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Patterns of questioning in science classrooms
Patrícia A. Almeida, Francislê Neri de Souza
Abstract — Presently one of the main aims of elementary and secondary teaching is the development of the critical, reflexive and creative thinking. These competencies can be achieved through the stimulation of students’ active learning, namely through questioning. This essay presents a study of classroom questioning in science. We are concerned with the role of both teacher’s and students’ questioning in classroom interaction. Considering that the actual guidelines point out to student-centred teaching, we supposed that actual classroom questioning patterns would be quite different to those found along the last decades. Data was collected by audio recording one class for each teacher (two Chemistry and Physics teachers participated in this study) and by interviewing each one. The overall results suggest that both teachers and students questioning profiles are similar to the ones reported in the literature at the beginning and along the last decades and, consequently not promoting the desirable students’ active learning. (Máximo de 200 palavras)

Resumo — Actualmente um dos principais objectivos no ensino elementar e secundário é o desenvolvimento do pensamento crítico, reflexivo e criativo. Estas competências podem ser alcançadas através do estímulo a aprendizagem activa dos alunos, nomeadamente através do questionamento. … (Máximo de 200 palavras)
Index Terms — classroom questioning, pattern of questioning, active learning, science education.
——————————    Ж    ——————————

C

lassroom questioning is an extensively researched subject. Questions play a central role in the processes of teaching and learning because students’ learning, thinking, participation and their level of engagement depend on the kind of questions teachers formulate and use in the classroom (Wilen, 1991). From 1900s, teaching methods involving questioning have attracted the attention of several researchers. More recently, students’ questioning also has been the focus of several studies 


(Almeida, Pedrosa de Jesus, & Watts, 2008; Pedrosa de Jesus, Teixeira-Dias, & Watts, 2003; Teixeira-Dias, Pedrosa de Jesus, Neri de Souza, & Watts, 2005) ADDIN EN.CITE  that place the responsibility for questioning onto students rather than their teachers, and have indicated that this benefits student learning.

1
Teachers’ Questioning
————————————————
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Research has shown that teachers ask a high frequency of questions. In 1967, Schreiber (1967) found that fifth grade teachers asked about 64 questions each during 30-minute social studies lessons. Floyd (1960) developed a study with 40 elementary teachers and found that these teachers asked 93 percent of all classroom questions. Later, Levin & Long (1981) conducted a review about effective teaching research and concluded that teachers asked 300-400 questions per day. These numbers confirm the results obtained by Stevens (1912) in her precursor study about classroom questioning conducted in 1912. Kerry (2002) reinforces these numbers referring that if teachers ask an average of 43.6 questions per hour, in an average career they are likely to ask about 2 million questions.

Even if teachers ask a huge number of questions per class, the questions posed are consistently of the same kind. Teachers ask typically low level questions, requiring mainly memory. The finding of teachers’ characteristic use of low-cognitive-level questions has been verified in all school levels (from elementary teaching to university) and in a variety of subject areas.
Bearing in mind that teachers spend a large percentage of their communication time asking questions it is pertinent to ask: why do teachers ask questions? What are the functions of teachers’ questions? According to Pate & Bremer (1967) and Brown & Edmondson (1985), teachers use questioning fundamentally to check understanding and knowledge to aid teaching, to diagnose students’ difficulties, to recall facts, to test knowledge, to direct attention and to maintain control.

Research has consistently showed that the most frequent function of teachers’ questions is ‘recall’ – usually 60 per cent or more of all teachers’ questions. Management questions may vary between 12 and 30 per cent (2002).

Thus, the remaining percentage of teachers’ questions when we exclude recall and management questions is surprisingly small. Consequently, other functions associated to teachers’ questioning such as encouraging students to think, arousing interest and curiosity, developing students’ reflection and stimulate students to ask questions of their own are not frequently found on classroom questioning.

1.1 Wait time

The wait time is essential to student thinking. By wait time we refer to the amount of time a teacher allots for student reflection after asking a question and before a student responds. In her investigations, Rowe 


(1974; 1986) ADDIN EN.CITE  found that the mean wait time was, on average, one second or less. If the student did not answered in one second, the teacher would repeat or rephrase the question, ask another question or call another student. After receiving a response, the teacher waited approximately 0,9 seconds before reacting and asking another question.

Rowe (1986) trained the teachers to increase their wait time to three to five seconds and found that the quantity and quality of students’ answers improved significantly: students give longer responses, students give more evidence for their ideas and conclusions, students speculate and hypothesize more and more students participated in responding. Furthermore, students ask more questions and talk more to other students.
2
Students’ Questioning
Even if the frequency of students’ questions is usually low, in recent years there has been an increasing emphasis on the role that students’ questions play in learning science 


(Almeida et al., 2008; Graesser & Olde, 2003; Kerry, 1982; Teixeira-Dias et al., 2005; van der Meij, 1994) ADDIN EN.CITE , as questions are an essential component of discursive activity and dialectical thinking (Chin & Osborne, 2008).

The act of questioning encourages learners to engage in critical reasoning. Given that asking questions is fundamental to science and scientific inquiry, Zoller, Tsaparlis, Fatsow, & Lubezky (1987) argue that the development of students’ abilities to ask questions, reason, problem-solving, and think critically should become a central focus of science education reform. 

Students' questions result form a gap or discrepancy in the students' knowledge or a desire to extend their knowledge in some direction. Students' questions may be triggered by unknown words or inconsistencies between the students' knowledge and the new information, which then engender 'cognitive dissonance' (Festinger, 1957), 'epistemic hunger' (Berlyne, 1954) or 'cognitive disequilibrium' (Graesser & Olde, 2003). According to Graesser & Olde (2003) “questions are asked when individuals are confronted with obstacles to goals, anomalous events, contradictions, discrepancies, salient contrasts, obvious gaps in knowledge, expectation violations, and decisions that require discrimination among equally attractive alternatives” (p.525).

Student-generated questions are an important element in the teaching and learning process, and play a significant role in motivating meaningful learning. Students' questions can serve different functions, namely:

- creating a culture of inquiry: an emphasis on students' questions conveys the message that the science disciplines are areas where inquiry is a natural component and questions need constantly to be raised (Woodward, 1992);

- heightening conceptual understanding: learners' questions can lead to improvement of understanding and to retention of the learning a student encounters (Pedrosa de Jesus et al., 2003). When students ask questions they are shaping and exposing their thoughts (Marbach-Ad & Sokolove, 2000). Students' questions can de diagnostic of their learning, allowing teachers to recognise students' alternative conceptions (Watts, Alsop, Gould, & Walsh, 1997). This means that students' questions provide opportunities for teachers' insight into thinking and conceptual understanding;

- driving classroom interactions: teachers' own thinking can be provoked and challenged by students' questions (Marbach-Ad & Sokolove, 2000; Watts et al., 1997) which are highly efective in increasing student interest, enthusiasm and engagement (Marzano et al., 1988; Teixeira-Dias et al., 2005). Question-asking fosters discussion and debate (Pedrosa de Jesus et al., 2003);

- promoting autonomous inquiry-based learning: teachers can promote the notion of autonomy in learning through the provision of opportunities for students to become questioners (Woodward, 1992).

While students' questions serve useful functions for learners, they are also helpful to teachers in prompting reflective thought and student engagement. Therefore, students' questions can be analyzed by distinguishing between the use of these questions in learning science and in teaching science.

Student questioning is also influenced by instructional models and lesson structures (Pizzini & Shepardson, 1991), by the social structure of the classroom, the students' role as participants, and the controlling function of the teacher's own questions (Dillon, 1988b).

2.1 Why Would Students Not Ask Questions?
According to Graesser & McMahen (1993) there are three stages to generating a question: (i) the detection and awareness of a conflict in knowledge and understanding; (ii) the articulation of this in words, and then (iii) the expression of these words in a social setting. These authors call the stages ‘disequilibrium detection’, ‘verbal coding’ and ‘social editing’. Needless to say, each of these stages takes time: questions do not always arrive fully formed at the point of utterance, ready for the asking. That is, there can be quickly formed questions and slow ones, with a spectrum in between. Using Graesser & McMahen’s three stages, we can see that the:

1. Detection of ‘cognitive’ conflict can be, but need not be, sudden, but can take place over an extended period of time as variations between expectations and counter evidence accumulate. As Miyake & Norman (1979) caution, it can take a large amount of knowledge to know what one does not know

2. Articulation of questions, too, can take time. This will depend to some extent upon the complexity of the issues and the felt need to formulate a fully developed question, or not. While some learners are prepared to herald, and then ask a ‘naïve’ question, others are willing only to prepare fully written and carefully worded questions

3. As we noted earlier, the context within which questions are asked can prove an obstacle and so slow down the process. In Graesser & McMahen’s (1993) study they suggest, for example, that questions do not surface when this involves too much mental effort, or when it is socially awkward to ask them.

According to these three stages, we can advance several reasons for the absence of students’ questions, that they:
1. Cannot detect cognitive disequilibrium

2. Can detect cognitive disequilibrium but this does not raise a question. Maybe the student is not prepared to admit his own level of uncertainty or lack of knowledge

3. Can detect cognitive disequilibrium but the student wants to infer answer himself/ herself (be cognitively active)

4. Can detect cognitive disequilibrium but wants someone else to answer – preferably the teacher (cognitively passive)

5. Cannot formulate the question
6. Can formulate but wants an elaborated question

7. Cannot ask out loud

8. Can ask questions but prefers asking classmates rather than the teacher

9. Can ask questions but the subject matter is unpalatable

 Can ask but can not ask actionable questions.
3
The Present Study

Presently, one of the main aims of the elementary and secondary teaching is the development of the critical, reflexive and creative thinking, as a way of providing the students the necessary tools to become active and autonomous citizens. These competencies can be achieved through the stimulation of students’ deep learning approaches, namely through questioning.

Bearing this in mind, in this essay we are concerned with the role of both teacher and students questioning in classroom interaction. If the actual guidelines point out to student-centred teaching, we believe that the classroom questioning patterns found some decades ago are now old-fashioned. Since there is a lack of research about contemporary science classroom questioning, we propose to analyse and discuss the role of questioning in contemporary science classrooms. 

Thus, the main research questions of this study are as follows:

1. Is the questioning pattern in elementary science classrooms different from the questioning patterns found some decades ago?

2. Is the questioning pattern in elementary chemistry classroom promoting the development of deep learning approaches?
3.1 Methodology

This study was conducted with a sample of two female Portuguese Chemistry and Physics teachers from two different schools in the Centre of Portugal, who volunteered to participate in this research project, and their pupils (n=36). One of these teachers, Maria, was teaching grade 8 and the other, Olga, was teaching grade 9.
Maria has been teaching for 8 years and Olga for 7 years. Presently, Maria is teaching at a private school, her students are quite keen and usually do well on class. Olga is teaching at a professional school and all her students have failed at least twice.

Each teacher audio-recorded a 45 minutes class of her choice. Maria decided to record a chemistry lesson about the distinction between molecules and atoms, and simple nomenclature rules. Olga opted for a physics class at the end of the semester, where self-evaluation was carried out. Later, both classes were fully transcribed and analyzed.

At the end of the semester, the two teachers were interviewed. The interviews were individual, and occurred in a quiet, private room. Both interviews were semi-structured and audio-recorded. Afterward, both interviews were transcribed and analyzed. All data was analyzed with supported of NVivo 8 (NVivo, 2008; Richards, 2006).
4
Results And Discussion
4.1 Number of questions

At first glance, questions are easy to define. However, in practice they are not so easy to distinguish. Here we consider as a question any statement, interrogation of affirmation, intended to evoke a feedback. This feedback can take the format of a verbal response or a reaction or behaviour. Drawn from our study, some instances of questions are:

· What is O3?

· Atoms or molecules?

· These three water molecules are composed by…
· If I ask you the composition of these five molecules you say…
Along the two 45-minute lessons, were asked 146 questions (see Table 1). Even if the number of questions raised in both classes is quite different, the proportions of teachers’ and students’ questions are similar. Teachers’ questioning clearly dominates classroom discourse.

TABLE 1

Number of Students’ and Teachers’ questions 
	
	Students’ Questions
	Teacher’s Questions
	Total

	Maria’s Class
	23 (19%)
	97(81%)
	120

	Olga’s Class
	9 (35%)
	17 (65%)
	26


In Maria’s class case we find, on average, two questions per minute. In Olga’s class the average of questions per minute is lower. As stated earlier, Olga’s audio-recorded a self-evaluation class and, as stated by Dillon (1990), the use of the classroom questioning differs as the classroom contexts vary. However, even if the total number of questions is minor in Olga’s class, the teacher posed 65 percent of questions.

When confronted to these results, both teachers remarked in the interviews that they were surprised:

“Oh my God, I never thought I was like that…” (Maria)

“How can the students ask so few questions?” (Olga)

“How is it possible that the teacher’s communication time is so high and the students’ communication time is so low?” (Olga)

These results match those reported by Schreiber in 1967 and those found by Kerry in 2002 (Kerry, 2002; Schreiber, 1967). Thus, surprisingly, the distribution of classroom questions in these two classes is not different from the results found in former studies. Additionally, if we look closely to the discourse pattern of both classes, we realise that it also follows the traditional initiation – response – feedback pattern described on the literature. For instance:

Teacher: Why are those called giant substances? (teacher initiation – question)

Student: Because they are composed of a loooot of carbon atoms. (student answer)

Teacher: That’s right. (teacher feedback) Last class we talked about molecules, right? What are molecules? (teacher initiation again)
Student: Molecules are composed of several atoms. 

(Quotation from Maria’s class)

The discourse pattern shown in this small interaction episode is constantly repeated along Maria and Olga’s classes. The learning process is clearly determined by teachers’ questions.
4.2 Types of questions

More relevant than the number of questions raised is the kind of questions asked by the teacher and the students.

Teachers’ and students’ questions have been classified through numerous and diversified categorization systems, most of them based on the cognitive level (Bloom, Engelhart, Furst, Hill, & Krathwohl, 1956), for example: clarification, interpretation, extension, critical and associative questions (Shodell, 1995), basic information and wonderment questions (Scardamalia & Bereiter, 1991), confirmation and transformation (Pedrosa de Jesus, Neri de Souza, Teixeira-Dias, & Watts, 2001; Pedrosa de Jesus, Teixeira-Dias, & Watts, 2001), acquisition, specialization and integration (Almeida et al., 2008). Here we decided to categorize questions according to their communicational function as well as according to their cognitive level.

Regarding the communicational functions of questions we decided to classify them as scientific or non-scientific. Scientific questions are those directly related to the class subject or other scientific query. Drawn from our study, some instances of these questions are:

Teacher’s scientific questions

· What are molecules?

· Considering 3O, are these three molecules or three atoms?

· Does anyone can tell me what are elementary substances and compound substances?

· In which units should you respond?

Students’ scientific questions

· Teacher, we only refer to the composition when it is a molecule?

· Teacher, but is it an elementary substance?

· We say that it is a retarded movement because the object is coming down the ramp?

· Qualitatively means to say the carbon and oxygen atoms and quantitatively means to say the quantity of carbon and oxygen atoms?
Non-scientific questions include questions that are not related to scientific issues, namely rhetorical, routine and management questions. Drawn from our study, some instances of these questions are:

Teachers’ non-scientific questions

· The assessment test is next Wednesday, right?

· Do you all agree with your grades?

· Are you going to dress your laboratory or not?

Students’ non-scientific questions

· Must we know all the chemical symbols to the test?

· Teacher, can you lend me a pencil?
In Table 2 we can see the teachers’ and students’ questions distribution according to their communicational function.

TABLE 2
Questions’ Communicational Function
	
	Non-Scientific
	Scientific

	
	SQ
	TQ
	SQ
	TQ

	Maria’s Class
	7 (30%)
	22 (23%)
	16 (70%)
	75 (77%)

	Olga’s Class
	7 (78%)
	13 (76%)
	2

(22%)
	4 (23%)

	Total
	14 (44%)
	35 (31%)
	18 (56%)
	79 (69%)


Students’ Questions (SQ) Teacher’s Questions (TQ)

In both classes, more than half of the questions (56% SQ and 69% TQ) were scientific. However, when looking closely to the number and kind of questions raised by both teachers, it is clear that they exhibit distinctive questioning profiles on the classes analysed: 76 per cent of Olga’s questions are non-scientific while 77 per cent of Maria’s questions are scientific. The same proportion between scientific and non-scientific questions was found on students’ questions. It seems that the type of questions posed by the teacher influences the kind of questions raised by students: if the teacher asks predominantly non-scientific questions the students will also ask mainly this kind of questions, if the teachers asks mostly non-scientific questions, the students will follow the same pattern.

It is also important to notice that the differences found on the questioning profiles of the two teachers can also be influenced by the kind of class. Probably, Monica’s class about atoms and molecules was more likely to promote students’ scientific questioning than Olga’s class that was devoted to self-assessment. However, once again, we found here the same questioning patterns described in the literature over the past decades.

Non-scientific questions are used with some distinct purposes. Maria frequently uses non-scientific questions to make reference to assessment, as a way of trying to promote students’ involvement and interest. Here, after the absence of a student’s response, the teacher reminded the student about the proximity of the exam day:

Teacher: What is Ca?

Student Sofia: Hummmm

Teacher: Sofia, how long have I told you that you should study the chemical symbols? It was not yesterday, was it?

Student Sofia: No.

Teacher: Do you have any idea of when the exam will be? It is next week, Wednesday. I really don’t know how you will do on the exam… Joana [another student], come on, qualitatively…

Student Joana: Calcium, hydrogen and oxygen.

This is an example of how teachers’ non-scientific questions can be used in a threatening way.

To deepen the analysis of classroom questions we decided to analyse the cognitive level of the questions previously classified as scientific.

The most commonly used taxonomy of questions regarding cognitive level considers two distinct categories: open and closed questions (Brown & Edmondson, 1985). Even if at first glance this bipolar taxonomy seems quite simple, it showed to be useful and adequate to our aims.

Closed questions have one correct or ‘best’ answer or one from a narrow range of answers. This kind of question requires students to recall existing information and the teacher has a predetermined ‘correct’ response in mind. Drawn from our study, some instances of these questions are:

Teacher’s closed questions
Graphite and diamond are other substances constituted by…

By which elements are water molecules composed?

How many molecules?

Students’ closed questions

In this case, we say that the molecule is composed by ten hydrogen atoms or by dihydrogen?

What does Sn means?

We say that it is a retarded movement because the object is coming down the ramp?

Open questions permit a wide range of responses including usually the expression of feelings, empathy and values; these questions require students to use their previous knowledge to create new knowledge. The two classes recorded did not produce higher level or open questions, as shown in Table 3.
TABLE 3
Questions’ Cognitive Level 
	
	Students’ Questions
	Teacher’s Questions

	Closed
	18
	79

	Open
	0
	0


Having in mind that several authors (Gall, 1984; Kerry, 2002; Marzano, Pickering, & Pollock, 2001) suggest that open questions produce deeper levels of learning, this result is quite worrying. An important implication of asking mainly closed questions is the limitation of the co-construction of learning; such questions also have implications for scaffolding students’ learning (Cazden, 2001). Experiencing questions at repetitively low levels limits students’ opportunities to further develop their ideas and to be supported to reach higher cognitive levels. 

The teacher’s frequent use of low level questions can also be one the reasons for the absence of students’ questions. Teachers nurture the culture of the ‘right answer’ rather then discovering the ‘right question’. If the teacher does not stimulate cognitive disequilibrium through a careful selection of the information provided and through their questions, it is likely that students will not question.

The overall conclusion that teachers persist in using low level or closed questions applies also to written questions prepared for homework. For instance, let’s look at the homework correction during Maria’s class:

Teacher: Let’s do homework correction!... There are substances composed by...

Students: Atoms.

Teacher: For instance, helium, neon and argon. Other substances like graphite and diamond are composed by…

Students: Atoms giant structures.

Teacher: Other substances are composed by…

Students: Molecules.
Another feature of questioning is wait time: both teachers usually waited less then 1 second for their students’ responses, confirming the findings from Rowe studies during the 70s and 80s 


(Rowe, 1974; Rowe, 1986) ADDIN EN.CITE . Frequently, when students did not answer immediately after the question, the teacher responded herself, for example:

Teacher: Five molecules of what? Five molecules of dihydrogen. 
Other times the teacher repeated or rephrased the question or asked a different one: 

Teacher: Very well... it is an elementary substance. Whenever the oxygen is alone I say it is an atom, if it is not alone I say it is a molecule. For example 3O3… do you know what is it? What is the O3?

Student: It’s ozone.

Teacher: It’s ozone, very well. How about these, are atoms or molecules?

Student: Atoms.

Teacher: Atoms?

Student: Molecules.

Teacher: Molecules? What do you think? Atoms or molecules?

Student: Three oxygen atoms.

Teacher: No, these are three ozone molecules.

5
Conclusions 
Hunkins (1985) highlighted the importance of shifting from a view where questions were considered as devices to evaluate specifics of learning to an innovative view, where questions are seen as means of actively processing, thinking about, and using information productively’. However, in the two classes analysed all the formulated questions were closed, appealing mainly to recall of facts. This result reproduces those found during the last decades. Since teacher questioning is the main way of classroom interaction, the teacher should make full use of it, diversifying the kind of questions asked and also stimulating students’ questioning, in order to improve classroom dynamics and engage students in active learning.

From this study it is clear that the classroom discourse is characterized by the traditional pattern of initiation, response and feedback (Cazden, 2001; Lemke, 1993), where the teacher initiates with one question, a student answers, and finally the teacher gives the student evaluative feedback and initiates a new cycle with a new question. This pattern places the teacher in a central role and acts to test students’ knowledge, instead of stimulating them to elaborate on their ideas or to extend their thinking. In fact, the traditional concept of learning is that it takes place when the teacher asks the questions and the students can answer them. However, the reality is that learning does not occur until learners can raise their own questions. Actually, students’ questions play an essential role in meaningful learning. As stated by Dillon (1988a) ‘students questions lead surely to learning, teacher questions serve other purposes’ (p.15).
6 Concluding Remarks
This study has several limitations, one of them related with the sample size. However, it was possible to show that these science classes presented questioning patterns matching those identified five decades ago, when teacher-centred approaches were well accepted.

Before this study, none of the teachers had knowledge about classroom questioning. During interviews, both teachers signalled that they were not aware of the importance of using effective questioning as a teaching strategy. We believe that it is crucial to include this subject on student teachers curriculum and on in-service teacher training programs, so that teachers can be aware of the importance of classroom questioning. 

Two of our purposes for future research are: i) to develop similar studies with larger samples, and ii) develop and implement an in-service teacher-training program to enhance classroom questioning teachers’ awareness. We strongly believe that teachers’ awareness for questioning can clearly benefit both teachers and pupils.
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