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Roles of Teachers in Orchestrating Learning in Elementary Science 

Classrooms 

Abstract: This study delves into the different roles that elementary science teachers 

play in the classroom to orchestrate science learning opportunities for students. 

Examining the classroom practices of three elementary science teachers in Singapore, 

we found that teachers shuttle between four key roles in enabling students learning in 

science. Teachers can play the role of (1) dispenser of knowledge (Giver), (2) mentor of 

learning (Advisor), (3) monitor of students’ activities (Police), and (4) partner in inquiry 

(Co-learner). These roles are dynamic and while teachers show a preference to one of 

the four roles, factors such as the nature of the task, the types of students as well as the 

availability of time and resources affect the role that teachers adopt. The roles that 

teachers play in the classroom have implications for the practice of science as inquiry in 

the classroom as well as the identities that teachers and students form in the science 

learning process.  

Keywords: scientific inquiry; teacher role; classroom discourse; elementary science; 

teacher-centered; student-centered 

Introduction 

Science learning is enacted in classrooms largely through the interactions between 

teachers-students, students-students, student-materials and teachers-materials. In an 

elementary science classroom, the teacher is often perceived to be the authoritative 

figure to provide the direction for learning. As such, the roles played by teachers in 

elementary science classrooms are instrumental in shaping students’ experiences of 

science learning. In this research, we discuss the possible roles played by three 

elementary science teachers in different Singaporean classrooms to illustrate how 

learning of science is made possible through the shuttling of different roles by teachers 

to meet the complexities and changing demands of practicing science as inquiry.   

The varied roles that science teachers play in teaching science are made more 

visible by the push towards inquiry-based practice. Scientific inquiry has been 

considered as a valuable method for teaching scientific ideas and knowledge to students 

by engaging them in scientific investigation (Abd-El-Khalick et al. 2004; National 

Research Council 2000, 2012). During the process of doing scientific inquiry, students 
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are expected to be actively engaged in asking scientifically oriented questions, giving 

priority to evidence when responding to questions, formulating explanations from 

evidence, connecting explanations to scientific knowledge, and communicating and 

justifying explanations (Asay and Orgill 2010; Bybee 2004). A considerable body of 

evidence has shown that students in inquiry-based science classroom developed 

scientific literacy, attained conceptual understanding, developed critical thinking, and 

have positive attitudes towards science (Duschl and Grandy 2008; Flick and Lederman 

2004; Minner et al. 2010). However, for the successful practice of scientific inquiry, the 

classroom needs to shift from one that is strongly directed by the teacher to one that is 

more student-directed. Students should have opportunities to generate questions and 

collaboratively conduct investigations for evidence-based reasoning with teacher’s 

facilitation and scaffolding (Anderson 2002; Crawford 2000). However, “orchestrating 

this kind of non-traditional, inquiry-based instruction is complex.” (Crawford 2000, p. 

917) ─ teachers need to know how they can create opportunities to engage their 

students to raise scientifically oriented questions and to think scientifically as well. To 

facilitate the process of teachers’ learning how to orchestrate opportunities for their 

students to inquire science, teachers must have the ability to reflect upon their roles and 

practices in their classrooms. In this study, we offer a glimpse into the practices of some 

science teachers in their elementary science classrooms and theorize the practices and 

roles played by these teachers. Our findings will help teachers become more aware of 

what they are doing in their classrooms and how they can shuttle between the different 

roles to enhance their practice of science as inquiry to fulfill the intended goals of 

science inquiry.       

In a traditional teacher-directed classroom, where a teacher acts as the sole source 

and arbiter of knowledge, students are passive receivers of knowledge through 

recording and memorizing the teacher’s lectures. In contrast, in a student-directed 

classroom, the teacher engages students in processing information, designing 

investigations, interpreting findings, and sharing authority in seeking answers. Thus, 

more student-directed and less step-by-step teacher directed learning is becoming an 

emergent need for building an inquiry-based science classroom (Anderson 2002; 

Crawford 2007; Peters 2010). However, the precise definition of inquiry teaching in the 

literature remains hazy. The US National Science Education Standards refers to inquiry 

teaching as  the different forms of teaching and means of communication and that with 

less teacher direction and more student involvement, the more open the inquiry 
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(National Research Council 2000). During practice, for most of the time, it is the 

teacher who makes the decision how much guidance to provide in an inquiry (Blanchard 

et al. 2009; Kim et al. 2013). In making a decision to the level of inquiry to adopt, a key 

element is the intended learning outcomes ─ whether the teacher wants students to learn 

a particular science concept, acquire reasoning and procedural skills of scientists, or 

develop understandings about the nature of science. It is agreed that the more 

responsibility learners have for posing and responding to questions, and designing 

investigations, the less guided the inquiry (National Research Council 2000). In this 

regard, balancing the variations between the open and guided inquiry is a challenging 

task for teachers and they need to “learn new teaching roles, learn how to put students in 

new roles and foster new forms of student work” (Anderson 2002, p. 8). 

In Singapore, scientific inquiry has been considered as the core element of 

elementary science curriculum highlighting that “central to the curriculum framework is 

the inculcation of the spirit of scientific inquiry” (Ministry of Education 2008, p. 1). 

Under this framework, teachers are advised to be facilitators and role models of the 

inquiry process so as to encourage and challenge students to develop their sense of 

inquiry. However, research has shown that teaching and learning approaches were not 

centered around the student as an inquirer (Zhai et al. 2014) and teachers were reported 

having dilemmas and difficulties with scientific inquiry (Kim et al. 2013). Moreover, 

there is scant literature about the roles and practices of teachers in inquiry-based science 

classrooms (cf. Crawford 2000; Keys and Bryan 2001). Therefore, there is an emergent 

need to understand teachers’ roles during their science instruction, especially when they 

are crafting an inquiry-based lesson.  

In order to bridge the gap in the literature and improve the teaching practices, we 

set out to investigate the roles of teachers during science teaching in elementary 

classrooms of Singapore context. The research questions guiding our study are as 

follows:  

(a) What are the learning environments created by the science teachers? 

(b) What are the possible roles of the teachers in practicing science inquiry in 

elementary science classrooms? 

Focus on the Classroom and the Role of Teachers 

The classroom is primarily where learning and interaction takes place in school. Once 
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we accept the central position of the classroom in school, we go on to examine the 

factors that will shape and determine the kinds of learning and interaction that goes on 

in classrooms. To understand what goes on in the classroom, we systematically examine 

the instructional settings of the class, the teaching strategies deployed, the discourse 

practices and eventually the roles of the teachers in orchestrating the lesson. Alexander 

(2001) argues for the need to examine the classroom together with all the factors that 

potentially influence what goes on in the classroom. He argues that examining the 

classroom and teaching in a decontextualized manner (in the absence of culture, local 

circumstances and interpersonal interactions) would greatly decrease the explanatory 

power of any study. Consequently, in this study, we focus on what goes on the 

classroom and consider the interactions that resulted from the talk and actions of the 

teachers, the students and the resources that are available all within the context of a high 

teacher dominance and examination focus of the Singaporean classroom.  

Roles of Teachers in Inquiry-Based Science Classrooms 

To create a classroom environment that allows for learners to experience the essential 

features of science inquiry as defined in the Standards (NRC 2000), teachers should 

know what to do differently from traditional didactic instructions (Bodzin and Beerer 

2003). Teachers need to create opportunities for learners to engage in identification of 

assumptions, usage of critical and logical thinking, and consideration of alternative 

explanations. However, Crawford (2000) observed that the meaning of the term inquiry-

based instruction often becomes diffused when applied to classroom practice resulting 

in practices that deviate from the original intent of science as inquiry. Consequently, we 

argue here that there is a need to examine how teachers are actually practicing science 

as inquiry in science classrooms before we can make sense of how science is actually 

taught and learnt in schools.  

Besides the lack of a unified understanding and definition of science as inquiry, the 

practice of science as inquiry is made more complex by the demands of different 

curricular and societal demands. As indicated by Alexander (2001), cultural and societal 

demands are powerful determinants of the character of classroom life and hence should 
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not be ignored. A growing number of studies have applied sociocultural theories to talk 

in classroom settings, particularly the notion of dialogic teaching (Mortimer and Scott 

2003; Mercer and Littleton 2007), whereby “teachers and children build on their own 

and each other’s ideas and chain them into coherent lines of thinking and inquiry” 

(Alexander 2004, p.27). In this regard, the ideal role of a teacher in a dialogic classroom 

is the co-learner of the students. Moreover, to examine the practice of science as inquiry 

across different classrooms with diverse social and cultural norm, Keys and Bryan 

(2001) suggested that a sociocultural lens could be applied to examine how teachers 

implement inquiry within the cultural context of local situations, and how tools, 

language, and social organizations are used by teachers and interpreted by students. The 

use of sociocultural lens is meaningful here as we adopt the notion that the practice of 

science as inquiry is culturally sensitive, that is, the practice of science as inquiry has 

unique traits across different cultural and curricular contexts. For example, Poon et al. 

(2012) found that elementary science teachers in Singapore (who is respected as an 

authoritative figure) placed emphasis on preparing students through whole class 

instructions and structured worksheets before the students actually start working on 

their investigations. This is specific phase of preparing students to investigate is seen as 

necessary to ensure sound classroom management, efficient use of resource, as well as 

ensuring that no curriculum time is wasted on students making too many mistakes. So 

the role of the teacher as an authoritative figure who designs and controls students’ 

activities and behavior is dominant. However, research has suggested that students need 

to be free to make mistakes and learn from them if they are to develop inquiry skills 

(Kirschner et al. 2006). In this regard, a teacher could be an advisor of learning who is 

responsible for engaging students with problem solving. Tan and Wong  (2012) also 

illustrated the role of teacher as an evaluator of knowledge in another Singapore 

elementary science classroom. In their study, they highlighted the tensions between the 

anxieties of a teacher who wants to teach students accurate canonical science 

knowledge through the process of science inquiry. In the context of a national 

curriculum that is outcome based and linked to a national placement examination, 

teachers need to be evaluators of knowledge that is co-constructed by students. In 

summary, the roles that teachers play in elementary science classrooms to encourage 

science inquiry and to ensure learning are varied and influenced by local demands and 

situations.  
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Teaching actions and pedagogical decisions by teachers are necessarily different 

based on factors such as teacher knowledge, age of students, language proficiency of 

students in the local environment (Keys and Bryan 2001) and other more systematic 

issues such as assessment concerns and time constraints (Kim et al. 2013). Multiple 

modes and patterns of inquiry-based instruction are not only inevitable but also 

desirable because they will paint a rich picture of meaningful learning in diverse 

situations (Keys and Bryan 2001). In this paper, we set out to illustrate the possible 

roles that teachers play in orchestrating learning opportunities under different 

instructional settings, using different teaching strategies as well as their engagement in 

different discourse practices. 

Classroom Discourse 

Current curriculum initiatives in science call for the development of classroom 

communities that take communication about science as a central focus (Lemke 1990; 

Scott 1998). In an inquiry-based science classroom, learners are expected to work 

collaboratively under the guidance of their teacher for developing epistemic 

understandings about the science content and the nature of science (Ford and Wargo 

2012; Herrenkohl et al. 2011; Schwartz et al. 2004). Mercer and Howe (2012) argue that 

the “talk amongst teachers and students, if of the right quality, can be powerful motor 

for the development of reasoning and the improvement of academic performance” (p. 

13). Similarly, Atkin and Black (2003) call for considering the quality of classroom 

discourse as an important criterion for evaluating teaching and learning. 

Scott et al. (2006), Mortimer and Scott (2003), and Lemke (1990) all examined the 

learning of science by examining the classroom discourses. Analyzing each turn of talk 

by the teachers and students, they established patterns such the triadic patterns of 

classroom talk as well as the notion of dialogic instruction. In traditional classrooms, the 

discourse “tends to be dominated by teacher monologues and exchanges between 

teachers and students in which teachers use ‘closed’ questions to seek brief, accurate 

confirmation that selected students know the ‘right answers’” (Mercer 2010, p. 13). The 

dominance of IRE (Initiation, Response, Evaluation) patterns in many classrooms 

indicates a strong teacher control in the learning processes. In contrast, inquiry-based 

science classrooms emphasize the dialogic interaction between teachers and students in 

which teachers use “open-ended” questions to prompt students’ thinking and engage 

them in reflective discussions of what they are studying (Chin 2007; Oliveira 2010; van 
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Zee et al. 2001). It is arguable that through teacher-student dialogic interactions, 

teachers open up the floor for students’ ideas and encourage their contribution to the 

classroom discourse meanwhile shift the power of control to the students. As such, it 

clearly indicates that under different instructional settings and using different 

instructional strategies, different forms of classroom discourse will result. This will 

inevitably mean that the roles teachers play and demands made of teachers will also be 

different.  

Research Methods 

Setting and Participants 

This study took place at Edmonton Elementary School (a pseudonym) serving students 

from Grade 1 to Grade 6 in a metropolitan area located in the central Singapore. This 

school was a high-performance school in the national examination for Grade 6 students 

to be emplaced in secondary school. Thus, we assumed that the teachers and students 

from Edmonton Elementary School would have good practices in science teaching and 

learning. For this study, we recruited three Grade 4 teachers who had more than 10 

years’ teaching experience in elementary schools although they had different science 

teaching experiences (see Table 1). We selected Grade 4 (10 years old) classes because 

these students were accessible and they were supposed to be familiar with the laboratory 

environments and have developed some basic science process skills since, in Singapore, 

science is introduced as an academic subject for the first time in Grade 3. 

Table 1. Participants and collected classroom observational data 

 

Teacher Science 

learning 

experience 

Teacher 

training 

experience 

Elementary 

school 

teaching 

experience 

Elementary 

science 

teaching 

experience 

Size of 

class 

(No. of 

students) 

Length of 

video 

recorded 

lessons 

Nick Diploma Degree 13 years 10 years 32 6:11:05 

Young Diploma Diploma 11 years 4 years 26 6:09:10 

Faria O-Level Degree 10 years 6 years 30 6:38:25 

 

Data Collection 

The data source for this study included video recordings of three teachers’ (they are the 

science teachers teaching Grade 4 science in that school) teaching of the unit about heat 

and energy over a six-week period for a total of approximately 18 hours of classroom 
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video. One videographer was present in the classroom to follow each teacher’s 

practices. The camera was stationed at the periphery of the classroom to remain as 

unobtrusive as possible. The teachers wore a radio microphone that captured all of their 

utterances and the utterances of students with whom they interacted. Our data collection 

provided records of whole class discussions and all teacher-student interactions. When 

the class went outdoors for field work, the videographer followed the teachers with 

hand-held camcorder. All the videotapes of the lessons were transcribed verbatim for 

further analysis. In order to calibrate our interpretation of the teachers’ practices, we 

also conducted a focus group interview with 4-5 students of each class and their teacher. 

During the interview, we showed the students and teacher selected segments of video 

recorded lesson activities and prompted them to discuss about their learning experiences 

in the observed class.   In addition, we had informal discussions with the teachers 

regarding their perceptions of scientific inquiry and their experiences of elementary 

science teaching. 

Data Analysis 

For this study, we employed the Inquiring into Science Instruction Observation Protocol 

(ISIOP) developed by Minner and DeLisi (2012) to examine the extent to which 

learning-oriented, inquiry-based, teaching indicators are present within an elementary 

science classroom instruction. This protocol is based on sociocultural theories of 

learning (Vygotsky 1978), which encourages student active thinking and responsible 

learning. The indictors of this protocol were developed to assess teaching practices and 

scientific investigation skills that have been either theorized or demonstrated to be 

associated with student inquiry learning (Delisi et al. 2011). The indicators of this 

protocol characterize the teaching practices which encourage student active thinking 

and responsibility for learning from three perspectives, including: (a) activities (e.g., 

instruction, hands on work, etc.) for each of the lesson discrete events; (b) the 

organization of students (e.g., whole class, group or individual work); and (c) the nature 

and frequency of verbal practices (types of questions, comments, feedback) exhibited by 

the teacher. The activities of each lesson inform how the students can be organized for 

learning and this in turn shapes the nature of teachers’ verbal practices.  

Due to personnel constraints, the first author coded the activities for each of the 

“lesson event” by segmenting each observed lesson into lesson events determined by 

the points at which the organization of the class (students are in whole class, small 
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group, pair, or individual arrangements) and nature of the lesson event shifts 

(instruction, discussion, writing, hands on activity, field exploration, etc.). Before the 

analysis of the data set collected for this study, for the training purpose, the first author 

coded all the sample video data offered by the Education Development Center (EDC). 

The inter-rater agreement between the first author and the EDC was compared by using 

Kendall tau b concordance coefficient, which measures the association based on the 

number of concordances and discordances in paired observations. The results of inter-

rater reliability indicate high agreement on the organization of class codes (τ=.83, 

p<.01) and the lesson event codes (τ=.86, p<.01). 

As teachers’ verbal practices are the means through which the business of teaching 

is accomplished, we analysed each utterance made by the teachers during each lesson 

event for the purposes of utterance. There are 25 types of verbal practices recorded as 

described in the Appendix 1. Both authors coded all the teacher utterances made 

available to the whole class as well as individual students according to this analytical 

scheme. The inter-rater reliability was measured based on the counting of all different 

codes. The Kendal tau b result indicated that high agreement on the teacher verbal 

practices were reached (τ=.83, p<.01). All the discrepancies were solved through 

discussion. 

In order to further characterize the roles of teachers during their elementary science 

instructions, we categorise the transcribed verbal data based on pedagogy employed by 

the teachers: whether it was teacher-directed or student-directed. Apart from quantifying 

the lesson events, class organizations, and teacher verbal practices, we analyzed the 

teacher-student interactions qualitatively and four thematized teacher roles emerged: 

knowledge dispenser (Giver), activity monitor (Police), learning mentor (Advisor), and 

inquiry partner (Co-learner).  

 

Findings 

Lesson Events and Class Organizations 

Students are organized differently when different teaching strategies are used by the 

teachers. Different teaching strategies require students to be organized differently and 

these different organization and activities create distinct lesson events.  Among the eight 

lesson events (instruction, teacher demonstration, watching video, assessment, 



Running head: ROLES OF TEACHERS IN SCIENCE CLASSROOMS                                   10 

 

discussion, written work, hands-on, and fieldwork,), four were more teacher-directed 

(instruction, teacher demonstration, watching video, and assessment) while the other 

four (discussion, written work, hands-on and fieldwork) were more student-directed. As 

seen in Figure 1, teacher instruction was the most predominant activity of all the eight 

activities. Teacher instructions made up more than 60% of the lesson time for all three 

teachers. The other teacher-directed activities were less commonly observed in the 

classrooms. In fact, in Young and Faria’s classes, there was no evidence of them using 

videos or engaging the students in assessment talk.  

For activities that were student-directed, students’ hands-on activities were the 

most popular. Here we see students engaged with their peers to carry out science 

experiments that were planned for them. Students were also seen engaging in written 

work and fieldtrip in all three classes. Student discussions were not popular in the three 

classes observed and they totally absent in Nick’s class.  Overall, the amount of time 

spent on teacher-directed activities was much higher when compared to time spent on 

student directed activities. This suggests that the three classes were strongly scaffolded 

with strong teachers’ control over what is to be carried out in class and how these 

activities should proceed.  
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Figure 1. Percentage of time spent by each teacher on different types of lesson events 

with the sum of student-directed and teacher-directed activities 

 

Further analysis of the three classrooms revealed that students are largely 

grouped as a whole class during the different learning events. The percentage of time 

spent on whole class instruction parallels the total amount of time spent on teacher-

directed instruction. This suggests that during teacher-directed activities such as teacher 

demonstration, watching video and assessment, it is largely teacher-fronted and students 

interact primarily with the teacher only. For hands-on activities, discussion, and 

fieldwork, students can be organized either as in pairs or groups. As the proportion of 

time spent on individual work corresponds to that of written work, it is likely that 
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students do written work individually. While all the three teachers show similar 

preferences in how they organize their students during classes, students in Young’s 

classroom spent more time working together with one another as compared with the 

students’ in the other two classrooms.  

 

Figure 2. Percentage of time spent by each teacher on teacher- and student-directed 

activities 

Teachers’ Verbal Practices 

As teacher-directed instruction was most dominant in the three classrooms, it is 

important to find out what is uttered by the teacher. Based on the categories suggested 

by ISIOP, we coded for teacher’s utterances in the following categories ─ “questions”, 

“feedback”, “signpost”, “prompt thinking”, and “reduce complexity” (Figure 3). Our 

analysis revealed that questioning was the most common verbal practice among the 

three teachers. The percentage of utterances that focused on questions ranged from 

38.9% to 54.6%. These teachers use questions to elicit and expand students’ thinking as 

ca be seen from the various types of questions which are raised. A one-way ANOVA, 

F(2,21) = 8.5, p< .01, and a Tukey post-hoc test showed that there is a statistically lower 

proportion of questioning utterances in Young’s class as compared with Faria’s class. 

As reflected in Figure 2, Young’s students also spent a proportionally greater amount of 
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time on group work. Teachers’ questions were farther examined to see if they were 

higher-order questions or lower-order questions. Lower-order questions (e.g., “fact”, 

“procedure”) are those factual or procedural driven ones which usually have only one 

correct answer; whereas higher-order questions are those that prompt students to 

develop explanations, apply learning to new problems, and elicit thinking about their 

own or others’ thinking. Figure 3 indicates that all three teachers tended to pose a 

relatively more lower-order questions than the higher-order ones. We also found that the 

proportion of factual questions across all teacher utterances was statistically 

significantly lower in Young and Nick’s classes compared to Faria’s, F (2, 21) = 6.3, p 

< .01. 

 

 

Figure 3. Proportion of verbal practices categorized into question (lower-order and 

higher- order), feedback, signpost, prompt thinking, and reduce complexity 

 

According to Figure 3, a shared feature of the three teachers’ verbal practices is 

that the relative frequency of questioning with respect to reducing complexity is wide. 

Only 2-3% of teacher utterances were identified as complexity reduction, which 

included consolidating students understanding of conceptual information by using real-

world examples, highlighting specific concepts, and typing main points of a lesson 

together. Moreover, when the components of coded verbal practices are ranked, the 
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same order of frequency emerges: “question”, “feedback”, “signpost”, “prompt 

thinking”, and “reduce complexity”.  

Verbal Practices and Engagement in Content 

To connect the verbal practices of the teachers to the lesson events and how the 

students were organized, we mapped the coded verbal practices to categories of teachers 

utterances as suggested by DeLisi et al. (2011). They suggested grouping the codes into 

categories according to the ways in which the teacher’s moves engaged students with 

the content. The categorized teacher utterances were grouped as: (a) students prompted 

to make sense of information; (b) teacher makes content storyline explicit; and (c) 

teacher presents information. In the first category, we tallied proportions for those codes 

that encourage students to actively engage with the content by asking probing or 

explanatory questions or encouraging students to take responsibility for making sense of 

the materials. The second category of codes concerned those where teachers make the 

content storyline of the lesson explicit for students by connecting what they are learning 

to previously learned information or to what they will learn in the future. The third 

category of codes related to those where the teacher is directing the information by 

either asking for or providing declarative knowledge. Table 2 presents the proportions 

of each of these categories for each teacher.    

Table 2. Proportion of verbal practices across theorized categories of utterances  

 

Category Codes for Verbal Practices Nick Young Faria 

a) Students prompted 

to make sense of 

information 

Explain, Meta, Apply, Suggest, 

Deflect 

14.3% 10.5% 13.4% 

b) Teacher makes 

content storyline 

explicit 

New and Old, Foreshadow, Situate, 

Highlight 

3.5% 5.3% 1.6% 

c) Teacher presents 

information 

Fact, Procedural, Itinerary, 

Directions, Acknowledge, 

Redirect, Correct, Give Info, Hint, 

Think Aloud, Examples, Summary 

57% 58% 54% 
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Note: Teacher utterances such as “solicit”, “praise”, and “rephrase” were not included   

Table 2 shows that a shared feature of the learning environments of the three 

classrooms was teacher-directed. There were approximately 54-58% of teacher 

utterances related to presenting information to students by asking factual or procedural 

questions, providing vocabulary or definition of terms, giving directions for activities, 

offering hints, correcting misconceptions, and so forth. In contrast, merely 10.5-14.3% 

of utterances contributed to prompting students to make sense of information through 

posing higher-order questions (e.g., explain, meta and apply), suggesting alternatives to 

consider related to a task or topic, or tossing the responsibility of thinking back to the 

students rather than giving them the answer directly.  

Moreover, it is noted that lower proportions of utterances (between 1.6-5.3%) were 

employed to make the content storyline explicit by connecting between previously 

covered martial and what is currently discussed, or relating what has learned to broader 

scientific concepts and understandings. It is interesting to note that in one of Nick’s 

lessons he analogically used the bouncing rubber balls to represent the conductivity of 

different materials (i.e., the ball bounced three times was considered as poor conductor 

of heat while the one bounced once as good conductor of heat). However, when we 

showed this part of video recorded classroom activity to his students who participated in 

the focus group interview, the discrepancies between teacher’s intention and student’s 

perceived experience emerged.  

 

Interviewer: Ok how does this activity help you learn about heat better? 

Student:   Nothing. 

Interviewer:  Why it didn’t help you much?  

Student:   They’re just bouncing balls and doing nothing else. 

Interviewer: You couldn’t... Why?  

Student:  I couldn’t see what we’re trying to do.  

 

From the students’ responses, it was apparent that the student did not understand or 

appreciate the purpose of the bouncing ball activity. We noted that during the 

instruction, Nick did not explicitly connect the activity to the broader scientific concepts 

of heat transfer and heat conductivity. 
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Roles of Teachers  

According to the conceptual framework emerged from the literature and the data about 

discourse practices, teaching-learning settings and strategies, we developed four 

categories of the teacher role  in science classrooms, that is, teacher as: (1) dispenser of 

knowledge (Giver), (2) mentor of learning (Advisor), (3) monitor of students’ activities 

(Police), and (4) partner in inquiry (Co-learner). These categories are developed under 

the process of both priori- and post-priori (Wellington 2000).  

Teacher as dispenser of knowledge (Giver) 

As we reported earlier that larger proportions of the three teachers’ utterances were 

related to information presentation (see Table 2), under such circumstances the teachers 

were considered as the sole source and arbiter of knowledge. We identified a substantial 

number of scenarios that the teachers acted as dispensers of knowledge, whereas their 

students acted as passive recipients of information. 

For instance, Young showed his students a hot water bottle, which is not a 

commonly used artifact in Singapore, to consolidate their understandings about the 

concept of heat transfer. Young asked the students to think about “What will happen to 

the temperature of the hot water inside the hot water bottle as you hold it throughout the 

night?” A student responded, “The water bottle will become cooler and cooler.” 

However, it was not the answer that Young expected and he emphasized that they need 

to use the concept of heat transfer to explain the phenomenon.    

 

Young: The water bottle becomes cooler and cooler. So what is that? What is 

the missing link here?  

Firdausi:   Heat 

Young: Ok, what about heat? 

Firdausi: The heat transfers to the bottle and the heat from the bottle transfers to 

the whole body. 

Young: So the missing link here is that when you explain you got to bring in the 

concept of heat transfer. The heat from the water bottle is transferred to 

the body as a result the body is getting hotter and the water bottle 

becomes cooler.  
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The above transcript revealed that it was Young who directed the flow of 

classroom discourse by requesting his students to keep the concept of heat transfer in 

mind. Although his question “What about heat?” seemed as an open-ended one, in fact, 

it was a hint to prompt the student to relate the phenomenon to the newly introduced 

concept of heat transfer. Perhaps, in Young’s mind, there was only one correct answer 

to the question, that is, “the heat from the water bottle is transferred to the body as a 

result the body is getting hotter and the water bottle becomes cooler”. 

Immediately, Young told the fact about thermal equilibrium without challenging 

his students’ thinking: 

 

Young: But, is this a cycle? No. At certain point of time, the temperature of both 

water bottle and the body will be the same. When you wake up in the 

morning, will you still feel the heat from the water bottle? No. It won’t 

last long, maybe for six hours. In the next lesson, after heat transfer you 

will learn about conductor, and then you will learn something why this 

water bottle is so special.  

 

For Young, the questions he asked in the above transcript were rhetorical in nature, 

as he did not expect the students to answer. However, he attempted to make the content 

storyline of conductivity explicit as he foreshadowed ideas from the current activity to 

the future lesson. With such a discourse pattern, it should not be surprising that the 

teacher exercises all the higher-level control of the discourse. The students are cast into 

a perpetually reactive and receptive role. In short, the excerpts presented in this section 

revealed that Young was the main driver of the classroom discourse and he was the 

authority of the learning community. 

 

Teacher as monitor of student activities (Police) 

Throughout the analysis of lesson activities especially those student-directed ones (e.g., 

as hands-on experimentation, fieldwork, writing work, etc.), we noted that all three 

teachers, particularly Young kept track of students’ engagement and progress 

throughout the lesson. They do so through questioning to monitor understanding and 

engagement of students’ on their tasks (Poon et al. 2012). For example, during the 

fieldwork for recording temperatures from different locations on school campus, the 
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teachers constantly checked their students’ progress and called on them to take turns to 

use the data logger and thermometers. Moreover, when the students were engaged in 

doing hands-on experiments in groups, the teachers usually walked around the 

laboratory and checked whether the students conducted the investigations by following 

the correct procedures. At this moment, they asked procedural questions, such as: 

“What are the steps to do this experiment?”, “Did you look straight at the thermometer 

at eye level to record the temperature?”, “What do you need to do to make a squashed 

plastic bottle go back to its original shape?” and so forth. In the abovementioned 

situations, the learning environment was more teacher-directed and the teachers’ 

purpose was to direct the students to correctly complete the task (be it completion of 

workbook or filling out a worksheet).  

Teacher as mentor of learning (Mentor) 

Our data corpus also revealed a few video clips that captured the scenarios of the 

teachers engaging students in discussions for co-constructed knowledge. For instance, at 

the beginning of a lesson, Faria passed a hot towel from the front of the class to the back 

and asked the first and last students who touched the towel to report how they felt. The 

following transcripts show how she assisted her students to understand the concepts of 

heat transfer and temperature: 

 

Faira: Why did the hot towel become cold? 

Moses: Because heat is escaping out of the towel. 

Faria:  The heat is escaping from the towel. Okay, if the heat is escaping from 

the towel, where do you think the heat goes? 

Moses: Around the classroom, into the air. 

Faria:  Into the surrounding air, surrounding you. What does this activity tell 

you about how heat moves? 

Sonia: Heat travels fast. 

Faria:  Heat travels fast, alright. Heat can travel fast, that’s possible. Wai Lee? 

Wai Lee: Heat travels from a hotter place to a colder place. 

Faria:  Why? I want you to explain about how this hot towel becomes cold.  

Aryan: Heat traveled from the hot towel to the cold air. 

Faria:   Okay, to the colder air, the one that is surrounding us. Which one got 

the higher temperature? 

Ss: Towel 
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Faria:  The hot towel or?  

Ss: Hot towel. 

Faria:  Okay, the one with the higher temperature is the hot towel. Now, lower 

temperature is the surrounding air, right? What is the meaning of higher 

temperature?  

Ss:   Hotter. 

Faria:  Hotter and when it’s hotter it has more? 

Ss: Heat.  

Faria:  Yes, it has more heat. Lower temperature it will have? 

Ss: Less heat. 

 

It was noted that Faria employed different strategies, such as questioning and re-

directing to prompt and push for more information from the students rather than 

teaching by telling the facts. The above scenario, to some extent, has indicated a 

student-directed learning environment whereby the lesson ideas are developed based on 

responses by the students. The students’ responses shape the direction in which the 

conversation will proceed. This form of dialoguing between the teacher and the students 

shows evidence of how the teacher mentors the students thought processes.  

Lijnse (1995) advocated that communication with students involves listening to the 

students’ explanation and justification and not merely to dismiss their ideas when their 

ideas do not match our conceptions. This mentoring role of teachers is important to 

direct students and engage them in thinking so that they are able to understand the 

limitations in their current explanations and way of thinking.  

Teacher as partner in inquiry (Co-learner) 

In an inquiry-based science classroom, a teacher is required to facilitate students in 

designing experiments to develop evidence-based scientific reasoning for their own 

generated investigable questions (National Research Council 2000). In fact, for some 

occasions, the teacher would not the know answer neither and thus need to work with 

his or her students collaboratively for explanations to the question. Under such 

circumstances, the teacher and students become partners in scientific explorations. 

Initially, we hypothesize that these situations of co-learning will be more common in 

the elementary science classrooms since many of the elementary science teachers are 

generalists rather than science specialists. However, throughout the analysis of 

approximately 18 hours of transcribed video data, only one scenario of teacher as 
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partner in student inquiry was captured in Nick’s lesson.  

When Nick was engaging his students in making sense of the concept about 

expansion and contraction by referring to the gap between a door and the floor, a 

student spontaneously initiated a question: “Do we expand on a hot day?” Rather than 

responding to the student’s question directly, Nick redirected the responsibility of 

thinking back to the students and suggested them to consider: “Will you weigh heavier 

on a hot day than a cool day?” In the following lesson, Nick and his students were 

engaged with the discussion and attempted to solve the issue. 

 

Nick: Have you considered the question [asked by the student in the previous 

lesson]: Do we expand on a hot day? 

Kalong: My auntie said: “At night when it’s cooling, then you will contract.” I 

told her that my shoes became very small during day time. Then, she 

said: “when you go to buy shoes at night your feet will contract a bit.” 

Rafian:  Won’t the shoes expand also? 

Nick: Good question. If we are walking in a hot sun then all of us will expand. 

Do you experience that your feet will expand until so tight that you 

don’t feel like walking anymore? How come my shoes are not so tight 

now? I can’t walk in the hot sun anymore. Then Radian says that don’t 

worry because the shoes expand too. Your feet expand together with 

your shoes. 

Arian: We do expand on hot days but the expansion of our body is negligible. 

It’s so little that it’s not even noticeable to us. 

Nick: Is that true? 

Ss: [some said “yes” and some said “no”] 

 

In above transcripts, Rafian did not agree with Kalong’s idea that one can fit the 

shoes in the evening when the temperature cools down and posed a question: “Won’t 

the shoes expand also?” Rather than offering the answer to the question, Nick rephrased 

and compared what Rafian and Kalong had said. Then Arian pointed out that the human 

body would not notice the effect of expansion and contraction. Again, Nick did not 

show his agreement or disagreement on Arian’s statement, instead, he asked “Is that 

true?” to seek alignment from the rest of the class. By noticing that the class was 

confused, he suggested them to design an experiment at home and test their hypothesis. 
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Nick: Why not I help you a bit? I’m sure all of you would have some tight 

shirts at home. I’m asking you find some cloths that you can’t wear 

anymore and then try this. I mean if you have an air-conditioner at home, 

you stay inside the air-conditioned room for a while and then see 

whether your tight shirt will feel loosen up. You said that this statement: 

matter expands when it’s heated and it contracts when it’s cooled down, 

right? So, ask yourself do our bodies expand on a hot day and contracts 

on a cool day. You try to find out and give me an answer tomorrow. 

 

 Although the idea of experimentation was proposed by Nick rather than designed 

by the students, the activity of testing hypothesis through experimentation at home was 

to enable them to work together to figure out the answer. This may provide the students 

with an opportunity to go through the inquiry process. Unfortunately, in the remaining 

lessons we did not observe any occasion Nick checked the outcomes of the students’ 

experiment. During the informal discussion after the lesson, Nick reflected on his 

teaching practice and expressed that the student’s question offered a platform for him to 

work with students together to brainstorm for ideas and solutions.  

 

Conclusions and Discussion 

With reference to the first research question on the kinds of learning environments 

created by the science teachers, we found that teachers in this study tended to organize 

whole-class instructions and direct the process of teaching and learning, as their talk 

coded as “presenting information” dominated the classroom discourse. Consequently, 

there were limited opportunities for students to be actively engaged in meaning making 

by building their ideas on each other’s. Rather, they appear to be passive recipients of 

knowledge. It is believed that in a teacher-directed learning environment “teachers 

reflect a type of socialization where students value static knowledge rather than building 

knowledge through social interactions” (Peters 2010, p. 331). In this regard, students 

merely passively collect facts from their teacher rather than exploring and constructing 

the science ideas themselves (Chin and Brown 2000). 

The second research question delves with the possible roles that teachers play in 

practicing science as inquiry in the three classrooms observed. The four different roles 

that teachers can play are (1) dispenser of knowledge (Giver), (2) monitor of students’ 

learning (Police), (3) mentor to students’ learning (Mentor), and (4) partner in inquiry 
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(Co-learner). According to the video data analysis, the roles that teachers adopt and 

prefer are dependent upon the classroom dynamics (e.g., time limit, resources available) 

and the lesson objectives to be fulfilled. Nespor (1987) stated that teachers largely rely 

on their core beliefs systems rather than academic knowledge when making pedagogical 

decisions as classrooms are ill-structured and does not allow teachers the luxury of step-

by-step problem solving. Detailing the possible roles that teachers actually play in the 

classroom is likely to be one of the first steps to getting teachers to examine their own 

practices and develop mindfulness of their engagement with the students during lessons. 

Developing an acute sense of what is going on in the classrooms and their practices 

helps to create a more conducive environment for learning to take place.  

From observations of the classroom practices, we noted that the level of scientific 

inquiry depends on the openness of the tasks presented to the students, the teaching 

strategies adopted as well as the organization of the students in the learning event. 

Concurring with the points about authenticity and relating to students’ experiences 

(Anderson 2002), we found that authentic inquiry tends to be more plausible when the 

questions raised have connection to students’ everyday examples ─ for example, in 

Nick’s classroom where he tried to co-learn with the students whether our bodies 

expand on a hot day.  Science inquiry becomes limited and routine when the learning 

events are structured ─ the teacher teaches canonical scientific knowledge, develops the 

science questions that students have to answer and also produces detailed protocol in 

students’ experimentation.  

Taken together, the different forms of science inquiry will lie on a continuum, 

where during open inquiry, students formulate their own investigable questions, design 

and follow through with a developed procedure, and communicate their findings, while 

students respond and follow teacher’s instructions in closed-inquiry (Banchi and Bell 

2003). Teachers play different roles along this continuum, with each of the roles that 

teachers play contributing to the eventual science learning experiences of the students. 

If the teacher is dispenser of knowledge, he/she will focus on giving out information 

and hence, the form of inquiry is one that is highly structured. We see this usually in the 

first part of lessons when teachers want to ensure that students must have at least some 

understanding of the concept that they are working with. During this phase of the 

learning, we usually see students organized as a class and teachers engaged in frontal 

instruction and lecture. While teachers raised questions, they usually use the questions 

to guide students’ thinking.   
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When the lesson focus changed to hands-on activities, students usually work in 

groups or in pairs. When students gather in groups, we usually see a change in teachers’ 

roles. Teachers play the role of monitor of students’ activities when the students are 

engaged in group discussions or investigations of their own. Here the teachers focus on 

classroom management and discipline to ensure that a conducive learning environment 

is presented for meaningful learning to take place. Fraser (2007) whose work deals with 

studying learning environments reminds us that there is strong evidence to suggest that 

“classroom environment strongly influences students’ outcomes. Therefore, teachers 

should not feel that it is a waste of time for them to devote time and energy to 

improving their classroom environment” (p. 103).  

Besides playing the role of a giver and a police in facilitating students’ learning 

of science through inquiry, teachers can also adopt a mentor role.  When they serve as a 

mentor, they actually exhibit expert-novice kind of behavior. Hmelo-Silver et al. (2002) 

studied the differences in how novices and experts differ in their reasoning processes 

although they reached the same end point when designing a clinic trial for a new cancer 

drug. Novices do not have extensive knowledge of science and hence they have a lower 

capacity to reflect on issues that arise when compared with experts who have more in-

depth scientific knowledge and hence more abled to draw analogies as well as reflect on 

outcomes to solve problems.  Hence, when teachers play the role of a mentor, they 

guide students in solving problems through the use of questions to reflect upon the 

issues faced by the students. The teachers as experts also know what questions to rise to 

guide students to be more critical in their thinking. This can be seen from the high 

percentage of teachers’ utterances focusing on questions. 

Finally, teachers can also potentially be partners in inquiry and share the agency of 

learning with the students. To be co-learners with their students, teachers position 

themselves as equal with the students so that the knowledge is equally co-constructed 

by the teachers as well as the students. This role as co-inquirer is rare (as reflected in 

our data analysis) but should ideally be present in an authentic science inquiry situation. 

When inquiry is into an area that is authentic and novel, there is a greater likelihood of 

uncertainties arising. Hence, teachers will indeed learn and explore together with their 

students.   

Taken together, the answers to the two research question suggest that there is a 

dialectical relationship between the roles played by teachers and the learning events and 

environment that result. The learning environment and events calls for specific roles of 
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teachers to be played but at the same time, the different roles that teachers adopt shape 

and influence the nature of the learning event. We recognize that the four roles 

described are not mutually exclusive and there are overlaps between the roles. The 

dynamic nature of classrooms probably demands that teachers play multiple roles and 

switch their roles often. Figure 4 summarizes the relationship between the roles played 

by teachers and how shuttling between the different roles can potentially take place to 

fulfill the different intents of science learning (student-directed versus teacher-directed 

and inquiry-oriented versus task-oriented). The square of each quadrant formed by the 

learning trajectory highlights the proportions of different roles that the teacher played 

during teaching practice. We argue that each role has its aim and value for student 

learning. However, if the learning trajectory can move upward, there would be more 

teacher-student collaborations in discovering ideas and constructing joint 

understandings.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. A model of teacher-student relationship in observed science classrooms 

Quadrat I: Teacher as partner in inquiry 

Quadrat II: Teacher as mentor to student learning 
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Quadrat III: Teacher as knowledge dispenser 

Quadrat IV: Teacher as monitor of student learning 

 

Acknowledgements 

This work is supported by a grant by the Singapore Millennium Foundation Limited 

(SMF-Sci Learning Env). Any opinions, findings, conclusions, or recommendations 

expressed in this publication are those of the authors and do not necessarily reflect the 

position, policy, or endorsement of the funding agency.  

The authors acknowledge the contribution of research team members Ms Jennifer Jocz, 

Ms Joanna Ong and Mr Frederick Talaue. The authors especially thank the teachers 

who participated in the research. 

References 

Abd-El-Khalick, F., BouJaoude, S., Duschl, R., Lederman, N. G., Mamlok-Naaman, R., 

Hofstein, A., . . . Tuan, H.-l. (2004). Inquiry in science education: International 

perspectives. Science Education, 88(3), 397-419. 

Alexander, R. (2004). Still no pedagogy? Principle, pragmatism and compliance in 

primary education. mer, 34(1), 7-33. 

Anderson, R. D. (2002). Reforming science teaching: What research says about inquiry. 

Journal of Science Teacher Education, 13(1), 1-12. 

Asay, L., & Orgill, M. (2010). Analysis of essential features of inquiry found in articles 

published in The Science Teacher, 1998-2007. Journal of Science Teacher 

Education, 21(1), 57-79. 

Atkin, M., & Black, P. (2003). Inside science education reform: A history of curricular 

change. New York: Teachers College Press. 

Banchi, H., & Bell, R. L. (2003). The many levels of inquiry. Science and Children, 

46(2), 26-29. 

Blanchard, M. R., Southerland, S. A., & Granger, E. M. (2009). No silver bullet for 

inquiry: Making sense of teacher change following an inquiry-based research 

experience for teachers. Science Education, 93(2), 322-360. 

Bybee, R. W. (2004). Scientific inquiry and science teaching. In L. B. Flick & N. G. 

Lederman (Eds.), Scientific inquiry and nature of science: Implications for 

teaching, learning, and teacher education (pp. 1-14). Dordrecht, The 

Netherlands: Springer. 

Chin, C. (2007). Teacher questioning in science classrooms: Approaches that stimulate 

productive thinking. Journal of Research in Science Teaching, 44(6), 815-843. 



Running head: ROLES OF TEACHERS IN SCIENCE CLASSROOMS                                   26 

 

Chin, C., & Brown, D. E. (2000). Learning deeply in science: An analysis and 

reintegration of deep approaches in two case studies of grade 8 students. 

Research in Science Education, 30(2), 173-197. 

Crawford, B. A. (2000). Enhancing the essence of inquiry: New roles for science 

teachers. Journal of Research in Science Teaching, 37(9), 916-937. 

Crawford, B. A. (2007). Learning to teach science as inquiry in the rough and tumble of 

practice. Journal of Research in Science Teaching, 44(4), 613-642. 

DeLisi, J., McNeill, K. L., & Minner, D. D. (2011). Illuminating the relationship 

between inquiry science instruction and student learning: Results from three 

case studies. Paper presented at the 84th Annual Conference of the National 

Association for Research in Science Teaching (NARST), Orlando, FL. 

Duschl, R. A., & Grandy, R. E. (Eds.). (2008). Teaching scientific inquiry: 

Recommendations for research and implementation. Rotterdam: Sense 

Publishers. 

Flick, L. B., & Lederman, N. G. (Eds.). (2004). Scientific inquiry and nature of science: 

Implications for teaching, learning, and teacher education. Dordrecht, The 

Netherlands: Kluwer Academic Publishers. 

Ford, M. J., & Wargo, B. M. (2012). Dialogic framing of scientific content for 

conceptual and epistemic understanding. Science Education, 96(3), 369-391. 

Fraser, B. J. (2007). Classroom learning environments. In S. K. Abell & N. G. 

Lederman (Eds.), Handbook of research on science education (pp. 103-124). 

Mahwah, NJ: Lawrence Erlbaum Associates Publishers. 

Herrenkohl, L. R., Tasker, T., & White, B. (2011). Pedagogical practices to support 

classroom cultures of scientific inquiry. Cognition and Instruction, 29(1), 1-44. 

Hmelo-Silver, C. E., Nagarajan, A., & Day, R. S. (2002). “It's harder than we thought it 

would be”: A comparative case study of expert–novice experimentation 

strategies. Science Education, 86(2), 219-243. 

Keys, C. W., & Bryan, L. A. (2001). Co-constructing inquiry-based science with 

teachers: Essential research for lasting reform. Journal of Research in Science 

Teaching, 38(6), 631-645. 

Kim, M., Tan, A.-L., & Talaue, F. T. (2013). New vision and challenges in inquiry-

based curriculum change in Singapore. International Journal of Science 

Education, 35(2), 289-311. 

Lemke, J. L. (1990). Talking science: Language, learning and values. Norwood, NJ: 

Ablex Publishing. 

Lijnse, P. L. (1995). "Developmental research" as a way to an empirically based 

"didactical structure" of science. Science Education, 79(2), 189-199. 



Running head: ROLES OF TEACHERS IN SCIENCE CLASSROOMS                                   27 

 

Mercer, N. (2010). The analysis of classroom talk: Methods and methodologies. British 

Journal of Educational Psychology, 80(1), 1-14. 

Mercer, N., & Howe, C. (2012). Explaining the dialogic processes of teaching and 

learning: The value and potential of sociocultural theory. Learning, Culture and 

Social Interaction, 1(1), 12-21. 

Mercer, N., & Littleton, K. (2007). Dialogue and the development of children's 

thinking: A sociocultural approach. London: Routledge. 

Ministry of Education. (2008). Primary science syllabus. Singapore: Ministry of 

Education. 

Minner, D. D., & DeLisi, J. (2012). Inquiring into science instruction observation 

protocol (ISIOP) codebook. Newton, MA: Education Development Center. 

Minner, D. D., Levy, A. J., & Century, J. (2010). Inquiry-based science instruction: 

What is it and does it matter? Results from a research synthesis years 1984 to 

2002. Journal of Research in Science Teaching, 47(4), 474-496. 

Mortimer, E. F., & Scott, P. H. (2003). Meaning making in secondary science 

classroom. Maidenhead, England: Open University Press. 

National Research Council. (2000). Inquiry and the National Science Education 

Standards: A guide for teaching and learning. Washington, D.C.: The National 

Academies Press. 

National Research Council. (2012). A framework for K-12 science education: Practices, 

crosscutting concepts, and core ideas. Washington, D.C.: The National 

Academies Press. 

Nespor, J. (1987). The role of beliefs in the practice of teaching. Journal of Curriculum 

Studies, 19(4), 317-328. 

Oliveira, A. W. (2010). Improving teacher questioning in science inquiry discussions 

through professional development. Journal of Research in Science Teaching, 

47(4), 422-453. 

Peters, E. (2010). Shifting to a student-centered science classroom: An exploration of 

teacher and student changes in perceptions and practices. Journal of Science 

Teacher Education, 21(3), 329-349. 

Poon, C.-L., Lee, Y.-J., Tan, A.-L., & Lim, S. (2012). Knowing inquiry as practice and 

theory: Developing a pedagogical framework with elementary school teachers. 

Research in Science Education, 42(2), 303-327. 

Schwartz, R. S., Lederman, N. G., & Crawford, B. A. (2004). Developing views of 

nature of science in an authentic context: An explicit approach to bridging the 

gap between nature of science and scientific inquiry. Science Education, 88(4), 

610-645. 



Running head: ROLES OF TEACHERS IN SCIENCE CLASSROOMS                                   28 

 

Scott, P. H. (1998). Teacher talk and meaning making in science classrooms: A 

Vygotskian analysis and review. Studies in Science Education, 32(1), 45-80. 

Scott, P. H., Mortimer, E. F., & Aguiar, O. G. (2006). The tension between authoritative 

and dialogic discourse: A fundamental characteristic of meaning making 

interactions in high school science lessons. Science Education, 90(4), 605-631. 

Tan, A.-L., & Wong, H.-M. (2012). ‘Didn’t get expected answer, rectify it.’: Teaching 

science content in an elementary science classroom using hands-on activities. 

International Journal of Science Education, 34(2), 197-222. 

Tobin, K. (2014). Transforming science education by expanding teacher and student 

collaboration. In A.-L. Tan, C.-L. Poon & S. S. L. Lim (Eds.), Inquiry into the 

Singapore science cslassroom: Research and practices (pp. 40-57). Dordecht, 

The Netherlands: Springer. 

van Zee, E. H., Iwasyk, M., Kurose, A., Simpson, D., & Wild, J. (2001). Student and 

teacher questioning during conversation about science. Journal of Research in 

Science Teaching, 38(2), 159-190. 

Wellington, J. (2000). Educational research: Contemporary issues and practical 

approaches. London, UK: Continuum.  

Zhai, J., Jocz, J., & Tan, A.-L. (2014). 'Am I like a scientist?': Primary children's images 

of doing science in school. International Journal of Science Education, 36(4), 

553-576. 

 

 

Appendix 1: The ISIOP Coding Scheme for teacher verbal practices  

1. To gauge or expand students’ thinking by asking questions that: 

 Solicit: Solicit volunteers for activity; call on students to take a turn; tally students’ 

voices/choices; check on students’ progress 

 Fact: Require students to recall facts, terms, and definitions; or require students to 

provide short, specific answers (knowing that…) 

 Procedural: Require students to call steps, actions, or procedures in observing 

phenomena or conducting investigations (knowing how…) 

 Explain: Require students to recall theories, models, or evidence to explain natural 

phenomena (knowing why…) 

 Meta: Prompt students to evaluate the reasoning, explanations, or use of evidence in 

argument by themselves or others 

 Apply: Encourage students to apply learning to new conditions, scenarios or 

problems (what if…) 

 

2. To provide signposts to students about the progression/order of the lesson by: 

 Making connections between previously covered material and what is currently 

being discussed 

 Itinerary: Giving the itinerary or list of activities for the lesson; reiterating the 

itinerary as the lesson progresses 

 Directions: Providing directions to students for how to complete a specific task 
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 Foreshadow: Foreshadowing what will come later in the institutional experience 

(logistic information) 

 Situate: Providing a conceptual rationale for a given class activity—“content 

storyline” 

 

3. To provide feedback to students by: 

 Acknowledge: Repeating close to verbatim what a student said for the whole class 

to hear 

 Rephrase: Articulating a student response more clearly/logically/succinctly, often 

using more precise, scientific language 

 Redirect: Indicating that some part of a student response is not accurate or on target 

and push for more information from the students 

 Correct: Correcting a student’s answer by providing correct or stating that answer 

was not correct 

 Praise: Reinforcing or encouraging creative answers, participation, persistence 

 Disc: Discouraging undesirable behavior 

 

4. To prompt thinking by: 

 Give info: Providing conceptual information including vocabulary 

 Hints: Using specific hints and minimal cues to guide students’ thinking towards a 

learning target 

 Suggest: Suggesting different things to consider related to a task or topic 

 Think aloud: Demonstrating how he/she (the teacher) would approach a problem or 

think about a topic 

 Deflecting: Not providing an answer to a direct student question, but rather, 

encouraging the student to find the answer for him/herself 

 

5. To reduce the complexity of an idea by:  

 Examples: Using analogy or real-world examples to illustrate a science concept or 

process 

 Highlight: Verbally highlighting a specific fact, concept or direction 

 Summary: Reinforcing the main points of a lesson by trying together multiple pieces 

of information 
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