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Mathematical modelling is one of the current focuses in the Singapore Mathematics Curriculum 

Framework. A multi-tiered teaching experiment using design research methodology was conducted 

to build teachers’ capacity in designing, facilitating, and evaluating learning during mathematical 

modelling tasks for Primary 5 students (aged 10-11). This paper illustrates the use of the 

retrospective analysis phase within design research cycles to activate a critical moment of teacher 

learning involving the interplay between questioning and listening during her first attempt at 

facilitating a mathematical modelling task. The teacher affirmed her deliberate focuses in the use of 

questions to (a) refine students’ models, (b) encourage articulation of student ideas in self-evaluation 

of the models, and (c) clarify and understand student reasoning. However, she also discovered the 

importance of interpretative listening in conjunction with questioning to promote more sophisticated 

mathematisation processes in model development. Implications from the use of the retrospective 

analysis phase on activating critical moments of learning during teacher education will be discussed.   
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INTRODUCTION 

Mathematical modelling was first introduced in the Singapore Mathematics Curriculum 

Framework in 2007 (MOE, 2007). The main goal of the framework is to equip students with 

competencies in solving different types of problems, including non-routine problems situated 

in real-world contexts. It was postulated that modelling tasks not only presented platforms for 

activating in-depth mathematical reasoning and communication, they also make explicit 

connections between school-based mathematics and the real world (Balakrishnan, 2011; 

English, 2007).  

Mathematical modelling refers to a “process of representing real-world problems in 

mathematical terms in an attempt to understand and find solutions to the problems” (Ang, 

2010). A Models-and-Modelling Perspective (Lesh & Doerr, 2003) on mathematical 

modelling is adopted in this study where participants worked with Model-Eliciting Tasks. 

Here, modellers engage in mathematisation processes (de Lange, 2006) where the problem is 

interpreted, represented, and solved in multiple ways through the development of appropriate 
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internal conceptual models before external  projection of the models are expressed in spoken 

language, written symbols, graphs, diagrams, and experience-based metaphors (i.e., 

mathematical representations). These representations are continually tested and revised as 

modellers aim to reach feasible solutions to explain, describe, or predict the given problem 

situation for various purposes within a selected set of assumptions and conditions. 

Actual implementation of modelling activities in schools across Singapore is limited because 

many teachers do not know what mathematical modelling entails (Chan, 2008). Anecdotal 

evidence suggested that teachers often faced challenges in just-in-time identification of 

student blockages and provision of appropriate scaffolding. This is particularly so when faced 

with open-ended, non-routine tasks involving the use of a more student-centred, less 

prescriptive pedagogical repertoire (Ng, 2011). Researchers (e.g., Doerr, 2007) called for a 

mindset change in teachers when facilitating modelling tasks moving from an authoritarian 

teacher-control mode to a more student-directed teacher-support mode. Stillman (2010) also 

emphasised the importance of creating a conducive classroom climate for modelling tasks 

where students choose and justify their approaches for model development. Hence, this 

brings to mind how teacher educators can “scaffold teachers” in non-prescriptive ways to help 

them identify their own critical moments of learning in view of challenges faced during 

facilitation of modelling tasks and make conscious plan for pedagogical focuses in 

subsequent implementation.  

A multi-tiered teaching experiment using design research methodology was conducted to 

build teachers’ capacity in designing, facilitating, and evaluating learning during 

mathematical modelling tasks for Primary 5 students (aged 10-11). In two design research 

cycles over four months, the researchers worked with an experienced teacher specialising in 

the teaching of primary mathematics in her journey implementing two mathematical 

modelling tasks for a class of 33 students. The researchers adopted a non-prescriptive 

approach in each cycle, building upon the prior experience, knowledge, and understanding of 

the teacher to help her identify critical moments of learning for future facilitation of 

modelling tasks. This paper illustrates the use of the retrospective analysis phase in relation to 

the other phases within design research Cycle 1 to activate a critical moment of learning in the 

teacher involving the interplay between questioning and listening during facilitation of 

mathematical modelling. The contrasting cases of teacher-student discourse featured served 

as platforms for retrospective analysis. Implications from the use of the retrospective analysis 

phase on activating critical moments of learning during teacher education will be discussed.   

MULTI-TIERED TEACHING EXPERIMENT 

The multi-tiered teaching experiment is an emerging form of qualitative research framework 

for the development of all participants involved in the research. The framework hinges on the 

creation of conditions that optimize the chances that development will occur without dictating 

the directions for (a) developing new conceptions of participants' (students, teachers, and 

researchers) experiences, (b) structuring interactions to test and refine constructs, (c) 

providing tools that facilitate the construction of relevant models, and (d) using formative 

feedback and consensus building to ensure the constructs develop in directions that are 

continually “better” (Lesh & Kelly, 2000). The main principle underlying this framework is 

to seek corroboration through triangulation. In this regard, all participants or learners work 

interdependently with “each of them engaged in a common goal of trying to make sense of, 

and learn from, their respective experiences” (English, 2003, p. 227). 
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The participants of this study (i.e., researchers, teacher, and students) were engaged 

differently in their own forms of learning (Figure 1), but all were involved in making sense of 

their experiences by developing their own “conceptual models” through a variety of 

representational systems for the organization of learning from this teaching experiment. This 

paper will centre on the interactions between Tiers 2 and 3.  

 

 Figure 1. A three-tiered teaching experiment (adapted from Lesh & Kelly, 2000, 198) 

DESIGN RESEARCH METHODOLOGY 

Design research (Brown, 1992; Edelson, 2002) is an emerging paradigm which aims to 

develop sequences of activities to grasp an empirically grounded understanding of how 

learning works. The design research setting sees researchers and teacher-practitioners 

working together to produce meaningful change in the context of practice in classroom 

instructions (Design-Based Research Collective, 2003). It is characterized by iterative cycles 

comprising the phases of Design (D), Teaching-Experiment (E) and Retrospective analysis 

(R). Dolk, Widjaja, Zonneveld, and Fauzan (2010) incorporated another phase Knowledge (K) 

to emphasize the critical role of researchers’ and teachers’ knowledge that guide the design 

process (Figure 2). In this study, the knowledge phase includes the teacher’s knowledge of (a) 

mathematics and her students, (b) the features of mathematical modelling tasks, (c) the 

potentials and challenges of modelling processes for student learning, and (d) scaffolding 

focuses for mathematisation. The iterative cycles of K-D-E-R complement the focuses of this 

multi-tiered teaching experiment as each participant also engages in cyclical refinement of 

their conceptual model documenting their learning. 

The two design research cycles of this study served different purposes. Cycle 1 focused on 

familiarizing the teacher with the features of modelling tasks, scaffolding strategies for 

mathematisation, and predicting possible student outcomes exemplified through the use of a 

researcher-designed model-eliciting task (see below). Cycle 2 scaffold the teacher in 

designing a second modelling task for the same class, working out pathways for 

implementation,  and  predicting   student   outcomes.  Each  cycle   comprised  of   five  to   six 

 

sessions: beginning with one session on the knowledge phase where the teacher’s views were 

sought about task design and implementation, moving on to one session on the design phase, 
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followed by three sessions on the teaching experiment phase, and finally ending with one 

session on the retrospective analysis phase. 

 

Figure 2. The cyclical process of knowledge, designing, experimenting, and retrospective 

analysis (Dolk et al., 2010, p.175) 

The Task: Determining the Most Efficient Bus Route  

Ms Chang recently moved to Block 297C Punggol Road. She is going to start teaching at Punggol 

Primary school next week and needs to know how to travel to the school. However, the MRT is 

always too crowded for her to take and it also requires her to take a feeder bus which results in 

inconvenience. Ms Chang realizes that there are three bus services that ply different routes to her 

school. Help her to find the most efficient route to travel by bus from her home to the school. The 

location of her home is marked in the map. Currently the three bus services that are available for 

Ms Chang to choose are Service 124, Service 62 and Service 89. The routes for Service 124, 

Service 62 and Service 89 are marked as blue, yellow, and pink lines respectively on the map. The 

bus stops along each bus route are marked with stickers with corresponding colours.  

 

Each phase Cycle 1 was implemented as follows. A face-to-face meeting session between the 

researchers, the teacher, and some of her colleagues was conducted to activate the knowledge 

and design phases of the cycle. Here, the teacher first took on the role of a modeller working 

with a group of colleagues on the Bus Route Task facilitated by the researchers. She then 

engaged in discussion with the researchers about her experience in model development for the 

task, drawing upon her knowledge of mathematics, teaching, and her students. Features of 

mathematical modelling tasks and the mathematisation process were highlighted using the 

models developed. The teacher’s knowledge was considered when the researchers revised the 

task for implementation. During the teaching experiment phase, the teacher carried out the 

revised Bus Route Task with a class of 33 students at Primary 5 spanning one week using 

three consecutive sessions of one hour each. The teacher engaged in immediate reflections 

with the researchers after each implementation session. The retrospective phase involved an 

overall post-task reflection among the researchers and the teacher. 

Video-recording was conducted throughout all sessions in Cycle 1. In the teaching 

experiment phase when the students worked with the Bus Route Task, the researchers took on 

the role of non-participant observers (Cohen, Manion, & Morrison, 2011), making field notes 

and three concurrent video-recordings: a roving camera on the teacher as she moved about in 

the classroom and two stationary cameras with two case-study student groups. The section 

below outlines how the researchers used contrasting cases of teacher-student discourse 

harnessed from the experiment phase of Cycle 1 as platforms for discussion during the 

retrospective analysis phase.  
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A CRITICAL MOMENT OF LEARNING: BALANCING QUESTIONING AND 

LISTENING 

In this study, critical moments of learning occurred when the teacher came to her own 

realization about the strengths and areas for improvement within her pedagogical repertoire. 

Such moments may lead to more conscious and streamlined pedagogical approaches tapping 

on the strengths whilst improving on areas of focuses in subsequent scaffolding. The 

retrospective analysis phase of design research cycle draws upon the other phases (i.e., 

looking back) to work towards the focuses of the next cycle (i.e., looking forward). The 

retrospective analysis phase in Cycle 1 of this research to be outlined below was carried out to 

help the teacher to sieve out her strengths in questioning and identify areas for further 

development in her facilitation repertoire. These were to be built upon during Cycle 2.  

The retrospective analysis phase started with the researchers presenting excerpts of two 

contrasting cases of teacher-student discourse in the form of video-stimulated recall (Lyle, 

2003).  The teacher was also referred to transcripts of the excerpts (Tables 1 & 2) as she 

watched the video segments. The portions in bold are highlighted to the teacher for discussion 

of her questioning approaches. Square brackets recorded actions of the teacher or students. 

Curly brackets contained additional notes added to the transcript for a more complete 

interpretation. Table 3 shows excerpts of researcher-teacher discourse during retrospective 

analysis. Cross references between Tables 1 to 3 can be made for a better understanding the 

retrospective analysis process.  

 Table 1: Group 8 Teacher-Student Discourse      

Speaker Line Content 
Teacher: 1 

2 

[Pointing at the table of values which recorded the map distance of each bus route]  

This is based on? 

Student 1: 3 We measure how long {the distance of the bus route is}. 

Teacher: 4 

5 

The length of the route, okay the distance. What else are you going to do? Is that 

enough you think? 
Student 1: 6 No. 

Teacher: 7 How else would you do? 

Student 1: 8 Find the bus fare. 

Teacher: 9 

10 

11 

12 

13 

14 

15 

You’re going to work out the bus fare. Is there anything else that you hope to make 

your argument stronger? Any other factor? Have you looked at the map more 

closely, is there any other factor you want to include? It is up to you, you may want to 

look at other factors, you may want to choose some, you may want to leave out some, 

it’s up to you. You decide and record, record the discussion that you’ve had, how 

you decided to select distance and cost, is it? Why? Why distance and cost and not 

some of the other things. Okay? Any question? 

Students: 16 [No response] 

Teacher: 17 [Moves to another group] 

 

Analysis from both teacher-student discourse and teacher reflection revealed that the teacher 

not only used a variety of questioning approaches but had consciously affirmed her focuses in 

selected questions types for specific purposes. When asked to comment on her questioning 

focuses with respect to the excerpts in Tables 1 and 2, she added: “I’ll also want to say that … 

maybe I selected certain questions which I thought would be helpful. So these questions were 

at the back of my mind.  So I was actually focussing more on certain types of questions”.   
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Three main focuses were identified in the teacher’s questioning approaches. Firstly, the 

teacher questioned to refine students’ current mathematical models, building upon the 

different entry points of Groups 8 (Table 1, line 4) and 1 (Table 2, line 6). She might have 

activated her knowledge of the mathematisation process during model development and was 

questioning to steer her students towards more sophisticated mathematical representations of 

the problem situation. With Group 8, she questioned with a goal of encouraging the 

incorporation of more real-world considerations when selecting factors determining bus route 

efficiency. Specifically, the population in the neighbourhood could have affected how 

crowded the bus stops were likely to be and hence bearing an impact on time taken for travel 

in each bus route (Table 3, lines 5-10). In other words, there was a possibility that distance 

might not be a sufficient indicator for the most efficient bus route. However, with Group 1, 

her goal during questioning was to help them establish cause-effect relationship (Table 2, 

lines 12-13) between the two key variables they have identified (i.e., cost and distance). 

Although the teacher questioned both groups to help them refine their models, the difference 

in the expected outcomes or goals from the questioning was attributed to the teacher’s 

evaluation of the groups’ “readiness” for external prompting to explore other variables 

affecting bus route efficiency. Sensing that Group 1 was still in the midst of developing their 

initial mathematical model, she wanted to give the group more time to consider other factors 

on their own (Table 3, lines 11-15).   

Table 2: Group 1 Teacher-Student Discourse      

Speaker Line Content 
Teacher: 1 

2 

How many factors {determining the choice of the most efficient route} have you 

considered so far? 

Student 1: 3 Bus fare, distance… 

Teacher: 4 Okay, so which have you decided on? Which route? 

Student 1: 5 The pink route. 

Teacher: 6 Okay, you’ve got two factors, how did you decide the pink was better? 

Student 1: 7 We measure{d} three different routes and we marked it with markers. 

Teacher: 8 

9 

Okay, that is how you did, how you arrived at it. But why {have you decided} between 

distance and cost, you said the pink route is better based on…   
Student 2: 10 The cost. 

Teacher: 11 

12 

13 

14 

[Referring to students’ calculations on the bus fares for the respective routes] 

How about this part of it, does it affect the distance? Did you link these two? What is 

the link between these two? {What is the relationship between bus fares and bus route 

distance?} 

Student 2: 15 

16 

This is the {calculations for the} pink line {route} and this is for the yellow line 

{route}, we find out the difference between the two. 

Teacher: 17 You mean in distance then… 

Student 2: 18 

19 

Yeah and the amount of fares, meaning we are trying to find out which line {route} is 

the cheapest by the distance. 

Teacher: 20 Okay. So did you find some kind of a link between the two?  

Student 2: 21 Yes 

Teacher: 22 What did you find out? 

Student 2: 23 We should know that {a} shorter {route} is cheaper. 

Teacher: 24 The shorter, the cheaper so you decided on pink route based on that. 

Student 2: 25 Yeah 

Teacher: 26 Ok. [Teacher leaves the group] 
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Secondly, the teacher encouraged articulation of student ideas in their self-evaluation of the 

model (Table 1, lines 4-15), deliberately avoiding her usual teacher-centred prescriptive 

approach. She commented during her reflection that although “my natural self would be to 

tell…but I wanted it {the ideas} to come from them rather than me actually giving them the 

answers”. This may suggest that the teacher made efforts to develop her facilitation repertoire 

integrating her knowledge of the features of modelling tasks.    

Thirdly, the teacher questioned for understanding and clarifications (Table 2, lines 8-9, 12-14, 

17 & 20). It was evident that the teacher acknowledged the efforts of the students and 

attempted to establish their logic of argument requesting for more elaborate answers and 

explanations. She also rephrased her interpretations of the students’ responses and checked 

for shared understanding. The excerpt in Table 2 shows a conversational exchange between 

the students and the teacher with the teacher paying attention to understand the level of 

mathematical sophistication of their current model. 

Table 3: Research-Teacher Discourse during Retrospective Analysis Phase 

Speaker Line Content 
Researcher 1 

2 

3 

4 

We actually realise that … the questions that you pose to the students in this 

particular group (Group 8), you actually asked a lot of good prompts … So 

you’re actually guiding the students to examine the data closely and sort of 

revisit what they have done and try to improve on it. Any comments to add? 

Teacher 5 

6 

7 

8 

9 

10 

Erm … just to add on to that, they already had some data and … they were quite 

strong in their decisions. I wanted them to see, you know like the more realistic 

point that there are other factors they may want to see {consider} from the real 

life point of view … asking them to look more closely at the map to see whether 

they could make some link between you know, the population {bus stop use and 

time taken for journey}, higher population and things like that. 

Teacher  

 

11 

12 

13 

14 

15 

[From another portion of the discourse: Teacher was asked to comment on the 

focuses of her questioning among the two groups] 

{For Group 1} I didn’t really go into the real world constraints I think as much 

as with Group 8. Because Group 8 seemed more settled and more…they 

seemed to have arrived at a conclusion whereas Group 1 … they hadn’t quite 

completed ... I thought I would let them just carry on. So they could make some 

more observations on their own.    

Researcher:  

16 

17 

[Reference was made to excerpt in Table 1] 

Do you find that at that time you also listen to the students I mean…what are 

they thinking after that particular after you posed the questions…? 

Teacher: 18 Not really. 

Researcher: 19 

20 

Not really. Ok. And then what did you find {what happened} when you didn’t 

listen to the students? 

Teacher: 21 

22 

23 

24 

25 

26 

27 

28 

I couldn’t actually eh, take them through their thinking process. I wasn’t really 

listening to what they were {talking about}, so we didn’t really move {on} in 

that direction {that I’d wanted them to} … Yeah, it’s easier to…actually guide 

them along eh, their thinking when I follow up with their responses…rather 

than just asking them questions because I want them to think in that way… I 

think you’ve covered the main issue for, with me, with the questioning part and 

the listening, I think more working towards that. That will help to bring about 

better outcomes for the next, next time. 

 

Although the teacher made commendable attempts to explore various questioning focuses 

towards more sophisticated model development in her non-prescriptive approach at 

facilitation, contrasting outcomes from her questioning efforts emerged between Groups 8 
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and 1. On one hand, both the excerpt (Table 1, line 16) and subsequent work from Group 8 

(Figure 3) showed evidence that the group did not revise their model following the teacher’s 

prompting. The group already made their decision on the most efficient bus route based on the 

shortest distance travelled and related it to the cost of travelling; what they had originally 

started with before teacher prompting. On the other hand, Group 1 managed to draw 

connections between cost and distance travelled for the selection of the most efficient bus 

route (Table 2, lines 23-25) after the teacher prompted them to move on from their initial 

model of simple measurements. 

  
 

Figure 3. Group 8’s work 

The difference in outcomes from her questioning approaches in the two groups could mainly 

be attributed to whether the teacher allocated time to listen to her students’ responses and 

whether she was able to build upon their responses towards a more sophisticated 

mathematical representation of the initial model developed. With Group 8, the teacher had 

asked a series of questions without pausing to listen for students’ responses; all within one 

minute of real-time (Table 1, lines 9-15). In contrast, the teacher spent more time with Group 

1, pausing between questions to wait for students’ responses and adapting her subsequent 

questions based on what she heard (Table 2). When the teacher was asked to compare and 

reflect on the outcomes of her questioning focuses between the two groups, she identified a 

critical moment of learning: a balance has to be sought between questioning and listening 

when scaffolding student discussion during facilitation of mathematical modelling tasks 

(Table 3, lines 16-28). Acknowledgement and support from the researchers in view of the 

critical moment of learning related to the balance of questioning and listening further 

propelled the teacher to make plans for areas of focus in subsequent facilitation sessions with 

her students. She articulated the need to spend more time listening to her students “next time”.  

DISCUSSION AND IMPLICATIONS 

This paper presented part of a teacher’s journey in self-realisation of her strengths and areas 

for development during scaffolding of student learning in mathematical modelling tasks 

through use of design research cycles. It illustrated how the retrospective analysis phase, 

employed in conjunction with the other phases, could serve as a platform for eliciting critical 
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moments of learning for the teacher, building upon the careful selection and discussion of 

appropriate stimuli (in this case, the two contrasting cases of teacher-student discourse). 

During her reflections, the teacher affirmed her purposeful focuses in the use of questions to 

(a) refine students’ models, (b) encourage articulation of student ideas in self-evaluation of 

the models, and (c) clarify and understand student reasoning. She also discovered the 

importance of listening in conjunction with questioning to promote more sophisticated 

mathematisation processes in model development. Nonetheless, maintaining a balance 

between listening and questioning is an essential feature in any teaching-learning episode, not 

just during modelling tasks. What may also be important is whether the teacher can develop 

her own understanding of and consciously monitor her different listening orientations for 

shared learning within a modelling classroom. Davis (1997) surfaced three listening 

orientations found among teachers: evaluative, interpretative, and hermeneutic. In particular, 

the teacher in this study displayed interpretative listening with Group 1 where she sought 

detailed elaborations and explanations from the students. This resulted in a positive revision 

of the existing model. In her discourse with Group 8, the teacher might have attempted to 

avoid evaluative listening, choosing not to correct or make judgements of students’ work by 

not allocating time to listen to students’ responses at all. Instead, she tried unsuccessfully to 

shift the role of evaluation to her students through a series of questions. Perhaps an area the 

teacher could look into is to listen with a hermeneutic orientation, engaging in the negotiation 

of meaning with the students as well as sharing the formation and revision of co-created 

knowledge during the modelling task. Another area the teacher could explore further would 

be to spend more time observing students’ work before engaging in questioning-listening 

episodes. Doerr and English (2006) found that one of the ways for a teacher to support student 

learning during modelling tasks is to adopt a pattern of listening-observing-questioning for 

clarifications right at the beginning of the facilitation process. This allows the teacher to gain 

an understanding of the students’ thinking and learn the different ways in which the 

real-world problem could be represented. Teacher observations of student discussions also 

provided opportunities for the teacher to determine the knowledge of the students in relation 

to the task. Indeed, when shown the work of Group 8 (Figure 3), the teacher in this study 

reflected upon her surprise at her students’ knowledge of “speed”, a topic yet to be formally 

taught in her class. A key challenge to teacher educators when building teachers’ capacity in 

modelling tasks would be to engage teachers in learning how to gain an understanding of 

students’ thinking and making appropriate responses (e.g., questioning, listening, observing) 

in support of their model development. In the case of this study, teacher reflection within the 

retrospective analysis phase of design methodology is a powerful platform to highlight 

potential critical moments of learning for the teacher.    

ACKNOWLEDGEMENTS 

The authors would like to thank Mdm Mary Magdalene Thomas and teachers of Punggol 

Primary School, Singapore, in this research. 
 

References 
Ang, K. C. (2010, December 17-21). Teaching and learning mathematical modelling with technology. 

Paper presented at the Linking applications with mathematics and technology: The 15th Asian 

Technology Conference in Mathematics, Le Meridien Kuala Lumpur. 

3355



Ng, Widjaja, Chan, & Seto 

  

 

Balakrishnan, G. (2011). Mathematical modelling: Insights from Singapore. Paper presented at the 

Connecting to practice - Teaching practice and the practice of applied mathematicians: The 15th 

International Conference on the Teaching of Mathematical Modelling and Applications.  

Brown, A. L. (1992). Design experiments: Theoretical and methodological challenges in creating 

complex interventions in classroom settings. The Journal of the Learning Sciences, 2(2), 141-178. 

Cohen, L., Manion, L., & Morrison, K. (2011). Research methods in education (7th ed.). London: 

Routledge Falmer. 

Chan, C. M. E. (2008). Using model-eliciting activities for primary mathematics classroom. The 

 Mathematics Educator, 11 (1/2), 47-66. 

Davis, B. (1997). Listening for differences: An evolving conception of mathematics teaching. Journal for 

Research in Mathematics Education, 28(3), 355-376.  

de Lange, J. (2006). Mathematical literacy for living from OECD-PISA perspective. Tsukuba Journal of 

Educational Study in Mathematics, 25(1), 13-35. 

Design-Based Research Collective. (2003). Design-based research: An emerging paradigm  for 

educational inquiry. Educational Researcher, 32, 1, 5-8. 

Doerr, H. M. (2007). What knowledge do teachers need for teaching mathematics through applications 

and modellng? In W. Blum, P. Galbraith, H. W. Henn & M. Niss (Eds.), Modelling and applications in 

mathematics education: The 14th ICMI study (pp. 69-78). New York: Springer. 

Doerr, H., & English, L. D. (2006). Middle grade teachers' learning through students' engagement with 

modeling tasks. Journal of Mathematics Teacher Education, 9(1), 5-32. 

Dolk, M., Widjaja, W., Zonneveld, E., & Fauzan, A. (2010). Examining teacher's role in relation to their 

beliefs and expectations about students' thinking in design research In R. K. Sembiring, K. Hoogland 

& M. Dolk (Eds.), A decade of PMRI in Indonesia (pp. 175-187). Bandung, Utrecht: APS 

International. 

Edelson, D. C. (2002). Design research: what we learn when we engage in design. The Journal of the 

Learning Sciences, 11(1), 105-121. 

English, L. D. (2003). Reconciling theory, research, and practice: A models and modelling 

 perspective. Educational Studies in Mathematics, 54, 225-248. 

English, L. (2007). Modeling with complex data in the primary school. Thirteenth International 

Conference on the Teaching of Mathematical Modelling and Applications, (June 10). Retrieved from 

http://site.educ.indiana.edu/Papers/tabid/5320/Default.aspx 

Lesh, R., & Doerr, H. M. (2003). Foundations of a models and modeling perspective in 

 mathematics teaching and learning. In R.A. Lesh & H. M. Doerr (Eds.), Beyond 

 constructivism: Models and modeling perspectives on mathematics problem solving,  learning 

and teaching (pp. 3-34). Mahwah, NJ: Lawrence  Erlbaum Associates. 

Lesh, R., & Kelly, A. (2000). Multitiered teaching experiments. In A. Kelly, R. Lesh (Eds.),  Research 

design in mathematics and science education. (pp. 197-230). Lawrence  Erlbaum Associates, 

Mahwah, New Jersey. 

Lyle, J. (2003). Stimulated recall: A report on its use in naturalistic research. British Educational 

Research Journal, 29(6), 861-878. 

Ministry of Education [MOE]. (2007). Ministry of Education Mathematics Syllabus – Primary. Singapore: 

Curriculum Planning and Developmental Division. 

Ng, K. E. D. (2011, 14-19 Jul 2011). Facilitation and scaffolding: Symposium on Teacher Professional 

Development on Mathematical Modelling - Initial perspectives from Singapore. Paper presented at the 

Connecting to practice - Teaching practice and the practice of applied mathematicians: The 15th 

International Conference on the Teaching of Mathematical Modelling and Applications, Australian 

Catholic University (St. Patrick), Melbourne, Australia. 

Stillman, G. A. (2010). Implementing applications and modelling in secondary school: Issues for teaching 

and learning. In B. Kaur & J. Dindyal (Eds.), Mathematical applications and modelling: Yearbook 

2010 of the Association of Mathematics Educators (pp. 300-322). Singapore: World Scientific. 

 

 

3356

http://site.educ.indiana.edu/Papers/tabid/5320/Default.aspx

	ICME-2012-3347_cover
	ICME-2012-3347



