level of 

evidence that had already been gathered. 

As recommended by Field and Gillett (2010), I organized and coded studies into 

categories such as solid or weak, interventions, experiments, and with or without 

controls. The stated method assisted in deciding whether enough robust studies existed to 

follow through with the meta-analysis.  

A key component of the literature review process is documentation and reporting to 

support transparency, assessment, and reference for future updates (Rader et al., 2014). 

Documentation and reporting described the sources searched, when, by whom, using 

which terms, a summary of the correspondence, and any other information to allow the 

search to be reproducible. The reporting included each study’s basic characteristics, 

including details of participants, interventions, experiments, control groups, outcomes, 

and study design (Higgins et al., 2021). 

Extracting the Effect Size 

Conducting a meta-analysis requires determining the effect size and its standard 

error. Effect size is a widely accepted measure among education researchers and 

psychologists to assess the size of differences between two groups (Statistics Solutions, 

2013; Waheed, 2020). Effect size is essential because it tells the magnitude and direction 
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of the relationship or the strength of the relationship between two continuous variables 

(Field & Gillett, 2010). A meta-analysis is used to aggregate the effect sizes of several 

related studies to determine the average effect size of a particular finding. Large effect 

sizes indicate that the difference is important, while small effect sizes suggest that the 

difference is unimportant (Bernhardt, 2004; Coe, 2002; Madsen et al., 2016). The 

individual studies yielded one or more effect sizes. Due to the relationships between 

effect sizes, extrapolating multiple effect sizes from the individual study raises the risk of 

biases. It also conflicts with the study’s objective of combining and averaging the various 

studies into a single standard measure.  

Several approaches measure the effect size: the Pearson product-moment 

correlation coefficient, r; the effect-size index, d; and odds ratios, risk rates, and risk 

differences (Law, Schmidt, & Hunter, 1994; Statistics Solutions, 2013). Notwithstanding, 

there are various proposed variations to the metrics, such as Glass’s a, Cohen’s d, and 

Hedges’s g. It is important to be familiar with the type of data (e.g., dichotomous, 

continuous) that results from measuring an outcome in an individual study and choosing 

suitable effect measures for comparing intervention groups’ differences. Since Cohen’s d, 

Pearson correlation coefficient r, and the odds ratio (OR) are the most often used in social 

sciences, these approaches would apply to the present study as required. 

This research used Cohen’s d or standardized mean effect to compare the means 

from studies with group designs and continuous outcome measures. Studies using 

treatment or control groups are characterized as group designs. According to Cohen's 

(1992) broad criteria, there are three forms of effects: large, medium, and small effects: r 
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14:10 (small effect, accounting for 1% of the total variance); r 14:30 (medium effect), 

which accounts for 9% of the total variance; and r 14:50 (large effect), which accounts 

for 50% of the total variance. It is important to note that the above guidelines are notional 

for use as an initial basis for determining the value of an effect (Baguley, 2009; Field & 

Gillett, 2010). Consequently, they might not always be comparable when converted to 

different metrics. However, presently, no practical alternative exists for evaluating an 

effect size within the context of a research domain. 

Calculating Effect Size and Standard of Error 

To normalize Cohen’s d effect size for this study, the means of the two groups’ 

means had to be subtracted, and the total of the squared errors had to be divided: The 

formula used was:   d =   m1 (group or treatment 1) – m2 (group or treatment 2) 

                                        [pooled] sd 

Nonreported Statistics 

While conducting the meta-analysis, there were instances where studies did not 

report statistics such as mean, standard deviation, and t-values needed to calculate effect 

sizes (Waheed, 2020). In cases of non-reported statistics, I relied on any of Waheed’s 

proposed coding solutions.  I categorized the effect size as zero for insignificant results 

and unreported data.  I coded the effect size with the corresponding p-value if the results 

were significant and the p-value was provided. I estimated the effect size using the 

minimal p-value threshold of 0.05 when the results were significant, but the p-value was 

not provided.  
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Transforming Effect Size 

Once the appropriate effect size has been extracted from the studies, it must be 

transformed to balance any bias in overestimating effect sizes. Cohen’s d is the statistic to 

transform the effect size. However, Cohen’s d tends to overstate effect sizes in small 

samples. Hedge’s g is an added statistic to correct upward bias in sample sizes below 20. 

Hedge’s formula:  g = (x1 – x2) / √((n1-1) *s12 + (n2-1) *s22) / (n1+n2-2) 

The values extracted using Pearson’s r tend to be skewed. Since values cannot be 

part of the meta-analysis, they must be transformed. In instances where values existed, 

the Fisher’s z statistic would convert Pearson’s r values into a normal sampling 

distribution. 

Fisher’s z transformation formula:  z' = .5[ln(1+r) - ln(1-r)] 

Standard Error of Effect Size Computation 

Computing the standard error is another component of calculating the effect size. 

The standard error of effect size indicates the estimate’s accuracy relative to the mean. 

The following formulas are used to compute the extract effect size from the studies:  

Standard error formula associated with Hedge’s g:  SEg = √ ng1+ ng2 + √ g2    

                             √ ng1 ng2    + √ (2ng1 +ng2) 

 

Standard error formula associated with Fischer’s z:  SE r =   1     

                             √ n-3 
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Inverse Variance Weighting 

I also factored in that the effect sizes are not created equal— larger studies with 

large samples have smaller standards of error and should carry more weight than small 

studies with fewer samples (Hedges, 1983). Therefore, preference to larger samples 

received a higher preference by incorporating the inverse variance weighting. According 

to Hedges, the sample size of individual studies is a preferable weight for the inverse 

variance method. The weighting was applied to Fisher’s z-effect sizes.  

Weight for Fisher’s z       Wg=1  

                                         SE /2zr 

Coding Scheme  

When the effect size has been appropriately extracted from studies and calculated 

by applying the various statistical measures, the effect size values are then identified as 

the dependent variables of the meta-analysis (Waheed, 2020). Moreover, the study 

characteristics become independent variables. A critical objective of a quantitative meta-

analysis study is to characterize and explain factors that generate variation among studies, 

such as methods, measures, interventions, and context. Also, it is necessary to distinguish 

between the phenomenon under investigation and research methods, such as the design 

and procedures.  

This research contained a coding scheme that recorded all necessary information 

about the research procedures; each included the study and factors that generated 

variation among the studies. The coding scheme contained summaries of the studies, type 
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of research, intervention, critical thinking assessment variables, sample size, effect sizes, 

type of measurement, education level, and study discipline or sector of study.  

Coder Reliability 

Drawing a subsample of the coded study and coding again after a specified 

amount of time for reproducibility helped to assure the reliability of the coding scheme 

(Lipsey & Wilson, 2001; Waheed, 2020). According to Lipsey and Wilson, a subset of 20 

is sufficient to compare, with 50-plus being the most desirable.  

Data Analysis 

This meta-analysis’s analysis component comprised four elements: type of model, 

report summary results, publication bias assessment, and moderator analysis. 

The meta-analysis follows two models: fixed-effect and random-effect 

(Borenstein et al., 2011). The fixed-effect model assumes that one true effect size exists 

for all included studies in the meta-analysis (Cohn & Becker, 2003; Lipsey & Wilson, 

2000; Waheed, 2020). In other words, intervention works the same regardless of the 

population. Another assumption under this model is that any difference in the effect size 

distribution results from sampling error. When sample effect sizes are drawn from the 

same population with set average effect sizes, they are predicted to be homogenous. 

Homogeneity is a common assumption across various statistical analyses, such as the t-

test and ANOVA. The fixed-effect model does not require a moderator analysis.  

The second model is the random-effects model, which assumes that the effect size 

might differ from study to study. The term “random” represents that the included studies 

are a random sample of all studies that meet the inclusion criteria (Waheed, 2020). This 
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model requires a moderator analysis. Each model holds statistical variations. In fixed-

effect models, a within-study error results from sampling studies from a population of 

studies error (Cohn & Becker, 2003; Lipsey & Wilson, 2000). The same error can be 

present in random-effects models, along with the potential between-study error because 

of the random sample studies of the general included studies error. 

As advised by Borenstein et al. (2011) and Lipsey and Wilson (2000), the 

random-effects model was implemented in the current study for two reasons. First, in the 

social sciences field, research is naturally undertaken by a diverse group of researchers 

employing a wide range of approaches, resulting in a wide variety of effect sizes (Field, 

2003, 2005; Hunter & Schmidt, 2000). As assumed, the research differed in instructional 

techniques, intervention, learning outcomes, and assessments. Secondly, a random-effects 

model’s findings are unconditional and could be generalized to a population of studies 

greater than the sample. The fixed-effect model is best for drawing conclusions limited to 

the studies included in the analysis. A random-effects model is ideal because it is 

unconditional and enables social science researchers to extend their findings to further 

research.  

Study Results 

 Using the software IBM SPSS Statistics Version 28, the summary of results of 

the random-effect model included the following: the computed mean effect size or 

aggregate effect size; associated standard errors; p-values; confidence intervals; 

heterogeneity; cases analyzed; and a forest plot (Higgins et al., 2021; Waheed, 2020). 

Forest Plot 
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A forest plot, a graphical representation of the summary of the study’s analysis 

and results, is the principal outcome of any meta-analysis (Lewis & Clark, 2001). The 

forest plot displays estimates of effect size and confidence intervals for each study, an 

overall estimate of effect size, and the accompanying overall confidence interval for all 

included studies. In addition to illustrating the effect sizes and related confidence 

intervals of individual studies, the forest plot demonstrates the extent to which the results 

from individual studies vary. 

Publication Biases 

Many biases can occur in analyzing meta-analytic data, which must be addressed 

in the research. The primary bias is publication bias. According to Rosenthal (1979) and 

other meta-analysis experts, such as Higgins et al. (2021) and Vevea and Woods (2005), 

publication bias is one of the most severe threats to validity in a meta-analysis study. This 

means that the meta-analysis has included only a selected category of studies. The current 

study used the funnel plot to uncover any publication bias. The funnel plot is a 

straightforward and efficient graphical approach for exploring potential publication bias 

(Page et al., 2021). A funnel plot displays effect sizes plotted against the sample size, 

standard error, conditional variance, or some other measure of the estimate’s precision. A 

cloud of symmetric data points around the population effect size with a funnel shape 

demonstrates an unbiased sample. A funnel shape represents a significant variability in 

effect sizes between studies with small sample sizes/less precision.  

Publication bias is a reasonable possibility in this study because research with 

small samples indicating small effects is less likely to be published than studies with the 
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same sample size but with more significant effects (Macaskill, Walter, & Irwig, 2001). 

Since funnel plots and the associated measures do not offer a way to rectify possible bias, 

a sensitivity analysis would be employed to supplement the funnel plot. Although there 

does not appear to be a single approach to conducting a sensitivity analysis, the 

fundamental concept is to repeat the primary analysis while altering the datasets or 

statistical methods to determine whether the changes affect the combined outcome 

estimate. In cases of detecting publication bias, I excluded from the analysis studies of 

lesser quality and repeated the process until the bias was resolved. Minor changes in the 

overall outcome estimate indicated a sound analysis. 

Assessing Heterogeneity 

In a meta-analysis, heterogeneity refers to variations in study outcomes across 

studies. Numerous factors influence heterogeneity, including: (a) the amount of studies 

used in the meta-analysis; (b) studies' effect sizes variation (between-studies variance); 

and (c) variation in the observed effect size for the individual study (within-study 

variance) (Higgins, 2008). The Q-statistic is one of the primary statistics used to assess 

heterogeneity in and between studies.  The Q-statistic can test the null hypothesis that a 

single effect size applies to all studies. It is the weighted sum of the squared values of 

each study’s effect size deviation from the mean effect size of all studies in the meta-

analysis.  

When testing for heterogeneity using the Q statistic, the number of studies in the 

analysis (k) determines the degrees of freedom (df  =  k–1). If Q – df is less than zero, 

then there is no heterogeneity beyond what is expected if all studies had the same true 
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effect size. If Q – df  > 0, then there is significant variance in the effect sizes among 

studies, which may be attributable to sources of clinical or methodological heterogeneity 

(Higgins, 2008). The values of Q and the P value of the Q-statistic are dependent on the 

number of studies in the analysis. The Q statistic has a chi-squared distribution, and its 

value is commonly expressed as chi-squared or χ2 in summary statistics. 

Moderator Analysis 

It is expected to conduct a moderator analysis to account for diverse effect sizes 

and determine if the discrepancies in effect sizes among studies relate to variations in 

methods, studies, or interventions (Deeks et al., 2022). Meta-regression and analog 

ANOVA are two main models to explain the heterogeneous effect sizes. Adopting these 

models requires sufficient study details to allow for a reliable analysis to determine the 

cause of the variations. Based on the above, a meta-regression and analog ANOVA were 

not possible in this meta-analysis. Therefore, a moderation analysis was adopted as the 

most acceptable method to address the conforming variables.   

Statistical Software 

Most statistical processes and data analysis identified in this methodology 

required using one or more software programs. I used the IBM SPSS Statistics Version 

28 software to accomplish the statistics and analysis requirements.   

Summary 

This chapter included a descriptive and in-depth discussion of the methods 

involved in the study. I used a quantitative approach and meta-analysis strategy to 

examine the extent to which higher-level thinking features from Bloom's revised 
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taxonomy model contribute to developing critical thinking skills. The chapter includes 

several important and comprehensive steps for executing a meta-analysis, including 

conducting a thorough literature search of studies that are relevant to the research 

problem, data collection for aggregating studies and evaluating inclusive criteria, 

statistical analysis for determining a common effect size, and weighting each study based 

on sample size to establish a true effect size. In Chapter 4, I present findings and results 

and any deviations from data collection and analysis procedures described in Chapter 3. 

Results and findings are presented as descriptive statistics, including the sample and 

statistical findings. Any new statistical tests that were discovered throughout the research 

are included in the chapter.  

Chapter 4: Results  

The CJCS declared critical thinking a capability imperative for Force XXI. The 

Chairman charged Military Services to provide education and complementary training to 

produce professionally competent critical thinkers. The U.S. Army depends on its PME 

system to teach and develop critical thinking skills. The U.S. Army lacks a single, 

generally accepted, and codified tool for assessing the qualities of warfighters’ critical 

thinking skills. I aimed to address the following research question through a quantitative 

method using a meta-analysis design:  

RQ: To what extent can standard features of higher-level thinking (remembering, 

understanding, applying, analyzing, evaluating, and creating) contribute to developing 

junior and mid-level learners’ critical thinking skills in postsecondary education?  
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H01: Standard features of higher-level thinking (remembering, understanding, 

applying, analyzing, evaluating, and creating) do not contribute to developing critical 

thinking skills in postsecondary education. 

Ha1: Standard features of higher-level thinking (remembering, understanding, 

applying, analyzing, evaluating, and creating) contribute to the development of critical 

thinking skills in postsecondary education. 

This chapter includes information about how the meta-analysis process was used 

and findings based on the study’s research question and hypotheses. I describe how data 

from combined studies were used to create a composite weighted sample, analyze 

variance within and between studies, estimate the degree of heterogeneity, and then 

determine the overall population effect size using a random effects statistical model. The 

statistical model guided the analytical process of determining the extent and magnitude to 

which common higher-level thinking features contribute to the growth of critical 

thinking, along with analyzing conforming variables that may have potentially influenced 

meta-analysis findings.  

Data Collection 

In a meta-analysis, studies are the principal unit of interest. For a high-quality 

systematic review and subsequent meta-analysis, it was essential to conduct a thorough 

search to find a sufficient quantity of eligible studies from potential sources. I researched 

and evaluated existing studies to determine whether to retrieve them. Choosing which 

studies to include was based on comprehensive article reviews. Inclusion criteria used to 

determine eligibility were that they had to be accessible, available publicly, or archived. 
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Studies had to address the issue of critical thinking development, improvement, 

application, or practical use. All studies had to employ some defined intervention. It was 

crucial to select studies that compared results of various types or intensities of treatment, 

such as studies that included control and experimental groups and pre and post-test 

results. Studies had to include enough quantitative information, such as measurements of 

important dependent variables, to allow for analysis of effect sizes. Participants’ 

education levels had to be at the college/university level. Studies were excluded if they 

did not use pre or post-test experimental or quasi-experimental designs and at least two 

independent samples. I also rejected sources with insufficient statistical information to 

extract effect size and studies published before 2008 or not written in English. I also 

dismissed sources with sample sizes of less than 10 participants.  

Selection of Studies 

A literature search was conducted to identify and extract empirical studies 

relevant to the research question. I analyzed the eligibility of articles by screening their 

titles and abstracts. Subsequently, I reviewed full-text articles for final inclusion. The 

search was limited to empirical studies written in English that used interventions or 

experiments to measure or assess the development of critical thinking skills. Peer-

reviewed journal articles, conference papers, degree theses, and doctoral dissertations 

available in online sources were included in the literature search to ensure coverage of 

empirical studies on the topic in question. All sources were published between 2008 and 

2023. I chose this arbitrary period to limit the literature search to the most relevant and 

recent empirical studies. Bloom’s revised taxonomy model was the basis for identifying 
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the most common variables used in studies to measure critical thinking skills. Using 

keywords and descriptors, I assessed several databases (see Table 1) to locate studies 

exploring critical thinking features. 

Table 1 

Databases and Keywords 

Database searched Keywords/Terms searched 

EBSCO Professional 

Development Collection EBSCO 

Psychology 

testing the development of critical thinking skills, assessing critical 

thinking skills development, Interventions to develop critical 

thinking skills, critical thinking skills development assessment, 

critical thinking skills development interventions, critical thinking 

skills development pre and post-test, testing CT skills development, 

critical thinking, and measuring outcomes, critical thinking 

assessment approaches, critical thinking in the military 

EBSCO Academic Search 

Premier 

critical thinking pre and post-test, critical thinking skills 

development interventions, critical thinking in the military, critical 

thinking measurement instruments, variations in critical thinking 

assessments  

ABI/Inform Global on ProQuest 

Central 

critical thinking skills development interventions, critical thinking 

in the military, critical thinking measurement instruments, 

innovative approaches to assessing critical thinking skills   

Science Direct critical thinking assessment test, measuring the development of 

critical thinking skills, validated critical thinking skills assessment, 

critical thinking assessment techniques, critical thinking assessment 

approaches 

Sage  Test that measures the development of critical thinking skills, 

assessing critical thinking skills development, Interventions to 

develop critical thinking skills, critical thinking skills development 

assessment, critical thinking skills development interventions, 

critical thinking skills development pre and post-test, testing CT 

skills development, critical thinking, and measuring outcomes, 

critical thinking assessment approaches, critical thinking skill 

indicators   

Behavioral Sciences Collection developing critical thinking skills  
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Database searched Keywords/Terms searched 

Google Scholar  Explore the relationship between instructional interventions and CT 

skills in the setting of postsecondary education, instruments to 

measure teaching methods that enhance critical thinking skills, 

critical thinking skills development interventions, critical thinking 

skill indicators, interventions of developing critical thinking, 

measuring the development of critical thinking skills, validated 

critical thinking skills assessment, critical thinking assessment 

techniques, and critical thinking assessment approaches,  

professional military education and developing critical thinking  

Thoreau Multi-database Test that measures the development of critical thinking skills, 

assessing critical thinking skills development, Interventions to 

develop critical thinking skills, critical thinking skills development 

assessment, critical thinking skills development interventions, 

critical thinking skills development pre and post-test, testing CT 

skills development, critical thinking, and measuring outcomes, 

critical thinking assessment approaches, critical thinking skill 

indicators  

Social Science Research Network   measuring critical thinking development, critical thinking 

development  

Proquest Central Identifying CT 

skills 

explore the relationship between instructional interventions and CT 

skills in the setting of postsecondary education, instruments to 

measure teaching methods that enhance critical thinking skills, 

critical thinking skills development interventions, Interventions of 

developing critical thinking, measuring the development of critical 

thinking skills, validated critical thinking skills assessment, critical 

thinking assessment techniques, and critical thinking assessment 

approaches 

Cochrane Database of Systematic 

Reviews  

critical thinking skills, developing critical thinking skills  

Social Sciences Full Text critical thinking assessment test, measuring the development of 

critical thinking skills, validated critical thinking skills assessment, 

critical thinking assessment techniques, and critical thinking 

assessment approaches, innovative approaches to assessing critical 

thinking skills  

Education Research Complete critical thinking skills variables, military and critical thinking skills, 

critical thinking skills, critical thinking instructional and 

measurement approaches, validating critical thinking skills   

 

A total of 131,066 studies were discovered in the literature search. The following 

criteria were used to evaluate whether to include the studies in the meta-analysis: 
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measured or assessed the development of student’s critical thinking skills, conducted in 

the context of higher-level education, provided sufficient quantitative data to calculate the 

standardized mean gain effect size for within-group designs and standardized mean 

difference effect size for between-group designs, and the study used the tests, experiment, 

questionnaires, or standardized instruments. I closely examined the studies' contents to 

verify that there was no duplication among the journals, conference publications, 

and dissertations. I eliminated seven studies because they were duplicates of existing 

studies. The review resulted in selecting thirteen studies to include in the meta-analysis. 

Effect sizes were calculated independently for the studies that compared more than one 

pair of intervention-control groups. The calculation yielded a total of 40 effect sizes. The 

Characteristics list in Table 2 includes studies, study descriptors, central elements of the 

intervention, and sample characteristics. 

Table 2 

Study Characteristics (N = 13) 

Study 
ID 

Author/ 
Year 

Research 
design 

Participants Intervention Sector of 
study 

Education 
level 

Variables 

#01 Esmaeilzad, S. 

(2022) 

Experiment 60 Pre/post-test Other 

(librarian)  

Undergrad/ 

Grad-
Postgrad 

analysis, inference, 

evaluation, 
inductive  

reasoning, and 

deductive reasoning 
 #02 Yousef, W. 

(2021) 

Experiment 80 Pre/post-test General 

Studies 

Undergrad inference, 

recognition of 

assumptions, 
interpretation, 

strategy 

formulation, 
hypotheses 

construction, and 

explanation skill 
#03 Lovelace, K. 

(2016) 

Correlational  98 Pre/posttest 

no control 

group 

Business Undergrad identify & 

summarize 

problem(s); 
identify 

assumptions; 

analyze reasonable 
alternatives & 

consequences; 
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Study 
ID 

Author/ 
Year 

Research 
design 

Participants Intervention Sector of 
study 

Education 
level 

Variables 

analyze 

& present 
supporting data; 

provide 

recommendation & 
course(s) of action 

#04 James, D. 

(2016) 

Longitudinal  44 Separate 

Groups yrs 

1-4  

Pharmacy Undergrad identifying and 

considering context, 

problem-solving, 
and innovative 

thinking 

#05 Shavelson, R. 
(2018) 

Evidence 
center design 

30 Pre/posttest 
(separate 

groups) 

General 
Studies 

Undergrad/ 
Grad  

trustworthiness of 
the information;  

relevance of the 

information; 
proneness to 

judgmental/decision

/bias; reach a 
judgment, reach a 

decision; 

recommend a 
course of action, 

suggest a problem 

solution 
#06 Hayes, K. 

(2008) 

Longitudinal  50 Pre/post-test Food 

Science 

Undergrad analyze, evaluate, 

& extend an 

argument 
#07 Vec, T.  (2019) Longitudinal  100 Separate 

Groups 

PV/SP (ID 
Problems) 

Socio-

Economic/ 

Education 

Undergrad recognize 

assumptions, 

evaluate arguments, 
distinguish facts, 

opinions, and 

conclusions, and 
make conclusions 

#08 Fischer, S. 

(2009) 

Experiment 19 Separate 

Groups /CT 
training 

 
Military  identify a frame for 

a structured 
message, analyze an  

the unstructured 

message, identify  
weak spots in a 

message, resolve 

weak spots, critical 
self-assessment, 

extract gist from a 

message, and find 
the anchor points in 

a message 

#09 Jimenez J. 
(2021) 

Cross 
sectional 

215 Separate 
Groups (1st 

yr/4th yr) 

Nursing Undergrad/ 
Grad 

reading, writing, 
listening, and 

speaking 

#10 Wallace, E. 
(2015) 

Experiment 76 Pre/Post-test  General 
Studies 

Undergrad access, 
communicate, 

create, define, 

evaluate, and 
integrate 

#11 Petcharuk, R. 
(2021) 

Research & 
development 

30 Pre/Post-test  Engineering Undergrad problem 
identification,  

understanding and 

goal setting, 
planning, data 

gathering, 

experiment, 
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Study 
ID 

Author/ 
Year 

Research 
design 

Participants Intervention Sector of 
study 

Education 
level 

Variables 

conclusion, and 

evaluation 

#12 Jacob, S. 

(2009) 

not provided  40 Pre/Posttest - 

Clarification 

Math/ 

Engineering 

Undergrad clarification 

formulates the 
problem, 

assessment, raises 

questions and 
problems within the 

problem, inference, 

reasons, strategies,   
thinks and suggests 

open-mindedly 

#13 Berry, T. 
(2013) 

Experiment 38 Pre/Post-test  Nursing Undergrad explanation, 
interpretation,  

inference, 

evaluation, analysis, 
and self-regulation 

 

The PRISMA Flowchart in Figure 1 illustrates the process implemented to 

identify the final articles in the systematic review. A total of 131,073 articles were 

identified from multiple databases, including a separate review of references contained in 

the retrieved articles. After eliminating the duplicates, I conducted a general screening of 

the 131,066 remaining articles. Subsequently, I performed a title and abstract screening 

of 269 articles retained from the general screening, followed by a more in-depth full-text 

analysis. Through the analysis, thirteen articles were identified and selected, which met 

the sampling conditions for this study.  
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Figure 1 

PRISMA Flowchart 
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Data Extraction 

Following the selection of the publications, I coded and analyzed certain aspects 

of the studies and the outcomes presented. Details on the nature of the research, 

participants, age range, educational levels, interventions, statistical techniques, discipline 

or field of study, length of the study, and indicators or traits of critical thinking were 

among the data that were retrieved. 

The included studies were conducted in colleges and universities in various 

locations: The United States 9 (62%), Spain (.13%), the Middle East 2 (.26%), and 

Slovenian 1 (.13%). The studies disciplines were composed of general studies (.39%), 

followed by nursing, education, and mathematics/engineering (.13%) respectively, and 

others (.39%). The sample size was sixty-eight participants on average, considering the 

13 studies included in the review. Jimenez (2021) had the largest sample (n =215), 

whereas Fischer had the smallest sample size (n = 19). The participants' ages ranged from 

18 to 56. 

Coding Procedures 

Coding in a meta-analysis serves two purposes. Coding is a technique to highlight 

the primary study settings, participants, research methodology, and outcome to 

understand the constraints of the external validity review more clearly (Wood & Eagly, 

2009). Also, coding is for examining how the effect size varies across the studies' 

methodologies, settings, participants, and other characteristics.  
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Information Retrieval and Coding 

After the full texts had been determined to match the criteria for inclusion, I 

extracted and coded various aspects of each study. I categorized the codes into six areas: 

study summary, type of research, intervention, critical thinking assessment variables, 

sample size, type of measurement, education level, and study discipline or sector of 

study. 

The study summary consisted of the author’s name, year of the study, type of 

report, and any information that identifies the study. The purpose of providing the report 

type was to distinguish whether a study was published. This approach took all feasible 

measures to eliminate or significantly diminish publication bias, an essential objective in 

performing a meta-analysis (Borenstein et al., 2021). 

Next, I coded for the study design and randomization. Additionally, I coded the 

duration of the study.  

I coded relevant details of the study’s settings, age, education levels, discipline, or 

sector of study.  This data made it possible to examine the applicability of studies to their 

participants and evaluate how well the studies applied to the population (Li et al., 2022). 

I coded the indicators or features of critical thinking used in the sampled studies' 

measurement or assessment approach. Also, if provided, I included the author’s 

description of the indicator or feature. 

Next, I coded sufficient information about the intervention, including type, 

method, mode of administration, name of scale or measurement, reliability of measure (if 
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provided), and any other relevant considerations or components.  These details are critical 

to enabling the replication of the study. 

In coding the outcome characteristics, I was particularly interested in how the 

intervention affected the participants' critical thinking skills.  

I independently coded the studies using segments of the Pieces Workbook 

designed by (Foster, 2018). The workbook was used to guide the data collection and 

organize and code data from the studies. To verify the reliability and consistency of the 

coded data, I trained an independent reviewer to random sample the extracted coding 

sheets and compared them against the respective individual studies. The independent 

reviewer conducted the review, identified minor consistencies related to transposed 

numbers, and inadvertently misinterpreted the standard deviation in one data set. I 

resolved these inconsistencies and resubmitted the updated data sheet to the reviewer. 

The reviewer did not identify any further discrepancies, which yielded a high confidence 

level in the accuracy and quality of coding. 

Results 

The results of this research are explained in multiple sections. The first section 

presents an overview of the selection and final extraction of the studies included in the 

meta-analysis. The second section covers the assumptions; the third section presents 

statistical evidence on the effects of the common features of higher-level thinking on 

developing junior and mid-level learners' critical thinking skills in post-secondary 

education. The fourth section explores confounding variables, followed by a summary.  
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Overall Analysis  

An essential step in conducting a meta-analysis is calculating the effect sizes. I 

used descriptive statistics (means, standard deviation, and sample size) to calculate the 

effect sizes of the selected studies. I applied Cohen’s d statistics to measure the mean 

difference and characterize the effect size. Since it seemed improbable that these studies 

all share a common treatment effect, I used the random effects model to calculate the 

effect sizes. The random-effects meta-analysis model considers that sampling variability 

and actual differences in the treatment effect in each study might cause the observed 

estimates of treatment effect to vary across studies (Borenstein et al., 2009). In contrast, 

the fixed effect model assumes that all studies share a common true effect size and that 

any observed variation is due to sampling error only. Compared to the fixed effect model, 

the random effects model is more conservative; it distributes weights to studies based on 

both within- and between-study variation and produces larger confidence intervals. To 

assess whether there was a significant variance between studies, I examined the Q and I2 

statistics. The Q statistic represents the observed dispersion in effect sizes. It is compared 

with the value of k-1 degrees of freedom, where k is the number of studies. The value k-1 

is the expected Q value, assuming all studies share a common true effect size. Since the Q 

statistic is sensitive to sample size, the I2 statistic assesses the proportion of variance 

between studies attributable to true variance instead of sampling error (Borenstein et al., 

2009). The IBM SPSS Software, Version 28, was used to conduct this analysis. 
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Statistical Assumptions 

Statistical tests produce some common assumptions that must be met before the 

test can be used. The first assumption evaluated was ensuring that effect sizes are 

independent. This assumption is invalidated if multiple outcomes measure is used for the 

same participant sample if two treatment groups use the same control group, or if the 

meta-analysis includes duplicate data or samples (Becker, 2000; Hedges et al., 2010; Liu 

et al., J., 2020; & Wood, 2008). I verified this assumption by examining the primary 

studies’ methodology to determine whether samples were collected using random 

sampling. The next assumption I examined was to confirm that the observed estimates of 

the intervention effect vary across studies because of actual differences in the 

interventions of each study and sampling variability. Applying the random-effects model 

establishes that factors exist that contribute to variations in the magnitude of the effect. In 

the present study, an evaluation of assumptions showed no appearance of a violation.  

A search for relevant studies yielded 131,073 distinct articles. After reviewing the 

titles and abstracts, I selected 122 articles for full-text retrieval and evaluation using the 

inclusion criteria.  The evaluation resulted in a selection of thirteen studies, spanning the 

years 2006 to 2022, with a total of forty data sets. The total sample size of participants 

across all studies was 880 (N), with an average sample size of 68 per study.   

To find the answer to the research question, ‘To what extent do the common 

higher-level features contribute to developing critical thinking skills?’, the studies 

included in this meta-analysis were integrated with Cohens’d and the p-values to generate 

a common effect size.  
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Effect Sizes  

Results of the overall effect size analysis and test for heterogeneity are presented 

in Table 3, Effect Size Estimates. When all 40 effect sizes are combined, the overall 

estimate of the effect size of 0.501 was statistically significant (SE = .125, z = 4.003, p < 

.001). The width of the confidence interval is dependent upon the correctness of 

individual studies and the number of cumulative studies (Zientek et al., 2012). The 95% 

confidence interval of the mean effect size is (0.256, 0.747), indicating that 95% of the 

time, the true mean effect size of an instructional and training intervention will generally 

range between 0.256 and 0.747. The results verify that the common features tested by the 

studies interventions obtained a narrow interval, giving rise to confidence in the level of 

variance of the mean effect sizes. This means that the intervention outcomes from the 

combined studies demonstrated that the common features of higher-level thinking: 

remembering, understanding, applying, analyzing, evaluating, and creating have a 

moderate effect on the development of junior and mid-level learners' critical thinking 

skills. 

Table 3 

Effect Size Estimates 

Effect 

size 

Std. 

error Z 

Sig. (2-

tailed) 

95% confidence 

interval 

95% prediction 

interval 

Lower Upper Lower Upper 

 

 

0.501 

 

 

0.1252 

 

 

4.003 

 

 

0.000 

 

 

0.256 

 

 

0.747 

 

 

-1.018 

 

 

2.020 

a. Based on t-distribution. 
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The test for heterogeneity yielded a Q statistic of 289.931 compared to an 

expected value of 39. The test of the null hypothesis is statistically significant (p < .001). 

The I2 statistic estimation is 91.0, meaning that 91.0% of the observed total variance 

between studies is due to fundamental differences in the effect size. The variance of the 

mean effect size is 0.547 (T2 statistic), and the standard deviation is 0.74 (T statistic). The 

statistically significant variability of the effect sizes implies that the finding is 

incongruent, requiring further exploration to determine whether methodological and 

substantive features explain the differences among study findings and can account for the 

broad range of influences. Disparities across studies are speculated to be caused by 

various interventions, different analysis techniques, time spans, and geographic locations 

with different cultural contexts.   

Table 4 

Heterogeneity Analysis (Q and I2) for Overall Mean Effect Size 

Test of heterogeneity 

 

 Chi-square (Q 

statistic) 

 

df Sig. 

Overall 289.931 39 0.000 

 

Heterogeneity measures 

 

Overall Tau-squared 0.547 

 H-squared 11.456 

 I-squared (%) 91.3 
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Forest Plot  

The Forest plot, which illustrates the results of this meta-analysis based on the 

pooled forty effect sizes from the 13 included studies, is displayed in Figure 2. The study 

names are presented on the left of the figure. The statistics for these forty effect sizes, 

such as Cohens’d, the standard error, and the variance, are placed in the center. The 

Forest plot is presented on the right side of the figure. The squares centered on horizontal 

lines represent each study’s point of estimate. Also, the squares illustrate the sizes of the 

studies. The size of the squares increased with the study’s total number of participants. 

The vertical lines represent the width of the confidence intervals for each study. The 

confidence interval depicts the range of values likely to represent the population mean 

with a certain confidence level. When the line representing the sample studies in the 

Forest plot crosses the vertical line, the null value is contained within the 95% confidence 

interval, and a statistically significant difference was not observed. As reflected by the 

Forest plot, studies that followed a statistically significant difference are Esmaeilzad 

(2022), Yousef (2021), Lovelace (2016), Shavelson (2018), Vec (2019), Fischer (2009), 

Jimenez (2021), Petcharuk (2021), Jacob (2009), and Berry (2013). A common 

characteristic of these sample studies is intervention approaches used to measure critical 

thinking, which are the representatives of the pre and post-test. The studies that did not 

observe a statistically significant difference include James (2016), Hayes (2008), Fischer 

(2009), Jimenez (2021), Jacob (2009), and Berry (2013).  These studies differed in the 

research design used, such as longitudinal, meaning that the sampled studies were 

performed over a span of time. 
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The studies with the broadest confidence interval are Esmaeilzad (2022) and Vec 

(2019). In contrast, the studies with the smallest confidence interval are Shavelson 

(2018), Hayes (2008), Fischer (2009), Petcharuk (2021), and Berry (2013). Thirty-two 

effect sizes from the included studies were classified as positive; 13% of the effect sizes 

revealed that the results favor interventions. The Forest plot also draws attention to a 

significant amount of variance when the distribution of the individual effect sizes around 

the average effect (the red dotted line) is not symmetrical.  
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Figure 2 

Forest Plot of Meta-Analysis and Study-Level Statistics 
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Power Analysis 

The concept of statistical power originates from traditional hypothesis testing 

(Bhandari, 2022b). It is related to the two types of errors that can occur in a hypothesis 

test. The first error is to accept the alternative hypothesis while the null hypothesis is true. 

This leads to a false positive, a Type I or α error. Conversely, accepting the null 

hypothesis is possible, while the alternative hypothesis is true. This produces a false 

negative, known as Type II or β error. The power of a test depends on β and is defined as 

Power = 1− β1. A power analysis, seen from a different angle, is a computation that aids 

in determining the required minimum sample size for a study.   

Based on the power analysis conducted using the Power Calculation for Meta-

Analysis tool (Valentine et al., 2010), a sample size or studies of N = 9 is adequate to 

maintain statistical power for this random effect meta-analysis research. The actual 

sample size or number of effect sizes of this present study is N = 40. The analysis results 

indicated that a sample size of N = 9 generates adequate effect sizes to test the study 

hypothesis. This calculation is based on a high heterogeneity power. The number of 

effect sizes included in this study is greater than 9, totaling 40. The analysis indicated that 

the probability of committing a Type II error in the data is minimal. It is important to note 

that power analysis does have limitations. A common disadvantage of the power analysis 

is the inability to thoroughly generalize (Bruin, 2006). If the data collection method or 

statistical technique used to analyze the data were changed in any manner, it would be 

necessary to revise the power analysis to address this limitation. 
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Publication Bias  

When studies with favorable findings are more likely to be published than those 

with adverse outcomes, this is known as publication bias (Higgins et al., 2022; Zhu & 

Carriere, 2018).  Publication bias is a known pitfall in meta-analysis (However, statistical 

literature does not provide standardized methods to avoid such biases.  This limitation 

made it difficult to determine an acceptable method for detecting and correcting 

publication bias for the study. I used the standard method, the funnel plot in IBM SPSS 

Statistics, to detect publication bias. The funnel plot is a scatter plot that compares the 

effect estimates from several studies to a measurement indicating each study's magnitude 

or validity (Deeks et al., 2022). The standard error of the effect estimate is used to 

determine the size of the study and is plotted on a vertical axis with a reversed scale to 

place the most extensive, significant studies at the top. The effect estimates from smaller 

studies will scatter more widely at the bottom, narrowing the spread among larger 

studies. The effect estimates from smaller studies will be more dispersed at the bottom, 

while the gap between larger studies will close. Without bias, the plot resembles a 

symmetrical (inverted) funnel. The funnel plot, as shown in Figure 3, revealed that 

studies are split on both sides. The inverted funnel suggests that the method used to 

collect data in the literature was not biased. Furthermore, it shows that bias was not 

introduced by overlooking small effects.   The Funnel plot, presented in Figure 3, 

represents the data.  
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Figure 3 

Funnel Plot 

 

Moderating Variables  

Quantitative studies frequently reveal systematic differences in effect sizes. To 

avoid issues with violating assumptions, researchers commonly investigate heterogeneity. 

Due to variations in research design, implementation of the interventions, sample size, 

and other factors, specific subgroups within the sampled studies may produce more 

significant average mean effect sizes than others (Cuijpers, 2021). This section presents a 



114 

 

moderator analysis to examine the high variability in this analysis.  Given the limited 

number of independent studies, the moderator analysis is described as exploratory. 

Research Design 

Studies with pre-and post-test experimental interventions were most prevalent in 

this meta-analysis. Specifically, 62% (8 of 13) of the sampled studies were pre and post-

test experimental designs. The remaining 38% of sampled studies used a longitudinal, 

cross-sectional, or evidenced-centered design. The pre and post-test design involves 

measurements taken on participants under controlled conditions before and after exposure 

to the intervention. The studies that contained this type of design encompassed the 

process of selecting groups of participants, administering the critical thinking skill 

measurement, exposing the participants to the intervention, and re-administering and 

analyzing the measurement. Although the experiments were carried out under controlled 

conditions, control groups were not a condition of pre and post-test design in the 

individual studies. A drawback of not having control groups is threats to internal and 

external validity. Without a control group, there is a chance that the effect size will be 

influenced by the participant and environmental factors that are typically difficult to 

distinguish from the effect of the intervention (Cuijpers et al., 2017; Knapp, 2016). In 

some sampled studies, undetermined factors could have compromised the research design 

by increasing heterogeneity.  Those sampled studies might have yielded a higher mean 

treatment effect size than those used in other designs. Despite this disadvantage of the pre 

and post-test design, the studies were still considered in this meta-analysis and 

contributed to the pool of effect sizes needed to respond to the research question 
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adequately. The studies were based on a randomized control-group pre and post-test and 

followed the traditional statistical method, Analysis of variance (ANOVA). Both methods 

reduce the risk of threats to internal and external validity (Dimitrov & Rumrill, 2003). 

Although it typically has fewer threats to internal validity than the other research 

designs, the between-subjects design holds limitations that could have contributed to the 

high variability in this analysis (Bhandari, 2022). Generally, at least one control group, 

one experimental group, or multiple groups vary on a characteristic in a between-subjects 

design (e.g., instructions, courses, training platform, and test design). An experimental 

group is treated with an independent variable intervention that the researcher expects will 

influence the outcome. In contrast, control groups receive no treatment, a standard non-

related, or an imitation treatment (Maggetti et al., 2013). To determine if the 

manipulation of the independent variable is effective, the outcomes of the dependent 

variables are contrasted with the differences between groups. The researcher can 

conclude that the autonomous variable manipulation probably contributed to the 

differences if the groups diverged considerably. However, since different participants 

provided data for each condition, it is conceivable that the groups vary significantly 

between conditions and that these variations serve as alternative explanations for the 

findings.  

Specific characteristics constrain the size and scope of cross-sectional research. 

Researchers usually examine distinct relationships during a particular period (Wang & 

Cheng, 2020). Similar to other research designs, the statistical analysis aims to evaluate 

the outcome for significance within a preset range. There are thus fewer threats to 
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consider if the data begins moving in different directions. The accuracy of cross-sectional 

studies is constrained by the assessment techniques used by the researchers during the 

data collection process. For cross-sectional research to be valuable, it must be designed 

appropriately and representative of the complete demographic. If such a representation is 

not feasible, then the data collected from the participants will have inherent errors that 

must be considered.  

Additionally, the researcher’s personal bias can impact the results of cross-

sectional studies. For instance, if researchers want to obtain a particular outcome, they 

can pose questions that will guide participants to the desired response, thereby increasing 

the heterogeneity level (Thomas, 2022). Also, because cross-sectional studies represent a 

snapshot of the condition at a single point in time, the timing of the data collection may 

be unrepresentative of the group’s behavior, which could have been a driver of 

heterogeneity in the effect sizes.  

A longitudinal study is the opposite of a cross-sectional study. This type of study 

involves repeated data collection from the same subjects over time, often focusing on a 

smaller group of individuals connected by a common trait. A weakness in longitudinal 

studies is that, over time, participants may cease to participate, impacting the sample size. 

In the two longitudinal studies, James (2016) retained all participants, but in Vec (2019), 

by the third year, eight students were unavailable at the time of the first test in the social 

pedagogy course. Eventually, the student received the test upon availability.  
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Learning and Study Strategies  

Interventions that include learning, study strategies, and pre and post-tests 

(Lovelace, 2016; Shavelson, 2018; Petcharuk, 2021; Hayes, 2008; and Fischer, 2009) are 

another possible explanation for the high variation. The studies included in this meta-

analysis employed a variety of instructional practices and pre and post-test instruments in 

a broad range of formats and applications. The nature of the variations among the 

instructional practices and pre and post-tests included in the sampled studies likely 

predisposed fluctuations in the effect sizes. High levels of variation in the sampled 

studies may be seen in the previously described Forest plot, shown in Figure 2. The three 

studies’ interventions included a learning or training program and separate groups. 

Shavelson (2018) and Fischer employed a scenario-based training program. Conversely, 

Petcharuk used an interactive classroom learning environment and an information-based 

problem-solving learning system.  

Sample Sizes 

Another way effect size varies is through sample sizes. Studies with few 

replications will show over or under-estimations of the true effect size, leading to 

sampling error. The sample sizes of the sampled studies range from 19 to 215. It is 

inferred that the sample size variation contributed to heterogeneity within the individual 

studies’ effect sizes.  

Subgroup Analysis 

A subgroup analysis was conducted to measure the differences in effect sizes 

between the sampled studies.  The coding scheme revealed two primary measurement 
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designs across the studies used in this analysis, pre and post-test (n = 10) and separate 

groups (n = 3).  When comparing the effect sizes between the two types of 

measurements, the findings suggest that pre and post-test might be a prevalent 

measurement design for the higher-level features. Since the scope of this meta-analysis 

did not include an investigation into the effects of the types of measurement designs, 

future research might give more insight into which is more effective.  

Analysis of Higher-Level Thinking Variables 

By integrating a frequency analysis of the features related to higher-level 

thinking, it may be possible to explain the frequency and magnitude of the variables 

emphasized among the sampled studies. The variable remembering appeared in 10% of 

the studies interventions; the variable understanding appeared in 22% of the included 

studies interventions; the variable applying appeared in 16% of the included studies 

interventions; the variable analyzing occurred in 22% of the included studies 

interventions; the variable evaluating occurred in 22% of the included studies 

interventions, and the variable creating appeared in 10% of the included studies 

interventions. The understanding, analyzing, and evaluating variables were the most 

dominant among the higher-level variables. 

Summary 

Results of this meta-analysis indicated that common features of higher-level 

thinking (remembering, understanding, applying, analyzing, evaluating, and creating) 

moderately contribute to developing junior and mid-level learners’ critical thinking skills 

in postsecondary education. I2 statistics revealed high levels of heterogeneity in terms of 
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effect sizes between individual studies. While variations in individual studies’ effect sizes 

can be explained, results also demonstrate the importance of consistent measures to 

assess critical thinking skills.  

This chapter included results of this meta-analysis and a summary of findings. 

The study revealed a moderate overall effect size regarding the extent to which higher-

level thinking skills contribute to developing critical thinking skills. In addition, tests for 

homogeneity and heterogeneity reinforced the use of a random effects model to obtain a 

true effect size. In Chapter 5, study findings are interpreted in terms of the extent to 

which higher-level thinking abilities promote the growth of critical thinking skills. The 

findings are discussed in the context of Bloom’s revised taxonomy. The chapter includes 

an explanation of the study’s limitations and further recommendations for research. The 

chapter will conclude by discussing the study's implications for positive social change.  
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Chapter 5: Discussion, Conclusions, and Recommendations 

 Cultivation and practice of critical thinking skills are at the forefront of 21st 

century intellectual requirements for the U.S. Armed Forces (Joint Chief of Staff, 2020; 

Bouygues, 2019; Burgard, 2020). Senior U.S. Army leadership and military experts have 

expressed concerns about the level of critical thinking in the armed forces, considering 

uncertainties and unknowns that characterize contemporary warfare (Antrobus & West, 

2022). The global security environment continues to be impacted by emerging 

transnational threats, regional conflicts, and great power competition (JCS, 2020; 

Thomas, 2021). Some examples of emerging threats, regional conflicts, and power 

competition include Russia’s invasion of Ukraine, China’s attempt to seize territory 

throughout the South China Sea, radical terrorism, evolving air and missile threats, 

advanced technology in the form of drones, rockets, hypersonic weapons, acquisition of 

nuclear weapons, cyber disinformation, and influence campaigns and hegemonic 

ambitions of Russia and China (Kagan, 2016; Wright, 2021).   

 Another obstacle for the armed services is the current state of education, which is 

vital to their success and frequently connected to national security issues. The U.S. 

allocates more resources to education than almost every advanced country. However, 

students’ reading performance is close to average, and their math and science 

performance is somewhat below average (Klein et al., 2012). Compared to their peers in 

Poland, Canada, New Zealand, Korea, and China, students in the U.S. are behind. The 

U.S. is leading toward an education crisis that will probably jeopardize the availability of 

public servants, particularly in specialized professions, to satisfy sociological, political, 
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economic, and national security demands. For students to be qualified to work in 

institutions like the Foreign Service, intelligence community, and Armed Forces, 

educational institutions must enhance students’ abilities and provide them with a strong 

basis of knowledge and cognitive skills. The State Department often experiences 

difficulties recruiting enough multilingual personnel (Klein et al., 2012; Srinivasan et al., 

2022). U.S. generals continue to warn that enlistees cannot comprehend advanced and 

complicated equipment instruction manuals. Out of 250 intelligence personnel, the XVIII 

Airborne Corps in Iraq determined that less than five could make logical connections 

between ideas to form a conclusion. 

 To effectively navigate intricate and ever-changing operational environments, 

warfighters must possess a combination of professional, technical, and cognitive abilities, 

specifically critical thinking skills (CJCS, 2020; Odierno & McHugh, 2015; Straus et al., 

2013). Although the U.S. Army PME curriculum includes critical thinking skills, U.S. 

Army leaders are uncertain whether the armed forces are sufficiently developing and 

practicing the capability of operations. The U.S. Army lacks standardized assessment 

tools to measure the acquisition of warfighters’ critical thinking skills within the PME 

system.  

 To address this gap, I strove to examine the extent to which common features of 

higher-level thinking (remembering, understanding, applying, analyzing, evaluating, and 

creating) contribute to developing junior and mid-level learners’ critical thinking skills in 

postsecondary education. This chapter includes key findings related to the research 

question. Also included is a discussion of Bloom’s revised taxonomy model. The chapter 
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concludes with a discussion of the limitations of the study, areas for future research, and 

a summary.  

Interpretation of the Findings 

 Distinguishing the most salient critical thinking features might give the U.S. 

Army information for developing a practical critical thinking assessment approach. 

Critical thinking assessment strategies could assist senior leaders in comprehending 

warfighters’ critical thinking capacities to better prepare them with the cognitive abilities 

required to support the military’s obligation to preserve global security.  

I used a meta-analysis design to collect and extract data from multiple studies 

based on pooling and calculating data to determine a pooled intervention effect. This 

meta-analysis included 13 studies. This study was based on the following research 

question and guided by Bloom’s revised taxonomy: 

RQ: To what extent can standard features of higher-level thinking (remembering, 

understanding, applying, analyzing, evaluating, and creating) contribute to developing 

junior and mid-level learners’ critical thinking skills in postsecondary education?  

H01: Standard features of higher-level thinking (remembering, understanding, 

applying, analyzing, evaluating, and creating) do not contribute to developing critical 

thinking skills in postsecondary education. 

Ha1: Standard features of higher-level thinking (remembering, understanding, 

applying, analyzing, evaluating, and creating) contribute to the development of critical 

thinking skills in postsecondary education. 

 



123 

 

 

Findings in Chapter 4 substantially answered the research question.  

Findings  

I aimed to summarize available evidence regarding the extent to which common 

features of higher-level thinking develop critical thinking skills. Despite the variability of 

studies, the most obvious finding to emerge from this study is that common features of 

higher-level thinking skills (remembering, understanding, applying, analyzing, 

evaluating, and creating) have a moderate effect on the development of junior and mid-

level learners critical thinking abilities, as supported by pooled effect sizes (Esmaeilzad, 

2022; Hayes, 2008; Jimenez, 2021; Lovelace, 2016; Petcharuk, 2021; Vec, 2019; Yousef, 

2021). More than half of effect sizes favor interventions with measurement approaches 

incorporating these features. Findings showed that high-level features understanding, 

analyzing, and evaluating emerged throughout interventions nearly half the time. The 

high-level feature applying appeared slightly less than 20% of the time. The high-level 

features remembering and creating occurred much less than applying. This suggests 

learners might have more difficulty developing and demonstrating these skills within 

timeframes and conditions of interventions. Students need time, education, and expertise 

to build mental structures of higher-level thinking. A study on the length of exposure and 

estimated duration to build cognitive abilities between the higher-level thinking levels 

can be a future research topic.  

Findings reinforced the connection between Bloom's revised taxonomy model and 

assessing learners’ critical thinking ability. The sampled studies analyzed in this research 
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provided credence that Bloom’s revised taxonomy model is a viable framework for 

instructors to measure students' critical thinking abilities through formative and 

summative assessments (Farcis et al., 2022; Zapalska et al., 2018). Since developing and 

advancing critical thinking skills cannot be accomplished without some instructional and 

evaluation support, Bloom’s revised taxonomy model functions as a tool to create 

teaching and development approaches. Furthermore, Bloom’s revised taxonomy is used 

to help create a balance between assessment and evaluation activities to ensure that 

students' learning involves practicing higher-level thinking. This study supports the view 

that learners may improve their critical thinking abilities after controlling for other 

variables, guided by the common features of higher-level thinking. 

 As expected, the studies varied in the types of measurements used to assess 

critical thinking skills, which are likely attributed to the observed heterogeneity. The 

measurements included questionnaires, tests or examinations, open-ended essay 

questions, multiple choice questions (MCQ), and project or lecture activity observations. 

The MCQ format is the least favored, whereas the open-ended essay question format is 

the ideal measurement (Dwyer, 2018; Goodsett, 2020).  Moderators claim that the MCQ 

is the least preferred since it enables test-takers to guess the proper response rather than 

proving their capacity to critically examine, assess, and deduce solutions to issues 

(Goodsett, 2020; Ku, 2009). The open-ended questions allow test-takers to exhibit their 

ability to employ critical thinking skills instantaneously.    

Although not within the scope of this research, an examination of the types of 

measurement instruments that better align with assessing the higher-level features 
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revealed that pre and post-tests and separate groups are most prevalent across the studies. 

The subgroup analysis indicated that the pre and post-test weighed the heaviest and is 

consistent with other studies that showed successful interventions in developing critical 

thinking. According to the subgroup analysis, the pre-test/post-test using the common 

features carried the most weight, which aligns with previous research in the literature 

showing the effectiveness of interventions in promoting critical thinking.  

Shavelson (2019) suggested that critical thinking assessment needs to be 

improved in the literature. According to the author, concerns about the quality of student 

performance in critical thinking, problem-solving, perspective-taking, and 

communication, referred to as twenty-first-century skills, have arisen due to the rapid 

proliferation and broad range of higher education. (Later studies revealed that the 

perception of the need for critical thinking assessments is more than a local matter (Al-

Mahrooqi & Denman, 2020; Goodsett, 2020; Mohd et al., 2019). The researchers asserted 

that while developing students' critical thinking abilities is frequently seen as a key goal 

of higher education, policymakers, educators, and students in some universities in the 

Middle East and North Africa region have expressed concern about this issue (Al-

Mahrooqi & Denman, 2020).  One challenge is that little research has been performed on 

measuring learners’ critical thinking skills.  

Limitations of the Study 

This study has various strengths, which were discussed in the findings section. 

However, due to the unconventional research design and the scope of the study, 

limitations need to be considered. The meta-analysis design provided a transparent and 
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structured approach to combine and analyze data from different studies and present 

results. Contrarily, it was challenging to include studies because of the requirements for 

the meta-analysis inclusion criteria. The literature selection approach used in this meta-

analysis is partially attributable to the small sample size. During the initial steps of the 

data collection process, more than 122 primary studies from the literature search were 

excluded due to insufficient quantitative data to estimate effect size. This meta-analysis 

only includes forty total effect sizes, which is inadequate to thoroughly investigate 

whether potential effect modifiers explain heterogeneity between the studies. Meta-

analytical results must be interpreted considering the structure and level of detail 

provided in the primary studies.  

While the primary studies provided sufficient data to analyze the effect sizes, they 

varied in the narratives of factors that might have influenced the study. Although the 

inclusion and exclusion criteria aid in determining the quality of the studies, the 

researchers' drive and analytical and interpretive abilities impact data reporting (Higgins, 

2022). As a final point, the selected variables for insight were limited to the elements of 

Bloom’s revised taxonomy model.  An additional investigation is worthwhile to discover 

if a broad assessment strategy that includes these common features can be developed.  

Furthermore, variables such as gender, age, location, or educational attainment were not 

included but could have provided additional information on how these affected the 

findings.  
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Recommendations 

Returning to the research question, the present study’s findings authenticate a set 

of core higher-level thinking features for the U.S. Army to formulate generalized 

assessment or measurement strategies to gauge the acquisition and practice of 

warfighters’ critical thinking skills. The following recommendation is offered from the 

perspective of the research, analysis, and findings presented throughout this study.  

Recommendation 1: Instruments to Measure Critical Thinking  

 A natural progression of this study is to research the practicality of creating a 

structured generalized model to measure warfighters’ critical thinking skills by 

integrating these core higher-level thinking features. The value of developing assessment 

tools that incorporate these fundamental aspects of higher-level thinking will become 

apparent in the effectiveness of measuring critical thinking proficiency within the U.S. 

Army formations and in the ability to shape training or instructional requirements. A 

benefit of using these core features is that they are flexible and adaptive for assessing 

performance based on learners' levels of achievement and diverse needs (Sideeg, 2016). 

Explicit, written criteria will help consistently evaluate materials and provide 

transparency and clarity throughout the process.  

Using this recommendation, an example of an assessment model that might be 

created to integrate higher-level thinking features is an effective algorithm. The algorithm 

should outline the expectations for each level within the taxonomy. This ensures that the 

instructor and learner understand the performance indicators for each assessment activity. 

The algorithm should at least include the criteria, descriptors, and scoring. The criteria 
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define the key elements that comprise each of Bloom’s revised taxonomy levels. The 

descriptors describe what is required at each level of performance with the assessment 

activity. Scoring means assigning a numerical value or range for each performance 

descriptor, facilitating consistent and objective grading. The scoring can be represented 

through letter grades, number of points, or descriptors of quality levels, such as 

exemplary, competent, and developing. It is important to note that any assessment must 

align with the instruction, learning activities, and learning outcomes (Biggs & Tang, 

2011; Maki, 2010).  

Recommendation 2: Add Critical Thinking Skills Assessment to Policy 

Policy plays a crucial role in forming and implementing guidelines and principles 

of an institution. Policies exert a powerful influence. Institutional goals may be 

accomplished with the support of policy implementation. With it, goals and objectives of 

foremost importance might culminate in real or sufficient change at the operational 

levels. Therefore, broadening current policy, which requires the PME facilitators to 

inculcate critical thinking skills into its curriculum, incorporating measurement 

approaches, will help assess this vital ability within U.S. Army formations. A revived 

policy that promotes investment at all levels of creating a force with a critical-thinking 

mindset might also assist the goal of an adaptable, formidable force. A force capable of 

dealing with complexity, ambiguity, uncertainty, and rapid change while still being able 

to make tough decisions under pressure.   
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 Recommendation 3:  Invest in Critical Thinking Measurement Instruments  

Funding the development of assessment systems that employ various instruments 

to gauge the critical thinking abilities of warfighters should be a priority for U.S. Army 

policymakers. Adopting assessment techniques that are thorough and successfully 

connect with course objectives and instructions is vital to acquire valuable data on 

warfighters' critical thinking skills. The quality of thinking abilities cannot be 

immediately judged after receiving two to three repetitions of instructions. Holmes et al. 

(2015) claim that evaluating critical thinking is a process rather than a quick exercise. 

The purpose of assessments is to provide instructors, school administrators, and students 

with discrete formative data on difficult-to-measure skills.  

Furthermore, given the emphasis on developing critical thinking skills and its 

impact on the U.S. Army’s effectiveness in exerting land power, policymakers must 

implement a policy that promotes assessment systems in the operational training and 

PME. The assessment systems need to focus on measuring the growth or progress of 

students and instructions over time. A policy can also help curriculum developers, 

training facilitators and instructors, and other stakeholders understand the importance of 

facilitating training and learning environments to inculcate the learning and practice of 

critical thinking. The U.S. Army leaders can apply this study as a roadmap to orient 

policy toward establishing and integrating measurement instruments to demonstrate the 

application of cognitive abilities and, importantly, critical thinking skills across training 

and education programs and in the evaluation reports. 
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Recommendation 4: Improved Practical Training for PME Instructors  

Businesses have often urged educators to improve how they teach students to 

think critically. In a report published in 2019 by the Society for Human Resource 

Management, 51% of businesses surveyed claimed that educational institutions had done 

little to close the soft skills gap (Society for Human Resource Management. 2019). As a 

professional institution, part of the military’s function is to educate its forces. The future 

of the military profession depends on fostering and advancing knowledge and thinking 

skills, much like businesses.  It takes time and effort to develop critical thinking skills, 

and it demands educators who can modify the learning environment to promote 

intellectual and cognitive development through rigorous and timely education and 

training. Instructors must thus be educated and trained to promote critical thinking skills 

by encouraging in-depth discourse, debate, and discussion. Instructors must be conscious 

of their thought patterns, practice critical thinking, and model the necessary behaviors 

that emerge from training and experience (Holmes et al., 2015). It is unrealistic to 

anticipate that merely being exposed to a subject will teach students how to think 

critically. Students require proper teaching from experienced professionals if they are to 

be expected to develop the skill. To effectively teach students and execute formative 

assessments in the classroom, instructors have a responsibility to grow a variety of 

professional competencies.  This may be achieved by receiving practical instruction and 

continuing to advance competencies.  
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Recommendation 5:  Future Research on Multiple Generational Learning  

The military will benefit from future research that broadens the scope of this 

study by accounting for generation differences and learning preferences in educational 

and training programs that evolve cognitive development. Even though it is 

commonplace that military personnel originate from different generations, the 

environment and life experiences of the individual influence their learning and 

development differently. For example, the first generations to use digital technology daily 

are Millennials and Generation X (Sutton, 2019). Members of these generations are 

known to favor interactive, dynamic learning and want social media to be interwoven into 

their learning environment. If learning models and teaching techniques do not apply to 

learners or are sufficiently connected to their socio-educational realities, they lose their 

value (López-Noguero, 2008; Marín-Díaz, 2015). The military, notably the U.S. Army, 

must consider the generational disparities and customize curricula, training programs, and 

assessment methods to accommodate learners' learning preferences and styles.  

Also, it would be interesting to explore whether learning models such as 

gamification and classroom escape rooms appeal to the diverse needs of learners. 

Research of this nature might also provide insight into improving educational and 

training practices and assessments to accommodate multigenerational learning in the 

military.  Gamification refers to using game mechanics to make learning more engaging 

for students (Buljan, 2021). Gamification fosters the development of abilities, including 

problem-solving, critical thinking, social awareness, cooperation, and teamwork. 

Further, engaging in games can boost students' motivation, arouse their interest in certain 
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subjects, and enhance their cognitive function. Classroom escape rooms are real-time 

cooperative games where players must overcome challenges to fulfill objectives under 

predetermined time constraints (Velcamp et al., 2020). Additionally, these educators 

pointed out that escape rooms provide an environment for individuals to develop or 

improve their collaboration, communication, problem-solving, critical thinking, and 

analytical reasoning abilities. These learning models are continuously emerging as 

innovative approaches to teaching, training, and assessing the acquisition of students’ 

skills.   

Implications 

The results of this meta-analysis research have significant implications for how 

the U.S. Army and the military can better equip warfighters with the cognitive 

capabilities, primarily critical thinking skills, to function in the future security 

environment.   

Implications for Future Practice and Research 

Critical thinking skills are among the most demanded competencies of the 21st 

century for the military and society. This research addresses U.S. Army leaders’ 

uncertainty about the quality or performance of warfighters’ employment of critical 

thinking. Compared to other studies, this research used a thorough and methodologically 

sound procedure to combine the most reliable, quality data and produce evidence of core 

features to measure or assess critical thinking skills.   

The implications of these findings are intended to improve the cognitive 

capabilities, specifically critical thinking, of the U.S. armed forces and the military. The 
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validation of the common features of higher-level thinking skills: remembering, 

understanding, applying, analyzing, evaluating, and creating can be used as a roadmap to 

an effective critical thinking assessment strategy that will better equip military personnel 

with cognitive tools to adapt to complex situations. This perspective can enhance the 

Army’s ability to deliver and sustain an unmatched scale of ground forces to advance the 

protection of our nation.  

Social Change 

The current study could contribute to social change by helping educators and 

those invested in the reform to shift education systems to equip learners with 21st-century 

competencies such as critical thinking.  It is reasonable to expect that the U.S. Army 

PMES facilitators and the military will use these core features to create constructive 

assessment strategies that adequately gauge warfighters’ critical thinking skills.  

Following a competency standard can help improve the PMES program. With a standard 

of this kind in place, facilitators can modify the learning objectives and training 

requirements specific to the learning environment and implement best practices that 

aim to improve critical thinking competencies.  

Conclusion 

The responsibility for securing a broad range of demanding national security and 

defense objectives falls upon the U.S. Armed Forces. Equally, the Army forces will 

continue to face a wide range of threats, from near-peer contests to potential encounters 

with violent extremist organizations. The combination of these global developments 

signals that Army forces of today and the future will have more cognitive demands, 
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pointedly critical thinking, placed upon them. These demands involve the capacity to 

reason, prioritize competing initiatives, identify novel solutions, select the optimal risk-

based choices, and swiftly adjust to shifting circumstances while conducting mission 

objectives. An essential premise for efforts to achieve the Joint Chiefs of Staff and Senior 

Military leadership’s vision of a critical-thinking joint warfighting force is for facilitators 

of the Professional Military Education System to develop a curriculum to train and 

develop these skills.  

This meta-analysis explored the extent to which the common features of higher-

level thinking, remembering, understanding, applying, analyzing, evaluating, and 

creating, contribute to developing junior and mid-level learners' critical thinking skills in 

post-secondary education. The importance of validating this hypothesis is to demonstrate 

a baseline set of common features or indicators that the PMES can use to create a 

measurement approach to validate warfighters’ critical thinking skills and capabilities. 

The structured data collection and detailed analysis yielded the result that, in general, the 

common higher-level features moderately lead to developing learners’ critical thinking 

skills. This study substantiates that developing junior and mid-level learners' critical 

thinking through instructional or training interventions augmented by measurement 

approaches is possible.  

Cognitive capabilities, particularly critical thinking, do not develop naturally. 

Still, they must be fostered gradually through specifically developed processes and 

measurement instruments composed of standardized core features to appropriately assess 

the skills learned and transfer them into operational environments. Given the current and 
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future security environment characterized as complex, unpredictable, and dynamic, the 

U.S. Armed Forces must rely on more than sophisticated weapons systems and 

technology. The increased demands upon our forces require leaders at all levels who 

think critically. This study offers the best representation of a set of core common higher-

level thinking features that can lead to practical evaluation assessment approaches to 

validate critical thinking capability throughout the U.S. Army formations. This study 

reinforces the necessity for the military stakeholders and those in the educational and 

social science fields to invest in the pursuit of reliable and valid assessment strategies 

using the core higher-level thinking skills for measuring warfighters’ thinking skills. 
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