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Abstract

Purpose: This study explores the relationships between the cognitive demands of the questions

asked by a teacher educator (TE) and prospective teachers’ (PT) capacity for critical thinking (CT).

Design/Approach/Methods: Participants comprised a TE and 32 PTs. The cognitive demands of

the TE’s questions and PTs’ CTwere analyzed using a systematic observation approach.

Findings: Results indicate that there are tangible connections between the increasing mental

demand of TE questions and PTs’ higher-order cognitive processing. The PTs achieved higher-

order CT when the TE asked more cognitively demanding questions. For instance, when the

TE’s questions were pitched at the cognitive demand levels—namely, the analyze, evaluate, and/

or create levels—the PTanswers were longer and reflected higher CT, such as inductive reasoning,

suggesting new ways of thinking, or legitimating the arguments of others. Accordingly, results sug-

gest that intentionally subjecting PTs to sustained higher cognitive demands via questions may help

them reach their optimal CT capacity.

Originality/Value: Although proposed teaching strategies have been invaluable in proposing con-

tent-specific interventions for fostering the CT of university students, how lecturers should use

their questions to conduct such interventions has been overlooked. This study addresses this gap.
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Introduction

Critical thinking (CT) involves the “active, persistent and careful consideration of a belief or sup-

posed form of knowledge in the light of the grounds that support it” (Dewey, 1910, p. 6). A critical

thinker utilizes cognitive and dispositional strategies—such as analyzing, understanding, inferen-

cing, inductive and deductive reasoning, and legitimating the validity and reliability of data

source—to enhance the probability of a desirable outcome (Halpern, 1999). According to Ennis

(1993), CT is a “reasonable reflective thinking focused on deciding what to believe or do” (p. 180).
Numerous researchers, policymakers, and educators have recognized the key role of CT in the

context of postsecondary education (e.g., Arum & Roksa, 2011; Hammer & Green, 2011; Moore,

2011, 2013). Indeed, CT has been described as an essential component of high-quality postsecond-

ary education. According to Chan (2016), teaching CT in the context of higher education is funda-

mental to students becoming self-sufficient, independent, and well-rounded thinkers. However,

developing critical thinkers within mass higher education systems is hardly a simple process.

Higher education systems tend to emphasize the cumulative teaching of subject matter knowledge

(SMK) instead of creating and implementing courses dedicated to teaching CT. Nonetheless, it is

dangerous for students to complete university-level education without cultivating core CT abilities

(Harland, 2020).

Developing the CT skills of university students under a serious information bombardment is

invaluable insofar as it facilitates their ability to distinguish between relevant and irrelevant infor-

mation. El Soufi and See (2019) note that while the importance of CT skills is recognized in higher

education, how CT should be taught in higher education remains an issue. It is generally accepted

that developing the CTskills of higher education students is not a spontaneous process or something

that can be quickly addressed in the final year of a university program. Moreover, the CT capability

of an educator displays in their instruction is recognized as one of the most important factors in

determining the CT level of higher education students (Moore, 2011, 2013). As CT is an ability

primarily displayed in and cultivated through an individual’s questions and questioning behavior,

it is necessary to examine how the question-asking actions of university tutors can be used to foster

CT in a specific learner group, such as prospective teachers (PTs). Accordingly, this study develops

an in-depth analysis of classroom talks in which the teacher educator (TE) and PTs discussed learn-

ing, teaching, and knowledge phenomena. More specifically, this study examines the TE’s ques-
tions during the lessons to estimate how they regulated the CT capacity of the PTs.
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Theoretical framework

This study employs several specific terms to explore the relationship between the TE’s questions
and the CT pathways of the PTs. First, teacher questions can be considered in terms of three dimen-

sions: structure, typology, and cognitive demand. Structure refers to how the questions asked by a

TE in the lessons can be close-ended, open-ended, or contingent. Typology refers to how the

TE uses their questions to evaluate, summarize, legitimize or criticize student responses.

Accordingly, typology is mainly related to the discursive function of a question asked during a

lesson.

This study primarily focuses on the third dimension of a TE’s questions: cognitive demand.

Previous studies have found interconnections between cognitive demand, academic rigor, and

CT phenomena. Culver et al. (2019) found that academic rigor in the context of higher education

courses defined the cognitive processing capacity anticipated from students. Academic rigor refers

to the cognitive demand created by a TE’s question, with such a demand likely to prompt a version

of the CT process. Here, cognitive demand is a type of mental demand and reflects the degree of the

complexity of cognitive processing applied in the context of problem-solving.

As the cognitive demand of a mental task, such as a problem, is related to the complexity of the

task, it can be used to design and evaluate teaching and learning, as well as assess the effectiveness

of that teaching and learning. For instance, while discussing teaching, learning, and knowledge con-

cepts, a TE may ask PTs to clarify and expand upon their ideas or opinions (e.g., “What do you

mean by that?” and “Could you elaborate on your idea?”), which may create moderately lower-level

cognitive demands. To respond to the aforementioned cognitive demand, PTs must clarify, para-

phrase, and represent their ideas or opinions so that they are more intelligible or comprehensive.

Meanwhile, PTs face higher cognitive demand when a TE asks them to criticize the credibility

of a proposed claim regarding teaching (e.g., “Do you want to comment on this fascinating perspec-

tive favoring the effectiveness of a true combination of direct instruction modes of teaching strat-

egies with reform-based ones for more meaningful student learning?”). In this case, the PTs are

required to make judgments based on particular criteria, logic, and standards. In other words, the

aforementioned line of questioning tends to create a degree of cognitive demand, with PTs required

to discern inconsistencies or fallacies within an utterance or determine whether the utterance has

internal consistency. All PTs are expected to exhibit such CT skills.

Previous studies show that academic rigor is related to designing and implementing a cognitively

challenging lesson. Here, the term “cognitively challenging” is related to the cognitive demand phe-

nomenon. A cognitively demanding teaching process “stretches students to previously unrealized

levels of student effort, understanding and accomplishment” (Kuh et al., 2011, p. 178). An academ-

ically rigorous or cognitively demanding teaching process comprises both lower-order (e.g.,

Soysal and Soysal 107



interpretation, inference, prediction, and explanation) and higher-order (analysis, evaluation, cri-

tiquing, and suggestion) cognitive pathways of students that can be illustrated by the Bloomian tax-

onomy (Culver et al., 2019). As Campbell and Dortch (2018) have argued, course designs should

challenge students to make deep connections with the topics under consideration and to think in

increasingly sophisticated ways. Focusing on another aspect of academic rigor, Bowman and

Culver (2018) argue that university-based teaching should be cognitively challenging or demand-

ing, such that students are forced to think and externalize their thinking in more sophisticated ways

that centralize different perspectives and interpretations. Cognitively demanding teaching incorpo-

rates integrative and reflective processes. Instead of rote learning by teaching-by-telling, cogni-

tively demanding teaching employs in-class, teacher-led questions requiring students to exhibit a

higher-order understanding of course content (Draeger et al., 2013; Nelson-Laird et al., 2014).

However, academic rigor or the planning and implementation of academically demanding

courses are not priorities of contemporary college programs (Arum & Roksa, 2011). According

to Bok (2013), in the absence of sustained academic rigor, beneficiaries of higher education

cannot be expected to exhibit intellectual habits like CT in the economic, social, and political

domains. In their systematic review, Mayhew et al. (2016) identified a close link between

student outcomes and academic rigor in university-based lessons. Systematically observing the

instructional practices of university educators has proven instrumental in examining intellectual

rigor (Mayhew et al., 2016). Recent studies show that the instructional practices of TEs largely

occur through in-class talks using a question format (e.g., Soysal & Radmard, 2020). Therefore,

the systematic analysis of the questions asked by TEs during classes can elucidate how academic-

ally demanding talk processes are triggered and maintained in scaffolding the CT pathways of PTs.

Based on the foregoing, this study hypothesizes that the varying degrees of cognitive demand

embedded in a TE’s questions shape the CT capacity of PTs. Simply put, when a TE’s questions
demand more cognitive effort, the PTs are encouraged to display higher-order reasoning.

Accordingly, diversifying the cognitive demands of a TE’s questions will provide linguistic scaf-
folds for PTs to engage in the CT process, including interrogating assumptions, analyzing the argu-

ments of others, evaluating the credibility of given information, processing available data,

criticizing ideas, and constructing justified claims.

Literature review

Several scholars have explored CT development in higher education. According to Ikuenobe

(2001), higher education students must possess informal thinking or everyday logic capacities to

think critically. However, simply possessing and using disciplinary thinking norms is not enough

to actualize a complete CT process. Ikuenobe’s (2001) theoretical framework proposed that CT
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is more visible when a thinker can meaningfully and effectively transfer a set of skills to various

contexts in order to overcome different problems. In short, Ikuenobe (2001) advanced a pragmatic

combination of domain-specific and domain-general CT skills to deal with problems when teaching

CT in the context of higher education. Meanwhile, Gent et al. (1999) investigated how some ele-

ments of teaching and learning influence the proliferation of CT skills among university students

enrolled in computer science. Lecturers were assigned as social role models who enacted core

aspects of CT and guided the students to engage in tutorial discussions and deliver effective oral

presentations within a collaborative teaching environment. Criticizing the simple generic versus

discipline-specific accounts of CT, Gent et al. (1999) argued that teaching CT required relatively

sophisticated interconnections among students’ learning strategies, the teaching tactics of lecturers,
and, in particular, the assessment of CT based on the course content and purposes. However, Gent

et al.’s (1999) study did not refine teacher–student verbal exchanges in detail to present evidence of
how pedagogic collaboration serves to scaffold the CT capacity of computer science students.

Seeking to define the core aspects of the instructional settings in which CT is triggered and sus-

tained, Browne and Freeman (2000) proposed that CT classrooms incorporate frequent questions

regarding a topic under discussion. They also suggested that CT classrooms include discussions

on contradictory or alternative perspectives to ensure developmental tension. However, Browne

and Freeman (2000) did not provide clear dialogue-based examples of how the aforementioned

initiators of CT should be embedded in classrooms.

Scaffolding university participants’ CTcapacity is hardly simple. The outcomes of studies exam-

ining the relationship between course-based actions—such as questions about the behavior of

instructors—and students’ CT capacity are complicated and mixed. For instance, Smith (1983)

found no significant relationship between the CT capacity of liberal arts college students and the

types of questions educators employed. In contrast, evaluating the influence of course-based assign-

ments and questions asked in exams on the CT capacity of higher education students, Renaud and

Murray (2008) found that higher-order questions served to increase the students’ CT, even within

the restricted time interval of a single semester of teaching. However, in their study, Nelson-Laird

et al. (2014) observed that students did not exhibit sophisticated CT skills despite higher course-

based expectations.

The relationship between academic rigor and enhancing students’ CT capacity is similarly com-

plicated. Several longitudinal studies have found that academically demanding lessons were instru-

mental in encouraging university students’ enjoyment of literacy-related activities and positive

attitudes toward literacy. However, these benefits notwithstanding, this approach was ineffective

in forcing students to think critically (e.g., Cruce et al., 2006; Loes et al., 2012). Similarly,

Seifert et al. (2014) found that although senior students’ self-motivated learning capabilities

were enhanced through academically demanding course design and implementation, such

Soysal and Soysal 109



courses did not impact their capacity to think critically. Cross-sectional studies reached similar con-

clusions (e.g., Jessup-Anger, 2012). As such, more systematic investigations of the relationship

between instructional scene staging and students’ CT pathways are necessary, particularly with

respect to clarifying how and to what extent educators’ talk-based actions are regulative for promot-

ing students’ CT.
Walker and Finney (1999) contended that developing good research skills may bolster the CT

capabilities of master’s students. In their research program, they observed that encouraging self-

awareness through reflection-in-action and reflection-on-action played a significant role in improv-

ing students’ CT capacity during the research process. Self-awareness largely involved students

identifying their skills and developing a general awareness of how they learn. Accordingly,

Walker and Finney (1999) advanced self-awareness through reflection as an ideal and generic

skill irrespective of which definition of CT (i.e., domain-general vs. domain-specific) is empha-

sized. Ghanizadeh (2017) explored Iranian university students’ reflective and CT capacities and

their association with self-monitoring mechanisms. In doing so, Ghanizadeh (2017) found that

CT was more sophisticated when students displayed more profound self-monitoring activities.

Based on students’ self-reflection, self-correction, and self-monitoring activities, Ghanizadeh

(2017) argued that sustained metacognitive activity can ensure CT in the context of higher educa-

tion. This finding is supported by Facione’s (1990) comprehensive Delphi study, which identified

self-regulation as a core indicator of complicated CT processes. Swanwick et al. (2014) also found

clear and evident connections between CT and reflection as a metacognitive activity in the context

of deaf education. However, scholars have yet to explore how, in a talk-based manner, university

teachers can maintain metacognitive moments using questions, which can be pitched at different

levels of cognitive demand, to create reflective spaces in which university students can cultivate CT.

Existing studies have typically developed, conducted, and evaluated an interventional program

to improve the CT of university students. For instance, through their teaching intervention for CT,

Hashemi and Ghanizadeh (2012) found that when university students engaged in critical discourse

analysis supported by elaborated presentations, they could identify implicit assumptions and pro-

posed fewer biased interpretations, indicating CT. Similarly, Luk and Lin (2015) found that critical

text examinations as a teaching intervention for CT resulted in an increase in university students’
justified arguments, a core element of CT. Meanwhile, Wale and Bishaw (2020) demonstrated that

inquiry-based argumentative essay writing instruction, a specific interventional technique, can cul-

tivate students’ CT capacity. Wale and Bishaw’s (2020) intervention program included specific

tasks intended to improve students’ CT. First, the students selected their writing topics. Data col-

lection, analysis, interpretation, and reporting were then conducted with the students, who had to

address real-life problems. The students were directed to use ample and appropriate evidence to

justify their arguments in their essays. In this rigorous interventional study, external audits
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played the role of devil’s advocate, criticizing the conceptual flow of students’ written drafts. Wale

and Bishaw (2020) concluded that all of the aforementioned interventional processes improved the

participants’ CT skills and dispositions.

However, although the aforementioned interventional studies have been invaluable in clarifying

content-specific pedagogic interventions for fostering CT among university students, research has

yet to elucidate how lecturers should analytically conduct such interventional approaches. It is

undeniable that educational researchers and educators have developed diverse and relatively effect-

ive instructional approaches to teach CT (Abrami et al., 2015; Abrami et al., 2008; Pascarella et al.,

2011). However, further consideration of the interventional approaches mentioned above reveals

that they are not pedagogically illuminating, particularly insofar as they lack a methodologically

sound thinking tool elucidating how and why an in-class activity encourages or discourages sophis-

ticated CT. Therefore, design-based interventions dedicated to teaching CT are vital. Of course, all

in-class interventions by university teachers are inherently surrounded and governed by their talk

actions, which determine the ability of an interventional design to enhance university students’
CT capacity. Indeed, as Yuan et al. (2022) argue, effective CT interventions should incorporate

the discussion, negotiation, and philosophizing of ideas. Accordingly, as this study holds, in add-

ition to the design and/or content of the activity, classroom talk should be added to the CT teaching

agenda. Doing so will aid the development of a more verifiable way of enhancing CT among uni-

versity students, that is, an intervention in which the instructional/interventional variable can be

verified through systematic observation.

Teaching CT in the university context should welcome the debate over domain-specificity

versus domain-generality. On the one hand, the proponents of the domain-generality perspective

have suggested that CT can be taught within any conceptual context and transferred from one

context to another. On the other hand, the domain-specificity thesis advocates that CT skills

are content-sensitive and that specific SMK requires particular CT skills, which may not be trans-

ferrable across different subjects. The differentiation mentioned above improves various methods

of teaching CT: namely, generalist, immersion, and infusion (Abrami et al., 2015). The generalist

approach to teaching CT accepts that it constitutes SMK that should be taught within a separate

course (Abrami et al., 2008). In contrast, advocates of the immersion approach believe that mean-

ingful instruction in every subject domain inherently comprises the development of CT skills.

Therefore, in the immersion approach, embedded elements of CT are experienced by any

student enrolled in a well-structured university-based course. Significantly, the immersion

approach does not explicitly emphasize the teaching of general CT skills during instruction.

While the infusion approach accepts the basic tenet of the immersion approach, it adds that the

CT skills embedded in SMK should be refined, clarified, and elaborated by participants as a sep-

arate aspect of the instruction. In other words, the infusion approach places explicit emphasis on

Soysal and Soysal 111



the CT skills used within a specific domain of SMK, thereby involving explanations of why and

how a particular CT skill is applicable to a specific field of instruction (Abrami et al., 2015;

Abrami et al., 2008).

James et al. (2010) approached developing CT skills in a domain-specific manner and proposed

an approach to pedagogical scene staging to enhance the CT capacity of law students. More specif-

ically, they conceptualized CT as “critical legal thinking” based on the argument that a clear and

contextualized definition of CT is the first step in developing a law course in which students are

encouraged to think critically when assessing and discussing legal conditions. As the proposed

course components infer, James et al. (2010) favored domain-specific teaching of CT. Similarly,

seeking to develop CT in the context of criminology, Howes (2017) instructed law course partici-

pants to complete written reflections on how their thinking about crime and criminal justice had

developed over the unit. Howes (2017) concluded that the CT capacity of students can be enhanced

when they are given the chance to internalize or make individual appropriations of criminology

concepts. More importantly, the students’ CT capacity appeared to improve when in-class discus-

sions welcomed nuanced and CT about crime and justice.

In this study, the TE tried to develop sophisticated arguments of a how-to-teach phenomenon

with the PTs by employing academically rigorous and cognitively demanding or challenging ques-

tions. In doing so, this study adopts an immersion approach and investigates the relationship

between the TE’s questioning techniques and the CT of PTs within an instructional context.

Accordingly, this study contends that sophisticated and rigorous negotiations of the how-to-teach

phenomenon primarily regulated by the TE’s questions can trigger the CT capacity of PTs.

Methods

Participants
Participants comprised a TE and 32 PTs who attended a teaching methods course in the classroom

teaching department of a foundation-supported university located in the Marmara Region in north-

west Turkey in the 2018–2019 academic year. In terms of gender, the TE was male while the PTs

consisted of 6 males (18.75%) and 26 females (81.25%). Participant ages ranged from 20 to

23 years (M= 21.9 years; SD= 0.8). Participating PTs had different sociocultural and economic

backgrounds, with some studying on scholarships or reduced tuition fees. All PTs were in the

third year and had completed various pedagogically oriented courses (e.g., introduction to educa-

tional sciences and educational psychology), excluding practicum and school experience.

The TE possessed 7 years of university-level teaching experience, with primary specializations

in the professional development of in-service teachers, teachers’ pedagogical–epistemological

belief systems, and teaching in higher education. The TE was selected for this study for several
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reasons. In the preliminary video-based observations of the in-class implementations, more student

voices were permitted to analyze the complex relationships between cognition (i.e., PTs’ CT path-

ways) and the classroom discourse, the latter of which was initiated and materialized by the TE’s
questions. The patterns of interaction enabled the construction of a researchable verbal data corpus

in the TE’s classroom. In the context of classroom discourse analysis, the patterns of interaction can

occur in two ways: teacher–student and student–student. This study sought to analyze both teacher-
and student-led discourse requiring open- and close-ended patterns of interaction. More specifically,

open-ended patterns of interaction incorporate triadic dialogues (initiate-response-evaluate) com-

pleted by a teacher-led follow-up question (initiate-response-follow-up questioning). Accordingly,

the TE’s numerous and relevant follow-up questions provided a more analyzable data set. In the

in-class examinations, open- and close-ended questions allowed for the observation of both high

and low cognitively demanding questions.

In addition to the aforementioned methodological concerns, the TE was selected in view of the

desire to investigate the connections between his question-based utterances and the CT actions of

the PTs. In this respect, the TE was eager to monitor and evaluate his in-class teaching practices per

the goals of this study. Participating in this study provided the TE the opportunity to problematize

his teaching praxis. Based on the researchers’ informal observations, the TE was genuinely moti-

vated to engage in this study once informed about its aim to identify patterns between TE questions

and the CT capacities of the PTs.

Data collection procedures
The TE’s in-class questioning was monitored by video recording the classes as the primary data

source. The TE completed eight in-class implementations (1,049 min in total). Four of the imple-

mentations were selected for systematic analysis. Selected cases (557 min) had more teacher–
student and student–student verbal exchanges, allowing for the in-depth examination of classroom

talk. The PTs were informed about the purposes of the video recording and completed consent

forms agreeing to participate in this study.

Selection of the concepts negotiated in the implementations
The following pedagogical topics (or problematized cases) were specifically selected to design and

conduct the in-class interventions. This study accepts that there may be conceptual, epistemo-

logical, and ontological differences and similarities between the PTs’ everyday expressions and

the TE’s use of more technical and formal language, which favored the jargon employed in the

science community. In other words, the PTs may have held different personal or intuitive learning,

teaching, and knowledge theories before starting their undergraduate education or throughout their

undergraduate education. For instance, pre-university or university education may have led some
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PTs to believe that learning is a process that takes place through the transfer of knowledge. Indeed,

the PTs were subjected to knowledge transmission modes of teaching throughout their university

education and thus formed their personal pedagogical beliefs based on the lectures they had

attended. Significantly, it is possible that the TE offered a different social language or explanation

system regarding how learning and teaching occur, potentially excluding or providing an alternative

to the daily social language of the PTs. Accordingly, the conceptual distance between the social lan-

guages of the TE and PTs could have led to alternative or exclusively mutual arguments regarding

the learning and teaching phenomena. In such an event—or in the social negotiation of different

explanation systems of learning and teaching or how-to-teach in the classroom—there will be

more space for dialogic talk where the connections between the TE’s questions and the CT capacity

of the PTs will be more tangible. In general, the selected topics had the potential to trigger the nego-

tiation of meanings of pedagogy. The topics were selected to conceptually, epistemologically, and

ontologically challenge the PTs, forcing them to develop broader explanation systems regarding

how learning and teaching occur in classroom settings.

As noted, this study analyzes the talks that occurred in the four implementations in which

the TE and PTs had the greatest number of verbal exchanges: (1) knowledge–teaching–learn-
ing; (2) Lily and the dark room; (3) experience and learning; and (4) teaching profession. With

respect to the first implementation, knowledge–teaching–learning, the PTs discussed learning,

teaching, and the nature of knowledge acquisition. Specific cases were presented to the PTs to

interrogate how they conceived the learning of specific subject matter, their understanding of

how learning phenomena are associated with teaching processes, and their assumptions regard-

ing the nature of knowledge. For instance, the PTs discussed whether knowledge is external or

internal to the learner or both. Piagetian (individually oriented learning, development-driven

learning) and Vygotskian (socially oriented learning, learning-driven development) ideas and

education theories were also discussed. The second implementation centered on a problem

referred to as “Lily and the darkroom,” in order to discuss the phenomenon of rote learning,

that is, the memorization of facts. PTs also engaged in discussions regarding the instructional

conditions permitting rote learning and meaningful learning. PTs were also prompted to con-

sider the close link between thinking and talking by covering different instructional cases

regarding the significance of rote learning in educational settings. In the third implementation,

experience and learning, the peer community considered and negotiated the teaching and learn-

ing barriers that emerged in the classroom. The PTs were guided to discuss teacher-, learner-,

and curriculum-oriented pedagogical barriers and how these might be contextually specific in

different classroom settings. In the fourth implementation, teaching profession, the PTs exter-

nalized their arguments regarding teaching as a profession. This class largely focused on the

pedagogical content knowledge (PCK) phenomenon. The PTs were prompted to negotiate
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how subject matter or pedagogical knowledge may create an amalgamation for the teaching

profession or differentiate the profession from the amateur pedagogies people hold when teach-

ing a subject to someone.

Teaching approach principles used by the TE
This study followed Engle and Conant’s (2002) principles for productive disciplinary engagement

in each discussion on teaching, learning, and knowledge. Pedagogical cases were problematized by

initially located brainstorming activities to encourage the PTs to take on philosophical problems.

For instance, the second implementation presented a case to the group. In this case, Lily, a

top-ranking student, responded to a teacher-led question of “Can we see in a completely dark

room?” by insisting that is possible with some eye accommodation. Here, the central pedagogical

problem or challenge for the PTs was whether Lily understood the vision phenomenon in the

desired way via formal instruction or whether she was exhibiting unsound reasoning. In accordance

with Engle and Conant (2002), the PTs discussed this and similar problems after being assigned

specific intellectual roles, such as being the epistemic and social authority of classroom discourse.

According to the third negotiation principle, every individual claim should be warranted. As Engle

and Conant (2002) suggested, every learning community member should be accountable to others

and to the disciplinary norms. In this respect, justified claims were more acceptable for both the TE

and PTs.

Data analysis
Two aspects of classroom talk were analyzed: the cognitive demands of the TE’s questioning and

the CT processes of the PTs. This study employed a systematic observation approach (Mercer,

2010) to analyze the data. Systematic observation processes comprise two phases: first, coding

all teacher- and student-led utterances separately; second, counting the coded articulations for col-

lapsing higher-order categories regarding the two aspects of the classroom talk. The TE asked dif-

ferent types of questions, thereby diversifying cognitive correspondences. The PTs’ responses

reflected different levels of the CT process. This study sought to identify the patterns of the relation-

ships between the cognitive demand of the TE’s questions and the CT of the PTs. Accordingly, a

counting process was employed to proportion the relative occurrences of each aspect of the class-

room talk in making the relationships concrete.

Two coding catalogues were adapted for systematic observation. Cognitive Demand Coding

Catalogue’s (CDCC) Revised Bloom Taxonomy (RBT, Anderson, et al. 2001) to analyze the

assumed cognitive demands of the TE’s questions. To our knowledge, the RBT can be used for

planning, designing, and assessing the influences of teaching processes. Moreover, several

researchers have advanced the RBT as an effective means of characterizing CT processes (e.g.,
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DeWaelsche, 2015). Therefore, this study used the RBTas an evaluation tool to detect the cognitive

demand of each question from remembering (e.g., recognizing, recalling), understanding (e.g.,

interpreting, exemplifying, inferring, comparing, and explaining), applying (e.g., executing, imple-

menting), analyzing (e.g., differentiating, organizing), and evaluating (e.g., checking, critiquing) to

creating (e.g., generating, planning, and producing) (Krathwohl, 2002). Table 1 presents the sample

questions and their corresponding cognitive demand as identified by the RBT. Both authors coded

the questions’ cognitive demands, finding an inter-coder agreement of 93%. However, considering

issues in differentiating the questions at the level of analysis and evaluation, rigorous negotiations

between the coders were conducted to remove any discrepancies.

The Cognitive Pathways Coding Catalog (CPCC) was used to identify the cognitive level of each

student-led response in terms of CT. The CPCC is a combination of various assessment tools pro-

posed by different scholars, including Facione’s Delphi Report (1990), which presents categories

of CT skills (e.g., interpretation, analysis, evaluation, inference, and explanation); Ennis’ (2011)
Categories of CT skills (e.g., basic clarification, inference, and advanced clarification); and

Grimberg and Hand’s (2009) categories of cognitive pathways (e.g., observation, comparison,

analogy, clarification, and investigation design). As seen in Table 2, the CPCC incorporates 14 CT

processes ranging from simply sharing relevant experiences to advising and recommending. These

14 CT processes were also divided into three categories or levels reflecting the sophistication of

the cognitive operations—namely, perception (P), conception (C), and abstraction (A). In terms of

perception, the PTs’ cognitive processes typically involved stating their intuitive or personal experi-

ences about the given cases or comparing, juxtaposing, and contrasting ideas proposed by their class-

mates. The level of conception reflected more advanced signs of CT, with PTs able to use appropriate

examples, provide basic clarifications, and exhibit causal thinking about the pedagogy. At the level of

abstraction, more concrete and complex processes of the CT were observed in the utterances of the

PTs, such as inductive and deductive reasoning or judging and criticizing. The inter-coder reliability

was 79% for the initial evaluations of the cognitive operations. In this respect, there were some dif-

ficulties in analysis, including differentiating inferencing (low-level induction) from inductive rea-

soning or advanced clarification from basic clarification. In the presence of peer debriefing and

external audits from other departmental colleagues, we attempted to resolve the inconsistencies by

assigning codes for the cognitive processes. Accordingly, codes were assigned to each cognitive

process of CT using a higher inter-coder agreement (89%) compared to the previous coding

procedure.

Statistical values of observational data are expressed as percentages and SD as z-scores. Z-scores

were calculated for each variable (e.g., the mental demands of the TE’s questions and the PTs’ CT
capacity) by taking observed values, subtracting the mean of all observations, and dividing the

result by the SD of all observations. A z-score is necessary to interpret trend lines between two
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or more means obtained from observational data (Tabachnick et al., 2007). Numeric distributions

calculated for implementation quality level, talk move typology, and CT level were converted

into z-scores as a new distribution with a mean of 0 and a SD of 1.

Table 1. Revised Bloomian taxonomy for analyzing cognitive demand.

Cognitive

process Description

Corresponding cognitive

demand Sample question

Remember

(La)

Retrieve relevant

knowledge from

long-term memory

Recognizing, recalling What are the basic principles of the

Vygotskian sociocultural theory?

Understand

(L)

Construct meaning from

instructional messages

Interpreting, exemplifying,

classifying,

summarizing, inferring,

comparing, explaining

Could you provide an example

regarding vicarious learning?

Could you clarify your opinion?

In which conditions should a

teacher promote learning or

memorizing facts?

Apply (Mb) Conduct or use a

procedure in a given

situation

Executing, implementing How might you use direct lecturing

and co-teaching in your

classroom?

Analyze (M) Break ideas into their

constituent parts and

determine how the parts

relate to one another

and the overall structure

or purpose

Differentiating,

organizing, attributing

What is the primary difference

between the two teachers: one

applies only constructivist

teaching, while the other uses

constructivist and

subject-centered

(teacher-centered) teaching?

Evaluate (Hc) Make evaluations based on

criteria and standards

Checking, critiquing Previously, you mentioned that

anyone could perform teaching;

however, your friend advocates

that it can only be done by

professionals. Do you wish to

comment on this?

Create (H) Put elements together to

form a coherent

structure or functional

whole

Hypothesizing, designing,

constructing

What could this teacher do to

enhance the students’

understanding of abstracted

content such as differential

equations?

Note. aL: Question with a low level of cognitive demand; bM: Question with a moderate level of cognitive demand; cH:

Question with a high level of cognitive demand.
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Table 2. Critical thinking (CT) pathways of the prospective teachers (PTs).

CT pathway Indicators

Sharing relevant experiences (Pa) Stating and sharing individual-based experiences, externalizing

subjective experiences.

Comparing and contrasting (P) Referencing common or different characteristics; stating two or more

claims; comparing conclusions and predictions; matching or

contrasting opinions, conclusions, predictions, and so on; comparing

prior and recent thinking, sayings, and opinions.

Exemplifying (Cb) Introducing relevant examples, instances, samples, events, concepts,

and so on.

Analogizing (C) Mapping elements from a source domain (well-understood situation)

into a target domain (unfamiliar situation).

Clarifying (basic, low-level

interpretation) (C)

Simple clarification for making shared utterances familiar; pieces of

knowledge and information that stimulate clarification, supporting

other explanations, sayings, arguments, assumptions, opinions,

positions, ideas, and so on; decoding significance; simply clarifying

meaning within discourse; simply uttering hypothetical opinions.

Inferencing (low-level induction) (C) Making projections and estimates.

Drawing conclusions (C) Presenting conclusive claims and summarizing concluding remarks.

Clarifying (advanced, high-level

interpretation) (C)

Define or redefine terms, concepts, and definitions using appropriate

criteria, examples, instances, and samples; create operational

definitions to clarify meaning, arguments, sayings, claims, assertions,

and so on.

Causal thinking (C) Identifying a cause and its effect, defining simple causation between two

or more properties of an object, instance, event, sample, etc.

Explaining (Ac) Offering unproven scientific inference (i.e., employing scientific

principles, theories, laws, and so on), justifying thinking procedures.

Judging and criticizing (A) Assessing the claims of others; judging the credibility of an information

source; examining the ideas of others; evaluating the deduction,

inductions, and definitions of others.

Deductive reasoning (A) Reasoning links general premises to a specific premise; a conclusion is

based on the concordance of multiple premises generally assumed to

be true.

Inductive reasoning (A) Reasoning links a few examples to general premises making material and

generalized inferences (i.e., “induction”).

Advising and recommending (A) Revising or readjusting classmates’ ideas; proposing new ways of

thinking and talking.

Note. aP: perception level; bC: conception level; cA: abstraction level.
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Findings

Figure 1 illustrates the patterning between the cognitive demands of the TE’s questions and PTs’ CT
pathways (i.e., the CT activity or capacity that the PTs performed or exhibited). This section uses

both percentages and z-scores for statistical inferences (Figure 1) to interpret the connections

between the discourse (i.e., the cognitive demands of the TE’s questions) and cognition (i.e., the

CT pathways of the PTs).

As seen in Figure 1, in the knowledge–teaching–learning implementation, the PTs’ responses
were primarily pitched at the perception level, reflecting lower CT activity (40.42%; z-score:

+1.40; more than 1 SD above the mean calculated for the perception zone). As this result indi-

cates, observed CT activity was lowest in the knowledge–teaching–learning implementation (M

= 59.58; z-score: −1.4; more than 1 SD below the mean calculated for the conception zone).

Indeed, in the knowledge–teaching–learning implementation (M= 0; z-score: −1.24; more than

1 SD below the mean calculated for the abstraction zone), the PTs appeared incapable of applying

sophisticated CT skills such as constructing explanations, critiquing arguments, inductive or

deductive reasoning, or creating new ways of thinking and talking about a pedagogical

problem. Accordingly, in the knowledge–teaching–learning implementation, the PTs engaged

in less academically productive talks and only enacted lower-level CT actions such as sharing

relevant experiences, comparing and contrasting, providing examples, making clarifications

and inferences, and causal thinking.

In terms of CT activity, more academically productive talk was observed in the Lily and dark-

room implementation than in the knowledge–teaching–learning implementation. As the decreasing

percentages and negative z-scores in Figure 1 show, PTs’ responses remained at the perception level

in the Lily and dark room (M= 22.6%; z-score: −0.05), experience and learning (M= 14.78%;

z-score: −0.70), and teaching profession (M= 14.94%; z-score: −0.95; nearly 1 SD below the

mean calculated for the perception zone) implementations. Nonetheless, of the four implementa-

tions, the PTs exhibited significantly more CT on the conception level during the experience and

learning implementation (M= 73.87%; z-score: +0.92; nearly 1 SD above the mean calculated

for the conception zone), while CT at the abstraction level was highest in the teaching profession

implementation (M= 16.29; z-score: +1.10; more than 1 SD above the mean calculated for the

abstraction zone). Therefore, the PTs reached the highest CT levels in the last two implementa-

tions—experience and learning and teaching profession—and exhibited sophisticated thinking

(e.g., inductive reasoning).

Accordingly, the CT activity and sophistication observed in the four implementations can be

summarized as follows:
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1. The knowledge–teaching–learning implementation: lower-level CT activity.

2. The Lily and darkroom implementation: moderate-level CT activity.

3. The experience and learning: higher-level CT activity.

4. The teaching profession: higher-level CT activity.

This study hypothesized that the different patterns of CT activity exhibited by PTs can be regu-

lated and shaped by the cognitive demands embedded in the TE’s questions. In this respect, in the

knowledge–teaching–learning implementation (M= 72.5%; z-score: +1.4; more than 1 SD above

the mean calculated for the low cognitively demanding questions), the TE typically asked questions

requiring low cognitive processing (i.e., remember, understand) from the students compared to the

other implementations. During the teaching profession implementation (M= 59.2%; z-score:

−0.96; nearly 1 SD below the mean calculated for the low cognitively demanding questions) in par-

ticular, the TE tried to avoid asking questions with low cognitive demand compared to the knowl-

edge–teaching–learning implementation.

Compared to other implementations, the TE focused on questions with a moderate level of cog-

nitive demand (i.e., apply, analyze) in the knowledge–teaching–learning implementation (M=

23.4%; z-score: +1.11; more than 1 SD above the mean calculated for the moderate cognitively

demanding questions). For instance, there was a more significant difference between the knowl-

edge–teaching–earning implementation and Lily and the dark room implementation (M= 9.9;

z-score: −1.28; more than 1 SD below the mean calculated for the moderate cognitively demanding

questions) in terms of asking questions with a moderate degree of cognitive demand. However, the

Lily and the dark room implementation seemed to be more academically productive in terms of

prompting the PTs to engage in higher-level CT activity. This discrepancy is likely due to the

knowledge–teaching–learning implementation comprising significantly more questions with a

low degree of cognitive demand (i.e., remembering, understanding), with the intensity of such ques-

tions potentially overshadowing the influence of the more cognitively demanding questions on fos-

tering the CT activity of the PTs. Certainly, in the Lily and dark room implementation, the TE asked

more questions pitched at high levels of cognitive demand, such as evaluate or create (M= 26.5%;

z-score: +0.81; nearly 1 SD above the mean calculated for the high cognitively demanding ques-

tions), with PTs required to engage in higher-order thinking and reasoning to respond to the

deeper cognitive demands of the TE. Moreover, given the abundance of questions with a low

level of cognitive demand in the knowledge–teaching–learning implementation, the PTs may

have felt more comfortable responding to the TE’s overly simple questions.

As seen in Table 3, during the initial phase of the knowledge–teaching–learning implementation,

the TE discussed the relationships between teaching and learning phenomena. As the TE sought to

capture the initial understandings of the PTs, he preferred posing fewer demanding questions
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Table 3. Excerpt from the knowledge–teaching–learning implementation showing intense usage of questions

with lower cognitive demand.

Utterance

Cognitive process

dimension

Critical thinking (CT)

skills

1. T: What is the thing we call learning?

Alternatively, what are we teaching?

Remember

(recalling>retrieving)

-

2. S1: How to teach. - Clarifying (basic,

low-level interpretation)

3. T: How to teach. OK! (The teacher writes the

answer on the board.)

None

4. S2: How to conduct the lesson. - Clarifying (basic,

low-level interpretation)

5. T: Are there resources for teaching? Who has

found these resources? For example, books for

teaching.

Remember

(recalling>retrieving)

-

6. S3: Specialists. - Exemplifying

7. T: There are experts. Another? Tell me. Please

feel relaxed in doing so.

Remember

(recalling>retrieving)

8. S3: Teachers. Exemplifying

9. T: Sure, there are faculty members. Another?

(The teacher writes on the board.) Could it be

books?

Remember

(recalling>retrieving)

-

10. S4: Yes. None

11. T: Is there anything else you want to put on your

list?

Remember

(recalling>retrieving)

-

12. S5: Scientific articles. - Exemplifying

13. T: Scientific articles. There are experts, faculty

members, books, and scientific articles.

None -

14. S5: Could it be researched? Exemplifying

15. T: What are they all for? What is it about? What

is it to create?

Understand

(inferring>concluding)

16. S6: Method! - Exemplifying

17. T: How so? Could you explain further? Understand

(interpreting>clarifying)

-

18. S6: To create an instructional method. Remember

(recalling>retrieving)

-

19. S7: Strategy. Exemplifying

(continued)
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requiring that students remember (e.g., turns of talk: 5, 7, 9, and 11) or understand (e.g., turns of

talk: 15 and 17). The TE did not pose questions intended to elicit the PTs’ externalizations

during this implementation. Rather, the dialogue followed a simplified and shallow

question-and-answer format, confirming cumulative talk. As the dialogue shows, there was no

room for the PTs to analyze, criticize, and evaluate the claims of others, that is, more cognitively

demanding skills. Although the TE employed more demanding questions at particular times

during the classroom talks on the knowledge–teaching–learning implementation, the majority of

questions were not cognitively demanding. As Table 3 notes, per his prescriptive teaching

agenda, the TE welcomed the responses and frequently posed “…what else?” questions in striving

to elicit credible responses.

The PTs negotiated the primary difference between rote learning and meaningful learning in the

Lily and dark room implementation. In the dialogue (Table 4), the TE asked questions with a high

level of cognitive demand, particularly at the level of evaluation (e.g., turns of talk: 5 and 7). When

asking questions at this level, either explicitly or implicitly, the TE asked PTs to detect the incon-

sistencies or fallacies in the ideas of others (e.g., Turn 5: “Do you agree? Could it be something like
he said?”). This was more cognitively demanding for the PTs as they had to analyze, criticize,

judge, evaluate, and eventually legitimatize their claims. The TE used evaluation-level questions

to encourage the PTs to identify conceptual conflicts (e.g., Turn-7: “He disagrees with you…Do

you realize? So, how do you evaluate what your friend said? Do you have anything to say?”).
The PTs had to compare different, alternative, and/or contradictory ideas by critically reconsider-

ing them to resolve the contradictions. Based on the evaluation demand of the TE, in Turn-8,

Student-1 offered a new way of thinking and talking about teaching phenomena. Meanwhile, as

seen in Turn-10, Student-3 did not abandon her initial idea and attempted to review the internal

Table 3. (continued)

Utterance

Cognitive process

dimension

Critical thinking (CT)

skills

20. T: Creating a strategy. Think of a physics book or

a book on Turkish. What do we call the contents

of such books?

Remember

(recalling>retrieving)

-

21. S7: Knowledge! - Sharing relevant

experiences

22. T: Knowledge. Method knowledge, strategy

knowledge, etcetera. As you said, are these

sources of knowledge now?

Remember

(recalling>retrieving)

-

Note. T: Teacher; S1 refers to Student-1 (i.e., the first student to speak in the talk).
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Table 4. An excerpt from the Lily and darkroom implementation presenting how the teacher educator (TE)

employed more cognitively demanding questions during evaluation.

Utterance Cognitive process dimension

Critical thinking (CT)

skills

1. T: I mean, why do you think Lily made a

mistake in her reasoning on such a simple

matter?

Understand

(inferring>predicting)

-

2. S1: She did not learn precisely what

accommodation (eye harmony) is.

- Clarifying (basic,

low-level interpretation)

3. T: But your friend looked through the

dictionary of biology and physics and showed

that Lily could define eye harmony very well.

How do we explain this?

Analyze (organizing>finding

coherence)

-

4. S1: Defining eye harmony is different from

answering the question that the teacher asked.

Lily can be a perfect repeater [of knowledge].

Nevertheless, she does not even know what

she can do with the knowledge she holds. I do

not want to exaggerate, but while she seems

to know about vision, but she is secretly

ignorant of the system.

- Clarifying (advanced,

high-level interpretation)

5. T: Your friend says Lily is uninformed about

seeing (vision). Do you agree? Could it be

something like he said?

Evaluate (checking>testing;

critiquing>judging)

6. S2: I partially agree. Because Lily made a

mistake evaluating a simple event, no learning.

However, Lily can still identify the correct

definition. We must keep this in mind.

Therefore, I cannot say there is no learning.

- Drawing a conclusion

7. T: He disagrees with you. Do you realize this?

So, how do you evaluate what your friend has

said? Do you have anything to say?

Evaluate (checking>testing;

critiquing>judging)

-

8. S1: Now, let’s think like this. Let’s say we teach

you French. No! We will teach a little boy, not

you. Now, let’s suppose that we taught

French. The child seems to learn the language

and pronounce the sounds correctly.

However, they do not know what the content

- Advising and suggesting

(continued)
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consistency of Student-1’s response by making a different point about Lily’s acquisition process.

As the TE’s questions appeared to require more cognitive effort from the PTs, they appeared to

engage in higher-order CT processes (abstraction zone) in the Lily and darkroom implementation

compared to the knowledge–teaching–learning implementation.

Although more cognitively demanding questions were posed in the Lily and darkroom compared

to the experience and learning and teaching profession implementations, the last two implementa-

tions showed more signs of sophisticated CT activity among the PTs (Figure 1). This indicates that

the combined operation of questions with a moderate and high level of cognitive demand can boost

CT. More specifically, in the Lily and the dark room implementation, there was a more heteroge-

neous dispersion of the questions at the moderate and high cognitive demand levels. However,

in the experience and learning and teaching profession implementations, the TE asked questions

with varying levels of cognitive demand, requiring students to understand, apply, analyze, evaluate,

and create. In the Lily and darkroom implementation, the questions had either low or high levels of

cognitive demand (Figure 1). In contrast, questions transitioned from a low to high level of cogni-

tive demand in the experience and learning and teaching profession implementations. This suggests

Table 4. (continued)

Utterance Cognitive process dimension

Critical thinking (CT)

skills

means. So, they don’t know what a French

sentence actually means. Now, is that learning?

In other words, if they had really learned, they

could have translated the French sentence

into Turkish or taught it to someone else.

However, this is not case.

9. T: Now, you are saying that Lily can talk like a

French person, but she cannot think?

Understand

(interpreting>clarifying)

-

10. S3: I don’t see it this way. Lily’s answer might

be a sudden, thoughtless one. But, as

mentioned, if Lily has so much knowledge, she

must also have some reasoning. We cannot

label Lily ignorant because she couldn’t think

and respond to the teacher at that moment.

Learning is not a sudden thing. It takes time.

- Judging and criticizing

11. T: Really? Do you think this makes sense?

What are your thoughts on this?

Evaluate (checking>testing;

critiquing>judging)

Note. T: Teacher; S1 refers to Student-1 (i.e., the first student to speak in the talk).
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Table 5. Excerpt from the teaching profession implementation showing the teacher educator (TE) combined

use of questions at the analysis and evaluation.

Utterance

Cognitive process

dimension Critical thinking (CT) skills

1. T: Can someone who has learned the subject teach it

to someone, as the case you read indicates?

Understand -

2. S1: No. - None

3. T: Why not? Understand -

4. S1: Because he only learned that particular thing he did

not learn the ability to teach that thing.

- Clarifying (basic, low-level

interpretation)

5. T: For example, suppose that I am your peer. I have

learned, for instance, about the ecosystem. Can I teach

you the same way that I had learned?

Analyze -

6. S2: I do not think so. Your understanding will be

different from my understanding. The way you learn is

for you. Nevertheless, not everyone has to learn like

you. A teacher should have the ability to lecture

everyone. So, not everyone can be a teacher. Maybe

not everyone in the classroom has the same capacity.

Some may have a problem with intelligence while

others may have other problems. Therefore, teaching

is a profession. I mean, can anyone who knows about

health become a doctor?

- Judging and criticizing

7. T: Anybody opposed? He said, “a person cannot teach

without knowing how it is taught.” I mean, you know,

sometimes you experience it. Someone can be perfect

in the field of their expertise. For example, in

engineering. However, the students always say,

“Teacher X is very good, but we don’t understand

anything from their lecturing. Is this teacher a lousy

teacher now?”

Evaluate -

8. S3: Because he has put no effort into directing his

students to internalize the subject. The teacher has no

goal. Then, his goal is not to teach but only to share

what he knows with others. The teacher aims to

provide acquisition, not merely to convey information.

Then, we would learn from the newsreaders as they

give us direct information.

Explaining

(continued)
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Table 5. (continued)

Utterance

Cognitive process

dimension Critical thinking (CT) skills

9. T: Why would that be? He is in charge of teaching in

this faculty, as am I. So, what is the difference between

us?

Analyze

10. S4: For example, we have a teacher. We feel he knows

the subject he teaches very well. However, he cannot

teach it. He talks very academically, and I do not

understand. Maybe the students in the master’s class

can understand. Nevertheless, I do not understand.

However, I know he knows. He does not invite us into

his world. We are not speak the same language. In my

opinion, [the reason] is the knowledge and skills of

narration.

- Causal thinking

11. T: Good knowledge of what? Understand -

12. S4: Subject matter knowledge. However, that is not

just superficial knowledge. For example, we have a

physics book. The book’s content concern the subject

of physics. There are also books of instruction. Their

content incorporates the subjects of teaching.

Therefore, teaching has an official book. There are

engineering books. There are professional courses to

be a cook. There are also courses on using an aircraft.

Inductive reasoning

13. T: Then, the teacher is the ignorant one? Understand

14. S4: No, I did not want to say that. None

15. T: But I think so. Could you imagine an ignorant

teacher? Yes? No? How do we accept or interpret this?

Evaluate

16. S5: Poet Nazım Hikmet has a saying: “I can live

without you, but I would live better with you.” A

physicist can teach someone something about physics

without knowing how to teach physics. However, they

will teach physics better if they know how to teach

physics.

Clarifying (advanced,

high-level interpretation)

17. S4: If you do not know how to teach a child, your

knowledge does not mean anything.

- Clarifying (basic, low-level

interpretation)

18. T: If Albert Einstein taught physics to us, would we

not understand physics?

Understand

(continued)
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that a more varied or pragmatic/combined use of questions with a low, moderate, and high level of

cognitive demand may better predict the CT activity of PTs. Correspondingly, a heterogeneous

pattern of cognitive demands was observed in the TE’s questions during the knowledge–teach-
ing–learning implementation, indicating that a combination of questions with low and moderate

levels of cognitive demand (Figure 1) may actually hinder the ability of PTs to engage in more

sophisticated forms of CT.

During the teaching profession implementation, the PTs discussed theoretical arguments regard-

ing the teaching phenomenon, namely the importance of SMK and PCK in designing and conduct-

ing effective teaching. Table 5 presents an exchange in which the TE attempted to elicit the PTs’
arguments regarding why both SMK and PCK are needed to teach effectively. As seen in

Table 5, the TE tried to play devil’s advocate by inserting sub-cases requiring rigorous evaluation.

For instance, in Turn-5, the TE pressed the PTs to evaluate whether a layperson could competently

teach a particular subject to a student group. The TE encouraged the PTs to distinguish between

professional and amateur teaching using case-based questioning. The PTs had to discern

between relevant and irrelevant arguments concerning SMK and PCK. Accordingly, in Turn-6,

Student-2 engaged in rigorous critical analysis by explaining why PCK is a fundamental require-

ment for teaching, noting the need to keep individual differences in mind while designing and

implementing instruction. Student-2 also exhibited analogical reasoning (“I mean, can anyone

knowledgeable about health become a doctor?”) to reinforce the idea that teaching should be recog-
nized as a profession. The TE then presented another sub-case. In Turn-7 and Turn-9, the TE inter-

rogated the possible differences and similarities between the SMK and PCK. In Turn-8, Student-3

emphasized that a teacher differs from a newsreader in sharing their knowledge in the classroom. In

Turn-10, Student-4 explained why they had not understood the lecture content, noting that the lec-

turer used peculiar jargon or social language during the instruction that failed to hold student’s inter-
est in the discussion of SMK. Elsewhere, discussion during the teaching profession implementation

(e.g., turns of talk: 9 and 15) reflected how a pragmatic combination of questions with moderate and

high cognitive demand served to bolster the PTs’ CT (e.g., Turn-12; inductive reasoning).

Table 5. (continued)

Utterance

Cognitive process

dimension Critical thinking (CT) skills

19. S4: We would not understand, sir. Because all

physicists are, of course, physicists, but they are not all

teachers!

- Inferencing (low-level

induction)

Note. T: Teacher; S1 refers to Student-1 (i.e., the first student to speak in the talk).
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Discussion

The findings of this study confirm the links between the cognitive demands of the TE’s questions
and the CT capacity of PTs. When the TE increased the cognitive demand of his questions, the PTs

engaged in higher-order CT processes. Notably, when the questions required PTs to engage in ana-

lytical, evaluative, and/or creative thought processes, they articulated extended utterances pitched at

higher cognitive levels (e.g., inductive reasoning, suggesting new ways of thinking, or legitimating

the arguments of others). These findings suggest that intentionally requiring PTs to consistently

engage with and answer cognitively demanding questions will result in their exhibiting high

levels of CT activity.

Recent studies support the findings of this study. For example, Lun et al. (2010) and Tan (2020)

suggested that the CT phenomenon cannot be understood as an innate capacity of individuals. CT

capacity does not develop through an immediate encounter with everyday cases or communications

but a mediated relationship with them. This indicates that learners must face intensive cognitive

demands in an instructional setting in order to develop and deploy CT skills. It is largely accepted

that CTcan be learned and taught. This tenet guides educational researchers in designing instruction

intended to foster students’ CT capacity. Instructional designs for enhancing CT incorporate

problem-based teaching, scenario-based teaching (Gilboy & Kane, 2004), hands-on teaching

(Coker, 2009), the case study method (Phillips & Mackintosh, 2011), teaching through the social

negotiations of meanings (Yang et al., 2008), teaching through dialoguing (Parkinson &

Ekachai, 2002), authentic instruction (Sungur & Tekkaya, 2006), and mentoring (Solon, 2001).

However, scholars have yet to address the question of what actually happens in the classroom peda-

gogically in terms of CT process by analyzing verbal exchanges through a close investigation of

classroom talk. This study’s fine-grained talk analysis demonstrates the beneficial impact of

more cognitively demanding questions on the development of PTs’ CT activity. This study contri-

butes to the literature insofar as it shows that TE questions deliberately calibrated to a high level of

mental demand may facilitate the use and development of higher-order CT in PTs. In other words,

the results of this study show that students’ critical evaluation and discussion do not necessarily

occur spontaneously; rather, the TE is required to force PTs to engage with specific cognitive pro-

cesses (e.g., explaining, judging, criticizing, inductive reasoning, advising, recommending), which

were made more accessible via cognitively demanding questions.

According to Kuhn (1999), experiencing CT requires “judgements that can be evaluated and

compared according to criteria of argument and evidence” (p. 23). Kuhn (1999) also emphasized

the need for a critical thinker to assess a given idea. Recent studies (e.g., Espey, 2018; Wilson,

2016) indicate that a CT capacity is primarily related to specific cognitive skills, including the judg-

ment of faulty or alternative claims and arguments, hasty generalizations, and ambiguous concepts.
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As such, engaging in sophisticated CT involves construction, critiquing, and evaluating ideas. In

this context, this study elucidates how the mental demands of the TE’s questions regulated the

instructional conditions of PTs, thereby centering the construction, critique, and evaluation of

ideas. For instance, in the teaching profession implementation, the TE instructed the PTs to critique

the ideas he presented (e.g., Table 5: talk turns 5, 7, 9, and 15), prompting them to attempt to discern

faulty or alternative arguments.

It should be noted that critiquing the presented ideas requires cognitively demanding questions.

As Perkins (1995) argued, a critical thinker must use reflective and experiential intelligence.

Similarly, Espey (2018) and Wilson (2016) have asserted that sophisticated CT in the context of

higher education requires self-reflexive and self-regulated actions. In terms of this study, these

actions indicate that the PTs had to make concrete attributions to their mental model revision pro-

cesses. As illustrated by the in-class dialogues, particularly those presented in Tables 4 and 5, the

TE’s cognitively demanding questions—that is, those requiring PTs to engage in analysis, evalu-

ation, or creativity—appear to have guided the students to consider and evaluate arguments of

both the TE and their peers (e.g., Table 4: talk turns 5, 7, and 11). This is one of the most tangible

indicators of higher-order psychological processing concerning CT activity. The PTs were assigned

as co-evaluators, co-evaluators, or co-critics through the questions at the analysis or evaluation

levels, which proved instrumental in leading them to decide what constitutes an adequate

answer. The PTs determined the quality and validity criteria of the provided responses. The PTs

experienced high cognitive load when answering the TE’s evaluation-level questions, namely,

“How do we know?” and “Why do we believe?” The PTs’ negotiation and decision of the

correct answer are indicative of sophisticated CT activity.

This study problematized how a specific university-based instructional environment with

varying mental demands created by the TE’s questions shapes the PTs’ CTactivity while discussing

pedagogic phenomena. In other words, this study sought to illuminate how a series of question-

based practices conducted by the TE creates dialogical spaces for educating and cultivating critical

thinkers. Paul and Elder (2019) identified several essential indicators of a well-cultivated critical

thinker. First, critical thinkers must use effective communicative tactics to formulate their ideas

clearly or propose abstractions to comprehend their conceptual intentions. As seen in Figure 1,

in this study, the TE mainly used questions with a low level of cognitive demand across the four

implementations. The TE encouraged the PTs to share their ideas with the whole class, particularly

via questions pitched at the level of understanding, thereby motivating students to engage in CT

skills of interpretation, illustration, classification, and summation (e.g., Table 3, Turn-17). These

relatively undemanding questions appeared necessary insofar as the PTs needed to elaborate on

their presumptions and initial ideas before engaging in sophisticated CT activity.
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In this study, PTs required more mental demand in order to cultivate CT. In this respect, Paul and

Elder (2019) suggested that a critical thinker should be able to problematize the content under dis-

cussion. However, problematizing content is not a spontaneous process; rather, intentionality is

required in instructional scene staging. In this study, the PTs were able to problematize the

content when the TE increased the cognitive demand of his questions. For instance, Turn-5 and

Turn-7 in Table 5 shows how the TE tried to guide the PTs in problematizing the content. In this

example, Student-2 initiated her explanation by saying, “I do not think so” (Turn-6). Here,

Student-2 took an intellectual position and presented a counterargument based on the TE’s ques-
tions. As such, the results of this study show that the pragmatic use of questions with a low and

high level of cognitive demand may serve to foster the CT capacity of PTs.

According to Paul and Elder (2019), it is crucial that a critical thinker is able to formulate

well-reasoned conclusions and solutions and test them against relevant criteria and standards,

think open-mindedly within alternative systems of thought, and be able to recognize and assess

their assumptions and the implications and practical consequences of their arguments when neces-

sary (p. 9). This study systematically observed that the aforementioned standards of a critical

thinker were possible through the TE’s cognitively demanding questions (i.e., three levels of

analyze, evaluate, and create). For example, by asking questions at the analyze level, the TE

required PTs to distinguish between relevant and irrelevant ideas (e.g., Table 4, Turn-3; Table 5,

Turn-5 and Turn-9). Similarly, to answer questions at the evaluate level, PTs had to identify the con-

ceptual, epistemological, or ontological inconsistencies or fallacies in the ideas presented by the TE

or their peers. In other words, in order to answer questions with a high level of cognitive demand,

such as those at the evaluate level, the PTs were required to determine whether an intellectual

process (e.g., argumentation, discussion, and negotiation) or product (e.g., idea, argument, conclu-

sion, and assumption) had internal consistency or identify and explain the incongruity between the

product and external criteria to determine whether the product had external consistency. The TE’s
questions, particularly those pitched at the evaluate level, prompted the PTs to make evidence-based

critiques of the presented ideas, possibly by presenting counterarguments, thereby indicating

sophisticated CT. For instance, in Turn-5 and Turn-7 of Table 4, the TE required the PTs to consider

and analyze alternative views. In response, Student-1 (Turn-8) and Student-3 (Turn-10) presented

elaborate arguments reflecting the highest levels of CT (e.g., advising and suggesting or judging

and criticizing; Table 2). Therefore, there appears to be a close relationship between the TE’s
more cognitively demanding questions and the CT capacity of the PTs.

Browne and Keeley (2007) proposed a more realistic list of thought-evoking questions for pro-

moting CT, one that supports the findings of this study. In this respect, Browne and Keeley (2007)

identified the following strategies to encourage CT: suggesting (e.g., “What are other alterna-

tives?”), reasoning and elaborating (e.g., “What do you mean by…?”), evaluating (e.g., “What
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are some of the reasons to disagree with…?”), and concluding (e.g., “What conclusions can we

draw?”). In a similar vein, Golding (2011) composed a list of educator-based questions regularly

asked during lectures to promote CT. Golding’s (2011) list comprised the following types of ques-

tions: “why?” questions, which ask students to provide justifications; “what do you mean?” ques-
tions, which prompt students to clarify the background context or basis of their claims; and “what is
the difference between…?” questions, which require students to make comparisons. However,

while valuable, these studies do not illustrate how the proposed questions should be asked by a

TE in the discussions of pedagogy to foster the CT activity of PTs.

This study proposes a link between questioning activity, mental demand, and CT activity. In this

respect, Hallman-Thrasher and Spangler (2020) explored the complex connections between

teacher-led purposeful questioning, increasing the cognitive demand of an instructional task, and

higher-order student-led reasoning. They concluded that teacher questions should serve the follow-

ing four discursive functions: (1) eliciting thinking, (2) generating ideas, (3) clarifying explanations,

and (4) justifying claims. The teachers used these functions to maintain the cognitive demand of an

instructional task and promote the students’ CT capacity. In this study, these four talk-based discur-

sive functions (Hallman-Thrasher & Spangler, 2020) were prompted by the TE asking questions

with varying levels of cognitive demand. As this study observed, functions (1) and (3), eliciting

thinking and clarifying explanations, can be attained via the TE asking questions with low and mod-

erate levels of cognitive demand, that is, questions on the level of understanding and analysis.

Meanwhile, functions (2) and (4), generating ideas and justifying claims, are more challenging,

and are thus more likely to occur via the TE asking questions at a higher level of cognitive

demand, namely, those pitched at the evaluate or create levels. However, Estrella et al. (2020)

noted the need to maintain harmony or balance to increase or decrease the cognitive demand of

instruction. In other words, a heterogeneous dispersion of mental demand across the lesson

period is not conducive to promoting displays of CT by learners. As such, the findings of this

study need further investigation and clarification in order to verify the proposed connection

between the cognitive demand of questions and the CT capacity of those to whom these questions

are posed.

Various scholars have advocated the need for teachers to constantly refine the mental require-

ments of their instructional scene staging to ensure balanced or pragmatic teaching and foster stu-

dents’ conceptual learning and higher-order reasoning (e.g., Humphrey et al., 2020). In other words,

teachers should use particular instructional tactics via their questions to maintain or change the cog-

nitive demands they make on students. In this regard, Smith and Stein (1998) proposed three

instructional strategies to maintain a high level of cognitive demand. First, students should

monitor their own thought processes and/or those of others. Second, students should be encouraged

to display justified thinking and construct operational definitions of a concept under consideration.
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Third, teachers should guide students to draw and articulate concluding statements. According to

Smith and Stein (1998), these strategies can effectively boost the level of mental demand, and

are more visible in the presence of teacher questions, comments, and feedback formulated on the

basis of student responses. This study contributes to the aforementioned arguments insofar as it sug-

gests the potential of a combination of questions with a low, moderate, and high cognitive demand

to scaffold learners to reach the peak of their CT capacity. For instance, to evoke justified thinking

or the operational definition of a pedagogic concept, the TE, consciously or unconsciously, asked a

combination of questions with a low and high cognitive demand. For instance, Turn-1 to Turn-4 in

Table 5 reflects that the TE’s questions ranged from a low to moderate range of cognitive demand,

to which Student-1 responded with a basic interpretation (Turn-2) and an advanced clarification

(Turn-4). In this study, cognitively demanding questions seemed to motivate the PTs to monitor

both their own thought processes and those of others. In the teaching profession and experience

and learning implementations, once the TE asked questions at the evaluate level, the PTs were

able to verify the thinking of others as a metatalk activity that might augment CT capacity.

Indeed, as Turn-7 and Turn-15 in Table 5 show, the PTs were explicitly invited to review and

comment on their peers’ thinking about pedagogy, evidencing higher mental demands.

Significantly, it should be noted that in the teaching profession and experience and learning

implementations, the TE followed a more homogenous questioning style by incorporating ques-

tions with a low, moderate, and high level of cognitively demanding questions across the class dis-

cussion of ideas about teaching and learning (Figure 1). However, in the Lily and darkroom and

knowledge–teaching–learning implementations, the TE’s questions appeared to be dispersed in a

more heterogeneous fashion (Figure 1). As various scholars have argued (e.g., Humphrey et al.,

2020; Smith & Stein, 1998; Whittington and Tekkumru-Kisa, 2020), the homogeneous distribution

of the mental demands of questions across an instructional scene staging is more effective in elicit-

ing the CT capacity of PTs.

Conclusions and recommendations

As many higher education systems agree, teachers are change agents and an essential dimension of edu-

cation reform, particularly TEs who train these change agents and ensure the continuity of their profes-

sional development (Goodwin & Kosnik, 2013). Certainly, Darling-Hammond (2006) demonstrated

this argument by providing data demonstrating that TEs are a community, albeit one that has yet to

be researched as a professional community. This situation is known as the mystery of higher education

and constitutes a serious pedagogical obstacle to the education of TEs (Darling-Hammond, 2006). This

prompts the question of why we, as TEs, dare not investigate ourselves. Indeed, neither a curriculum

specifically created to cultivate TEs nor a set of instructional strategies have been defined scientifically.
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Moreover, there is a common misconception that the linear path from preschool to postdoctoral educa-

tion can guarantee the development of TEs. The phenomenon of specializing in teacher education and

being a quality TE is often taken for granted, with many assuming that it is merely a matter of passing

certain education levels (Goodwin & Kosnik, 2013).

This study sought to address this problem by qualitatively prototyping how TEs use their ques-

tions during pedagogy lessons to trigger PTs’ CT activity. However, as TEs, we recognize that it is

counterproductive to present the findings of this study to the TE community to challenge their

question-based pedagogic actions in fostering the CT capacity of their students. As Chan et al.

(2021) emphasize, high-quality teaching is a multidimensional and complicated enterprise.

Indeed, during classroom talks, TEs are bombarded with countless incidents that need to be con-

trolled in order to maintain a high-quality lesson where students are guided to engage in CT pro-

cesses. Based on the literature on teacher noticing, this study recommends that TEs selectively

attend, interpret, and respond to noticed events in the visually complex and potentially confusing

world of the classroom (Chan et al., 2021). Accordingly, this study accepts two premises of the

teacher noticing: first, like members of other professions, TEs can develop unique ways of compre-

hending appropriate points in their profession; second, effective TEs should be able to refine fea-

tured social interactions and verbal exchanges within the visually complex setting of the classroom.

However, those responsible for educating TEs can expand their instruction by considering the find-

ings of this study in professional development programs.

We further propose a specific methodological approach to training and cultivating the versatility

of candidate or in-service TEs with respect to their using cognitively demanding questions to foster

the CTcapacity of PTs. We believe that TEs should be treated as co-researchers who can analyze the

mental demand of their questions and the dispersion thereof. In other words, TEs must be recog-

nized as classroom discourse analysts who can evaluate the influence of their talks on the pedagogic

cognition of PTs. However, being a classroom discourse analyst is hardly automatic; rather, specific

methodological orientations need to be adopted. One of the most effective ways of training a TE as

a classroom discourse analyst is to conduct consistently stimulated recall sessions within a self-

study approach. By scaffolding a more knowledgeable/capable other, a TE can gain core skills,

including the ability to gather, analyze, interpret, and evaluate their question-asking behavior

and PTs’ CT activity. After attaining the fundamental knowledge and skills necessary to link class-

room discourse (i.e., mental demands of questions) to cognition (i.e., CT activity/capacity), the

supporter TE may gradually withdraw from the system, allowing the supported TE to transform

into a self-reflective practitioner. Based on a cascade model and the reflection-in-action and

reflection-on-action cycles, faculty or university members may develop a critical and data-based

approach to improve their question-asking pedagogy for cultivating teachers with a high capacity

for critical thought.
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Limitations

This study has some limitations that may inform the conceptual and methodological streaming of

future studies. First, this study identified a TE who tended to ask ample and appropriate questions in

the classroom, and thus limited the number of TEs to a single individual. Future research should

conduct a similar analysis with more than one TE for comparative outcomes. Limiting the

number of TEs prohibited a collective case study approach, in which diversification would have

provided more generalizable outcomes regarding the relationship between the cognitive demand

of TE questions and the CT capacity of the PTs. Second, this study focused on only four topic-

specific activities in analyzing the connections between the mental demand of question levels

and CT capacity of the PTs. A longitudinal study of this nature would likely produce a greater

number of valuable insights. Third, although the four topic-specific activities provided a sound

instructional setting to capture more classroom talks between the TE and PTs, findings should be

interpreted cautiously because the observed connections between the mental demand of the TE’s
questions and the CT capacity of the PTs may have been influenced by the different conceptual

themes discussed in the lessons. In other words, this study’s decision to employ content-sensitive

analysis may have impacted the generalizability of the results. Fourth, a significant limitation con-

cerns our inability to discern whether the TE actively regulated the cognitive demand of his ques-

tions or whether this process was done unconsciously. In this respect, was an incremental tendency

from the first to the last implementation in terms of mental demand despite there being no experi-

mental intervention. Therefore, the results of this study should be understood as a call for the further

design and conduct of experimental research of this nature to provide more empirical data and

verify the largely qualitative findings of this study.
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