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ABSTRACT 
 Questioning continues to be one of the most popular classroom instructional 

strategies. When appropriate questioning skills are used, students can be motivated 

and actively engaged in the learning process. However, researchers have found that 

the majority of questions asked by teachers are lower cognitive level questions that 

emphasize rote memory and recall of factual information, which do not help students 

develop conceptual understanding. In addition to posing questions, pre-service 

teachers have also demonstrated difficulty in listening and responding to students. 

Limited teachers' questioning techniques have been a hindrance to the discussion or 

interaction in the classroom. Therefore, the purpose of this study is to investigate the 

effectiveness of teachers' higher cognitive questions and to improve pre-service 

teachers' questioning techniques. 

 To investigate the effectiveness of teachers' higher cognitive questions, a meta-

analysis was performed which examined the statistics and characteristics of 18 studies 

focusing on questioning strategies that met the screening criterion. Many researchers 

have conducted similar studies, but their results were conflicting. Even three previous 

meta-analyses revealed inconsistent results. Additionally, there has been a lapse of 25 

years since the last meta-analysis. Therefore, there was a need to conduct another 

meta-analysis that included additional literature and updated statistical analyses.  

 The result of the meta-analysis concerning questioning types revealed a mean 

effect size of +0.259 (p < .001), which indicated that teacher's higher cognitive 

questions had a small effect on students' academic achievement.  The homogeneity 
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test showed a statistically significant difference in the effectiveness of higher cognitive 

question across the 18 studies (Q = 129.816, p < .0001). Therefore, analyses of 

moderator variables that might contribute to the variation in effect sizes were 

conducted. Although "teacher experience" was the only moderator variable that made 

a significant difference, analyses of moderator variables, such as grade level, training 

duration, and treatment duration, still revealed important findings. Classroom 

implications, recommendations for future research, and limitations of the study were 

also discussed. 

 As a result of the study of various moderator variables, a practitioner paper 

was developed in order to make connections between research and practice. A review 

of the literature revealed difficulties teachers had in questioning and useful activities 

to include in teacher training courses. To help pre-service teachers to improve their 

questioning skills, several important techniques were discussed and research-based 

practices have been provided. The practitioner paper offered teacher educators 

practical suggestions as to how to improve pre-service teachers' questioning 

techniques. 

 It is hoped that the meta-analysis and practitioner paper will provide an 

overview concerning results of studies focusing on teacher's use of higher cognitive 

questions, assist teacher educators in improving questioning technique training, and 

facilitate researchers in improving the design of future studies focusing on the popular 

instructional strategy of questioning students.  
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CHAPTER I 

INTRODUCTION 

 Different from traditional lecturing, questioning can promote active 

participation rather than passive learning (Overholser, 1992). Students' learning 

processes should be emphasized rather than their final scores. Therefore, questioning 

has become one of the most popular instructional strategies in the classroom 

(Ainscow, 2000). Fifty percent of instruction time is spent on questioning (Cotton, 

1988), and high school teachers ask between 300 and 400 questions a day (Leven & 

Long, 1981). 

 The importance of questioning was recognized by Socrates as early as the fifth 

century B. C. (Ellis, 1993; Harrop & Swinson, 2003; Overholser, 1992). Socrates 

never answered a question when he taught (Moore & Rudd, 2002). Instead, Socrates 

provided more questions to students, which required students to be active thinkers 

rather than receivers. Socratic questions rarely seek factual information; instead, these 

questions help students express their opinions and explore the reasoning behind their 

responses (Overholser, 1992). However, researchers have found when teachers asked 

questions in the classroom, the majority of questions were lower level questions that 

emphasize rote memory and recall of factual information (Cunningham, 1987; Gale, 

1984; Myhill & Dunkin, 2005; Wilen, 1991). In addition to posing questions, Nicol 

(1999) identified that pre-service elementary mathematics teachers also had 

difficulties in listening, and responding to students. Posing, listening, and responding 
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is an integrated cycle of questioning that facilitates learning. Any missing part of the 

cycle will affect learning outcomes. 

 This study on questioning consists of two complementary components: a meta-

analysis, which focuses on previous studies and the effect of higher cognitive 

questions and a practitioner paper that addresses how to improve pre-service teachers' 

questioning techniques. Since many studies have been conducted to investigate the 

effect of higher cognitive questions, a meta-analysis was performed to calculate the 

overall effect size and examine the factors that contributed to the variation in student's 

academic achievement. The meta-analysis should reveal some suggestions to improve 

pre-service teacher's questioning techniques. Hence, the practitioner piece aimed to 

make connections between research and practice for instructors in teacher education 

programs. 

Statement of the Problem 

 Starting about the middle of the twentieth century, researchers (Bedwell, 1975; 

Martin, 1979; Ryan, 1973) followed a process-product paradigm to study the 

relationship between teacher questioning and student achievement (Chin, 2007). These 

studies incorporated quantifying teachers' questioning behavior over one or more 

lessons and running a correlation analysis between the accumulated counts and 

students learning outcomes. However, the results from such studies were inconsistent. 

 Moreover, although the word "discussion" and "interaction" are often used to 

describe classroom discourse, teacher's verbalizations dominate most of the classroom 

time (Kawanaka & Stigler, 1999; Wilen, 1991). When a teacher is the dominator and 
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passes knowledge by lecturing, classroom discourse is considered to be transmissive 

(Myhill & Dunkin, 2005). Although many researchers and teachers have noted the 

importance of questioning as an instructional strategy, real interactions between 

students and the teacher rarely happens. The dialogue between students and the 

teacher often concludes with the teacher's judgmental response, which may not help 

students construct or extend their existing knowledge. There are several reasons for 

the absence of real interaction: questions put up by teachers are low-level questions; 

teachers do not know how to provide constructive feedback; and teachers do not know 

how to use follow-up questions to promote reasoning. In an interactive classroom, 

students will be encouraged to explain, explore, and debate their points of view (Scott, 

1998).  

 Appropriate feedback or follow-up questions facilitate knowledge 

construction. The way a teacher provides feedback also has effects on students' future 

responses. Smith and Higgins (2006) argued that once a teacher ignored a student's 

unpredicted response and went back to the planned discourse, the student would not be 

motivated to answer questions in the future, even if they were asked open-ended 

questions:  

 "it is not whether a question is factual, closed, open or even the degree of 
 openness and authenticity with which it is phrased, which determines 
 classroom interactivity. Rather it is how a teacher reacts to pupils' responses in 
 terms of their feedback and the historical precedence of the perception of 
 teacher intent this engenders" (p. 493). 
 
The relationship between teacher and student is symbiotic: one affects the other 

(Wimer, Ridenour, Thomas, & Place, 2001). The teacher's feedback could trigger or 
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hinder students' responses.  Non-judgmental feedback encourages students' responses. 

However, judgmental feedback impedes students' responses. 

 Furthermore, researchers found there was not always a correspondence 

between the cognitive level of teachers' questions and students' responses. Dillon 

(1982) and Mills, Rice, Berliner, and Rousseau (1980) conducted studies that 

examined the correspondence between the cognitive level of teachers' questions and 

students' responses in different grade levels. The results of these two studies were in 

accord with each other. There was only a 50%chance that higher-level questions 

produced higher-level responses. Confusion in identifying appropriate responses or the 

student's ability to understand questions were suggested as possible reasons for the 

relatively low correspondence between the level of question and response (Adams, 

1974; Winne & Marx, 1980). When students have trouble in answering or 

understanding a question, follow-up questions are especially needed. Therefore, when 

examining teachers' questioning skills, we should not only look at the cognitive level 

of initial questions, but also for other factors that could influence the classroom 

interaction. Asking a higher cognitive question is only the initial stage. It is more 

important for teachers to use other skills to trigger the student's thinking process. After 

analyzing the effect of the teacher's initial higher cognitive questions, variables that 

could influence the variation in the effect sizes should be taken into consideration, 

which provides suggestions for improving the teacher's questioning technique. 
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Definition and Terms 

 This study investigates the effect of the teacher's higher cognitive questions 

and how to improve the pre-service teacher's questioning techniques. At this point 

there is a necessity in providing definitions of critical terms that are mentioned 

repeatedly, in order that the reader has a better understanding of the following 

chapters. 

 Question is defined as an utterance that is posed in the form of an interrogation 

or has the grammatical form of a question and was used to uncover some information 

about student's knowledge or thinking (Chin, 2007). 

 Open-ended Question encourages a variety in the responses and provides the 

teacher with the means to be more of a facilitator of thinking (Cunningham, 1987, p. 

71). 

 Closed-ended Question expects a short or single-word answer that is 

predictable (Cunningham, 1987). 

 Lower Cognitive Question requires straight memory rather than more complex 

cognitive operations (Wimer et al., 2001, p. 85). 

 Higher Cognitive Question engages students in synthesizing or evaluating 

information (Wimer et al., 2001, p. 85). 

 Feedback is defined as information provided by a teacher regarding the 

student's initial performance or understanding to make clarification, lift thought to 

higher levels, or support a point of view or opinion (Hattie & Timperley, 2007; Wilen, 

1991). 
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Purpose of the Study 

 The purpose of the study was tri-fold. First, the meta-analysis was to 

accomplish a quantitative synthesis of the effectiveness of teachers' higher cognitive 

questions on students' achievement. Second, the meta-analysis was to examine the 

moderator variables that influenced the magnitude of individual effect size. Third, the 

practitioner paper aimed to review previous literature regarding questioning 

techniques and provide suggestions for activities that can be used by teacher educators 

to improve pre-service teacher's questioning skills. 

Research Questions 

 In the meta-analysis study, the following research questions were addressed: 

1. What is the average effect size of teachers' higher cognitive level questions? Is 

the average effect size significantly different from zero? 

2. Which moderator variables are related to the variability in effect size? 

3. How do the results of the current study compare to previous meta-analyses? 

Theoretical Framework 

 This dissertation is in a two paper format: meta-analysis and practitioner paper. 

Since a meta-analysis is a synthesis of different studies that were progressed on their 

distinctive theoretical basis, the meta-analysis is require to subsume theoretical 

frameworks from researchers rather than generate one for itself (Hembree, 1992). 

However, social constructivism is the primary theoretical framework guiding the use 

of questioning techniques suggested in the practitioner paper. Social constructivists 
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believe social interaction, cultural tools, and activity shaped individual development 

and learning (Tudge & Scrimsher, 2003). Instead of focusing on an individual process, 

social constructivism emphasizes the interactions with other people and the social 

environment where learning occurs (Resnick, 1991; Wertsch, 1991). According to 

Vygotsky (1986), the originator of social constructivism, knowledge constructed in a 

social interaction is through the medium of language (Chin, 2007; Coward, 2002; 

Geertz, 1983, Resnick, 1991). Language and knowledge are mutually dependent. 

"Language is the means by which we come to construct and express our knowledge; 

and our knowledge, socially constructed, constitutes our language system" (Coward, 

2002, p. 14). 

 According to this idea, the teacher's questions, a key component of classroom 

discourse, can be a psychological tool that mediates student's knowledge construction 

(Chin, 2007). Scott (1998) claimed that classroom discourse had two functions: 

authoritative and dialogic. In authoritative discourse, teacher's talk involves factual 

information, reviews, and instructional questions, and student's responses are usually 

short and predictable. On the contrary, in dialogic discourse, teachers ask open-ended 

and authentic questions, and students are encouraged to be reflective, creative, and 

analytic (Scott, 1998).  

 In authoritative discourse, a typical interaction between the teacher and 

students is the Initiation-Response-Evaluation model (IRE) or Initiation-Response-

Initiation-Response model (IRIR). Either model releases limited knowledge to 

students, because the teacher provides judgmental feedback that only informs students 
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of the correctness of answers. This kind of feedback is ineffective in developing 

understanding and reasoning. Here is an example of an IRE model in which a teacher 

asked for the perimeter of a rectangle. 

 Teacher: What is the perimeter of this rectangle? 

 Student: 12. 

 Teacher: All right! Let's move on to the next problem. 

 A contrasting model that should be encouraged is the Initiation-Response-

Feedback model (IRF), in which the teacher provides nonjudgmental feedback and the 

teacher's response is no longer the end of the conversation. Even if a student provided 

a correct answer, the teacher would still continue the follow-up discussion. The 

Initiation- Response-Feedback-Response-Feedback (IRFRF) model (Mortimer & 

Scott, 2003) is an application of the IRF model, which provides more interactions 

between the teacher and students. Since learning happens via the question-answer 

interactivity between the teacher and students in the classroom, the more interactions 

that occur, the more knowledge can be constructed. The simplest way to encourage 

student's reasoning is to ask a "why" question. A study conducted by Martin and 

Pressley (1991) in a college reading classroom reveal that student's learning could be 

promoted by asking a "why" question, even if the student was not able to generate an 

answer. Here is an example of IRF model in which a teacher worked on the same 

problem. 

 Teacher: What is the perimeter of this rectangle? 

 Student1: 12. 
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 Teacher: Could you please tell us how did you find the answer? 

 Student1: I added up all sides of the rectangle and got 12. 

 Teacher: Is there anyone that used a different method? 

 Student2: Me. 

 Teacher: How did you find the perimeter? 

 Student2: I used the formula "perimeter equals the sum of length and width 

      multiplied by two" and got the same answer. 

 Teacher: You used a different method, but why do you think the answers are 

      the same? 

 Vygotsky's Zone of Proximal Development (ZPD) theory is another major 

contribution to the social constructive theory. ZPD is defined as "the distance between 

the actual developmental level as determined by independent problem solving and the 

level of potential development as determined through problem solving under adult 

guidance or in collaboration with more capable peers" (Vygotsky, 1978, p. 86). For 

example, a student is asked to find the perimeter of a quadrilateral. To solve this 

problem, the student should be able to add integers, which is the developmental level. 

Then with the help of teachers or peers, the student can find the perimeter of the 

quadrilateral by adding up the length of four sides, which is the potential development 

level. If the student is not able to add integers, it is impossible for him or her to solve 

the problem, even though the formula is told. When working in the ZPD, students are 

ready to move to a higher level of knowledge. They are able to learn actively via 

bringing their previous knowledge to social interaction and constructing meanings by 
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the integration of previous knowledge and current experiences in the context (Schunk, 

2007). Sometimes students are silent when facing teacher's questions, which indicates 

that they are probably not in a ZPD. In this situation, even if the question is asked at a 

higher cognitive level, it will not help students construct any meaning. Therefore, an 

appropriate follow-up question will facilitate the respondent in making connections 

between previous knowledge and the current question. Vygotsky's ZPD theory builds 

the foundation for the use of follow-up questions. 

Significance of the Meta-analysis and Practitioner Paper 

 Due to the inconsistency of the results relating to the effectiveness of teacher's 

higher cognitive question and an interval of 25 years since the last meta-analysis 

(Samson, Strykowski, Weinstein, & Walberg, 1987), it was necessary for the current 

study to include recent literature and updated statistical analyses. The inclusion of 

additional literature and updated statistical analyses were expected to result in a more 

reliable conclusion.  

 The practitioner paper went beyond the discussion of Bloom's taxonomy and 

provided applicable suggestions for classroom activities to improve pre-service 

teacher's questioning skills. In addition, there has been too much emphasis on the 

cognitive level of the teacher's initial question in the previous studies. Researchers 

tended to neglect the importance of feedback and follow-up questions that facilitate 

student's understanding. However, the use of feedback and follow-up questions as an 

essential part of questioning techniques should be introduced to pre-service teachers. 
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Delimitations 

 Studies included in the meta-analysis were selected from electronic databases 

and previous reviews. There were four criteria for the selection of the studies:  

1. Studies adopted an experimental or quasi-experimental design;  

2. Teacher's cognitive level of question was the independent variable;  

3. Student's academic achievement was the dependent variable;  

4. The study provided sufficient data for effect size computation.  

These criteria only applied to the meta-analysis study and details have been discussed 

to a greater extent in Chapter III. 

Limitations 

 The meta-analysis study had the following limitations: first, there were only 18 

studies included, which limited the power of the study. Second, the majority of the 

selected studies were conducted more than 20 years ago, which might not reflect 

current teachers' questioning techniques.  
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CHAPTER II 

A META-ANALYSIS OF THE EFFECTS OF HIGHER COGNITIVE QUESTIONS 
ON STUDENTS' ACADEMIC ACHIEVEMENT 

Introduction 
 Questioning is a widely used instructional strategy in the classroom. 

Questioning serves two main purposes: to check students' understanding of what has 

been taught and to have students apply what they have learned (Ross, 1860). 

Questioning also serves many other purposes: (1) to stimulate student participation 

and to arouse student interest (Wilen, 1991); (2) to review and to diagnose student 

abilities (Ellis, 1993; Wilen, 1991); (3) to challenge students to think critically and 

creatively (Ellis, 1993; Wilen, 1991); and (4) to control student behavior (Wilen, 

1991). 

 In order to address these diverse purposes, teachers need to be able to 

recognize and use different cognitive levels of questions. Cunningham (1987) 

combined the efforts made by previous researchers (Gallagher & Aschner, 1963; 

Guilford, 1956; Sanders, 1966) and developed five levels of questions. The first three 

levels are considered as lower cognitive questions and the fourth and fifth level are 

higher cognitive questions. Table 2.1 presents a summary of these five levels of 

questions. 
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Table 2.1  

Cunningham's (1987) Five Levels of Questions 

Question level 
 

Characteristics Example question 

1. Factual recall question Emphasizes rote memory instead 
of thinking skills. 
 

What is natural number? 

2. Low-convergent 
question 

Requires students to put facts 
together and construct a response 
using comparing, contrasting, 
generalizing, transferring form, or 
explaining. 
 

What are the similarities 
between natural number and 
integers? 

3. High-convergent 
question 

Requires students to look for 
evidence to support answer, give 
reasons for behaviors or 
outcomes, and draw conclusions. 
 

How do you control the 
variables in this experiment? 

4. Low-divergent 
question 

Requires students to find 
alternative solutions. 

How can we use square tiles 
to build a different rectangle 
with the same perimeter? 
 

5. High-divergent 
question 

Promotes creative thinking. How can we build the largest 
house with limited materials? 

I. Factual recall question.  

 Factual recall questions are considered as the lowest cognitive level, but appear 

to be most widely used in the classroom. Gall (1984) claimed that 80% of the 

questions used in the classroom emphasized rote memory instead of thinking skills. 

Students were asked to name, identify, recall, define, list, or distinguish, which have 

been identified as indicators of the practice of rote memory (Ellis, 1993; Hunkins, 

1976). The answer to these questions is predictable and easy to determine as right or 

wrong. Factual recall questions can be used to review material, assess comprehension, 

and determine student preparedness. An example of this type of question would be 

"what is natural number?" 
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II. Low-convergent question.  

 Low-convergent questions require students to put facts together and construct a 

response using comparing, contrasting, generalizing, transferring format, or explaining 

(Hunkins, 1976). This kind of question can be used to determine whether a student 

knows certain facts and is able to organize the facts to provide his or her own 

explanation. In order to answer this kind of question, students should be able to state 

or explain relationships or concepts, which requires a higher level of thinking than 

recall (Cunningham, 1987). However, the answer to these types of questions is also 

predictable and the teacher is concerned about the correctness of the response. An 

example of this type of question would be "what are the similarities between natural 

numbers and integers?" 

III. High-convergent question.  

 High-convergent questions encourage students to reason (Cunningham, 1987). 

Teachers use this kind of question to make extensions of a topic. Students respond to 

these questions by looking for supporting evidence, giving reasons for behaviors or 

outcomes, and drawing conclusions. Ideas, situations, or events would be broken down 

into components (Cunningham, 1987). As students formulate their answers, they look 

for motives for behaviors, unstated assumptions, cause and effect, and the relationship 

of elements to a total organizational scheme (Hunkins, 1976). An example of this type 

of question would be "how do you control the variables in this experiment?" 
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IV. Low-divergent question.  

 Low-divergent questions ask student to think of alternative ways to do 

something. Teachers use these questions as the first step in the problem-solving 

process. Students need to brain-storm possible solutions (Cunningham, 1987). An 

example of this type of question would be "how can we use square tiles to build a 

different rectangle with the same perimeter?" 

V. High-divergent question.  

 High-divergent questions promote creative thinking. This kind of question asks 

students to formulate generalizations and develop diverse, original, or novel responses. 

However, only 5% of the questions asked in classrooms are high-divergent questions 

(Cunningham, 1987). In order to encourage diverse responses, teachers need to create 

a supportive classroom climate where students could elaborate, make divergent 

associations, point out implications, or do open predictions. An example of this type of 

question would be "how can we build the largest house with limited materials?" 

Literature Review 
 Since the beginning of the 20th century, researchers started to focus on 

classroom questioning behaviors. Questioning has been a very popular research topic 

(Elder & Paul, 1998; Gallagher & Aschner, 1963; Harrop & Swinson, 2003; Hunkins, 

1976; Stevens, 1912). Stevens (1912) conducted a pioneering study to investigate the 

role of questions in the classroom and found that teachers' questions mainly focused 

on factual recall instead of prompting thinking. Her research also suggested that the 
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lesson should be taught through questioning rather than lecturing. However, in the 

following few decades, lower cognitive questions still dominated the classroom (Gall, 

1970; Gallagher, 1965).  

 In the middle of the 20th century, due to the development of systematic 

observation tools, researchers followed a process-product paradigm to examine 

teacher's questioning behaviors and student achievement and believed that believed 

that students' performance and the teacher's questioning style were highly related 

(Aagaard, 1973; Buggey, 1972; Gallagher, 1965). A typical process-product study is 

conducted based on "observations of classroom processes and reliable measures of 

student achievement (or attitude or conduct)" (Gage & Needels, 1989, p. 254). 

Teacher's questions were quantified into different cognitive levels and a correlation 

analysis or null hypothesis test was performed between accumulated counts and 

students academic achievement (Eddinger, 1985; Hunkins, 1968; Ryan 1973; Savage, 

1972).  

 During the 1990's, Wilen (1991) suggested that more research should be 

conducted to analyze the interaction between students and the teacher, because 

questioning happened in a broader context of classroom discourse. There were many 

variables in the classroom that did not fit well in the process-product paradigm, such 

as the context of questions, the content of questions, and the students' responses and 

reactions to questions (Carlsen, 1991). Studies conducted by many researchers (Dillon, 

1982; Mills et al., 1980; Chin, 2006; Schleppenbach, Perry, Miller, Sims, & Fang, 
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2007) illustrated the necessity to use feedback and follow-up questions in the 

classroom. 

Statement of the Problem 

 Many educators have agreed that teachers' questions have effects on students' 

achievement (Campbell & Mayer, 2008; Gallagher, 1965; Osman & Hannafin, 1994). 

Some researchers claimed that higher cognitive questions were more effective than 

lower cognitive questions (Aagaard, 1973; Buggey, 1972; Caulfield-Sloan & Ruzicka, 

2005; Hsu & Dwyer, 2004). Teacher education programs have focused on improving 

pre-service teacher's questioning skills (Moyer & Milewicz, 2002; Seker & Komur, 

2008; Sims & Walsh, 2009). However, the results from some studies that examined 

the effectiveness of higher cognitive level questions on student's achievement scores 

were conflicting (Martikean, 1973; Ryan, 1974). Three meta-analyses of the 

effectiveness of questioning levels revealed different outcomes with regard to the 

effectiveness of teachers' higher-level questions (Redfield & Rousseau, 1981; Samson 

et al., 1987; Winne, 1979).  

 After analyzing 18 experimental and quasi-experimental studies of the 

effectiveness of teachers' higher cognitive level questions, Winne (1979) concluded 

there was no strong effect of teacher's higher cognitive questions on student 

achievement. The studies ranged from preschool activities through upper elementary 

science and social studies to high school literature and chemistry. Redfield and 

Rousseau (1981) selected 18 studies from Winne’s (1979) review and two other 

studies conducted later, and analyzed 14 of them that met their inclusion criteria. 
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Contrary to Winne's (1979) study, Redfield and Rousseau's (1981) results indicated 

that the use of higher cognitive questions had a significant positive effect on student 

achievement. A meta-analysis that focused on the effects of teacher questioning level 

conducted by Samson et al. (1987) included 19 studies from Winne (1979) and 

Redfield and Rousseau (1981) and 25 studies from either the Education Resources 

Information Center (ERIC) or Comprehensive Dissertation Abstracts. That analysis of 

14 selected studies out of the 44 revealed a small positive median effect of higher 

cognitive questioning strategies on student achievement. 

 After examining in greater detail the results of these three studies, there were 

two major reasons for the inconclusive results: method of investigation and selection 

of studies. The earliest study (Winne, 1979) sorted 18 studies into three categories: 

significant results, either positive or negative, and non-significant results. Winne 

(1979) compared the number of studies in each category, which was not a true meta-

analysis, and found that the use of higher cognitive questions had little effect on 

student achievement. However, Redfield and Rousseau (1981) and Samson et al. 

(1987) used a meta-analysis technique suggested by Glass (1978) to compute the 

magnitude of the treatment effect. 

 Furthermore, the studies included in each meta-analysis contributed to the 

inconsistent results. Redfield and Rousseau (1981) examined 20 studies and Samson et 

al. (1987) considered 44 studies, but only fourteen studies were qualified for data 

analysis for both of them, which included ten studies in common. Although the same 

method was adopted to calculate effect size, there was still a difference between the 
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overall effect sizes. A careful and comprehensive selection of literature is necessary 

when conducting a meta-analysis.   

 There has been a lapse of 25 years since Samson et al. (1987) conducted a 

meta-analysis on the relationship between the cognitive level of teacher's questions 

and student's achievement. During this period, several studies focusing on the same 

topic were published. Furthermore, since the previous three meta-analyses revealed 

inclusive and conflicting results, there was a need to conduct another study that 

included (1) additional literature and (2) updated statistical analyses. 

Meta-analysis 
 Since the late 1970s, meta-analysis, introduced by Gene V. Glass (1978), has 

been a popular method to synthesize quantitative results of various studies on the same 

topic (Gall, Gall, & Borg, 2007). A meta-analysis is a quantitative technique that 

summarizes previous findings and produces new knowledge. When conducting a 

meta-analysis, researchers combine statistical results from each study to compute an 

overall effect size (Schroeder, Scott, Tolson, Huang, & Lee, 2007).  

 Effect size is defined as "degree to which sample results diverge from the null 

hypothesis…" (Thompson, 2002, p. 25) and measures the magnitude of the effect of 

each study separately rather than the statistical significance (Gall et al., 2007). The 

null hypothesis statistical significance test has been criticized since the early 1900's 

(Huberty, 2002), because it only describes whether a treatment affect people rather 

than how much it affect them (Kline, 2004). The use of effect size is a technique that 

could generate meaningful and understandable results, which is strongly 



Texas Tech University, Yan Zhang, August 2012 

20 
 

recommended by editorial board such as American Psychological Association 

(Carson, n.d.). 

 Effect size is a metric and can be applied to different designs of studies such as 

correlational or experimental study, which is one of the advantages of a meta-analysis 

(Gall et al., 2007). In the current meta-analysis, experimental studies were selected 

and standardized mean differences were used as a statistical measurement. Glass 

(1976) suggested five basic phases of meta-analytic process: formulating the problem, 

collecting the data, evaluating the data, synthesizing the data, and presenting the 

finding. According to Glass's suggestions, this meta-analysis was conducted in seven 

steps: formulating research questions, acquisition of studies, screening of studies, 

coding of studies, checking interrater and intrarater reliability, computing effect sizes, 

and interpreting the findings. 

Research Questions 
 The current study examined the effectiveness of teacher's higher cognitive 

question on student's achievement through a quantitative meta-analysis. The following 

research questions were addressed:  

1. What is the average effect size of teacher's higher cognitive level questions? Is 

the average effect size significantly different from zero? 

2. Which moderator variables are related to the variability in effect size? 

3. How do the results of the current study compare to previous meta-analyses? 
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CHAPTER III 

METHODS 

Acquisition of Studies 
 The majority of the studies collected for the meta-analysis were identified 

through searches in ten electronic research databases, including Academic Search 

Complete, ERIC, MAS Ultra, Master FILE Premier, Middle Search Plus, Primary 

Search, Professional Development Collection, Psychology and Behavioral Sciences 

Collection, PsycINFO, and TOPICsearch. Initial search terms included "teacher's 

question" and "student achievement." Subsequent searches were performed by using 

various combinations or alternatives of initial search terms, such as "questioning," 

"effect of question," "teacher's questioning," "questioning technique," "questioning 

strategy," "student performance," "student success," etc.  

 In addition, studies that were reviewed in the previous three meta-analyses 

(Redfield & Rousseau, 1981; Samson et al., 1987; Winne, 1979) were searched for in 

Google and Google Scholar. A document delivery system named ILLiad was used 

when some studies, such as dissertations, were not available online. 

Screening Process 
 The screening of studies from the electronic databases and previous meta-

analyses was carried out in two steps. The first step was the initial search from 

electronic databases and the reference lists from three previous reviews. The second 

step was a full-text screening, in which the whole article was read. The purpose of 

conducting the two-step process was to avoid missing any relevant studies relating to 

the effectiveness of teacher's questioning strategies. 
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 Initial search. The titles and abstracts of these studies were examined to make 

sure that they met the initial screening criteria: 

• The study was related to teacher's questioning strategies 

• Student's achievement or performance was measured 

 The initial search focusing on electronic databases and previous meta-analyses 

found 106 and 23 results, respectively. Due to the lack of availability of dissertations 

and elimination of repeated studies from the two resources, 37 studies met the initial 

screening criteria.  

 Full-text screening. The 37 studies were subjected to a full-text screen for the 

possibility of inclusion in the meta-analysis. To ensure that the selected studies could 

be used for the meta-analysis, the studies were required to have incorporated: 

1. An experimental or quasi-experimental study design. All qualifying studies 

had to use rigorous research designs such as experimental or quasi-

experimental design. Studies with such research designs were able to 

control for the internal validity to generate causal inferences (Gall et al., 

2007). 

2. The level of teacher's questioning as an independent variable. Since the 

purpose of current study was to investigate the effectiveness of teachers' 

higher cognitive questions, a comparison between teachers' higher and 

lower cognitive questions was an essential component.  

3. Student achievement (or success, performance, etc.) as dependent variable. 

To evaluate teacher effectiveness, student's learning evidence could be a 
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reliable measurement (Darling-Hammond, 2010). Therefore, a causal 

relationship could be tested between independent and dependent variables. 

4. Sufficient data. Qualifying studies had to report effect sizes or sufficient 

data, such as sample size, mean, and standard deviations, that could be 

used to calculate effect sizes. 

 Table 3.1 is a list of studies screened in step two and a description how each of 

them met the criteria. Among 37 studies, 18 met the criteria for the full-text screening 

process. 

Table 3.1  

Screen Criteria for Studies Reviewed  

Studies Study 
design 

Independent 
variable 

Dependent 
variable 

Sufficient 
data 

Aagaard (1973) ***  +* + + + 

Adams (1974) *** + + + + 

Armstrong (1993) + + -** - 

Barnette (1994) + + - - 

Beseda (1972) ***  + + + + 

Bedwell (1975) + + + - 

Buggey (1972) *** + + + + 

Campbell & Mayer (2009) + - + + 

Caulfield-Sloan & Ruzicka (2005) *** + + + + 

Note. * +: Criterion met; ** -: Criterion no met; *** Decision: include in analysis 
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Table 3.1 Continued 

Studies Study 
design 

Independent 
variable 

Dependent 
variable 

Sufficient 
data 

Eddinger (1985) *** + + + + 

Friedman (1977) - + + - 

Gall et al. (1976) - + + - 

Gall et al. (1978) - + + - 

Gilmore & McKinney (1986) + - - - 

Hsu & Dwyer (2004) *** + + + + 

Hunkins (1968) *** + + + + 

Hunkins (1970) + + + - 

Knapczyk & Livingston (1974) - - - - 

King (1990) - - - - 

Land (1980) + - + + 

Lynch (1973) + - + + 

Malvern (1980) *** + + + + 

Martikean (1973) *** + + + + 

Martin (1979) - + + + 

Matthes (1977) + + + - 

Osman & Hannafin (1994) *** + + + + 

Otto & Schuck (1983) *** + + + + 

Riley (1979) *** + + + + 

Riley (1986) + + + - 

Rogers & David (1970) *** + + + + 

Ryan (1973) *** + + + + 

Ryan (1974) *** + + + + 

Ryan & Carlson (1973) + - + + 

Sahin (2007) - + + - 

Salenger (1981) *** + + + + 

Savage (1972) *** + + + + 

Sindelar et al. (1986) - - - - 

Note. * +: Criterion met; ** -: Criterion no met; *** Decision: include in analysis 
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Coding of Studies 
 The 18 studies that met the full-text screening criteria were coded into a 

Microsoft 2007 Excel spreadsheet. The coding process included two stages: (1) study 

characteristics and (2) data for effect size computation. For the first stage, study 

characteristics were coded as: 

• Study number and citation 

• Publication type: (1) Journal article, (2)  Dissertation, or (3)  Conference 

paper 

• Study design: (1) Experimental or (2) Quasi-experimental 

• Grade level(s) 

• Content area 

• Teacher experience: (1) Pre-service teacher or (2) In-service teacher 

• Instructional method: (1) script provided or (2) script not provided 

• Post-test: (1) instant post-test or (2) delayed post-test 

• Post-test question type: (1) multiple-choice only test or (2) blended test 

• Post-test level: (1) higher & lower-level test or (2) higher-level only test 

• Post-test reliability 

• Intervention duration 

• Teacher's questioning strategy training: (1) Yes or (2) No 

• Length of teacher's questioning strategy training 

• Student-teacher ratio 

• Classification of question's cognitive level 

Some of the study characteristics were considered as moderator variables that might 

be able to explain the variations in effect sizes.  

 At the second stage, statistical data from the 18 studies were recorded. Such 

data included sample size, mean, standard deviation, t value, f value, p value. The data 
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were imported into meta-analysis software, Comprehensive Meta-analysis, in order to 

compute individual and overall effect sizes.  

Data Entry 
 To calculate individual and overall effect sizes via the Comprehensive Meta-

Analysis software, the information concerning sample size, control group mean and 

standard deviation, experimental group mean and standard deviation, t value, f value, 

and p value had to be recorded or calculated for the 18 studies. When selecting data, 

several decisions were made, which have been outlined in the following sections. 

 Selection of groups. In order to control the internal validity in some studies 

(Buggey, 1972; Eddinger, 1985; Malvern, 1980; Ryan, 1974; Savage, 1972), students 

were divided into three groups: control group, lower cognitive question group, and 

higher cognitive question group. Students in the control group were given the same 

lecture, assigned written homework, or exposed to different instructional plans, but 

they were not expected to answer any questions. When collecting data from these 

studies, only the lower cognitive question group and higher cognitive question group 

were selected. There are four reasons for the selection: 

• Based on the criteria for selection of studies, the level of teachers' 

questions was the independent variable  

• The purpose of this study is to compare the effectiveness of teachers' 

higher cognitive questions to lower cognitive questions 

• In real teaching practice, teachers asked questions, but most were lower 

cognitive questions 
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• The effect size would be conservative when comparing these two groups 

 Riley (1979) also divided students into three groups, but these three groups 

were: higher question level, lower question level, and mixed question level. A script 

that contained 50% higher cognitive questions and 50% lower cognitive questions was 

used to teach students in the mixed question group. To meet the purpose of the current 

study, data from both the higher and lower question level results were selected. 

 Selection of the dependent variable. Student achievement was considered as 

the dependent variable for the current study. Some studies (Ryan, 1973, 1974) divided 

post-test results into lower and higher level. When enough data, such as sample size, 

mean, standard deviation, were provided, the results of tests from both levels were 

combined.  

 Beseda (1972) administered two standardized tests to assess students' 

achievement: Iowa Tests of Education Development (Test 5, Form Y-4) and 

Sequential Tests of Educational Progress (STEP-Social Studies). Both tests measured 

higher cognitive processes that went beyond recalling facts, but not every participant 

took the STEP test. Therefore, only the results from the Iowa Test 5 were used. 

 Otto and Schuck (1983) and Ryan (1973; 1974) used both a post-test and 

retention test in their studies. The purpose of using a retention test was to examine if 

the learning lasted beyond the initial test (Haynie, 1997). Teacher's higher cognitive 

questions were supposed to improve student's ability in reasoning, problem-solving, 

and creative thinking skills (Cunningham, 1987), which should have a long-term effect 
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on student's achievement. Therefore, the students' achievement scores from retention 

tests were chosen for analysis. 

Interrater and Intrarater Reliability 
 Interrater and intrarater reliability were calculated to ensure accuracy of the 

coding of the studies and data entry. Interrater reliability provides a measure of how 

well two or more evaluators agree on the same phenomenon (Litwin, 1995). To 

establish interrater reliability, a second evaluator coded selected studies. The second 

evaluator was a doctoral student in the department of curriculum and instruction. He 

also had prior experience in conducting a meta-analysis. In the training session, the 

two evaluators examined two studies together to reach agreement on coding the study 

characteristics and data for effect size computation. After the primary evaluator 

finished coding the rest of studies, another seven studies were checked again by the 

two evaluators to ensure good interrater reliability. Interrater reliability was computed 

by calculating the percentage of agreement reached by the two evaluators. An 

interrater reliability of 88.2% was reached, which was considered to be acceptable in 

most conditions (Lombard, Snyder-Duch, & Bracken, 2010).  

 Intrarater reliability measures the stability of responses over time in the same 

individual evaluator (Litwin, 1995). To establish intrarater reliability, after the primary 

evaluator finish coding the studies for the first time, all of studies were coded again 

two weeks later. Intrarater reliability was also computed by calculating the percentage 

of agreement reached by the same evaluator over time. A reliability of 98.7% was 

achieved. Since a reliability of .80 was considered substantially reliable (Cohen, 1960; 
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Landis & Koch, 1977), the reliability of the data coding for the current study was 

strong enough for effect size computation and moderator variables analyses. 

Computation of Effect Size 
 A weighted mean effect size, Hedges' g, was computed by Comprehensive 

Meta-analysis, in order to avoid undue influence of studies with small sample sizes 

(Hedges & Olkin, 1985). As noted in Formula 1, the effect size equals the difference 

between two group means divided by the pooled standard deviation (Wolf, 1986).  

 e c
Hedges

p

X Xg
S
−

= , (1) 

eX stands for the mean of a experimental group, cX stands for the mean of a control 

group, and pS is the pooled standard deviation. 

 A confidence interval was set at 95 percent in order to estimate the precision of 

each mean effect size. An SPSS syntax (see Appendix B) was created to illustrate the 

confidence interval of individual and overall effect sizes. A homogeneity test, Q-

statistic, was conducted to examine whether or not sampling error caused the variation 

in effect sizes. If the effect size variation was not caused by sampling error, follow-up 

moderator variable analyses would be conducted with a between-group heterogeneity 

test. Moreover, the results of this study would be compared with those of previous 

meta-analyses (Redfield & Rousseau, 1981; Samson et al., 1987; Winne, 1979). 

Limitations and implications of this study are discussed in the Chapter IV. 

 



Texas Tech University, Yan Zhang, August 2012 

30 
 

CHAPTER IV 

RESULTS 
 There are four major discussion sections for the meta-analysis: (1) description 

of studies included; (2) individual and overall effect sizes; (3) homogeneity tests; and 

(4) analysis of moderator variables. 

Description of Studies in the Meta-analysis 

 There were 18 studies that met the criteria for this meta-analysis, from which 

18 effect sizes were calculated. Of the 18 studies listed in Table 4.1, eight were 

selected by Winne (1979), eight were selected by Redfield and Rousseau (1981), and 

nine were selected by Samson et al. (1987). There were three studies that focused on 

the cognitive level of questions that were published after Samson et al. (1987) meta-

analysis. Eight out of 18 studies had never been included in any of the three previous 

meta-analyses. 
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Table 4.1  

Studies Selected in Current Study 

Current Study Winne (1979) Redfield & Rousseau 
(1981) 

Samson et al. 
(1987) 

Aagaard (1973) √ √ √ 

Adams (1974)    

Beseda (1972) √ √ √ 

Buggey (1972) √ √ √ 

Caulfield-Sloan & Ruzicka (2005)    

Eddinger (1985)    

Hsu & Dwyer (2004)    

Hunkins (1968) √   

Malvern (1980)   √ 

Martikean (1973) √ √ √ 

Osman & Hannafin (1994)    

Otto & Schuck (1983)    

Riley (1979)    

Rogers & David (1970)  √ √ 

Ryan (1973) √ √ √ 

Ryan (1974) √ √ √ 

Salenger (1981)    

Savage (1972) √ √ √ 

 

 Specific characteristics of the 18 selected studies appear in Table 4.2. Over 

half of the studies were published in the 1970's. Nearly 80% of the studies were 

journal articles or dissertations. Although it was more challenging to administer 

experimental studies in school settings, most studies adopted an experimental design. 

Roughly half of the studies were carried out in elementary classrooms. More than half 

of the studies were conducted in social study classrooms and approximately one-fourth 
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of the studies were conducted in science classrooms. The sample size of the students 

in the studies ranged from 30 to 776, and 12 studies had a sample size less than 200. 

The total number of student participants in the 18 studies was 3,827. Please see 

Appendix C for a more detailed description of the included studies.   

Table 4.2  

Frequencies of Variable Characteristics for Included Studies 

Study Characteristics Number of Studies Percent (%) 
Publication Year   

1961-1970 2 11.1 
1971-1980 10 55.6 
1981-1990 3 16.7 
1991-2000 1 5.6 
2001-2012 2 11.1 

Publication Type   
Journal Article 7 38.9 
Dissertation 7 38.9 
Conference Paper 3 11.1 
Unpublished Report 1 5.6 

Type of Study   
Experimental 15 83.3 
Quasi-experimental 3 16.7 

Content Area   
Social Studies 10 55.6 
Science 5 27.8 
Other 3 16.7 

Sample Size   
1-100 9 50.0 
101-200 3 16.7 
201-300 1 5.6 
301+ 5 27.8 

Grade Level   
1-6 9 50.0 
7-12+ 7 38.9 
Missing Information 2 11.1 

Totals (for each variable) 18 100.0 
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 In terms of teachers' training on questioning techniques, seven of the 18 studies 

had a training section for teachers who were in the experimental group (see Table 4.3). 

Teachers in the rest of the studies were assumed to know how to ask higher cognitive 

questions. Among the comparison of the effectiveness of different cognitive questions 

on students' academic achievement, eight were significantly positively (p < .05), 

favoring teacher's use of higher cognitive questions. Five studies that favored teacher's 

use of lower cognitive questions revealed negative mean differences, but none was 

significant. Five studies revealed that the higher cognitive level of teacher's questions 

did not significantly improve student's academic achievement.  

Table 4.3  

Number of Training Section and Study Results 

 Training of questioning 
techniques 

Effectiveness of higher cognitive 
question 

 Yes No Positive Negative 
Number of 
Studies 

7 11 8* 5 5 

Note. * p<.05  

 The eight studies that were significantly positive in the effectiveness of higher 

cognitive questions shared some characteristics in common. Except for one study (Hsu 

& Dwyer, 2004), teachers in the studies were not provided with scripts for their 

lessons. Freeing teachers from programmed instruction could be assumed to provide 

more opportunities for listening and responding to students. In addition, treatment 

duration appeared to be a factor that could positively influence the results. Two studies 

did not report treatment duration (Caulfield-Sloan & Ruzicka, 2005; Malvern, 1980) 

and Hsu and Dwyer (2004) reported the treatment duration for only one class. The 
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other five studies that were in favor of higher cognitive questions had a treatment 

duration equal to or longer than two weeks. Finally, all of the eight studies adopted an 

experimental design that could minimize or eliminate effects from confounding 

variables. Some of these characteristics were subsequently tested as moderator 

variables to see if they had influences on the variation of individual effect sizes. 

Main Effects 
 Comprehensive Mete-Analysis was used to calculate the individual and overall 

effect size. A summary of the individual effect sizes along with standard errors, 

statistical significance, and the 95 percent confidence interval has been presented in 

Table 4.4. In addition to effect sizes, it is also important to report confidence intervals, 

because they could estimate the range of population mean. Figure 4.1 illustrated the 

individual and overall effect sizes and their confidence intervals at 95 percent level. 

The individual effect sizes were ordered from the least to the greatest.  

 The overall effect size for 18 studies was +0.259 (p < .001) (see Table 4.5). 

The 95% confidence interval ranged from the lower CI = +0.194 to the upper CI = 

+0.325. To describe the magnitude of effect size, Cohen's (1988) thresholds for small, 

moderate, large are 0.2, 0.5, and 0.8. Therefore, the overall effect size indicated that 

on average teachers' higher cognitive questions made a small improvement on 

students' academic achievement. Although the overall effect size was considered as 

small, approximately 10% of the students in the experimental group could be benefited 

from teacher's higher cognitive questions (Hinkle, Wiersma, & Jurs, 2003). 
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 In addition, since the effect size describes the standardized mean differences, it 

can also be interpreted as the average percentile standing of the experimental group 

relative to the control group (Carson, n.d.). An effect size of zero indicates that the 

mean of the experimental group is at the 50th percentile of the control group. An effect 

size of 0.2 indicates that the mean of the experimental group is at the 58th percentile of 

the control group. An effect size of 0.5 indicates that the mean of the experimental 

group is at the 69th percentile of the control group. Therefore, the overall effect size of 

this meta-analysis was +0.259, which indicated that the mean of students' academic 

achievement in the higher cognitive question groups was at around 60th percentile of 

the lower cognitive question groups. In conclusion, an overall effect size of +0.259 

revealed that there were 10% of the students in the experimental groups could improve 

their achievement score by 10%, when higher cognitive questions were asked in the 

classrooms.
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Table 4.4  

Individual Effect Size 

Study Effect Size 95-Percent Confidence Interval Test of Null 
Hypothesis (2-tail) 

Sample Size 

g SE Lower Limit Upper Limit Z-Value 
Aagard (1973) +0.360 0.089 0.186      0.535 4.047*** 533 
Adams (1974) +0.270 0.115 0.045      0.496 2.354* 306 
Beseda (1972) +0.169 0.096 -0.020      0.358 1.754 432 
Buggey (1972) +1.889 0.283 1.333      2.445 6.665*** 72 
Caulfield-Sloan & Ruzicka (2005) +1.406 0.204 1.007      1.806 6.897*** 120 
Eddinger (1985) -0.131 0.307 -0.734      0.471 -0.427 43 
Hsu & Dwyer (2004) +1.058 0.228 0.612      1.504 4.647*** 88 
Hunkins (1968) +0.389 0.125 0.144      0.635 3.109** 260 
Malvern (1980) +0.631 0.229 0.182      1.080 2.752** 80 
Martikean (1973) -0.078 0.365 -0.794      0.638 -0.214 30 
Osman & Hannafin (1994) +0.464 0.239 -0.005      0.933 1.939 72 
Otto & Schuck (1983) +1.039 0.225 0.599      1.480 4.628*** 90 
Riley (1979) +0.301 0.172 -0.037      0.638 1.746 154 
Rogers & David (1970) -0.143 0.087 -0.313      0.027 -1.645 533 
Ryan (1973) +0.318 0.244 -0.161      0.796 1.301 68 
Ryan (1974) -0.112 0.239 -0.581      0.356 -0.470 70 
Salenger (1981) +0.079 0.075 -0.068      0.358 1.754 776 
Savage (1972) -0.092 0.250 -0.582      0.398 -0.367 64 
Note. *p < .05; **p < .01; *** p < .001
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Table 4.5  

Overall Effect Size 

Total        N Total Effect Size 95-Percent Confidence Interval Test of Null 

Hypothesis (2-tail) 

g SE Lower Limit Upper Limit Z-Value 

18 studies 3,827 +0.259 0.033      0.194     0.325 7.767*** 

Note. *** p < .001
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Figure 4.1 Individual effect sizes and 95% confidence interval 

Test of Homogeneity 
 The individual effect sizes of the 18 studies ranged from -0.143 (indicating a 

higher achievement by asking lower cognitive questions) to +1.889 (favoring higher 

cognitive questions). A test for homogeneity of the effect size revealed significant 

differences across 18 studies (Q = 129.816, p < .0001). Since there were significant 
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differences in individual effect sizes, there was a need to examine the variables that 

contributed to the variety of effect sizes. 

Analyses of Moderator Variables 
 In order to examine the variables that contributed to the variety of effect sizes, 

a series of moderator variables were examined using the Comprehensive Meta-

Analysis. A between-group heterogeneity test was conducted to examine the statistical 

differences in the weighted mean effect sizes of various subgroups. The software 

provided two models to analyze moderator variables: fixed-effect model and mixed-

effects model. A mixed-effects model was adopted for analysis. A mixed-effects 

model assumes that the effects of between-study variables, such as treatment duration, 

are systematic, but there is also a remaining unmeasured/unmeasurable random effect 

in the effect size distribution in addition to sampling error (Lipsey & Wilson, 2001). 

Furthermore, the mixed-effects model reduces the likelihood of Type I errors by 

considering sampling error and a random constant (Means, Toyama, Murphy, Bakia, 

& Jones, 2010). On the other hand, the mixed-effects model increases the likelihood of 

Type II errors, but is a more conservative way to analyze moderator variables. 

 There were two kinds of moderator variables that may have influenced the 

effectiveness of higher cognitive questions: practice and condition variables. Means et 

al. (2010) defined practice variables as part of the intervention implementation and the 

condition variables were status variables that were resistant to outside influences. 

 In the current study, practice variables included teacher's training on 

questioning techniques, the length of training, type of test, test reliability, etc. 
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Condition variables included student's grade level, content area, publication year, etc. 

All of the identified variables were divided into two subsets for comparison. When a 

study did not provide sufficient information to code a certain moderator variable, the 

study was deleted for comparison. Failure to mention a type of practice was 

considered its absence (e.g. teacher training). 

 Practice variables. The variation in effectiveness of four practice variables 

has been reported in Table 4.6, which indicates the results of individual effectiveness 

of different dimensions of the studies and the comparison between subgroups within 

each dimension.  

 Student-teacher ratio. Previous studies had investigated the effectiveness of 

class sizes and found that smaller class sizes improved student achievement (Finn & 

Achilles, 1990; Konstantopoulos, 2009; Schanzenbach, 2007) and teachers had more 

interactions with each student (Mitchell & Mitchell, 1999; Stecher & Borhnstedt, 

2000). According to social constructivism, knowledge can be constructed through the 

interactions between the students and teacher (Schunk, 2007). Therefore, the student-

teacher ratio could be a variable that influenced the effectiveness of the questioning. 

The two subgroups compared were those studies that had student-teacher ratios below 

and above 25:1. Both groups had moderate mean effect sizes and were significantly 

different from zero (p < .05). The result of Q-statistic homogeneity test did not show a 

significant difference between the two subgroups (Q = 0.008, p > .05). Therefore, the 

student-teacher ratio was not a significant moderator of the effectiveness of higher 

cognitive questions in these studies. 
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 Teacher training. A review of the literature related to teacher preparation 

revealed that appropriate training could help teachers to ask more quality questions, 

improve questioning skills, and engage students in inquiry (Korkmaz & Yesil, 2010; 

Nicol, 1999; Saunders, Gall, Nielson, & Smith, 1975). Therefore, whether teachers in 

the experimental group had training on the use of higher cognitive questions was also 

considered as a moderator variable. In seven studies, teachers received training before 

they taught the experimental group, while teachers in the other 11 studies did not 

receive any training. The duration of training varied from two days to eight weeks. In 

some training sessions, teachers were just introduced to different levels of cognitive 

taxonomy and practiced sorting questions into each level (Adams, 1974; Beseda, 

1972), while other training sessions included microteaching procedures and the use of 

follow-up questions (Malvern, 1980; Rogers & David, 1970). Both training groups 

revealed moderate mean effect sizes and were significantly different from zero (p < 

.05). A Q-statistic homogeneity test did not indicate a significant difference between 

the two subgroups (Q = 0.038, p > .05), indicating that teacher training was not a 

significant moderator of the effectiveness of higher cognitive questions in these 18 

studies. 
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Table 4.6  

Tests of Practices as Moderator Variable  

Variable Sub-groups Number 

of Studies 

Effect Size Standard 

Error 

Lower Limit Upper Limit Q-Statistics 

Student-Teacher Ratio Less than 25:1 8 0.460** 0.174 0.119 0.801 0.008 

More than 25:1 7 0.485* 0.212 0.069 0.901 

              Teacher Training Teacher has 

training 

7 0.448* 0.186 0.083 0.814 0.038 

Teacher has no 

training 

11 0.405** 0.124 0.161 0.648 

              Scripted Teaching Provided 4 0.210 0.318 -0.414 0.834 0.574 

Not provided 14 0.465*** 0.110 0.249 0.680 

Treatment Duration Less than or 

equal to 2 weeks 

11 0.286* 0.112 0.066 0.506 0.656 

More than 2 

weeks 

5 0.471* 0.198 0.082 0.859 

      Note. *p < .05; **p < .01; *** p < .001
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 Scripted teaching. Scripted teaching has been a controversial topic in 

education (Sawyer, 2004). Scripting provides teachers with word-for-word instruction 

of how to teach a lesson and advocators consider it as a way to standardize the quality 

of instruction (Sawyer, 2004). However, scripted teaching has been criticized for its 

lack of creativity and opposite of constructivist, inquiry-based, and dialogic teaching 

methods (Sawyer, 2004). Among the 18 studies, the experimental group teachers in 

four studies were provided with scripts. The scripts contained the questions that would 

be raised during instruction. Questions asked by teachers in the rest of studies were not 

provided in advance. The results showed that there was no significant difference 

between teachers who were provided with scripts and teachers who were not provided 

with scripts (Q = 0.574, p > .05). When teacher's questions were programmed, the 

mean effect size was +0.210, which was not significantly different from zero (p > .05). 

The 14 studies where scripts were not provided attained a mean effect size of +0.465 

(p < .001). 

 Treatment duration. Treatment duration was considered as one of the most 

important moderator variables that might produce a significant difference in effect size 

magnitudes (Ellington, 2003; Means et al., 2010; Xin & Jitendra, 1999). There were 

16 studies included in this subset. Students in 11 studies received treatment for less or 

equal to two weeks; while students in five studies received treatment more than two 

weeks. The two subgroups had mean effect sizes of +0.286 and +0.471, respectively, 

and both were significantly different from zero (p < .05). Although this result revealed 

a small effect size for students who received treatment less or equal to two weeks and 
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a moderate effect size for students who received treatment more than two weeks, the 

Q-statistic homogeneity test did not show a significant difference between the two 

subgroups (Q = 0.656, p > .05). Therefore, the variability in the length of treatment did 

not influence students' achievement and was not a significant moderator of the use of 

higher cognitive questions in these 16 studies. 

 Condition variables. The eight condition variables that might have influenced 

the variation in effect sizes were listed in Table 4.7. Seven moderator variables did not 

attain significant difference between subgroups. Although these condition variables 

did not reach statistical significance, several of them merit closer attention. The results 

of Q-statistic homogeneity test revealed that only teacher experience was a statistically 

significant moderator variable (Q = 5.075, p < .05), which also received close scrutiny.   

 Grade level. Some studies attributed the ineffective use of higher cognitive 

questions to student's cognitive development (Martikean, 1973; Savage, 1972). 

However, the Q-statistic homogeneity test did not result in a difference between 

students who were in grader levels lower than sixth grade and higher than sixth grade 

(Q = 0.074, p > .05), which indicated that student's cognitive development was not a 

hindrance to the use of higher cognitive questions. 
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Table 4.7  

Tests of Conditions as Moderator Variable 

Variable Sub-groups Number of 
Studies 

Effect Size Standard 
Error 

Lower 
Limit 

Upper 
Limit 

Q-Statistics 

Grade Level Lower than or equal to 
6th grade 

9 0.420* 0.195 0.038 0.802 0.074 

Higher than 6th grade 7 0.483*** 0.125 0.238 0.728  
Sample Size Less than 100 9 0.369* 0.165 0.046 0.693 0.160 

More than 100 9 0.454** 0.132 0.195 0.713  
Type of Test Multiple choices only 7 0.468* 0.195 0.085 0.850 0.301 

Blended 6 0.296 0.245 -0.185 0.776  
Test Reliability Lower than .80 7 0.365* 0.149 0.072 0.657 0.909 

Higher than .80 5 0.203* 0.079 0.048 0.359  
Cognitive 
Level of Test 

Lower and higher 
cognitive questions 

12 0.246* 0.111 0.028 0.464 1.362 

Higher cognitive 
questions only 

3 0.722 0.393 -0.047 1.492  

Year Published Before 1980 11 0.276* 0.110 0.059 0.492 2.132 
After 1980 7 0.653** 0.234 0.195 1.111  

Content Area Social studies 10 0.229** 0.113 0.007 0.451 2.647 
Science 5 0.666** 0.244 0.189 1.144  

Teacher 
Experience 

Pre-service 3 0.085 0.134 -0.177 0.347 5.075* 
In-service 13 0.498*** 0.125 0.253 0.743  

Note. *p < .05; **p < .01; *** p < .001
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 Type of test. Multiple-choice testing has become a popular and preferred 

method to assess student's performance (Simkin & Kuechler, 2005), because it can be 

graded efficiently (Dufresne, Leonard, & Gerace, 2002), is an objective test (Becker & 

Johnson, 1999), and students could avoid losing point for misspelling (Zeidner, 1987). 

However, multiple-choice tests do not require student's deep conceptual understanding 

(Entwistle & Entwistle, 1992). Basing student's achievement on a multiple-choice test 

could be an inaccurate indicator for teachers with regards to whether students grasp 

course concepts (Chan & Kennedy, 2002). In other words, when assessing students' 

understanding of a certain concept, a multiple-choice test is not a rigorous test. A 

blended test consisted of a variety of questions such as word problems, essay 

questions, or short answer questions. Blended tests appear to be a more appropriate 

test to access higher order thinking. When a multiple-choice test was utilized for the 

post-test, seven studies produced a mean effect size of +0.468 (p < .05). When a 

blended test was adopted, six studies had a mean effect size of +0.296, which was not 

statistically significant (p > .05).  

 Year published. Since literature often provides suggestions or 

recommendations for future research, the year of publication might be a variable that 

could affect the magnitude of effect size. Studies published before 1980 only had a 

small mean effect size (g = +0.276, p < .05), but studies that were published after 1980 

had a large mean effect size (g = +0.653, p < .01). 

 Content area. Social studies and science were two major content areas where 

teachers used different questioning skills. The use of higher cognitive questions in the 
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social studies classrooms produced a small mean effect size (g = +0.229, p < .01); 

however, a large mean effect size was found in science classrooms (g = +0.666, p < 

.01). 

 Teacher experience. Teacher experience was the only statistically significant 

moderator variable. Pre-service teachers had a mean effect size of +0.085 (p > .05), 

but the in-service teacher has a mean effect size of +0.498 (p < .001), which was 

significantly larger. The result was consistent with the literature that teachers became 

more skilled with experience (Ferguson, 1991; Rice, 2003). 

Comparison with Prior Meta-analyses 
 The studies conducted by Winne (1979), Redfield and Rousseau (1981), and 

Samson et al. (1987) have previously summarized the effect of teacher's use of higher 

cognitive questions. Table 4.8 compares the results of those previous studies with the 

current study. Winne (1979) examined 18 studies, while Redfield and Rousseau 

(1981) and Samson et al. (1987) analyzed 14 studies. Using vote counts, Winne (1979) 

claimed "no sturdy conclusion can be offered here about the relative effectiveness of 

teachers' use of higher cognitive questions for enhancing student achievement" (p. 46). 

Glass's ∆ was used by Redfield and Rousseau (1981) and Samson et al. (1987) to 

calculate the effect size of the difference in student's achievement before and after 

intervention. The two studies had varying results. Redfield and Rousseau (1981) found 

a large effect of teacher's higher cognitive question (ES = +0.73), which was one of 

the largest effect sizes reported in research syntheses (Walberg, 1984); however, 
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Samson et al. (1987) claimed that teacher's higher cognitive questions only had a small 

effect on student's achievement (ES = +0.26). 

Table 4.8  

Comparison of Current and Prior Meta-analyses 

Authors Number of 
Studies 

Meta-analytic 
Technique 

Mean Effect 
Size 

Conclusion 

Winne (1979)  18 Vote counts n/a no effect 
Redfield & 
Rousseau (1981)  

14 Glass's ∆ + 0.73 large effect 

Samson et al. 
(1987)  

14 Glass's ∆ +0.26 small effect 

Zhang (2012) 18 Hedge's g +0.26 small effect 
 

 Differing from Redfield and Rousseau (1981) and Samson et al. (1987), the 

current study used Hedge's g instead of Glass's ∆ to calculate effect size. When 

calculating Hedge's g, the difference of the means between the experimental and 

control groups is divided by the pooled with-in group standard deviation instead of 

control group standard deviation (Hedges & Olkin, 1985). By adopting a within-group 

standard deviation, there was less sampling error as opposed to using the control group 

standard deviation under the condition of equal sample sizes (Hunter & Schmidt, 

1990, p. 271). 

 The current study seemed to have an effect size that was equal to Samson et al. 

(1987) and different from Redfield and Rousseau (1981). When using Hedge's g to 

recalculate Samson et al.'s effect size, the adjusted mean effect size increased from 

+0.26 to +0.34 (Hough & Hall, 1994). According to Cohen's (1988) interpretation of 
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the impact of an intervention, Samson et al. (1987) revealed a moderate effect and the 

current study had a small effect. 

 In addition, differing from previous three meta-analyses, this study analyzed 

several moderator variables based on the result of homogeneity test. Analyses of 

moderator variables provided a better understanding of the variation in individual 

effect sizes. 

Discussion and Conclusion 

 Overview of main findings. The meta-analysis conducted in this study differs 

from prior three reviews of the effectiveness of teachers' higher cognitive questions in 

that Hedge's g was used to calculate effect size. Compared with the prior three studies, 

a pooled with-in group standard deviation instead of control group standard deviation 

was calculated. Hedge's g can help to reduce sampling error, especially for those 

studies that have small sample sizes (Eddinger, 1985; Martikean, 1973). 

Question 1. What is the average effect size of teachers' higher cognitive level 

questions? Is the average effect size significantly different from zero? 

 The overall effect size extracted from 18 studies indicates a small effect size of 

higher cognitive questions and is significantly different from zero (p < .001). Although 

the overall effect size for the current study is consider small, there is a wide range 

between individual effect sizes, which is from -0.143 to +1.889 (see Table 4.4). 

Thirteen studies reveal positive effect sizes that are in favor of higher cognitive 

questions and five studies report negative effect sizes that indicate the effectiveness of 

lower cognitive questions.  
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Question 2. Which moderator variables are related to the variability in effect size? 

 The test for homogeneity indicates a statistically significant difference in the 

effectiveness of higher cognitive question across the 18 studies. The result of 

homogeneity test suggests a need to examine possible moderator variables that could 

contribute to the variation in effect sizes. The heterogeneity test found only "teacher 

experience" made statistically significant difference at p < .05. In-service teachers 

generated a significantly larger effect size than pre-service teachers. 

Question 3. How do the results of the current study compare to previous meta-

analyses? 

 The overall effect size of the current study is close to the latest meta-analysis 

conducted by Samson et al. (1987). Both of the studies reveal that teacher's higher 

cognitive questions have a small effect on students' academic achievement. 

 Discussion of moderator variables. In this meta-analysis, there are 12 

moderator variables, including four practice variables (student-teacher ratio, teacher 

training, scripted teaching, and treatment duration) and eight condition variables 

(grade level, sample size, type of test, test reliability, cognitive level of test, year 

published, content area, and teacher experience). Seven out of the 12 moderator 

variables were selected for further discussion. The reasons for choosing only the seven 

moderator variables were as follows: 

• the variable revealed statistically significant results in this study (e.g. 

teacher experience) 
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• the variable revealed statistically significant results from previous studies 

(e.g. treatment duration and year published) 

• the variable is controllable for future research design (e.g. teacher training, 

scripted teaching, treatment duration, and type of test) 

• the variable was able to change people's impression of higher cognitive 

questions (e.g. grade level) 

 Teacher training. Teacher's training on questioning skills was tested as a 

moderator variable. The result showed no difference in student's achievement, whether 

or not teachers had training before the intervention. This potentially indicated a 

deficiency in the teacher preparation program or in-service teacher training. When 

looking in greater detail into the teacher's training on questioning strategies, there are 

some aspects that determined the effectiveness of the study. First of all, the length of 

the training varied. Adams (1974) conducted ten hours of training across two days and 

found it was difficult for teachers to master and apply a new skill into classroom 

practice in that amount of time. Adams (1974) committed that "two five-hour sessions 

may not be adequate for the training for teachers in the use of higher level cognitive 

questions" (p. 84). However, Beseda (1972), Malvern (1980) and Rogers and David 

(1970) conducted prolonged training sessions over a month for teachers in the 

experimental group and found that having long-term training did not necessarily 

ensure the effectiveness of training, either.  

 Secondly, the content of training matters.  Beseda (1972) prepared an eight-

week training for pre-service teachers, but only a small effect size was found. 
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Although the reason of the small effect size can be contribute to the pre-service 

teachers' insufficient pedagogical knowledge to some extent, Beseda did not have a 

comprehensive training session. The eight-week training session had nine seminars, 

which introduced Bloom's Taxonomy, Sanders' Classroom Questions, the Gallagher-

Aschner classification of questions, etc. These seminars generally focused on theories 

relating to classifications of questions and emphasized the importance of asking high-

level and divergent questions, but there were no opportunities for real practice with the 

provided questioning skills. In contrast, Malvern (1970) organized a variety of 

activities in a five-week training session, which included introduction of Bloom's 

Taxonomy, watching instructional films and exemplar lessons, peer-teaching, 

evaluation of peer-teaching episodes, and re-teaching of the lessons. Malvern succeed 

in making connections between theory and practice. Those teachers in the 

experimental group not only had a fundamental understanding of different question 

levels, but also knew how to implement questioning skills in the classroom. Therefore, 

to have effective training, one should consider both the length and content of the 

training.  

 Grade level. The grade level of the student was included as a moderator 

variable because some studies have claimed that the student's cognitive development 

level made a difference in the effectiveness of higher cognitive questions. For 

example, Savage (1972) argued, "instruction which utilizes predominantly higher-

level questions might not facilitate achievement to a great extent at fifth-grade level" 

(p. 43). Likewise, Martikean (1973) stated "the nature of the questions posed to the 
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experimental group may have been more successful in stimulating critical thinking of 

children at the formal operational stage" (p. 54). However, in this meta-analysis, 

students who were in grades higher than the 6th grade (g = +0.483, p < .001) did not 

show significant advantages over students in grades lower than 6th grade (g = +0.420, 

p < .05). This indicates that students at the concrete operational stage could also have 

higher cognitive thinking as long as appropriate questioning strategies were used. The 

cognitive development level of students does not seem to hinder the use of higher 

cognitive question in the classroom.  

 Type of test. To access students academic achievement, some studies included 

in this meta-analysis used only multiple-choice question tests. Although multiple-

choice questions are widely used because of efficiency in grading (Dufresne, Leonard, 

& Gerace, 2002), such questions perform quite unsatisfactorily in assessing students' 

higher order thinking. One author doubted the validity of the multiple-choice test that 

she used to access critical thinking and noted "while it was designed to provide an 

overall measure of critical thinking, over one-third of its items measured the recall of 

information" (Adams, 1974, p. 106). Analysis of the moderator variable indicates that 

seven studies using only the multiple-choice format for the post-test had a larger effect 

size than the studies that adopted a blended test format. There is difficulty in 

ascertaining whether the students in those seven studies actually improved in 

conceptual understanding. Therefore, to accurately assess the effectiveness of higher 

cognitive questions, a more cognitively rigorous test format should be adopted, such 

as word problems, authentic problems or open-ended assessments. 
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 Scripted teaching. In four studies, to secure the quality of instruction, teachers 

in the experimental group were provided with a lesson plan in which all of the higher 

cognitive questions were listed. When teaching, teachers just needed to read from the 

lesson plan. However, scripted teaching did not show advantages over regular 

instruction; instead, teaching from scripted lessons generated a smaller mean effect 

size than instruction from teachers who were not provided with scripts. When teachers 

are provided with scripts, there is a possibility of just reading the questions on the list 

one by one and paying little attention to a student's answer. However, in a 

constructivist classroom, knowledge is constructed because of the interactions 

between the teacher and students. Scripted teaching limits the interactions. One must 

consider that students may not understand the original question or perhaps the teacher 

will need a plan to address an unsatisfactory answer. In such cases, teachers should be 

able to rephrase the question or raise another question that delves deeper into student's 

thinking. Simply following the question on the script does not help scaffold students' 

understanding. Therefore, to create a dialogic classroom, teachers should not only 

know how to initiate a conversation, but also know how to extend the conversation. 

These skills cannot be achieved by reading from a script; it requires teachers to listen, 

analyze, and respond. 

 Treatment duration. Treatment duration was also considered as a moderator 

variable that might contribute to the difference in effect sizes. Since two studies did 

not report their treatment duration, the 16 remaining studies were divided into two 

groups: treatment duration less or equal to two weeks and treatment duration longer 
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than two weeks. Although there was no statistically significant difference between the 

two groups, longer treatment generated a larger effect size than shorter treatment. One 

possible reason could be that students in the experimental group were not familiar with 

higher cognitive or divergent questions when they were exposed to this new 

instruction strategy. These kinds of questions are different from those with which 

students are usually confronted. Basically, students were not well prepared for the new 

instructional method. Rogers and David (1970) admitted that four days of instruction 

could hardly "be expected to change pupil's psychological set for lower-level cognitive 

expectations, in classroom discourse, instructional materials, and tests" (p. 13). 

Similarly, Adams (1974) found that six weeks might not be long enough to reveal the 

students' increase in critical thinking. When students were asked a low cognitive 

question, they only needed to recall information and their answers were usually 

limited to one or two words. In the beginning of the treatment, students in the 

experimental group must be challenged by their teachers. Therefore, it takes time for 

students to become accustomed to the way their teachers raise questions. Only when 

students are prepared and able to answer higher cognitive questions will real 

interaction happen in the classroom, which helps students to construct knowledge.  

 Year published. When comparing the studies published before and after 1980, 

studies published after 1980 had larger effect size than studies published before 1980. 

Although the difference was not statistically significant at p < .05, it can be concluded 

that, to some extent, prior studies make contributions to following scholars. For 

example, Beseda (1972) did not find a significant effectiveness of higher cognitive 
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questions, which was attributed to pre-service teachers' inadequate questioning skills. 

Therefore, he suggested using peer-teaching in the training. Afterwards, Malvern 

(1980) incorporated 15 microteaching sessions in five weeks before intervention. Each 

microteaching session lasted 75 minutes. Her study revealed a large effect size of 

higher cognitive questions (g = +0.631, p < .01). Although there was no causal 

relationship between Beseda (1972) and Malvern (1980), researchers frequently refer 

to the literature to improve research designs.   

 Teacher experience. Higher cognitive questions used by in-service teachers 

had a statistically significant larger effect on students' achievement than those used by 

pre-service teachers. There are possible three reasons for the difference in the 

effectiveness between pre-service and in-service teachers.  The first reason could be 

that pre-service teachers did not know the students as well as in-service teachers. The 

academic level of students in the same classroom can vary. If a teacher asks a question 

that is beyond a student's developmental level and without appropriate scaffolding, the 

student usually just keeps silent and the teacher's question does not achieve its 

purpose. On the other hand, if a teacher knows a student well, his or her questions can 

fall in the student's Zone of Proximal Development (ZPD), which refers to "the 

distance between the actual developmental level as determined by independent 

problem solving and the level of potential development as determined through 

problem solving under adult guidance or in collaboration with more capable peers" 

(Vygotsky, 1978, p. 86). Even if the question is still demanding to the student, with 

proper assistance, the student's understanding will be moved to a higher level.   
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 Second, teacher effectiveness can be improved with the increased questioning 

experience. Rice (2003) claimed that teachers were learning by doing in their early 

stage of teaching. Even if a teacher has been teaching for several years, he or she still 

cannot be assumed as a highly effective teacher, much less those who are pre-service 

teachers. Furthermore, using effective questioning strategies to teach is different from 

traditional lecturing. There are many aspects of questioning that need to be developed, 

such as differentiation of the cognitive level of the question, interaction with students, 

construction of knowledge via questioning, etc. Pre-service teachers often do not have 

enough training or experience in questioning (Rogers & David, 1970) before the 

intervention, therefore it is not surprising to see the small effect of higher cognitive 

questions on students' achievement.  

 Third, Rogers and David (1970) attributed the ineffectiveness of the pre-

service teacher to the "little 'power' student teachers had to influence pupils in their 

response to questioning" (p. 14). Although the teacher's experience was the only 

moderator variable that reached statistical significance, analyses of other variables still 

revealed important findings for researchers, teacher educators, and classroom teachers. 

 Classroom implications. The results of this meta-analysis support the use of 

higher cognitive questions in the classroom. Although the mean effect size is relatively 

small, there are still 10% of the students in the experimental group can be benefited. In 

this meta-analysis, there are 2,094 students in the classrooms where teachers asked 

higher cognitive questions, which indicates that roughly 200 students might have 

performed better in the post-test due to the use of such questions. In 2011-2012, there 
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were almost five million students enrolled in Texas public schools (Texas Education 

Agency, 2011). If higher cognitive questions could be used in all public school 

classrooms, five hundred thousand or half a million students would be able to improve 

their academic achievement, which is a considerable number. 

 The analyses of moderator variables reveal that several reasons might limit the 

magnitude of the effect size. One of the most important reasons is that the real 

interaction in the classroom does not happen. Most studies only emphasized teacher's 

initiation of higher cognitive questions, but they failed to consider the student's 

response and teacher's reaction. As noted, higher cognitive questions did not 

necessarily guarantee higher level responses (Dillon, 1982; Mills, Rice, Berliner, & 

Rousseau, 1980) and students sometimes did not even understand the question 

(Adams, 1974; Winne & Marx, 1980).  Therefore, when students have trouble 

answering or understanding a question, teachers should either rephrase the question or 

use follow-up questions as a facilitation tool.  

 The other possible reason for the relative small effect size might be that 

students did not have sufficient time to become accustomed to a new instructional 

strategy. When a variety of questioning strategies are used in the classroom, students 

are required to actively participate rather than learning passively. Students need time 

to adapt to the strategies and become more involved in the discussion. The treatment 

duration in some studies was too short to achieve ideal results. To accelerate students' 

involvement in answering questions, teachers need to build a positive classroom 

environment. A positive classroom should be safe, nonthreatening, encouraging and 
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mutually respectful (Gallagher, 1965; Letzter, 1982; Strasser, 1967).  In most cases, 

and sometimes due to social reasons, students are just too shy to raise their hands or 

fear making mistakes. Teachers should help students understand that everyone needs 

to contribute to the class discussion. Ellis (1993) recommended replying to students' 

responses in a nonjudgmental way. If the purpose of a question is to develop complex 

thinking that requires lengthy answers, the teacher should not give an evaluation of 

that answer too early. Usually, the teacher's comment signals the end of the response. 

If a mistake appears early in a student's explanation, the teacher should not provide an 

immediate evaluation. Instead, the teacher may use another question that encourages 

the student to self-analyze his or her response and identify the source of 

misunderstanding or simply rephrase the initial question. Sometimes, nonverbal 

interactions, such as eye contact, can encourage students to answer questions. The eye 

contact should show respect to students and make them more comfortable and 

confident. Students' reactions can be used to detect whether a positive environment 

has been established or not. If many defensive responses appear, this indicates that 

students still feel uncomfortable in the classroom (Shaunessy, 2000).  

 This study found that a child's cognitive developmental level was not a 

hindrance to the use of higher cognitive questions in the classroom. Therefore, 

teachers can use higher cognitive questions to develop higher order thinking even in 

the elementary classroom. A higher cognitive question is the question that engages 

students in synthesizing or evaluating information (Wimer et al., 2001, p. 85) rather 

than one that is beyond the curriculum or student's capability. Raising a higher 
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cognitive question sometimes can be achieved by asking a "why" question. Higher 

cognitive questions may be quite challenging to lower grade students, but can be 

solved when scaffolding techniques are used by the teacher.  

 Limitation. The relative small number of studies that met the criteria for 

inclusion in the meta-analysis limited the testing of moderator variables. The power of 

the moderator variable tests would have been raised if more studies could have been 

included. A possibility exists that comparisons between subgroups that did not 

generate statistical significance might be proved as significant in future meta-analyses 

or under a fixed-effect model analysis. 

 Summary. This meta-analysis included 18 studies to investigate the effect of 

teacher's higher cognitive questions on students' academic achievement.  Data analysis 

generated an overall effect size of +0.26, which indicated a small effect of teacher's 

higher cognitive questions. However, there was a wide range over individual effect 

sizes. Consequently, analyses of moderator variables were carried out to investigate 

individual differences, which provided important suggestions and implications for 

classroom practice and teacher education programs.  

 This study revealed several aspects of deficiency in pre-service or in-service 

teacher training, such as overemphasis on theories, insufficient training duration, lack 

of practice opportunity, etc. To improve teachers' questioning skills, they need a 

prolonged and comprehensive training session. Suggestions for classroom practice 

included building a positive classroom environment, the use of follow-up questions, 

and providing constructive feedback.  
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 In addition, moderator variables, such as treatment duration, multiple choice 

test format, and scripted teaching, were discussed because of their potential effects on 

students' academic achievement. It is hoped that this study increases teacher's use of 

the effect of higher cognitive questions, helps teacher educators recognize the 

weakness of questioning technique training, and facilitates researchers in improving 

the design of future studies. 

 Recommendations for future research. Considering the results of this meta-

analysis and the process of screening and coding studies, several recommendations for 

future research are proposed: 

1. There must be a training session focusing questioning techniques for 

teachers in the experimental group before the intervention. Several studies 

included in this meta-analysis do not report whether teachers who 

participated in the study have been trained or not. It is not appropriate for 

researchers to assume that teachers in the experimental group have already 

learned how to ask higher cognitive questions. Otherwise, the effect size 

will definitely be underestimated. 

2. Researchers should provide a detailed and comprehensive report of the 

procedures and data of the studies. A detailed description of the procedures 

of conducting a study will be helpful when coding the study and analyzing 

moderator variables. Sufficient data will help future researchers to include 

as many related studies as possible. During the screening process of this 
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meta-analysis, several studies had to be excluded because of insufficient 

data for effect size calculation.   

3. The future research regarding questioning skills should not only focus on 

the initiation of higher cognitive questions. In addition to posing questions, 

it is also important to provide constructive feedback and use follow-up 

questions to encourage higher level thinking (Nicol, 1999). Therefore, 

when evaluating teacher's questioning techniques, all three areas need to be 

considered. A future experimental study could be conducted to investigate 

the effectiveness of teacher's use of higher cognitive questions, feedback, 

and follow-up questions on students' mathematics achievement. The reason 

for conducting the study in mathematics classrooms is that American 

students' mathematics performance lags behind when compared with the 

students from other countries (Zhang & Matteson, 2012). Furthermore, 

mathematics is a subject that requires higher order thinking and limited 

studies investigating the effectiveness of higher cognitive questions have 

been conducted in a mathematics setting (Appendix C). To control the 

confounding factors, an experimental design is recommended. Students 

will be divided into three groups: control group, higher cognitive questions 

only group, and the group using higher cognitive questions, feedback, and 

follow-up questions. Based on the results of this meta-analysis, there are 

several factors need additional attention when designing the study. First, 

teacher's training in questioning technique must be comprehensive and 
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prolonged. This meta-analysis also revealed that the teacher's training was 

ineffective when only basis theories were emphasized. Therefore, the 

training sessions must consist of various activities that could make 

application of the theories. In addition, questioning techniques cannot be 

mastered within a short period of time. It is suggested that the training 

session should spread throughout a semester, so that teachers have enough 

time to apply what they have learned in their classrooms before the 

intervention. Second, teachers included in the study should have similar 

teaching experience, because in addition to questioning techniques, 

teacher's pedagogical skills also influence students' achievement. If the 

external variable can be controlled, the results of the study will be more 

rigorous. Third, scripted teaching is not recommended, because this mete-

analysis revealed that scripted teaching could decrease the effect size of 

teacher's higher cognitive questions. Scripted teaching could be a factor 

that limits the interaction between the teacher and students, which violates 

the purpose of using questions in the social constructive setting. Fourth, the 

treatment duration matters. This meta-analysis found that students who 

experienced longer treatment performed better in the post-test. Students 

need time to get use to a new instructional strategy, especially for those 

who had primarily received information from lectures. Fifth, a blended test 

is highly suggested for the pre- and post-test. Since one of the purposes of 

using higher cognitive questions is to prompt higher level thinking, a post-
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test including word problems and open-ended questions is necessary to 

have an accurate measurement. Last but not least, since higher cognitive 

questions are applicable to all the students, students at any grade level 

could be the participants of this study.  
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CHAPTER V 

A LITERATURE REVIEW OF QUESTIONING TECHNIQUES AND 
SUGGESTIONS FOR USE IN PRE-SERVICE TEACHER COURSES 

Introduction 
 Teachers have been known to ask more than 300 hundred questions a day 

(Levin & Long, 1981) and half of their instructional time is spent on questioning 

(Cotton, 1988). Therefore, questioning may be identified as one of the most popular 

instructional strategies in the classroom (Ainscow, 2000). Even though questioning is 

a popular component of classroom discourse, pre-service teachers may leave the 

university without an extensive understanding of questioning. Prior to a university 

teaching practicum, pre-service teachers’ experiences with teaching and questioning 

have been through their classroom encounters as a student (Lortie, 1975). These 

experiences were most likely traditional lecturing. Traditional lecturing is seen as a 

chalk and talk or filling the passive student with valuable information, but when 

questioning is incorporated correctly it can promote active participation rather than 

passive learning (Overholser, 1992). Moreover, employing high-quality questioning 

techniques can encourage students to no longer be passive listeners. When 

appropriately used, questioning strategies can inspire curiosity, stimulate interest, and 

intrinsically motivate students to seek new information (Caram & Davis, 2005). If 

teachers spend their instructional time asking high-quality questions, students will 

have an opportunity to actively participate in the learning process, engage in the 

lesson, explore their own questions, and develop higher order thinking skills. 

Therefore, one role of university professionals in pre-service teacher education 
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programs is to emphasize the importance of quality questioning and to provide pre-

service teachers with an opportunity to master a variety of questioning techniques.  

 Because proper questioning techniques are important for the classroom, this 

paper aims to synthesize previous research about questioning and suggest classroom 

activities for teacher educators that may improve pre-service teachers’ questioning 

skills. This paper fulfills the following purposes: (1) Provide an overview of the 

literature in questioning techniques; and (2) Suggest practices that pre-service teachers 

should master in order to improve their questioning techniques. 

Theoretical Framework 
 Social constructivism is the primary theoretical framework guiding this paper. 

Social constructivists believe social interaction, cultural tools, and activity shaped 

individual development and learning (Resnick, 1991; Tudge & Scrimsher, 2003; 

Wertsch, 1991). Chin (2007) states that in the classroom "knowledge was constructed 

through language and other semiotic means" (p. 816). If we take into consideration 

that much of this language takes place in the form of teachers asking questions (Levin 

& Long, 1981), then the teachers' questions are an essential part of classroom 

discourse. During classroom discourse questions can be used as a psychological tool 

that mediates student's knowledge construction (Chin, 2007), triggers classroom 

interactions, and aids students in building content knowledge. 

 In 1978, Vygotsky made a major contribution to the social constructivist 

theory. Vyogtsky (1978) added the Zone of Proximal Development (ZPD) and defined 

ZPD as "the distance between the actual developmental level as determined by 
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independent problem solving and the level of potential development as determined 

through problem solving under adult guidance or in collaboration with more capable 

peers" (p. 86). Based on this theory, teacher's questions should be neither too easy nor 

too difficult and new knowledge should be built on student's prior knowledge. The 

teacher needs to know the current developmental level of a student so that the question 

asked is appropriate and is located in the student's ZPD. When students interact 

socially within their ZPD, students are more likely to discover new knowledge and 

bridge the new knowledge with prior knowledge (Schunk, 2007). In other words 

asking a confused student a higher cognitive question will not help the student with 

knowledge construction because the question is not in the student’s ZPD. Asking an 

appropriate follow-up question is more likely to facilitate connections between 

previous knowledge and the current question. Vygotsky's ZPD theory and the social 

constructivist theory provide us with a lens through which we may identify the 

importance of follow-up questions and feedback.  

Literature Review 

 The use of questioning in the classroom. A question is defined as an 

utterance that is posed in the form of an interrogation or has a grammatical form which 

seeks to find out some information about a student's knowledge or thinking (Chin, 

2007). Socrates recognized the importance of questioning as early as the fifth century 

BC (Ellis, 1993; Harrop & Swinson, 2003; Overholser, 1992). Socrates did not answer 

students’ questions by providing direct answers (Moore & Rudd, 2002), instead he 

posed further questions to place the responsibility of thinking on the students. This 
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technique became known as the Socratic Method and required students to be active 

thinkers rather than passive listeners. The Socratic Method of questioning seldom 

requests factual information, but persuades and permits students to express their 

opinions and explore the rationale for their responses (Overholser, 1992). Questioning 

challenges students to think critically and creatively (Ellis, 1993; Wilen, 1991), 

stimulates student participation, arouses student interest (Wilen, 1991), identifies 

student abilities (Ellis, 1993; Wilen, 1991) and misconceptions, confirms students' 

understanding of the material being taught and allows students to apply new 

knowledge (Ross, 1860).  

 Even though the Socratic Method is a successful model and questioning is 

widely used in the classroom, the cognitive level and the purpose of questions teachers 

ask indicate that classroom teachers possess inadequate questioning techniques. There 

are three reasons why questioning by classroom teachers is failing to meet the rigor of 

the Socratic Method. First, the majority of the questions teachers ask in the classroom 

are lower level questions that emphasize rote memory and recall of factual information 

(Cunningham, 1987; Gall, 1984; Myhill & Dunkin, 2005; Wilen, 1991). A study 

conducted by Pate and Bremer (1967) revealed that most teachers regard questioning 

as a means to check student understanding, diagnose misconceptions, and urge 

students to recall specific facts. Ten percent of the participants mentioned generalizing 

and making inferences. However, teachers' questions should go far beyond 

memorizing. Teachers should understand that authentic thoughts are stimulated by 
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questions that require making inferences, drawing conclusions, and creating meaning 

(Elder & Paul, 1998). 

 Second, classroom discourse is considered to be transmissive (Myhill & 

Dunkin, 2005), because teachers provide the information and students are passive 

recipients. Traditionally, teacher's statements have been exploited for informing and 

instructing. For example, a typical interaction pattern in the classroom is question-

response-judgmental feedback. The teacher asks a question, the student answers the 

question, and the teacher provides positive or negative feedback and the interaction is 

complete. Although researchers state that they encourage using "discussion" and 

"interaction" during teaching activities, the teacher still dominates classroom discourse 

(Kawanaka & Stigler, 1999; Wilen, 1991). Teacher-centered classrooms do not 

promote active student involvement, because students are busy memorizing and 

receiving information through listening. In the question-response-judgmental feedback 

classroom, students rarely have an opportunity to develop their own understanding by 

teacher/student, student/student, or student/technology interactions.  

 Third, students' responses to questions do not always correspond with the level 

of questioning, i.e. higher-level questions may not promote higher-level answers. 

Studies conducted by Dillon (1982) and Mills, Rice, Berliner, and Rousseau (1980) 

examined the correspondence between the cognitive level of teachers' questions and 

the level of students' responses in elementary, junior high, and secondary classrooms. 

These two studies show similar results in that higher-level questions produce higher-

level responses only about half of the time. The findings of these two studies indicate 
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that there is no guarantee that higher-level thinking will occur, even if teachers employ 

higher-level questioning. However, the problem may not be that higher-level thinking 

questions are being employed. The issue may be that the students do not understand 

the questions (Adams, 1974; Winne & Marx, 1980). If the question goes beyond a 

student's intellectual capability or comprehension, the teacher must provide follow-up 

questions that redirect the student’s thinking and afford the student time to reflect. 

Questioning should present students with intellectual obstacles, but at the same time 

should be within the students' ZPD (Vygotsky, 1978). 

 Questioning and classroom climate. A positive classroom climate 

encourages and motivates students to answer questions. When students do not want to 

answer questions there are two major reasons why: (1) the student does not know the 

answer and/or (2) the student is not confident in his/her answer and seeks to avoid 

making mistakes in front of classmates. If confidence is the issue, a positive classroom 

environment may give students the confidence they need to express their thoughts. In 

a positive classroom climate the teacher and students are mutually respectful and 

encourage others to respond and students feel safe and non-threatened (Gallagher, 

1965; Letzter, 1982; Strasser, 1967). If students feel safe in responding and know that 

other students will not make fun of their incorrect answers, students will be more 

willing to share their thoughts.  

 Positive classroom environments are encouraged when teachers maintain eye 

contact with students (Goodwin, Sharp, Cloutier, & Diamond, 1983) and provide non-

judgmental feedback (Ellis, 1993). If the purpose of a question is to develop higher-
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order thinking skills that require long, thoughtful answers, the teacher should not 

interrupt and should not provide immediate feedback. During classroom discourse the 

teacher's evaluation usually indicates the end of a conversation. Teachers should wait 

until the student finishes the answer and then pose further questions if required. If a 

student appears defensive while answering a follow-up question, a positive classroom 

climate has not been established (Shaunessy, 2000). 

 Follow-up questioning. When follow-up questions are used in the classroom, 

teachers may "catch the meaning of student's prior utterance and throw responsibility 

for thinking back to the student" (Chin, 2007, p.818).  Schleppenbach, Perry, Miller, 

Sims, and Fang (2007) sorted follow-up questions into six categories based on 

purpose: (1) request for computation, (2) request for procedure or method, (3) request 

for reasoning, (4) request for rule or term recall, (5) check for student understanding or 

agreement, and (6) request for short answer (see Table 5.1). Because students are 

expected to explain, explore, and debate their points of view (Scott, 1998), teachers 

need to ask more follow-up questions based on reasoning instead of on memory recall. 

To establish the result of asking follow-up questions, a study comparing Third 

International Mathematics and Science Study (TIMSS) videos (1999) of mathematics 

classrooms across five countries was conducted (Zhang & Matteson, 2012). The 

results determined that teachers from low-performing countries such as the Czech 

Republic and the United States of America asked more follow-up questions than 

teachers from high-performing countries such as Australia, Japan, and Hong Kong. 

However, the purpose of the follow-up questions varied in nature. Teachers from high-
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performing countries asked more follow-up questions that focused on reasoning skills 

and teachers from low-performing countries paid more attention to computation, 

procedures, and rule/term recall. The purpose of teachers posing follow-up questions 

should be to build a bridge between students' actual developmental level and their 

potential development level. Therefore, lower level questions cannot dominate 

classroom discourse.   

Table 5.1  

Schleppenbach et al.'s (2007) Six Types of Follow-up Questions 

Type of Follow-up Question Example/ description 
Request for computation 
 

What is 9 minus 3? 

Request for procedure or method 
 

How do you get 1/3 from 3/9? 

Request for reasoning Why did you multiply by 5? What did you notice about 
those three numbers? What happens when you multiply 
the numerator and denominator by the same number? 
 

Request for rule or term recall 
 

How do you find the area of a rectangle? 

Check for student understanding 
and/or agreement 
 

Do you agree? Do you understand? 

Request for short answer 
 

Is this correct? 

Questioning and pre-service teachers. 

 Microteaching. Saunders, Gall, Nielson, and Smith (1975) found that pre-

service teachers who engaged in regular microteaching and peer microteaching 

produced more consistent and substantial gains in the use of questioning skills than 

pre-service teachers who received observation and lecture-discussion treatments. In 
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the regular microteaching group, pre-service teachers taught a 20-minute lesson to 

four junior high school students. In the peer microteaching group, pre-service teachers 

taught a 15-minute lesson to their peers who were role-playing as junior high school 

students. Pre-service teachers in the observation group watched instructional and 

modeling tapes in the college class and made two trips per week to observe middle 

school classes. In the lecture-discussion group, pre-service teachers received by 

lectures addressing various levels of questions. Microteaching provided an opportunity 

for pre-service teachers to practice questioning skills to a few students in a scaled 

down lesson. Pre-service teachers in the microteaching groups asked more questions at 

a higher cognitive level than those in the observation and lecture-discussion groups. 

The length of students’ responses was also longer in the microteaching groups. 

 Video-analysis and self-reflection. To build effective interactions between 

pre-service teachers and their students, Nicol (1999) adopted a pedagogy of 

investigation in her pre-service teacher training course. A pedagogy of investigation 

"shifts the emphasis of learning to teach from a focus on only limiting instruction to 

the best teaching methods and techniques to an emphasis on discussion, critique, and 

investigation of pedagogical problems as they might arise in the context of practice" 

(p. 47). Nicol (1999) implemented two alternative methods, video-analysis and self-

reflection, that emphasized the investigation of classroom practice. After 

implementing video-analysis and self-reflection, pre-service teachers' questioning 

skills improved. By watching videos of their teaching, pre-service teachers noticed the 

discrepancy in their beliefs and actions. Moreover, video-analysis provided a second 
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opportunity for pre-service teachers to analyze students' answers, assess students' 

understanding, and examine and scrutinize their own responses. As the program 

progressed, pre-service teachers' interactions with students improved, in addition to 

the pre-service teachers' questioning, listening, and responding skills. Due to their 

video-analysis and self-reflection the pre-service teachers created a learning 

environment that developed students’ knowledge, promoted pre-service 

teacher/student interactions, and actively engaged students in mathematical inquiry. 

 Clinical interviews. In 2002 Moyer and Milewicz (2002) attempted to improve 

the interactions between pre-service teachers and students by providing the pre-service 

teachers with an opportunity to conduct clinical interviews. The clinical interviews 

were meant to cultivate pre-service teachers’ skills in follow-up questioning and 

enhance their ability to reflect on their own questioning behaviors. Pre-service 

teachers followed a protocol to administer clinical interviews to elementary students 

on the topic of rational numbers. After the interviews, pre-service teachers analyzed 

the audio-taped interviews and reflected on their questioning behaviors. The results 

revealed that some pre-service teachers tended to lecture during the interview and did 

not interact with students by asking appropriate follow-up questions. In this study, the 

clinical interview combined with self-reflection was successful in demonstrating to 

pre-service teachers how they actually interact with students.  

 Writing questions. Korkmaz and Yesil (2010) developed an alternative method 

to improve Turkish pre-service social studies teachers' questioning techniques. Turkish 

pre-service teachers were divided into three groups. The first group of pre-service 
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teachers prepared questions prior to class and the instructor taught the class by 

answering the pre-service teachers’ questions. The second group did not prepare 

questions and received instruction based only on the professor’s questions. This group 

was taught in a traditional manner in which the instructor led the discussion. The third 

group was taught by using a blend of the pre-service teachers’ questions and the 

professor’s questions. Results indicated that when pre-service teachers' questions were 

incorporated into the lesson, the pre-service teachers’ abilities to ask higher-level, 

quality questions increased. Korkmaz and Yesil (2010) study informs university and 

classroom educators that questioning skills can be improved by daily instructional 

activities.  

 The studies discussed in the literature review incorporated only one or two 

aspects of questioning skills or practices. For teacher education programs to 

successfully prepare pre-service teachers to be classroom teachers who incorporate 

high-level questioning, university professionals should be aware of the connections 

between questioning theory and practice. Therefore, the next section of this paper 

describes questioning techniques and suggests activities for use in teacher education 

programs. 

Questioning Techniques 
 Most K-12 teachers are familiar with Bloom's Taxonomy as a scaffold for 

questioning, but few have had substantive training in their teacher education courses 

that included effective questioning based on Bloom's Taxonomy (Hannel, 2009). 

Being aware of Bloom's Taxonomy is not enough to persuade classroom teachers to 
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design questions based on the six levels within the cognitive domain. Moreover, pre-

service elementary mathematics teachers struggle when listening to and responding to 

students (Nicol, 1999). Therefore, today's pre-service teacher education courses cannot 

focus solely on posing questions. Teacher educators must pay equal attention to 

questioning skills with regard to posing, listening, and responding to students. Because 

posing questions without listening and responding to students does not build a 

constructive discussion, teachers must listen to students, make sense of students’ 

answers and questions, and identify students’ understanding of the questions posed in 

order to provide constructive feedback or ask constructive follow-up questions. 

Questioning should be a two-way interaction between teachers/students and 

students/students. The following section defines six questioning techniques and 

outlines suggestions for pre-service teacher training activities that may increase pre-

service teachers’ abilities to engage students in higher-level questioning. The 

questioning techniques and the pre-service teacher training activities for university 

educators suggested in the next section may be reviewed in Table 5.2.
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Table 5.2  
Questioning Techniques and Related Training Activity 
 
Technique Theorists/Researcher Pre-service Teacher Activity 
Classification of 
question levels 

Bloom et al. (1956) 
• Knowledge, Comprehension, Application, 

Analysis, Evaluation, Synthesis  
Sanders' taxonomy (1966)  
• Memory, Translation, Interpretation, Application, 

Analysis, Synthesis, Evaluation  
Cunningham's classification (1987) 
• Factual recall, Low/High convergent, Low/High 

divergent 

• categorize written questions into different 
levels  

• categorize TIMSS video questions 
• generate questions at each level for TIMSS 

video 

The phrasing of 
questions 

Ellis (1993) 
• avoid "yes/no" questions 
• avoid ambiguous questions 
• question itself should not reveal the answer  

• critique questions from the activity and 
TIMSS videos 

• generate new questions for TIMSS video 
• work in pairs to review the questions for 

each other and provide feedback to partners 
Order of 
questions 

Rodriquez & Kies (1998) 
• students think logically  
Vygotsky (1978) and Wrath & Brown (2001) 
• logical order of questioning 
Penick, et al. (1996) 
• history 
• relationship 
• application 
• speculation 
• explanation 

• organize a list of questions that are in 
random order to a logical order. 

• specify the purpose of each question and tell 
the reason for such an order 
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Table 5.2 Continued 
 
Technique Theorists/Researcher Pre-service Teacher Activity 
Wait time  Dyer (2008) 

• allow at least three seconds for students 
• 5 seconds increases interactions 

• watching 2 TIMSS videos and recording wait 
time, students’ facial expressions, and ability to 
answer questions 

Providing 
feedback 

Chin (2006) 
• affirmation-direct instruction 
• extension by responsive questioning 
• explicit correction 
• constructive challenge 
Mortimer & Scott (2003) 
• IRF model 

• analyze TIMSS videos for teacher's feedback 
and student's response 

• video-tape and analyze clinical interviews for 
interviewer's feedback and interviewee's 
response 

Using follow-up 
questions 

Schleppenbach et al. (2007) 
• request for computation 
• request for procedure or method 
• request for reasoning 
• request for rule and term recall 
• check for student understanding and/or agreement 
• request for short answer 

• analyze the clinical interviews to determine use 
of follow-up questions 

• sort follow-up questions into Schleppenbach et 
al., (2007) categories  
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Classification of question levels. 

 Technique. Bloom's Taxonomy, Sanders' Taxonomy, and Cunningham's Five 

Levels of Questions provide teacher educators with examples of levels of questioning. 

Bloom's Taxonomy (Bloom, Englehart, Furst, Hill, & Krathwohl, 1956) is frequently 

used in education coursework to classify learning objectives and has also been used to 

categorize questions into hierarchical cognitive levels. Bloom's Taxonomy divides 

learning objectives into three domains: cognitive, affective, and psychomotor. The 

cognitive domain includes six hierarchical categories: knowledge, comprehension, 

application, analysis, synthesis, and evaluation. Knowledge is the lowest cognitive 

level and evaluation is considered the most complex. Each category of the cognitive 

domain is associated with specific verbs, which may be used to phrase learning 

objectives and questions. Sanders' (1966) Taxonomy divides cognition into seven 

hierarchical categories: memory, translation, interpretation, application, analysis, 

synthesis, and evaluation. Bloom's and Sanders' Taxonomies are based on the verbs 

that describe learning objectives and have been criticized for being too narrow to 

allow for an accurate measurement of each level (Riegle, 1976). Moreover, Gall 

(1970) claimed that "a weakness of the cognitive-process approach to question 

classification is that these processes are inferential constructs" (p.710) that cannot be 

directly observed.   

 Because of the deficiencies in Bloom’s and Sanders’ Taxonomies mentioned 

above, we propose Cunningham's Five Levels of Questions (1987) as a better 

alternative for observable and measureable categorizing of questions (Table 5.3). The 
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lowest level of questioning emphasizes rote memory and the answer to the question is 

predictable. The middle level of questioning is convergent and is divided into low and 

high levels. Low-convergent questions require students to put facts together and 

construct a response using comparing, contrasting, generalizing, transferring form, or 

explaining. High-convergent questions require students to look for evidence to support 

the answer, give reasons for behaviors or outcomes, and draw conclusions. However, 

teachers also look for specific answers at this level. The highest level is composed of 

divergent questions that and are divided into low and high levels. Divergent questions 

are usually open-ended. Low-divergent questions require students to find alternative 

solutions. High-divergent questions promote creative thinking.  

 Activity. To support pre-service teachers in promoting classroom interactions 

through higher-level questioning, pre-service teachers should be aware of the types of 

questions that encourage higher level thinking. Pre-service teachers should be able to 

identify and classify questions according to their cognitive purposes such as lower 

level knowledge questions and higher-level evaluation questions. We introduce and 

provide examples of the Taxonomies discussed above and ask the pre-service teachers 

to confer in groups about which Taxonomy they prefer or believe is the most useful 

and why. After the discussion we use Cunningham's Five Levels of Questions to 

facilitate an activity in which pre-service teachers sort 30 questions into factual, 

convergent, and divergent.  

 Once the pre-service teachers are comfortable with Cunningham’s Taxonomy, 

we have them watch a TIMSS video and provide them with the video transcript. The 
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pre-service teachers are asked to organize the questions from the video into 

Cunningham’s Five Levels of Questions and expose any strengths and/or weaknesses 

in the teachers’ questioning. When pre-service teachers are able to identify factual 

recall, convergent, and divergent questions, they generate questions (at the five levels) 

that could have been used by the teacher in the video.  

Table 5.3  

Cunningham's (1987) Five Levels of Questions 

Question level Characteristics Example question 
1. Factual recall question Emphasizes rote memory instead 

of thinking skills. 
 

What is natural number? 

2. Low-convergent 
question 

Requires students to put facts 
together and construct a response 
using comparing, contrasting, 
generalizing, transferring form, or 
explaining. 
 

What are the similarities 
between natural number and 
integers? 

3. High-convergent 
question 

Requires students to look for 
evidence to support answer, give 
reasons for behaviors or 
outcomes, and draw conclusions. 
 

How do you control the 
variables in this experiment? 

4. Low-divergent 
question 

Requires students to find 
alternative solutions. 

How can we use square tiles 
to build a different rectangle 
with the same perimeter? 
 

5. High-divergent 
question 

Promotes creative thinking. How can we build the largest 
house with limited materials? 

The phrasing of questions. 

 Technique. Pre-service teachers need to be aware that questions have different 

purposes and that there are three suggestions for phrasing successful questions (Ellis, 

1993). First, if a question requires higher order thinking skills, "yes/no" questions 
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should be avoided. Yes/no questions do not cultivate or advance student's reasoning 

skills. Second, ambiguous questions should be avoided. Vague, unclear questions 

frustrate students because the questions are confusing. Being a comprehensible 

question that is easily understood by students is a basic requirement of a good 

question. Therefore, the leading questions teachers employ in the classroom to initiate 

discussions should be well-planned prior to class. Third, the questions should not 

reveal the answer. For example, a question such as "Should we find the greatest 

common factors or the least common multiples for…?" reveals too much information. 

Students will randomly choose an answer. A simple way to avoid this mistake is to 

start a question with "How" or "What". For example, if students are required to find 

the least common multiple, the teacher might ask "How can we find the smallest 

number that is divisible by 2 and 5?" or "What is the smallest number that is divisible 

by 2 and 5?"  

 Activity. Pre-service teachers need to be aware that the way a question is 

phrased is an important questioning technique. A well-phrased question transfers the 

teacher’s purpose for a question to the students in an efficient, transparent manner. 

Using the 30 questions from the TIMSS videos that were sorted according to 

Cunningham’s (1987) Five Levels of Questions and the questions written for the 

previous activity, the pre-service teachers work in groups to establish whether or not 

these questions are well-phrased, efficient, and provide a transparent look at what is 

being asked . Not only do the pre-service teachers make conclusions about the 

phrasing of the questions, they also explain their criticisms. Pre-service teachers are 
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then asked to adjust the questions they composed in the previous activity, taking into 

account their knowledge of phrasing. The student groups exchange their written 

questions for a peer-review, which is followed up with a class discussion. This allows 

pre-service teachers to check their peers’ work, express differences of opinion, and 

provide constructive feedback. Peer-reviews and class discussions allow the pre-

service teachers to give and receive feedback and offer them an opportunity to hear 

various viewpoints. 

Order of questions. 

 Technique. Questions should be organized in a logical order and build upon 

the previous question (Vygotsky, 1978; Wragg & Brown, 2001). If teachers focus on 

the logical capacities of students' minds, learning is easier for students (Rodriguez & 

Kies, 1998) and students do not get lost before trying to answer. To aid teachers in 

developing a valid questioning sequence, Penick, Crow, and Bonnstetter (1996) 

developed the HRASE system. The essence of the system is that teachers construct 

new knowledge based on students' prior knowledge and misconceptions. When 

teachers know their students and identify misconceptions, they are more likely to 

scaffold new knowledge on a solid foundation. HRASE is hierarchical, but focuses on 

the sequence of questions instead of verb usage.  

• History: Questions relate to students' experience (e.g. How did you solve that 

problem?).  

• Relationship: Questions engage students in comparing concepts such as ideas, 

activities, and data (e.g. Where have you seen something like this before?). 
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• Application: Questions require students to use knowledge in new contexts (e.g. 

How could you use that to…?).  

• Speculation: Questions require thinking beyond given information (e.g. What 

do you think would happen if…?).  

• Explanation: Questions require underlying reasons, processes, and mechanisms 

(e.g. How does that work?). 

 Activity. This activity provides a guideline for pre-service teachers to organize 

their questions in advance. Pre-service teachers are given a list of questions in a 

random order and asked to sequence them in order based on the HRASE and present 

their reason. After practicing with a list of questions pre-service teachers refer to the 

TIMSS video and discuss the sequence of questions used by the TIMSS teacher.  

Wait time. 

 Technique. Wait time refers to the time a teacher allows for a student to 

respond (Tama, 1989). Students need at least three seconds to comprehend a question, 

consider the available information, formulate an answer, and begin to respond (Dyer, 

2008). English language learners may need even longer to translate back and forth 

(Mohr & Mohr, 2007). However, some teachers allow one second or less for students 

to respond before providing the answer or moving on to someone else (Rowe, 1986). 

Thinking takes time, especially high-order thinking. If a student needs to recall 

information from memory, (s)he may be able to call out an answer within one second. 

However, when teachers pose questions requiring reasoning skills, students are not 

able to offer immediate responses. When wait time increases to five seconds the length 
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of students’ responses, student-to-student interactions, and students’ response 

questions increase Rowe (1986). Although appropriate wait time should be longer than 

three seconds, too much wait time will not facilitate students’ problem-solving ability. 

Too much wait time can actually be viewed as a punishment and destroy learning 

interactions (Goodwin, et al., 1983). Therefore, it is important for teachers to adjust 

the length of wait time so that the learning interaction will not be interrupted.  

 Activity. Students watch two TIMSS videos. For each question in the video the 

pre-service teachers record the teachers’ wait time, the students’ facial expressions and 

ability to answer the question, and the level of questioning. Although it is not a skill 

that pre-service teachers can master immediately, by watching the TIMSS videos and 

analyzing the teacher/student and student/student interactions, pre-service teachers can 

become more aware of wait time and its educational benefits.  

Providing feedback. 

 Technique. As previously stated in the theoretical framework, student 

knowledge is constructed through classroom interactions. Teachers should extend 

classroom discourse by including nonjudgmental feedback. In order to provide useful 

feedback, teachers should incorporate the Initiation-Response-Feedback (IRF) model 

(Mortimer & Scott, 2003). The IRF model provides more interactions between the 

teacher and students and the teacher's feedback is no longer a signal that the discussion 

has ended. Instead, the IRF encourages further discourse. 

 Chin (2006) sorted teacher's feedback based on whether or not the student’s 

answer was correct or incorrect (Table 5.4). When a student's answer is correct, a 
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teacher either shows affirmation and continues direct instruction or extends the 

questioning with responsive questions. If a student answers incorrectly, a teacher 

either makes an explicit correction or challenges the student by asking another 

question. According to the IRF model, the second and fourth types of feedback 

promote more interactions and teachers should be encouraged to take advantage of 

these feedback techniques. The first and third types of feedback relate to direct 

instruction in which the teacher dominates the classroom. Making pre-service teachers 

aware of the IRF and Chin’s types of feedback will provide them with applicable 

information and an opportunity to develop their reflection skills.   

Table 5.4  

Chin's (2006) Four Types of Feedback 
 
Type of feedback Nature of student's 

response 
Description 

1. Affirmation-
Direct instruction 

Correct Affirm and reinforce response followed 
by further exposition and direct 
instruction 

2. Extension by 
responsive 
questioning: 
Focusing and 
Zooming 

Mixture of correct and 
incorrect 

Accept response followed by a series of 
related questions that build on previous 
ones to probe or extend conceptual 
thinking 
 

3. Explicit 
correction- 
Direct instruction 

Incorrect Explicit correction followed by further 
expounding of the normative ideas 
 

4. Constructive 
challenge 

Incorrect Evaluative or neutral comment followed 
by reformulation of the question or 
challenge via another question 

   

 Activity. We begin this exercise by asking pre-service teachers to identify 

Chin’s types of feedback in a TIMSS video. Pre-service teachers are asked to fold a 
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piece of paper in half lengthwise and collect data from the video by writing the 

teacher’s feedback on one half of the paper and the student’s response on the other 

half of the paper. On another sheet of paper pre-service teachers make a chart using 

Chin’s types of feedback and fill in examples from their data.  

 Once pre-service teachers have an idea of the function of feedback and how 

feedback relates to questioning, they are asked to individually solve a mathematical 

problem. The pre-service teachers are grouped into pairs and asked to interview each 

other about how they solved the problem. The clinical interview is videotaped and the 

pre-service teachers are asked to view the video and analyze the interview by applying 

the method described above. Based on Chin's classification, pre-service teachers 

should incorporate the second and fourth types of feedback. Therefore, if the pre-

service teachers identify numerous attempts at directed feedback, they should reflect 

on how to improvement their questioning skills. 

Using follow-up questions. 

 Technique. Schleppenbach et al. (2007) classified follow-up questions into six 

types according to different purposes in the mathematics classroom (Table 5.4). 

Because students are expected to have strong logical thinking and communication 

skills, follow-up questions should not be restricted to procedure or rule/term recall 

questions. Follow-up questions extend classroom interactions, explore students’ 

thinking, facilitate the thinking process, encourage students to express their thinking 

process, and provide an opportunity to identify students’ inabilities to understand the 

question (Adams, 1974).  
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 Activity. We begin this exercise by giving pre-service teachers questions and 

asking them to divide the questions into Schleppenbach et al.’s (2007) types of follow-

up questions. Once the pre-service teachers are able to identify the types of follow-up 

questions we have them watch a TIMSS video and identify the types of follow-up 

questions being used. As a follow-up exercise we ask students to watch the video they 

made for the Providing Feedback activity (described above) and identify their follow-

up questions based on Schleppenbach et al.’s (2007) types of follow-up questions. 

Conclusion & Discussion 
 Teachers’ questions should promote active participation and delve deeper into 

students' thinking rather than seek factual information. However, lower level questions 

still dominate the classroom (Cunningham, 1987; Gall, 1984; Myhill & Dunkin, 2005; 

Wilen, 1991) and students are passive recipients (Myhill & Dunkin, 2005). Pre-service 

teachers have difficulty in posing questions and listening and responding to students 

(Nicol, 1999). Therefore, teacher education program should not only focus on the 

initial cognitive level of the question, but also the use of feedback and follow-up 

questions. 

 This paper discussed six questioning techniques and activities that are based on 

a literature review. The literature review indicated that teacher education courses 

should teach pre-service teachers how to promote classroom discourse and the 

classification of question levels, phrase of questions, order of questions, wait time, 

feedback, and follow-up questions. Moreover, by the end of a teacher education course 

the pre-service teachers should understand how to:  
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• differentiate and ask factual recall, convergent, and divergent questions for 

varied purposes 

• phrase questions 

• organize questions in a logical order 

• provide appropriate wait time for student's thinking 

• build a positive classroom environment that encourages and motivates 

student's participation 

• provide constructive feedbacks that facilitate classroom interaction 

• ask follow-up questions focusing on student's reasoning skills 

• apply various questioning techniques while teaching a mini-lesson 

 To achieve these learning objectives, teacher education programs should define 

and explain the purpose of questioning and incorporate theory and application. 

Teacher educators should define and demonstrate good questioning techniques 

through their own lecturing. When teacher educators model good questioning 

techniques they present the pre-service teachers with a lens through which the pre-

service teacher views good classroom practice. This lens allows the pre-service 

teachers to observe the bridge between theories and real classroom application. 

Teacher educators must allow pre-service teachers to practice applying what they have 

learned through the activities suggested in this article and through microteaching. 

Microteaching offers the teacher educator and the pre-service teacher’s peers an 

opportunity to provide the pre-service teachers with feedback about their questioning 
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skills. When pre-service teachers receive feedback they are more aware of their lack of 

proficiency in questioning techniques and begin to develop their skills.  

 Theory application and self-reflection in pre-service teacher training course 

should be incorporated to develop pre-service teachers questioning technique. For 

example, when pre-service teachers learn the classification of question levels, they are 

required to classify questions from a real classroom instead of memorizing the 

definitions. Memorizing definitions will not persuade pre-service teachers to ask high 

quality questions. The purpose of theory application is to promote understanding as 

pre-service teachers demonstrate their ability to ask higher-level questions.  

 Regular self-reflection is one of the characteristics of effective teachers. 

Reflective thinking should be an important component in teacher's professional 

development (Danielson, 2008). Teachers make many immediate responses and 

decisions in the classroom. It is hard for teachers to make the correct choice every 

time. Therefore, teachers need to reflect about their teaching practices in order to 

duplicate the best ones and refine the inappropriate ones.  This pre-service teacher 

training course provides many opportunities to reflect on questioning techniques. 

Through self-reflection, pre-service teachers can be informed of how and whether 

their questioning techniques are improved. 

 Although educators are aware of the importance of questioning techniques, 

these techniques may not be systematically and comprehensively introduced in with a 

teacher preparation program. This paper is offered as a resource for those teacher 

educators who plan to offer a course regarding questioning techniques. We are not 
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saying that the six questioning skills introduced in this paper are the only questioning 

techniques, but other researchers have indicated their importance for pre-service 

teachers development of classroom skills. The questioning techniques should be 

considered a foundation for teacher education courses and allow for practice and 

application of the theories and technique. Moreover, we are not suggesting that these 

techniques be discussed and forgotten. The techniques and activities should be 

implemented over a semester, because questioning is a skill that requires repeated 

practice and reflection. Moreover, these techniques should be extended into the pre-

service teachers’ student teaching experience. Through repeated practice, regular self-

reflection and receiving frequent feedback questioning techniques may be improved. 

 Six questioning techniques are taught separately to pre-service teachers in 

different sessions. Pre-service teachers need to integrate these techniques to 

demonstrate their learning outcomes. The microteaching session should be the most 

significant part of the training. As noted, a gap often exists between campus course 

and real classroom practice. Therefore, pre-service teachers should be able to apply 

their knowledge into a teaching situation. Knowing how to classify questions into 

different cognitive level or being able to put questions in a logical order does not 

guarantee a teacher that is good at questioning in the classroom. A good teacher also 

should know how to interact with students, how to give constructive feedback, how to 

use follow-up questions to encourage higher order thinking skills, etc. The integration 

of these techniques can only be enhanced through practice. A microteaching lesson 



Texas Tech University, Yan Zhang, August 2012 

92 
 

could create a safe environment that approximates the actual classroom setting for pre-

service teachers to practice.  

 Microteaching is a short lesson that is conducted with peers of approximately 

20 minutes in length. Microteaching can be used as an assessment tool to examine pre-

service teachers' questioning techniques. After each microteaching lesson, a peer 

debriefing session will be carried out to provide immediate feedback to the pre-service 

teacher. The peer debriefing session is also an essential part of the training, because 

feedback helps pre-service teachers to know how others perceive their teaching 

performance and gives clear direction for improvement. Providing and receiving 

feedback helps to enrich self-awareness and peer suggestions or comments provide 

valuable information because of their unique perspective as lesson participants. Just as 

with students, our pre-service teachers also learn from focused feedback in a social 

environment. In addition, pre-service teachers need to write a reflection or journal 

entry concerning the lesson they taught and focus on their strengths and areas in which 

to improve. If time allows, it is suggested to give pre-service teachers a second chance 

to re-teach the same lesson. 

 In conclusion, this paper elaborated on teachers' insufficient questioning 

techniques, such as lower level questioning and lack of interaction in the classroom, as 

summarized from the review of literature. To improve teachers' questioning skills, the 

ability to pose effective questions, and simultaneously listening and responding to 

students should be regarded as integral parts that warrant equal attention. The six 

questioning techniques and related classroom activities suggest in this paper could be 
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helpful not only to teacher educators who aim to develop pre-service teacher's 

questioning skills, but also to in-service teachers who try to evaluate their daily 

classroom performance and make improvements. 
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CHAPTER VI 

DISCUSSION AND CONCLUSION  
 This study consisted of two parts: a meta-analysis of questioning studies and a 

practitioner paper focusing on the development pre-service teacher's questioning 

skills. The meta-analysis examined the effectiveness of teachers' higher cognitive 

questions. The analysis of moderator variables from the screened studies suggested 

several areas, such as scripted teaching and intervention duration in the training of 

questioning skills, which needed to be more rigorously addressed by classroom 

teachers, teacher educators, and researchers. Based on the findings from the meta-

analysis and the review of literature, the practitioner paper aimed to make connections 

between research findings and the preparation of teachers. The practitioner paper 

discussed six important questioning techniques and classroom activities that could 

assist pre-service teachers to improve their questioning techniques. These techniques 

and activities will be applicable to the development of questioning skills with in-

service teachers. 

Meta-analysis 
 This meta-analysis synthesized 18 studies to answer the following three 

questions. 

Question 1. What is the average effect size of teachers' higher cognitive level 

questions? Is the average effect size significantly different from zero? 

 The result of the current meta-analysis has revealed that the use of higher 

cognitive questions has a positive effect on student's academic performance (g = 
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+.259, p < .001). Although the effect size was considered small (Cohen, 1988), higher 

cognitive questioning strategies could improve students' achievement by 

approximately 10%. Moreover, the effect size also revealed that 10% of the students' 

academic achievement would be improved if teachers could ask higher cognitive 

questions in the classrooms (Hinkle et al., 2003).  

Question 2. Which moderator variables are related to the variability in effect size? 

 The heterogeneity test revealed that teacher experience was the only moderator 

variable that had a statistically significant effect on students' achievement. Studies 

using pre-service teachers as samples in the meta-analysis had a mean effect size of 

+.085. However, in-service teachers reached a mean effect size of +.498. Pre-service 

teachers' unfamiliarity with students, insufficient pedagogical skills, and limited 

authority over students could account for such a small effect size. The classroom is a 

dynamic environment and many variables could affect the teaching effectiveness and 

learning outcomes. In addition to questioning techniques, pre-service teachers should 

develop other pedagogical skills, such as identifying students' learning styles, 

assessing understanding, and preparing instructional activities, to improve students' 

achievement. Pre-service teachers should become increasingly proficient in these 

pedagogical skills with their accumulated experience. 

 The analyses of moderator variables indicated that two variables might also 

decrease the magnitude of the mean effect size. First, limited treatment duration could 

minimize the effectiveness of teacher's questions, because students in the experimental 

groups needed time to get used to an unfamiliar instructional method. Although the 
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difference between longer and shorter treatment groups did not attain statistical 

significance, researchers and teacher educators should extend the duration of treatment 

in future studies. 

 Second, scripted teaching appeared to be another factor that reduced the effect 

size. When teachers were not provided with scripted questions to teach, there was a 

medium effect size (g = +.465). However, if the teaching was programmed, there 

appeared a small effect size (g = +.210). When teachers were provided with scripted 

questions, they probably neglected the interaction between the teacher and students 

and only focused on the questions on the list. Since knowledge could be constructed 

through the social interaction in the classroom (Schunk, 2007), using only scripted 

questions might influence students' achievement.  

 In addition to those aspects that might decrease the overall effect size, there 

were other moderator variables that revealed important information. Some researchers 

(Martikean, 1973; Savage, 1972) claimed that it was inappropriate to ask higher 

cognitive questions to lower grade students as such questions were more effective for 

higher grade students at formal operational stage. However, the heterogeneity test did 

not show a significant advantage of higher grade students (g = +.483) over lower 

grade students (g = +.420). Therefore, student's cognitive development should not be 

an excuse for avoiding or ineffectively using of higher cognitive questions. As long as 

higher cognitive questions were properly used in the classroom, students' achievement 

could be improved to some extent.  
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 The heterogeneity test revealed no significant difference in students' 

achievement between teachers who had and did not have training before the 

intervention. The result was quite disappointing because the training of questioning 

techniques seemed to be unsuccessful and teachers in the experimental groups did not 

know how to apply questioning techniques into real classrooms. In order to improve 

the unproductive training sessions, teacher educators need to focus on the length of the 

training sessions as the questioning techniques cannot be mastered within a short 

period of time. Second, time is needed in order for teachers to be familiar with 

different question levels, practice questioning techniques, and reflect on their 

performances in the classroom. Moreover, the training sessions should not only consist 

of lecturing, but also provide opportunities to make application of the knowledge. In 

order to help teacher educators to effectively improve pre-service teachers' questioning 

skills, a practitioner paper was constructed based on the results of this meta-analysis 

and previous literature. 

Question 3. How do the results of the current study compare to previous meta-

analyses? 

 Previous three meta-analyses generated three different results regarding the 

effectiveness of teacher's higher cognitive questions. The result of the current meta-

analysis was in accord with Samson et al.'s study (1987) that revealed a small effect 

size. 
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Practitioner Paper 
 The practitioner research has been defined as "research carried out by 

practitioners for the purpose of advancing their own practice" (McLeod, 1999, p.8). 

Differing from traditional academic research that aims to generate or validate theories, 

practitioner research focuses more on classroom application. Traditional research 

rarely has directly impacted educational practice. Instead, the influence of research has 

been considered as "osmosis" (Silver, 1990), which gradually changes the policy or 

practice (Heid et al., 2006). Therefore, there is a need for practitioner research to 

accelerate the process of "osmosis".  

 In the past decade, there has been a significant increase in efforts to make 

connections between educational practice and research-validated theories; however, 

these efforts were slowed by the difficulty in translating research results into practical 

advice (Heid et al., 2006). Hence, the interpretation of the research becomes a 

problem. The major audience of the meta-analysis is targeted at researchers, university 

instructors, and classroom teachers. However, some university instructors and most 

classroom teachers find it difficult to understand the data generated from statistical 

software. The magnitude of effect size and the result of Q-statistics do not make sense 

to everyone. In addition, Heid et al. (2006) pointed out that classroom teachers "have 

little time for, or experience in, reading and interpreting research on teaching and 

learning and translating those finds into validated practices" (p. 78). A practitioner 

paper could present an overview of literature and minimize complex data analysis, but 

provide a detailed description of classroom practice. 
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 For this practitioner paper, the purposes are to provide an overview of the 

literature regarding questioning techniques and suggest applicable classroom practices 

to improve pre-service teachers' questioning techniques. A review of literature found 

that classroom teachers had insufficient questioning techniques, the classroom 

discourse was transmissive, and feedback and follow-up questions were necessary to 

ensure the correspondence between teacher's question and student's response. 

Researchers suggested six important questioning techniques that could be introduced 

to pre-service teachers, which included classification of question levels, the phrasing 

of questions, order of questions, wait time, providing feedback and using follow-up 

questions. Previous studies also recommended several effective practices in the 

teacher education programs that assisted pre-service teacher's to learn questioning 

techniques: microteaching, video analysis and self-reflection, clinical interviews, and 

writing questions.  

 Great emphasis was placed on microteaching and self-reflection. Many 

instructors have used microteaching to secure the success of pre-service teacher 

training (Ganesh & Matteson, 2010; Malvern, 1980; Saunders et al., 1975). 

Microteaching could simulate an environment that is close to reality and provides pre-

service teachers the distinct sense of heading toward their goal: teaching (Lortie, 

1975). Despite the limited duration of the teaching episode, most novice teachers 

considered microteaching as the most useful learning process rather than lecturing 

(Mason, 1961). The activities proposed in the practitioner paper also provided 

opportunities for pre-service teachers to reflect on their performance in the peer 
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interview and microteaching episode. Study without reflection is a waste of time 

(Confucius, n.d.). Self-reflection is "an act of self-conscious consideration that can 

lead people to a deepened understanding of themselves and others" (Danielewicz, 

2001, p. 155) and learn from shortcomings. Learning is a process of identifying and 

eliminating weaknesses. Therefore, self-reflection has the potential to provide pre-

service teachers the opportunity to confront their insufficient questioning techniques 

and make improvement.  

 The results of the meta-analysis indicate student's academic achievement can 

be positively affected by teacher's higher cognitive questions in the classroom, 

although the effect size was relatively small. Teachers should predominately ask 

divergent questions. In doing so, students are able to develop higher-level critical, 

analytic and creative thinking skills. The cognitive level of questions and teacher’s use 

of feedback and follow-up questions can heavily influence students’ thinking activity. 

 Those teachers who keep asking lower cognitive questions probably 

misunderstand the role of questioning as an instructional strategy. Their instructions 

are teacher-centered and test-oriented. A common feature of the class is lecturing, in 

which students passively receive information originating from the textbook. The 

teacher is intent on covering the content of the textbook. In addition, those teachers 

emphasize rote learning for high achievement on the test. For instance, when teaching 

multiplication of binomials, a method called "FOIL" is widely used in the mathematics 

classroom. Although this method can successfully find the solutions to the 

multiplication of binomials, students have no idea of the distributive property behind 
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"FOIL". When students are required to multiply trinomials, "FOIL" does not work 

because they do not understand the rule for multiplication of polynomials. When a 

deep understanding of multiplication has been developed, students are able to generate 

their own rules. 

 To improve the situation of rote learning, teachers have to teach for 

understanding. To help students develop understanding of a subject, the best way is to 

seek higher order thinking in the classroom. Thinking is always driven by questions 

(Elder & Paul, 1998). As noted, teachers have recognized the importance of 

questioning and tried to incorporate questions into their daily instructions. However, it 

is revealed that they do not have a systematic training of questioning skills (Adams, 

1974; Beseda, 1972) and do not know how to use questions to prompt the interaction 

between teacher and students. Therefore, the practitioner paper listed some important 

questioning techniques and suggestions of how to put these techniques into practice. 

These guidelines would also be beneficial for teacher educators to incorporate into 

their pedagogy courses. In-service teachers can also use video analysis and self-

reflection in order to evaluate and improve their questioning skills as suggested in the 

practitioner paper. 

 Questions should generate thinking, but can be a passive method of learning. 

This practitioner research focused on the teacher's question as a facilitator to help 

students develop thinking skills. When students really learn by understanding, they 

must be able to generate some questions in their minds, which is the ultimate goal of 

education. Dewey defined an educated person as one who "holds problems and 
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questions before the mind" (1899/1990, p. 174). In other words, a student should 

develop questions during the instructional period or activity; otherwise he or she is not 

actively involved in the learning process. When students sit in silence, their minds 

may have shut down. Unfortunately, that is the reality in many classrooms where 

students rarely ask question (Dillon, 1990). 

 Teacher's questions can also reveal the objective of the lesson. In the same 

way, the quality of student's questions reflects the level of his or her understanding of 

the concept (Elder & Paul, 1998). Higher level questions reveal higher level thinking. 

Superficial questions demonstrate lower level thinking (Elder & Paul, 1998). The most 

common question students ask in the classroom is "Will this be tested?" This kind of 

question does not facilitate learning at all. Instead, it reflects that students are test-

oriented and they try to avoid challenging problems. Therefore, teacher's questions 

should set a good model for students and let them know what kind of questions they 

need to generate. However, teaching students to ask higher level questions is not an 

easy task, because most students have not been exposed to them during their 

schooling. Teachers will need to model higher level questions for student. When 

students are able to generate their own higher level questions, the teacher knows that 

they have positively influenced their student's meta-cognitive development. 

Summary 
 Questioning is a sword with two blades. When questioning is appropriately 

used in the classroom, students can be engaged, higher level thinking can be 

developed, and classroom interaction can be promoted. However, if factual recall and 
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convergent questions dominate the classroom, students will be disengaged, rote 

learning might happen, and there is no real interaction between the teacher and 

students. This meta-analysis investigated the effect of higher cognitive question on 

students' academic achievement. Although only a small effect size was generated, 

several potential reasons that might decrease the effect size were discussed. In 

addition, suggestions and implications for researchers, classroom teachers, and teacher 

educators were proposed.  

 Given the insufficient questioning techniques of classroom teachers, the 

practitioner paper listed important questioning skills and activities that could be used 

in the teacher preparation program. Although the audience of the practitioner paper is 

targeted at teacher educators, in-service teachers can still be benefited from it by 

conducting self-evaluation and self-reflection on their teaching performances.  

 The meta-analysis and practitioner paper illustrate the importance of the use of 

questioning in the classroom. In addition to asking higher cognitive questions, teachers 

should pay equal attention to the use of feedback and follow-up questions. When using 

feedback and follow-up questions appropriately, teachers are able to make connection 

with student's prior knowledge and promote the interaction in the classroom.  Based 

on social constructivism and ZPD theory, the student’s new knowledge is constructed 

through social interaction and built upon prior knowledge. Therefore, increasing the 

use of various combinations of higher cognitive questions, academic feedback, and 

follow-up questions could assist in creating a social constructivist environment where 
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the teacher and students exchange ideas with each other and make sense of new 

knowledge. 
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APPENDIX B 

SYNTAX FOR GENERATING CONFIDENCE INTERVAL 
matrix. 

get trial /var=trial. 

get d /var=d. 

get n1 /var=n1. 

get n2 /var=n2. 

compute n=n1+n2. 

compute k=nrow(n). 

 

compute totaln=msum(n). 

 

compute vard=(n/(n1&*n2))+(d&**2/(2*(n-3.94))). 

compute wid=1/vard. 

compute percwid=100*wid/msum(wid). 

compute sed=sqrt(vard). 

compute cilow=d-1.96*sed. 

compute ciup=d+1.96*sed. 

compute weight_d=msum(d&*wid)/msum(wid). 

compute se_d=sqrt(1/msum(wid)). 

compute low_d=weight_d-1.96*se_d. 

compute hig_d=weight_d+1.96*se_d. 

compute ad_chi=(weight_d**2)*msum(wid). 

compute ad_sig=1-chicdf(ad_chi,1). 

compute hetd_chi=msum(wid&*(d-weight_d)&**2). 

compute hetd_sig=1-chicdf(hetd_chi,k-1). 

compute ofsn=k*(abs(weight_d/0.2)-1). 

print k 

 /format="f8.0" 
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 /title="Number of trials (k)". 

print totaln 

 /format="f8.0" 

 /title="Total sample size (N)". 

print /title="Standardized mean differences (Hedges unbiased g):". 

print {d,sed,percwid,cilow,ciup} 

 /format="f10.4" 

 /title="Processed data" 

 /clabels="Hedges g" "se(g)" "%Weight" "95%Lower" "95%Upper". 

print weight_d 

 /format="f8.3" 

 /title="Pooled Standardised Mean Difference". 

print se_d 

 /format="f8.3" 

 /title="Standard error of estimator". 

print {low_d,hig_d} 

 /format="f8.3" 

 /title="95% CI" 

 /clabels="Lower" "Upper". 

print ad_chi 

 /format="f8.4" 

 /title="Association Chi-square statistic (df=1)". 

print ad_sig 

 /format="f8.3" 

 /title="Significance of Chi-square (H0: No association)". 

print ofsn 

 /format "f8.0" 

 /Title="Orwin's Fail Safe N for Cohen's small effect size (0.2)". 

print hetd_chi 
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 /format="f8.4" 

 /title="Chi-square of heterogeneity statistic (df=k-1)". 

print hetd_sig 

 /format="f8.3" 

 /title="Significance of Chi-square (H0: Homogeneity)". 

do if hetd_chi>k-1. 

do if hetd_sig>0.10. 

print /title="WARNING: Q p>0.10, but some heterogeneity exists". 

end if. 

compute h=sqrt(hetd_chi/(k-1)). 

print h 

 /format="f8.2" 

 /title="H statistic (approx. ratio of CI lenghts from random vs fixed-" 

+ "effects models)". 

end if. 

compute trial={trial;k+1}. 

compute percwid={percwid;100}. 

compute d={d;weight_d}. 

compute sed={sed;se_d}. 

compute procdata={trial,percwid,d,sed}. 

compute vecnam={"trial","weights","d","se"}. 

save procdata /outfile=* /names=vecnam. 

end matrix. 

 

* Thanks to Ray Levesque for his help at this step *. 

FORMATS trial(F8.0).  

compute nobreak=1. 

match files file=* /by nobreak /last=last. 

do if last=1. 
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write outfile='c:\temp\syntax.sps' /'VALUE LABEL trial 'trial' "Total".'.  

end if. 

execute. 

include 'c:\temp\syntax.sps'. 

 

* Forest plot with individual and aggregated effect sizes *. 

compute lowd=d-1.96*se. 

compute highd=d+1.96*se. 

VAR LABEL lowd 'Lower 95%CI' /highd 'Upper 95%CI' /d 'Effect size (g)'. 

GRAPH /HILO(SIMPLE)=VALUE( highd lowd d ) BY trial. 
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APPENDIX C 

CHARACTERISTICS OF 18 STUDIES 
Study Characteristics Journal Article 

(Number of 
Studies) 

Dissertation 
(Number of 
Studies) 

Conference 
Paper 
(Number of 
Studies) 

Unpublished 
Report 
(Number of 
Studies) 

Publication Year     
1961-1970 0 1 1 0 
1971-1980 2 5 2 1 
1981-1990 2 1 0 0 
1991-2000 1 0 0 0 
2001-2012 2 0 0 0 

Type of Study     
Experimental 6 5 3 1 
Quasi-experimental 1 2 0 0 

Content Area     
Social Studies 3 5 2 0 
Science 3 1 0 1 
Other 1 1 1 0 

Sample Size     
1-100 6 2 0 1 
101-200 1 0 2 0 
201-300 0 1 0 0 
301+ 0 4 1 0 

Grade Level     
1-6 3 3 2 1 
7-12 3 4 0 0 
Missing info. 1 0 1 0 

Student-Teacher Ratio     
Less than 25:1 3 4 1 1 
More than 25:1 4 1 1 0 
Missing info. 0 2 1 0 

Teacher Training     
Yes 2 4 1 0 
No 5 3 2 1 

Scripted Teaching     
Provided 2 1 0 1 
Not provided 5 6 3 0 

Treatment Duration     
Less than/equal to 2 wks 6 2 2 1 
More than 2 weeks 0 4 1 0 
Missing info. 1 1 0 0 
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Study Characteristics Journal Article 
(Number of 
Studies) 

Dissertation 
(Number of 
Studies) 

Conference 
Paper 
(Number of 
Studies) 

Unpublished 
Report 
(Number of 
Studies) 

Type of Test     
Multiple choices only 3 2 2 0 
Blended 3 2 0 1 
Missing info. 1 3 1 0 

Test Reliability     
Lower than .80 4 2 1 0 
Higher than .80 1 3 1 0 
Missing info. 2 2 1 1 

Teacher Experience     
Pre-service teacher 0 1 2 0 
In-service teacher 6 5 1 1 
N/A 1 1 0 0 
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