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KNOWING INQUIRY AS PRACTICE AND THEORY:  

DEVELOPING A PEDAGOGICAL FRAMEWORK WITH ELEMENTARY 

SCHOOL TEACHERS 

  

ABSTRACT 

In this paper, we characterize the inquiry practices of four elementary school 

teachers by means of a pedagogical framework. Our study surfaced core components 

of inquiry found in theoretically-driven models as well as practices that were regarded 

as integral to the success of day-to-day science teaching in Singapore. This approach 

towards describing actual science inquiry practices—a surprisingly neglected area—

uncovered nuances in teacher instructions that can impact inquiry-based lessons as 

well as contribute to a practice-oriented perspective of science teaching. In particular, 

we found that these teachers attached importance to (a) preparing students for 

investigations, both cognitively and procedurally; (b) iterating pedagogical 

components where helping students understand and construct concepts did not follow 

a planned linear path but involved continuous monitoring for learning; and (c) 

synthesizing concepts in a consolidation phase. Our findings underscore the 

dialectical relationship between practice-oriented knowledge and theoretical 

conceptions of teaching/learning thereby helping educators better appreciate how 

teachers adapt inquiry science for different contexts.  
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KNOWING INQUIRY MORE AS THEORY, LESS IN PRACTICE 

  Inquiry science has been one of the central foci of research among science 

educators over the last six decades and we have greatly expanded our knowledge 

concerning the nature of inquiry (e.g., Schwab, 1962), the arguments for or against 

inquiry (e.g., Matthews, 1994), and the effectiveness of inquiry programs (e.g., 

Shymansky, Hedges, & Woodworth, 1990) among many other issues. It is therefore 

surprising to learn that there are “few research studies that actually examine teachers’ 

instructional practices in inquiry classrooms” (McNeill & Krajcik, 2008, p. 54). 

Publications thus far have tended to summarize or gloss over inquiry practices as 

“doing science,” “hands-on science” or “real-world science” rather than concretely 

describing what teachers and students are really doing in the classroom. By unpacking 

what is so often camouflaged under an ambiguous and encompassing label through 

examining teachers’ classroom practices, educators will be better able to pinpoint how 

students learn scientific inquiry or for that matter, science content. 

 Support for interrogating what normally passes as inquiry-based lessons come 

from allied disciplines as well. For example, researchers operating in socio-

cultural paradigms have shown that knowledge is generated not only from interactions 

with phenomena (i.e. empirical investigations) but also through epistemic discourse 

and reasoning around the phenomena (Kelly, 2008). There is hence no substitute for 

careful, in situ studies of classroom life to understand how learning occurs rather than 

having a priori assumptions that learning is a consequence of inquiry teaching. Even 

in systems that explicitly advocate inquiry and provide resources congenial for its 

implementation, there exists an enormous gulf between policy and practice  

(Knapp, 1997; Spillane, Reiser, & Reimer, 2002). Teachers, as both targets and agents 

of change, will interpret and transform theoretical conceptions of inquiry science 
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based on their prior ideas, capabilities, experiences, and a host of other factors. Again, 

mapping out classroom practices of science teachers can contribute to knowledge 

about how diverse contexts and learners influence instructional decision-making. 

In view of these scarce but pedagogically significant portraits of inquiry (see 

Keys & Bryan, 2001), our research attempts to characterize the inquiry practices of 

four elementary science teachers in Singapore. Questions guiding our research were: 

(1) What are the pedagogical components and sequences of inquiry science 

as perceived and enacted by four teachers in an elementary school in 

Singapore?  

(2) What does this enactment of inquiry science inform us concerning 

practice-oriented elements of inquiry teaching?  

At the heart of this 14-month project was the use of a pedagogical framework 

to capture the key instructional components and teaching sequences of inquiry 

situated in the everyday realities of high-stakes assessment and a crowded curriculum. 

By “instructional component,” we refer to a distinct phase in instruction that performs 

a specific pedagogical function (Bybee et al., 2006). For example, in the 5E 

framework of the Biological Sciences Curriculum Studies (BSCS), “engage” is an 

instructional component that describes curricular activities accessing students’ prior 

knowledge and connecting them with new concepts.   

In the following sections, we review the literature on the theoretical/practice-

based constructs of inquiry science and five pedagogical frameworks of inquiry that 

formed the basis of our work. This is followed by details on the methodology, 

research site, and research participants before presenting findings on the pedagogical 

components and patterns that characterised the teachers’ practice. We conclude with 
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implications of how reform efforts such as inquiry science are always mediated by 

teachers in their local contexts. 

 

CONCEPTUAL BASES OF STUDY 

Theory and Practice of inquiry Science 

Our study sought to uncover nuances of everyday practice that can influence 

the implementation of theoretically-driven forms of inquiry science in the classroom. 

While the theoretical and practical aspects are closely related, the latter can be 

distinguished from the former by its situated and contingent character. Nonetheless, 

our findings corroborate the need for both kinds of knowledge in inquiry teaching.  

There have been attempts to characterize and model inquiry science from 

more abstract or theoretical perspectives. Some have argued that inquiry science 

should reflect science as practiced by contemporary scientists though it is not feasible 

for school science to authenticate all of the socio-epistemic characteristics that typify 

the work of scientists (Grandy & Duschl, 2008). Furthermore, Kirschner, Sweller, and 

Clark (2006) have claimed that there was a clear distinction between practicing a 

discipline and learning a discipline for “the way an expert works in his or her domain 

(epistemology) is not equivalent to the way one learns in that area (pedagogy)”  

(p. 78). Amidst this debate, the National Research Council has attempted to describe 

inquiry by identifying key pedagogical features essential to inquiry (NRC, 2000) such 

as the construction of scientific knowledge through a process of asking questions, 

collecting evidence from investigations, constructing explanations, and the 

documentation and presentation of claims and evidence for debate and validation. 

While such idealized characterizations are extremely useful in delineating inquiry 
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from non-inquiry approaches and catalyzing good practices, one must not forget that 

they prescribe what should rather than what does occur in classrooms.  

More recently, Hammer, Russ, Mikeska, and Scherr (2008) proposed that 

inquiry science can be defined as a “pursuit of coherent, mechanistic accounts of 

natural phenomena” (p. 150). This understanding is different from typical definitions 

of inquiry (such as from the National Science Education Standards), which tend to 

circumscribe specific processes and activities essential to inquiry science. Although 

this is an important re-framing of inquiry from processes to goals, we are not 

confident that it is a useful guide for teachers who need to translate theory into 

everyday classroom practice.  

To be sure, the NRC has endorsed a wide range of practices that include 

strong teacher-direction in helping students formulate and investigate a scientific 

question as well as open-inquiry approaches where students take greater control of the 

questions that they wish to investigate and the means to do so. Using case studies of 

schools that were regarded as successful in implementing inquiry in the forms 

espoused by the NRC, Anderson (2007) found that even within the same school where 

teachers adopted identical curricular materials, there were a variety of inquiry 

approaches. The portraits of inquiry practices that emerged from classroom studies 

(e.g., Abell, 1999) indicate that despite the prescriptions found in curriculum 

materials, there were many factors influencing inquiry enacted in the classroom, such 

as the normative roles of teachers and students and teacher pedagogical content 

knowledge. For instance, by documenting the classroom discourses of Karina, a grade 

6 science teacher, Rowell and Ebbers (2004) showed how the interaction between 

instructional discourse and institutional discourse of accountability shaped Karina’s 

inquiry practice. Although Karina regarded herself as having “adopted” inquiry by 
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faithfully fulfilling the institutional expectations that she had interpreted from the 

District Curriculum Guide, her lack of pedagogical knowledge for inquiry discourse 

impeded the lesson from achieving its full potential. Knowing how inquiry is 

practiced is therefore an important and desirable part of reforming teaching and 

learning for it provides insights into how and why teachers make certain instructional 

decisions. At the same time, there are no strong arguments that every inquiry 

classroom should look the same as inquiry practices have to be adapted for diverse 

classrooms to meet the learning needs of students, which typify the work of expert 

and reflective practitioners (Flick, 2000).  

Pedagogical Frameworks of Inquiry  

Much of the literature we reviewed used case studies or narratives to describe 

the instructional practices observed during inquiry-based lessons. In our study, we 

used a pedagogical framework to describe the patterns of instructional components 

and teaching sequences observed in the four teachers’ lessons. Pedagogical 

frameworks, variously termed “heuristics” (Magnusson, Palincsar, & Templin, 2004), 

“instructional models” (Bybee et al., 2006), “learning cycles” (Karplus & Thier, 

1967), or “teaching sequences” (Driver & Oldham, 1986) offer broad guidance on the 

steps that a teacher might use to plan and deliver a lesson. We have chosen to use 

Kim, Hannafin, and Bryan’s (2007) term “pedagogical framework” instead of the 

more commonly used label “instructional model” because, in our view, “instruction” 

tends to connote a very teacher-centric imagery whereas “pedagogical” focuses 

attention on a teacher’s craft of making learning happen for students. There are a few 

pedagogical frameworks that have been developed for use in teaching and learning 

(e.g., Bybee et al., 2006; Driver & Oldham, 1986; Magnusson et al., 2004; Tien, 

Ricky & Stacy, 1999). While each has its own merits, we have chosen to limit our 
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review to five that are designed for K-12 classroom settings, have reference to a 

constructivist or socio-constructivist focus and are more directly focussed on students 

learning science in an inquiry science environment, as we will be using the descriptors 

of the instructional processes as a reference to develop a coding scheme for the 

teachers’ lessons. A brief overview of these five frameworks follows before we 

explain how we derived our pedagogical framework in the next section.   

Teaching sequence in Children’s Learning in Science Project (CLIS) 

The CLIS project was set up to address concerns with the prevalence of 

didactic approaches in the teaching of science and the difficulties students faced in 

understanding scientific ideas (Driver & Oldham, 1986). Central to the CLIS 

framework are constructivist principles where the learning goal is the re-structuring of 

prior concepts. The teacher’s role in the teaching sequence is to initiate learning by 

posing problems and to facilitate conceptual change by offering guidance for students 

to articulate, evaluate, and review their ideas (see details in Appendix A).   

The Model-Observe-Reflect-Explain (MORE) thinking frame 

The MORE thinking frame was a laboratory-based pedagogical framework 

based on the Predict-Observe-Explain sequence (Tien et al., 1999). It was designed to 

provide support for guided discovery and to help students explore scientific concepts 

through scientific inquiry. Student construction of models is a central focus while the 

roles of the teacher include developing laboratory materials based on the framework 

and questioning and coaching students as they carry out their investigations. The four 

components constituting the MORE framework are found in Appendix A. 

The BSCS 5E instructional model 

The BSCS 5E instructional model is a theoretically-driven framework guiding 

the development and use of curriculum materials. It claims roots in the Atkin-Karplus 
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learning cycle, which was influenced by Piaget’s developmental psychology of 

learning (Bybee et al., 2006; Karplus & Thier, 1967). Co-operative learning strategies 

were included in the Exploration and Elaboration phases in 5E to acknowledge the 

growing importance of group work in learning. Later, the 5E model introduced a new 

preliminary phase, Engagement, which reflected the idea from cognitive science that 

learners’ prior knowledge needed to be engaged explicitly.  

The BSCS has carried out extensive efficacy studies of its curricular materials 

based on the 5E framework and have shown evidence of increased mastery of subject 

matter compared with other modes of instruction such as typical laboratory 

experiences (Bybee et al., 2006). Students also reported more sophisticated scientific 

reasoning, and interest and attitude towards science but there was little evidence that it 

promoted an understanding of the nature of science, or the development of science 

practical skills and collaborative skills. Teachers’ fidelity in the use of the 5E 

approach in the classroom, particularly in respecting the ordering of the pedagogical 

components, was found to be a prime determinant of efficacy (Bybee, 2004). 

EIMA instructional framework 

The EIMA (Engage, Investigate, Model, Apply) instructional framework was 

developed as a tool to enhance the pedagogical content knowledge and teaching 

beliefs and orientations of beginning teachers (Schwarz & Gwekwerere, 2007). Like 

the BSCS 5E, the EIMA framework begins with engaging (E) students’ interest and 

prior knowledge in a topic, followed by investigation (I) of a phenomenon (see 

Appendix A). Although “investigate” here and “explore” in the BSCS 5E model both 

refer to students interrogating a natural phenomena, Schwarz and Gwekwerere (2007) 

argued that “investigate” connoted an inquiry-focused orientation whereas “explore” 

reflected the discovery learning roots of the BSCS 5E. In recent years, the inherent 
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implicit learning approach in discovery learning has been criticised as limited in its 

effectiveness because it did not appear to support student learning (Hodson, 1985; 

Holliday, 2004). Scientific models play a central role in this framework with students 

creating and refining a coherent system of explanations for the phenomena they 

investigate. Based on a small-scale study of 24 pre-service teachers, the EIMA 

framework was found to be effective in helping them learn how to design lessons 

around model-based scientific inquiry (Schwarz & Gwekwerere, 2007).  

Guided inquiry science instruction heuristic 

Unlike the first four pedagogical frameworks that are more strongly anchored 

on cognitive-constructivist philosophies, the guided inquiry science instruction 

heuristics is based on a socio-cognitive perspective of science learning. It is anchored 

on the belief that scientific knowledge is generated by the cultural practices of 

communities (Magnusson et al., 2004). Specifically, there are two slightly different 

efforts in the production of scientific knowledge, each with a different set of culture: 

workbench science and science for the larger professional community. The former is 

characterised by creativity, openness to ideas and tentativeness of hypotheses and 

models. Once the work of the scientists passes the workbench to scrutiny by the larger 

professional community, the latter is governed by logic, evidence-driven efforts, and 

defence of ideas from the workbench to convince the community of the strengths of 

their arguments. This heuristic accordingly provides opportunities for students to 

learn in an environment that promote the two cultures.  

Pedagogical frameworks in theory and practice  

The five pedagogical frameworks above have generally been used as tools for 

the development of curriculum materials and as a roadmap for instruction. They are 

premised on theoretical constructs of what good inquiry teaching-learning should look 
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like, including the roles that teachers, students, and resources play in achieving the 

intended learning objectives. But apart from the BSCS 5E pedagogical framework, 

there have been no major studies of the effectiveness of the other pedagogical 

frameworks in the classroom: Attention has largely been confined to the derivation of 

the frameworks and outcomes of pilot studies on small groups of teachers. There have 

been few publications describing how teachers actually operationalised these 

pedagogical frameworks in their classrooms.  

In this study, the observed inquiry practices of the teachers shaped our 

pedagogical framework. By no means have we abandoned established wisdom for we 

have used the theoretical constructs in the five frameworks as a primer to identify 

salient pedagogical components observed in the classrooms. In other words, our 

framework was informed by and yet was not constrained by existing theoretical 

constructs of inquiry teaching and learning. Such a strategy that respected teacher 

voice and input anchored the research on theory and at the same time provided a 

strong practice-oriented perspective to the instructional processes.  

METHODOLOGY 

 This study involved the detailed empirical examination of actual classroom 

teaching of four elementary science teachers that took place over two main phases of 

data collection and analyses from July 2007 to August 2008. 

Research Site  

This research was carried out in a co-educational public school serving 2300 

students from a multi-ethnic (Chinese, Malay, Indian, and Eurasian) background. 

Tembusu Primary (pseudonym used) was established in 1980 and has, over its short 

history, achieved a fairly good standing among “neighborhood” schools (schools 

mainly serving students from surrounding government-subsidised housing estates). 
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Students at Tembusu have done well academically; in the 2006 national placement 

examinations taken by all grade 6 students in Singapore, students achieved above 

national average passing rates for all subjects (English language, a mother-tongue 

language, mathematics, and science). Like all public schools in Singapore, all lessons 

(except for the mother-tongue language) are conducted in English at Tembusu. 

There are a number of reasons for choosing Tembusu Primary as our research 

site. Firstly, Tembusu was reputed to be one of the more progressive schools in its 

implementation of inquiry science. The Science Department was headed by a veteran 

teacher, 58-year old Dorothy (pseudonyms are used for all teacher collaborators), who 

had been encouraging her teachers to implement inquiry science. There were sporadic 

attempts by teachers from Tembusu to implement stand-alone inquiry lessons, based 

on their interpretations of inquiry science from different workshops they have 

attended. Teachers thus planned their inquiry lessons using an eclectic approach, 

without using any one instructional model to guide the preparations of these lessons.  

Secondly, while it was true that another school or a few schools could have 

been chosen as field sites to provide more diverse contexts to paint the portraits of 

inquiry, it was decided that the study could begin in one school as it involved active 

and intense researcher-teacher participation in the classroom and the collection of a 

fairly large amount of data. Similar research with pedagogical innovations has 

likewise begun with a single school as a field site (e.g., Brown & Campione, 1994). 

As we were also exploring how teacher collaborators use the pedagogical framework 

as a tool for professional practice and growth (not reported in this paper), situating the 

research in one physical site facilitated dialogue and interaction among the teachers.   

Thirdly, Tembusu Primary and the teacher collaborators actively committed 

their school and classrooms as a field site for the research. The school administration 
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was very supportive of their teachers’ participation in the research. Owing to the 

nature of the study, it was important that teachers involved were fully committed and 

saw themselves as collaborators. Tembusu Primary expressed that commitment.  

Research Participants  

Besides Dorothy, the other three collaborating teachers who volunteered for 

the research were Ming, Isa and Jan. Owing to scheduling problems, Ming was able to 

participate only in the second phase of the study. Classrooms in Singapore are very 

private and it was an unnerving prospect for the teachers to be under a prolonged, 

intrusive and close scrutiny in the classroom. Many of the 20 teachers in Dorothy’s 

department were not willing to be videotaped and therefore did not take part in the 

study. The collaborating teachers were assured of the confidentiality of their identity 

and that they could withdraw from the study whenever they were not comfortable. 

Some information on the teaching and educational background of the teachers is 

provided in Table 1. 

{insert Table 1 around here} 

Two grade 6 classes, one grade 5 class and two grade 3 classes that were 

taught science by the collaborating teachers were involved in the study. There were 35 

to 43 students in each of these classes. 

Data Collection and Analyses in Phase 1 

In the first phase, largely qualitative data were collected from classroom 

observations and video-recordings of 13 inquiry science lessons comprising 26 half-

hour school periods. Table 2 shows the topics taught and number of lessons observed 

for each of the teachers in this phase. In the study, the teachers decided on the lessons 

that were to be video-taped although they were requested to adopt inquiry-based 

teaching as they conceived it without fear of getting it “wrong.” The topics taught 
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followed the scheme of work that was adopted by the school for all the classes, which 

were in turn guided by the national curriculum (comprising learning outcomes and 

assessment objectives) adopted by all schools in Singapore. Classroom artifacts such 

as student work, experimental kits, class tests, and lesson plans also formed part of the 

corpus of data collected. The teachers were not only participants whose teaching was 

scrutinized but were also collaborators for they contributed their views and ideas on 

the components that constituted the evolving pedagogical framework through post-

lesson interviews and a workshop held at the end of 13 lessons observed.  

{insert Table 2 around here} 

The coding scheme  

There were two inter-related problems that needed to be addressed in the 

analysis of the classroom observation data during this phase: (a) “How to code the 

different instructional components observed that will contribute to the 

characterization of inquiry practices?” and (b) “What would be an appropriate grain 

size of analysis?”  

One way to code the inquiry components was by referencing the lessons 

against the NRC’s five essential features of inquiry (engaging students with questions, 

use of evidence, construction of explanation, connecting explanation with evidence 

and communicating explanations). Although the essential features of inquiry would 

provide evidence of aspects of the inquiry taking place, it was not meant to provide 

any information about instructional sequences and strategies. In our study, we made 

use of what was already characterised among existing pedagogical frameworks of 

inquiry. For example, a lesson could be coded against the BSCS 5Es using the 

descriptors for these components. This is a form of pattern matching (Evers & Wu, 

2006) in which observations seen in the field are matched against characteristics of 
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inquiry components encapsulated in the existing theoretically-driven pedagogical 

frameworks. By mapping the choice and sequences of these components as they are 

enacted in the classroom, patterns across different lessons and classrooms can be 

compared and analyzed. Characterising the inquiry components this way allows the 

description of a coherent picture of the pedagogical processes as well as instructional 

goals and also brought them closer to the terminologies used in existing frameworks. 

At the same time, the coding scheme included an additional field that allowed us to 

include and identify practices beyond those described in the five frameworks. 

The pedagogical components of all five pedagogical frameworks reviewed 

earlier were used in the coding scheme (see Appendix A). The coding scheme 

contains descriptors of each component that were derived from the literature of these 

frameworks. These frameworks were selected as they were fairly well characterized in 

the literature and were most directly related to inquiry science pedagogy in K-12 

classrooms. Even though there were very similar descriptors for some of these 

components (e.g., Explore in the BSCS framework and “investigate” in the EIMA 

framework and Magnusson et al.’s (2004) heuristic for inquiry), as a start, none of the 

five pedagogical frameworks was omitted in order to give a sufficiently wide lens to 

analyze the data. A component therefore could have more than one code where the 

descriptors were in essence very similar.  

In terms of the grain size of analysis, the approach we adopted was to have the 

coder identify the start and end points of each pedagogical component in a lesson. 

Each segment, from the starting to the end point, would then constitute a unit of 

analysis. This was also an approach used in coding more than 1000 classroom lessons 

in Singapore schools (Venthan, 2006).  
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The coding scheme was calibrated by a team of six researchers. During the 

calibration session, the team watched an entire one-hour lesson, independently 

identifying the start and end point of each phase of the lesson and using the coding 

scheme to code each phase of the lesson. A discussion followed to resolve 

discrepancies and to clarify the meaning of each component. This calibration process 

provided greater clarity on the grain size of the units of analysis, the identification of 

the start and end point of each unit of analysis and the descriptors attached to each 

code, and greater confidence of consistency in using the coding scheme.   

Using the video data, all 13 lessons recorded in the first phase of the study 

were independently coded by two researchers. We achieved an inter-rater reliability of 

0.85 (two codes were accepted as the same only if the two coders identified the same 

inquiry component and the start/end time of the component did not differ by more 

than 2 minutes between the two coders). In areas where there were differences in 

coding, these were discussed and checked against notes collected from the field sites. 

A final set of coded components were agreed upon and these were used to draw up 

schematics that represented the pedagogical components and sequences observed. At 

the end of the first phase, a first version of the pedagogical framework (subsequently 

termed “working framework” as shown in Figure 1) was completed. 

{insert Figure 1 around here} 

Data Collection and Analyses in Phase 2 

The second phase of data collection comprised two 10-week cycles of lesson 

implementation, with a total of 49 lessons observed and video-recorded. This period 

corresponded to the second and third academic terms in the school (except for Jan 

who carried out her second 10-week cycle in term 4 as she was not in school in term 

3). The topics of instruction followed the school’s schemes of work which were 
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already decided at the beginning of the academic year (see Table 2). The collaborating 

teachers used the working pedagogical framework flexibly and reflexively to guide 

their planning and implementation of inquiry lessons.  

While the focus of the Phase 1 study was to identify the broad pedagogical 

components and sequences that characterised the teachers’ inquiry practice, the focus 

of Phase 2 data analysis was to allow the teachers to come together and discuss their 

practices to unearth the nuances embedded in their practices. Through these dialogue 

sessions, the working framework was refined.  Data analysis therefore involved 

combing through the data to inductively surface features of inquiry practice. Large 

sections of the interactions between teachers and students were transcribed verbatim 

from the video-tape. Similarly, interview sessions and workshop discussions were 

transcribed from the audio-recordings made. Applied conversation analysis (CA) was 

used, where appropriate, as a tool to interrogate and surface ways that the teachers and 

students were interacting that made the pedagogical decisions and goals more explicit 

to us. The applied CA approach, which combines content analysis with traditional 

analysis of conversational turns of talk, has been used by other researchers to examine 

what is embedded in classroom practices (Baker, 1997).   

  

CHARACTERIZATION OF INQUIRY THROUGH A PEDAGOGICAL 

FRAMEWORK 

Schematics Representing Practice in the Classroom 

 Using the coding scheme, schematics were drawn to represent the pedagogical 

components and sequences of the inquiry lessons we observed in Phase 1 of the study. 

Figure 2 shows the schematic derived from coding Dorothy’s P6 lessons.  

{insert Figure 2 around here} 
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 Dorothy began the series of lessons on energy conversion by posing a question 

for her students to solve–to build a parachute that stays afloat longest in the air. This 

phase of the lesson was coded “engage,” based on the descriptors in the coding 

scheme that posing a problem seeks to engage students in a topic. The students 

worked in groups to discuss how they would build their parachutes and the materials 

required. This was coded as “prepare to investigate.” In the investigation phase, the 

students designed and built their parachutes and tested their models. This was 

followed by a series of “prepare to investigate/investigate” cycles where students 

were given procedural instructions for the launch of the parachutes, collected data on 

the time taken to launch their parachutes from the fourth storey of the school building, 

evaluated their data, made modifications to the design of their parachutes, and re-

launched their parachutes. During the reporting and explain phases, the students 

presented their data and explained the modifications they made to the parachutes 

based on the data they have collected. Using this coding process, the schematic for the 

lessons on energy conversion was generated (see Figure 2). The arrows in the 

schematics show the sequence in which each component was observed in the lesson. 

A new schematic is drawn whenever the teacher begins on a new topic. Using this 

process, three schematics were generated for Dorothy’s grade 5 class (see Figure 3), 

two for Isa’s class (see Figure 4) and three for Jan’s lessons (see Figure 5).  

{insert Figures 3 to 5 around here} 

Based on our observations, there was no distinction in practice between 

“investigate” and “explore” such that whenever an instructional component was coded 

as “investigate,” it was simultaneously coded as “explore.” Likewise, the 

“restructure” of concepts component could not, in practice, be distinguished from 
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“explain,” at least from the Phase 1 data. As such we have chosen to use the terms 

“investigate” and “explain” for simplicity of presentation. 

Patterns Observed in the Schematics 

 From the nine schematics generated from the Phase 1 data and supplemented 

by details observed from the lessons, several patterns were observed across the 

schematics. 

Pattern 1:  All nine schematics began with the “engage” component. Teachers sought 

to engage the interest of students using a question or problem with a 

phenomenon with which they were familiar, or using a discrepant event.   

Pattern 2: Four components were consistently present in eight of the schematics: 

“engage,” “prepare to investigate,” “investigate,” and “explain.” The only 

exception was one of Jan’s lesson (schematic labeled Jan 1 in Figure 5) 

where the two elements “prepare to investigate” and “investigate” were 

not observed. Jan explained in the post-lesson discussion that she had 

assigned the activity as a take-home project. One week prior to the lesson, 

she had distributed bean seeds to students to grow at home. The students 

recorded their observations during the week and reported their findings 

during the lesson observed. In that sense, both the “prepare to investigate” 

and “investigate” components were an integral part of the lesson but were 

not observed in this classroom. 

Of the four components, three were regarded as necessary to inquiry 

practice by NSES—“engage,” “investigate,” “explain” (NRC, 2000). In 

these classrooms, we observed the teachers engaging students’ curiosity in 

a topic with the use of narratives, activities or problem. Another key 

characteristic of inquiry practice observed was the opportunity for learners 
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to explore or investigate a phenomenon or problem through individual or 

group-based hands-on activities. Students learned how to collect and 

analyze data to observe patterns and to generate evidence to support a 

claim. The students also learned that scientific knowledge was generated 

from the process of constructing and refining explanatory models that are 

in part supported by sound data collected and in part by speculative 

hypotheses and theories, which is consistent with views that scientific 

knowledge is constructed from empirical data and human creative efforts 

(Krajcik, McNeill, & Reiser, 2008). 

Pattern 3: The two components “prepare to investigate” and “investigate” invariably 

appeared as a couplet, with the former directly preceding the investigation. 

During the workshop with the collaborating teachers, we debated on the 

need to include “prepare to investigate” as a component of the pedagogical 

framework. The teachers felt that a failure to remind other teachers to 

prepare students for an investigation may lead to disaster during the 

investigation and subsequently discourage teachers from attempting 

inquiry-based lessons. 

Pattern 4:  One feature that was present in the schematics for Jan and Dorothy was the 

pair of cyclical arrows (          ). This pair of arrows symbolized iterations 

in the sequence of two components. For example, the pair of cyclical 

arrows in schematic DT3 (in Figure 3) indicated iterations between 

“prepare to investigate” and “investigate” before reporting took place. In 

this case, Dorothy prepared students for the first activity by giving 

procedural instructions on building a genetic tree followed by students’ 

exploration of their phenotypic traits to build a tree. Building on their 
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knowledge of different traits through the first activity, Dorothy then 

prepared the students for the next activity where they created animals 

based on traits selected from their genetic tree. Similarly the pair of 

cyclical arrows between “report” and “explain” in Figure 2 indicated the 

iteration between student reporting and reasoning about the data collected 

during the design and launch of the parachutes. 

Pattern 5: It was observed that there was a strong teacher-directed element in the 

“prepare to investigate” and “explain” phases. Preparation to investigate 

generally took two forms: (a) Whenever the teacher introduced or 

reviewed concepts, key words or skills connected to the investigation; and 

(b) When the teacher gave procedural instructions for the investigation, for 

example, the types and amount of materials or equipment they needed to 

take or the type of data they needed to collect. During the explain phase, 

the teacher played a central role in helping students generate evidence-

based explanations by guiding them with questions and providing 

feedback to their answers. There were variations, however, with Jan and 

Isa providing more guidance for the younger grade 3 students, and 

Dorothy providing less guidance for the older grade 6 students. 

Pattern 6: Formal evaluation of learning such as written assignments, student 

projects, journal reflection, performance of a skill or tests, was not 

consistently observed in all the nine schematics. Homework and class tests 

assigned outside of lesson observation periods were not coded and 

captured in the schematic. Nevertheless, based on data from our post-

lesson discussions and the artifacts we collected, there was clear evidence 
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that the assignments and tests were given and that the teachers regarded 

evaluation as an important component of instruction.  

Generating The Working Pedagogical Framework 

 Using the patterns observed in the nine schematics, a representative 

framework that captured the essence of the inquiry practices from the three teachers 

was generated (see Figure 6).  

{insert Figure 6 around here} 

The four common components of “engage,” “prepare to investigate,” 

“investigate,” and “explain” were placed in sequential order. The iteration pattern 

between “prepare to investigate,” “investigate,” and “explain” was also reflected in 

the framework. A problem that remained was to deal with the other components that 

did not appear consistently in the nine schematics. The principle we decided on was to 

retain the components that were observed before we presented the framework to the 

teachers. So although “evaluate” was observed in only four of the schematics, it was 

added as a fifth component to reflect the importance the teachers attached to 

evaluation in their instructional practice. “Elicit” and “elaborate” were added as 

supplementary components into the framework. For example, an instructional 

sequence beginning with “engage” could either move on directly to “prepare to 

investigate” or include “elicit” first before moving on to “prepare to investigate.” 

 The teachers affirmed that the framework was a realistic representation of 

their inquiry practice but suggested modifications to the framework. They were less 

comfortable with the two supplementary components “elicit” and “elaborate” 

branching out of the main sequence and wanted a more succinct framework would be 

accessible as a mental model for practice. Consequently, “elicit” was subsumed as 

part of the “engage” component. We rationalized that eliciting students’ prior 
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concepts was part of the process of engaging students in a new topic or concept as 

long as this was clearly described in our framework.  

The teachers also suggested that the “elaborate” component be removed from 

the framework and instead a cyclic pair of arrows be added between “investigate” and 

“explain” to indicate that a decision could be made by a teacher at the “explain” phase 

to redesign another investigation to extend understanding of a concept. This could be 

purely for the purpose of elaborating on a concept or it could serve to address 

misconceptions that the teachers detected in the students’ explanation.  

What was important was that it would then reflect more accurately the real dynamic 

practice of teaching as the teachers were constantly making and changing pedagogical 

decisions based on informal assessment of their students’ learning as the lesson 

progressed. The inclusion of the cyclic pairs of arrows in “prepare to 

investigate/investigate” and “investigate/explain” thus reflected the flexibility and 

dynamism of their practice in enacting a lesson. Figure 1 shows the resulting working 

framework generated from Phase 1 data. Appendix B shows the descriptors adopted 

for each of the components, guided by what was observed in Phase 1 of the study and 

descriptors found in the coding scheme.  

Nuances of Inquiry Practice Observed from Phase 2 Study  

During Phase 2 of the study, the teachers used the working pedagogical 

framework as a tool to guide their planning and delivery of inquiry-based lessons. As 

such, we observed a fairly close alignment of practice to that of the working 

framework. For example, the pattern of PIE (P for “prepare to investigate,” I for 

“investigate,” and E for “explain”) were clearly evident in all of the lessons observed. 

Nevertheless, subtleties of practice were observed in the larger corpus of Phase 2 data 

that led us to refine the working framework. In the following sections, we present 
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these nuances illustrated with examples from the teachers’ classroom and discuss how 

and why the framework was refined based on these observations. Figure 7 shows the 

eventual pedagogical framework after Phase 2 of the study. 

{insert Figure 7 around here} 

Capturing interest of students in big idea of topic 

There were two clearly distinct uses of “engage” in the lessons. All four 

teachers invariably began a topic with activities, questions, field trips or narration of 

an everyday phenomenon or real-life application to capture the interest and arouse the 

curiosity of the students in the topic. It was observed that this form of engagement 

was used by the teachers only at the point of introducing a major topic or theme and 

did not precede all of the PIE cycles.  

 To illustrate, Isa used at least three ways to introduce the topics on “Materials” 

and “Life cycles of plants and animals” to her grade 3 students: (a) story-telling; (b) 

connecting to application of science in real-life; and (c) connecting to natural 

phenomena. To draw students’ interest to the topic of materials, Isa narrated the 

familiar story of the emperor’s new clothes. In a twist to the story, Isa asked the 

students to imagine the different materials they could use to dress the unclothed 

emperor. Then, bringing them closer to reality, Isa asked the students to list the types 

of materials in their shoes.  

To engage her students’ interest in the topic of cycles of animals and plants, 

Isa raised their awareness of the cyclical patterns observed in natural phenomena and 

used it to construct a purpose for knowing more about these patterns. Isa first asked 

the students to describe what came to their mind when they encountered the word 

“cycle.” The students suggested words such as “continue,” “repeat,” and “reproduce.”  

Isa then asked the students to think about repeated patterns in nature. The students 
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pointed to the repeating patterns seen in the changing seasons, the “rain and shine” 

weather patterns in Singapore and the day–night cycles. With these examples, Isa 

challenged the students to think about the reason for learning more about cycles. At 

the end of the discussion on why it was important to learn about cycles in nature, Isa 

summarised the reasons they co-constructed: 

Isa:  That’s why, now this is why we are learning, this is why we 

are embarking on this new topic, this new theme, cycles. 

That’s why you have to see the broad picture first before we 

start. There is repeated pattern. Repeated pattern helps us 

predict what will happen and what will happen and if there is 

a break in the cycle, things will go very, very wrong. 

(Fieldnotes, Lesson Observation 41, July 4, 2008) 

 The students learned that knowing about cycles enabled one to predict 

expected patterns of behaviour and to identify breaks in cycles that might have 

adverse consequences. In subsequent lessons, Isa referred again to this big idea of 

cycles that the she and her students had constructed together.  

 Isa’s three ways of introducing the new topics to the students had a common 

strand. They served to connect science in the classroom to the material and social 

world the students live in. Egan (1997) argued that story-telling was a powerful tool 

that not only developed children’s mental capacity but also helped them create 

knowledge and meaning of the social world they lived in. Children made sense of 

their world and experiences in narratives because the mind was a narrative concern 

(Egan, 1992). The story of the emperor’s new clothes appealed to Isa’s students and 

they did not lack ideas of the types of materials they could use to dress their 

imaginary emperor. The science of materials has a real connection to the world of 
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people that populated their social lives. By having students name the materials that 

made up their shoes, Isa extended the sphere of science from the children’s physical 

classroom to the social world where shoes were made, traded and worn. For the 

younger students, connecting classroom science to the imaginary, material and social 

world can be an effective strategy in capturing their interest in science. 

Preparing to investigate 

The other form of “engage” recurred at the beginning of the PIE cycles and 

involved eliciting the prior knowledge of students of the concept developed in the PIE 

cycle. For example, before the class investigated the float/sink property, Jan asked the 

students to predict whether an orange and a lime will float or sink and to provide an 

explanation for their prediction, thus guiding them to articulate their prior concept of 

floating and sinking. Although it was rationalized in Phase 1 of the study that eliciting 

prior concepts was part of the “engage” phase, the series of lessons observed in Phase 

2 indicated that it was better interpreted as part of the “prepare to investigate” phase. 

The elicitation of prior concepts, coupled with the review of relevant concepts, served 

as resources to frame the students’ minds cognitively in preparation for an 

investigation. A metaphor that emerged from our workshop describing this aspect of 

preparing to investigate was that of a trampoline. Like a trampoline, the articulation of 

prior concepts and the review of concepts relevant to the investigation enabled 

students to jump to the next level of knowledge construction and are better interpreted 

as part of the process of concept construction. As such, a refinement was made to the 

framework. The descriptors within “engage” were de-coupled. Activities used to 

capture the interest and arouse the curiosity of the students at the beginning of a topic 

were identified and re-coded as “capturing the interest of students.” Activities that 
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sought to elicit prior concepts were interpreted as preparing students for concept 

construction and became part of the “prepare to investigate” component.  

Consequently, the “prepare to investigate” component in the refined 

framework takes on three forms in practice: (a) giving students the problem statement 

and procedural instructions for the investigation; (b) eliciting students’ prior concepts; 

and (c) reviewing concepts relevant to the investigation. 

Dorothy used a recent incident in her grade 6 class to explain why in addition 

to preparing students conceptually for an investigation it was also important to 

prepare them by providing clear procedural instructions.  In a lesson on proportion, 

Dorothy had allowed her students to bake chocolate cookies in class. Her neglect to 

provide adequate procedural instructions resulted in a “disaster” where the students’ 

focus became the cookies rather than the use of the concept of proportion. In 

reflecting on her practice, Dorothy said that while the students had a lot of fun 

making and eating their cookies, she considered it a poor lesson because the intended 

learning on proportions was lost. Thus, failing to prepare students adequately for an 

activity could derail the learning intended for an activity. 

 

Assessment for learning and iteration of the PIE cycle 

A component that did not fit neatly into the framework was evaluation. In the 

working framework, we have added it as the last component in the pedagogical 

sequence. The data collected from the second phase did not always bear this pattern. 

While in some lessons the evaluation component was distinct and took place right 

after the “explain” component, evaluation of students’ learning was also occurring in 

and integrated into the investigation, explaining, and consolidation phases. Teachers 

were receiving feedback on whether the students were learning and the difficulties 
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they were encountering in a particular concept. At the same time, they were giving 

feedback to the students to restructure their frame of thinking.  

The data pointed then to two forms of evaluation. We found that a more 

appropriate term to describe the data was Black and Wiliam’s (1998) assessment, 

defined as “all those activities undertaken by teachers - and by their students in 

assessing themselves - that provide information to be used as feedback to modify 

teaching and learning activities” (p. 140). Black, Harrison, Lee, Marshall, and Wiliam 

(2004) also distinguished between two broad categories of assessment based on the 

main purpose of assessment—assessment for learning where the priority is to promote 

students’ learning; and assessment of learning which serves the purpose of 

accountability and/or of ranking. The observed classroom practices of assessment 

aligned well with these two characterizations of assessment. The class tests and 

semestral assessments were assessments of learning that were used for reporting to 

parents, for tracking, awards and grouping of students into classes. The reflection 

journals, science journals, worksheets, student reporting and presentations, teacher 

observation of student investigations, and questions observed in Phase 2 were 

assessment for learning tools to provide feedback to the students and the teachers. 

This explained why, in practice, assessment for learning was not observed as a neat 

component tucked neatly after the “explain” component but was observed in the 

“investigation,” “explain,” and “consolidation” components. The pedagogical 

framework needed to reflect this feature of assessment and although it would be neat 

to place it as a fixed point on the pedagogical sequence, it would not reflect the 

practices that were observed in the four classrooms.  

We use Dorothy’s lesson on building circuits to illustrate how assessment for 

learning was integrated into the PIE cycle and led to changes in the instructional 
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sequence as the lesson progressed. Dorothy wanted her students to design and build 

two circuits with two different arrangements of light bulbs (in series and in parallel). 

The planned sequence of the lesson was “preparing students to investigate” (P), 

“investigate the light bulb arrangement and the relative brightness of the bulbs in the 

two circuits” (I), and then constructing the explanation (E) for the observations. Table 

3 maps out the actual sequence observed during the enactment of the lesson. 

{insert Table 3 around here} 

As Dorothy assessed the learning taking place (or not) in the various groups, 

she made pedagogical decisions that modified the planned pathway of the 

instructional sequence. While the planned sequence was PIE, the actual sequence 

observed was PIPIPIE, with assessment for planning playing a key role 

in influencing the iteration of PIE processes observed.  

Consolidation of concepts in series of lessons on a topic 

Another pattern observed in Phase 2 was the conclusion of a series of lessons 

on a major topic with the review and linking of the various concepts and ideas 

learned—a component termed “consolidation.” For example, at the end of eleven 

lessons on environment and food webs, Ming used a debate on the issue of declining 

bee populations to provide a platform for students to apply and consolidate concepts 

they have learned about food webs, the ecosystem and the environment. Ming used a 

newspaper article “Where have all the bees gone?” (Associated Press, 2008) that 

postulated causes for the dramatic decline in bee population, including the use of 

pesticides, attacks by viruses and mites, contamination of water supplies and the 

interference of the bees’ navigation system by radiation from mobile phones.  The 

article also discussed the impact of the declining bee population, from plant produce 

that depended on the bees for pollination to the rising cost of making Haagen-Daz™ 
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ice-creams. It was the perfect article to spark a discussion on how a change in the 

population of one species in the food web could set in motion a chain of events that 

had an impact on other species, and at the same time show how man’s actions had an 

impact on nature. Using the debate idea, Ming organised the class into three interest 

groups: Bee farmers and food producers, policy makers, and consumers. While the 

newspaper article served as a primer for the debate, the students were required to 

carry out further research into the issues that they would be raising. The actual 

implementation of the lesson saw the students linking several concepts they had 

learned, including the inter-relationships among organisms in an ecosystem and the 

impact of human activities on the environment and the survival of organisms.  

During the consolidation phase, Isa reviewed the concepts learned in each of 

the topics. She brought in application ideas to help students link these concepts. For 

example, on the topic of materials, Isa first reviewed the different types of materials 

students had encountered in their activities. She then reviewed the physical properties 

students have learned about these materials and how these were related to their uses. 

Dorothy’s students connected ideas and concepts they have learned by drawing 

concept maps, summary charts and working on a complex problem that require them 

to apply and link what they have learned in the topic. 

 

DISCUSSION 

Many of the components in our pedagogical framework, which were 

developed inductively from classroom observations were consistent with those found 

in theoretically-derived frameworks. Nevertheless, there were variations and nuances 

that reflected practice-oriented considerations that the teachers regarded as integral to 

the success of enacting inquiry in their larger context.  
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The importance that the teachers attached to preparing students for an 

investigation stood out in their practices. This was grounded by their experience of 

teaching science, but in fact research on children working with investigative tasks also 

supports this practice. Millar, Lubben, Gott, and Duggan (1994) found that children 

aged 9 to 14 years of age draw on two types of knowledge when responding to an 

investigative task. One is declarative knowledge, which refers to the science concepts 

contingent to the investigation and the other is procedural knowledge, which refers to 

the skills and processes of scientific investigation. It was instructive therefore to 

observe in our study that the teachers prepared the students for an investigative task in 

two ways—cognitively and procedurally. The former involved teachers eliciting prior 

concepts, and reviewing concepts students have learned and are relevant to the current 

investigation. Procedural preparation took the form of skills for investigation (e.g., 

Ming’s students explored the various parameters that could impact stopping distance 

before they carried out their investigation on frictional force), skills for manipulating 

equipment (e.g., Jan taught her students how to use a stopwatch), and skills and 

attitudes for working in groups (e.g., Dorothy taught the students to be opened to 

ideas and not to converge their ideas too quickly).  

If students indeed draw on conceptual knowledge and procedural knowledge 

of skills and processes during an investigative task, it would be critical then to include 

both elements before students embark on an investigation. This study, therefore, 

surfaced an important component of inquiry that could have been tacit in teachers’ 

practice, but has not been well documented in literature as part of the key processes of 

inquiry science. An important implication for teaching and learning science by inquiry 

is thus the need to highlight the cognitive and procedural aspects of preparing for an 



 31

investigation in curriculum materials and in teacher preparation or professional 

development programmes. 

The iteration processes in PIE and the reviewing and linking of concepts in 

the consolidation phase were also not evident in the descriptions of the five 

pedagogical frameworks that were reviewed. The iteration within the PIE sequence 

served two purposes for these teachers. One was to provide structured and timely 

guidance to students as they investigated and attempted to explain a phenomenon. 

Secondly, iteration within PIE was also observed to be used by teachers to modify 

activities or introduce new activities to enhance students’ learning of a concept in 

response to feedback about the difficulties or misconceptions in students’ learning as 

the lesson progressed. These loops reflected the dynamic character of teaching and 

learning in the classroom where helping students understand and construct concepts 

did not follow a planned linear path but involved continuous assessment for learning 

that led teachers to modify or introduce activities to address contingent learning 

problems. Teacher educators can hence highlight the dynamic nature of teaching 

where continuous feedback on learning should inform instructional decisions made on 

the fly in the classroom. 

While the consolidation phase bears some resemblance to the “elaborate” 

phase in the BSCS 5E approach, the two components are not exactly the same. In the 

BSCS Elaboration phase, students extend their conceptual understanding usually by 

applying concepts to novel situations through additional activities. The purpose of the 

consolidation phase in our framework is to help students synthesize the various 

concepts they have learned over a series of lessons on the same topic or theme. The 

strategies used go beyond application of concepts to a new problem and include 

debates, concept mapping and summarizing ideas and concepts.  
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The inclusion of the consolidation phase possibly reflected the thematic 

structure of the local science syllabus and the emphasis on the high-stake national 

examinations. The thematic structure of the Singapore primary science syllabus meant 

that there was a bundle of concepts and topics that were covered within a theme. The 

consolidation phase provided opportunities for students to synthesize the various 

concepts within the theme and prepare themselves for the national examinations that 

demanded this ability to make connections across concepts. It could be argued that the 

consolidation phase might not be integral to a generic pedagogical framework for 

inquiry as not all education systems function on a thematic or national testing 

approach. The observation of the consolidation phase in the inquiry-based lessons 

could well be interpreted as a demonstration of how the teachers accommodated their 

local context of meeting important curricular and assessment demands in their 

adoption of inquiry practices. However, Grandy and Duschl (2008) have criticized 

prevailing models of inquiry practice as giving too much emphasis to discrete concept 

learning at the expense of knowledge system learning. It cannot be discounted that 

helping students synthesize relationships across concepts is a step towards helping 

them appreciate scientific knowledge systems and is therefore meaningful and 

relevant to the inquiry process (Flick, 2000). 

Preparation for investigation, consolidation of concepts, and iteration within 

the PIE processes were components and sequences that were generally not articulated 

in existing theoretically-driven pedagogical frameworks of inquiry but emerged from 

observations of classroom practices in this study. The importance these teachers 

attached to these components in practice has implications for teaching and learning 

and for teacher education. Curriculum designers and teacher educators should pay 

attention to these practice-oriented components in designing materials and teacher 
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education programmes for inquiry science. Characterisation of such practices can 

provide both pre-service and in-service teachers with insights into the complexities of 

teacher decision-making. 

 

LIMITATIONS OF STUDY 

This research draws its data from the practices of four teachers in one 

elementary school in Singapore. Given that it did not involve a large and diverse 

sample of teachers nor a wide range of schools, its findings are illustrative and are not 

intended to be representative or generalizable. The findings nevertheless provide 

opportunities for vicarious learning and surfaces insights that could add to the thin 

knowledge base of the day-to-day conduct of inquiry-based science lessons.  

Much of the evidence used to infer how and why the framework served as a 

tool for professional learning were drawn from the analyses of interviews and 

discourses with the teachers. These evidence came from what the teachers were 

willing or able to articulate. There might also be other unspoken perspectives and 

views that could have altered the conclusions drawn in this study but, left unspoken, 

were inaccessible as a resource. As far as possible, multiple sources, such as 

observations of the activities and actions taking place in the classroom, video and 

audio data, probing questions and the inspection of artifacts, were used to triangulate 

the information used for drawing inferences. In addition, the repeated cycles of school 

visits and lesson observations extended across a school year enhanced the 

identification of consistent and confirmatory evidence.  
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IMPLICATIONS FOR INQUIRY IN CLASSROOMS 

This case study with four collaborating elementary teachers has provided a 

practice-oriented perspective to inquiry science pedagogy. Apart from underscoring 

the prevalence of the core components of inquiry found in theoretically-driven 

pedagogical frameworks, it surfaced nuances of practice that were regarded as integral 

to the success of day-to-day enactments of inquiry in Singapore. This contingent 

interplay between theoretical and practical ways of knowing we believe was 

dependent on teachers adapting instruction for their learners in specific contexts. 

Whether or not such patterns would appear in other systems and times is, of course, 

an empirical matter although building up the research base is necessary and desirable 

given how little we know. Rather than an undesirable feature, it instead shows the 

power of teachers to mold curricula innovations, resources, and pedagogies in a 

manner that best suits their purposes of instruction. One would actually be 

disappointed if classroom practitioners did not consciously revise teaching for the 

needs of their diverse learners and contexts—there is no one-size-fits-all model or 

teacher-proof materials as history has repeatedly proven. In an era where new 

technologies and instruction are rapidly being introduced to improve science teaching, 

research such as ours that concretely highlight how practice modulates theory 

therefore assumes significance. Instead of rigidly insisting on fidelity of 

implementation among teachers and rewarding those that adhere to policies 

originating from the top, researchers would do well to respect and devote more 

attention to the “intersection of culture, structure, and individual agency across 

contexts that helps us better understand how to build positive instances of educational 

reform” (Datnow & Park, 2009, p. 359).       

This study was funded by a research grant (RI 6/06 SL) from the National Institute of 
Education, Nanyang Technological University. 
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Appendix A 
Coding Scheme to Code the Components of Inquiry 

Rater ID: _____   Unit number: _____   Time unit start: _______   Time unit end: _______ 
CLIS MORE BSCS EIMA Heuristic for inquiry Others 
Orientation 
- initiate learning through 
a question, a problem or 
discrepant event  

Model 
- construct model of 
phenomenon based on 
existing ideas 

Engage 
- elicit prior concepts & 
arouse curiosity through 
short activity/ questions  

Engage 
- engage students prior 
knowledge & interest in a 
topic 

Engage 
- engage students around a 
question or problem 

 

Elicitation  
- articulate or make 
explicit existing/prior 
ideas/concept 

Observe 
- design & carry out 
investigations of 
phenomenon, make & 
record observations 

Explore 
- help students use prior 
concepts, generate new 
ideas, explore 
possibilities, design & 
conduct investigation 
through activities 

Investigate 
- collect & analyse data to 
generate patterns or rules 

Prepare to investigate 
- students plan investigations 
- teachers guide thinking 
through key issues of 
investigation, may introduce 
skills, attitudes, beliefs 

Restructuring 
- conceptual change 
through clarifications, 
exchange of ideas or 
conceptual conflicts 
- alt ideas constructed 
through expt or thinking 
through implications  

Reflect 
-  reflect on goals, 
methodology of 
experiment and 
consistency between 
observations & proposed 
model 

Explain 
- learners explain their 
understanding of concept 
- teachers may introduce 
concept or skill to guide 
students to deeper 
understanding  

Model 
- use data to create models 
that provide coherent 
explanations for the 
observations 

Investigate  
- students carry out activities to 
investigate the problem or to 
derive knowledge claims 

Application of ideas 
-  test new ideas in similar 
and/or novel situations 

Explain 
- explain to class how data 
served as evidence to 
support or refine model  

Elaborate  
- extend understanding 
and apply concept through 
additional activities 

Apply 
- test & apply models in 
novel situations 

Prepare to report 
- small group prepare to report 
- teacher may guide students’ 
articulation of ideas & impart 
skills 

Review change of ideas 
- compare new knowledge 
with prior knowledge 

 Evaluate 
- students & teachers 
assess understanding & 
progress toward achieving 
educational objectives 

 Report 
- students report their claims & 
findings to class, defend ideas 
- whole class (tr & student) 
evaluation 
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Appendix B 

Descriptors for Components in the Working Framework  

Components Descriptors 

Engage Engage learners’ interest in and prior concepts of topic: 

- Engage interest in current topic by a question/problem/ 

discrepant event 

- Elicit learners’ prior concept through questions, discussions, 

drawings, writing, etc 

Prepare to 

investigate  

Prepare learners for investigation: 

- Teacher introduce or review concept, skills, processes, 

attitudes, and procedural instructions connected to the 

investigation 

- Learners prepare for investigation by thinking through key 

issues and processes in investigations 

Investigate Learners engage in experiences/activities that help them explore 

questions/problems. Learners could investigate a topic or 

phenomenon by collecting and analyzing data to observe patterns 

or collect evidence to support a claim. 

Explain Learners explain their understanding of the concepts based on 

evidence or data they have collected.  

Teacher guides conceptual change, builds new concepts or guides 

learners towards deeper understanding of concepts. 

Evaluate Teacher evaluates learners’ progress toward achieving 

educational objectives. 

Learners assess their own understanding and attitudes. 
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Table 1 

Summary of Educational and Professional Background of Teacher Collaborators 

Teacher 

(Age) 

Years of 

teaching 

experience 

Years of 

experience 

teaching science 

Educational background 

Dorothy 

(58) 

40 40 Started teaching with an A-level 

certification (equivalent to graduation 

from senior high school). Obtained BA 

in English language and business 

administration from Open University, 

Singapore in 2005 on a part-time basis. 

Ming 

(45) 

6 5 BSc in Chemistry, Canada, 1985. 

 

Isa 

(39) 

13 7 Started teaching with A-level 

certification. No science background 

beyond secondary school. Obtained a BA 

in English language and Economics from 

Open University, Singapore in 2007 on a 

part-time basis. 

Jan 

(28) 

4 4 Obtained Diploma in Electronics 

Engineering from a Polytechnic in 

Singapore in 2001. Obtained BA in 

English with Psychology from Open 

University, Singapore in 2007 on a part-

time basis. 
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Table 2 
Topics Taught and Number of Lessons Observed and Videotaped for each of the Four Teacher Collaborators 

Teacher 

Topic taught and number of lessons observed 

Phase 1 Phase 2 

Topic No. of lessons Topic No. of lessons 

Dorothy (Grade 5) Cellular structures and 

genetic traits 

4 Cycle 1: Electricity 

Cycle 2: Reproduction in plants 

8 

8 

Dorothy (Grade 6) Energy conversion 4 – – 

Ming (Grade 6) – – Cycle 1: Friction 

Cycle 2: Environment and web of life 

2 

11 

Isa (Grade 3) Diversity of living things 2 Cycle 1: Diversity of non-living things (materials) 

Cycle 2: Life cycles of plants and animals 

4 

7 

Jan (Grade 3) Diversity of living things 3 Cycle 1: Diversity of non-living things (materials) 

Cycle 2: Magnets 

4 

5 

Total  13  49 
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Table 3 

Actual Instructional Sequence Observed During a Lesson on Electricity 
Time*  

(min:sec) 

Sequence of 

Component 

What was observed in the classroom 

03:00 -07:50 Prepare to 

investigate 

 

Dorothy reviewed three key ideas from previous 

lessons: (a) the two terminals of a bulb; (b) closed 

and open circuits; (c) how to build a closed circuit. 

Dorothy described the objective of current 

investigation and gave procedural instructions for 

carrying out the investigation.  

07:51 – 16:45 Investigate 

 

 

 

 

(Assessment 

for learning) 

Students successfully built circuit with bulbs 

arranged in series (many groups completing within 

one minute that investigation started). 

Students struggled without success in building 

parallel circuit. 

Dorothy walked among groups, observing the 

students’ difficulties without helping. 

16:46 – 17:34 Prepare to 

investigate 

(Assessment 

for learning) 

Dorothy called the class together and provided 

feedback to students, diagnosing the problem they 

were facing. She did not give instructions on how to 

build the parallel circuit but provided them with a 

method to evaluate whether they were ending up 

with the same circuit pattern. 

17:35 – 32:51 Investigation 

 

Students continued to work in their groups to build 

their parallel circuits. It took 11 minutes before one 
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Time*  

(min:sec) 

Sequence of 

Component 

What was observed in the classroom 

 

 

(Assessment 

for learning) 

group finally succeeded in building the parallel 

circuit. 

Dorothy noted that all the groups were able to build 

their parallel circuits. 

32:52 – 33:30 Prepare to 

investigate 

Having observed that all the groups were successful 

in building both circuits, Dorothy brought the 

students together and asked them to compare the 

relative brightness of the light bulbs in the two 

circuits.  

33:31 – 36:37 Investigate Students resumed their investigation in their groups, 

noting the relative brightness of the light bulbs. 

36:38 – 41:55 Explain Students presented their findings and Dorothy led 

discussion on relative brightness of light bulbs in 

the two circuits.  

*Time as recorded on the video-tape. 
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Figure legend 
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