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OPPORTUNITIES TO LEARN THROUGH TYPICAL 

PROBLEMS 

Ban Heng Choy 

National Institute of Education, Nanyang Technological University 

It is challenging to design and structure lessons to maximize high-quality 

opportunities to learn mathematics in the classrooms. This paper presents a 

case study of Mary, a beginning mathematics teacher in Singapore, to illustrate 

how she noticed opportunities to learn during the planning and enacting of a 

lesson on decimal fractions for Primary 4 students. The case highlights the 

importance of noticing affordances of typical problems and opportunities to 

orchestrate productive discussions to provide quality opportunities to learn.  

INTRODUCTION 

All students should have access to high-quality mathematics curricular, 

effective teaching and learning, high expectations, and the support and 

resources needed to maximize their learning potential. To enhance students’ 

learning experiences, teachers need to provide their students opportunities to 

learn from mathematically meaningful tasks. The notion of opportunities to 

learn was defined as the “amount of time allowed for learning” (Carroll, 1989, 

p. 26) and its conceptualization has broadened over the years. For example, Liu 

(2009) positions opportunity to learn as an “entitlement of every student to 

receive the necessary classroom, school and family resources and practices to 

reach the expected competence” (p. v). Although this entitlement has often been 

measured in terms of the amount of time (Carroll, 1989) given for a program, or 

the number of tasks with certain characteristics in a textbook (Wijaya, van den 

Heuvel-Panhuizen, & Doorman, 2015), Carroll (1989) highlighted that it is 

what happens during lessons that matters most.  

With the aim of broadening the notion of opportunity to learn to examine other 

features of mathematics instruction, such as task implementation during lessons, 

Walkowiak, Pinter, and Berry (2017) re-conceptualized opportunity to learn in 

terms of teachers’ mathematical knowledge for teaching, time utilization, 

mathematical tasks, and mathematical talk. This conceptualization puts teachers 

as the main orchestrator in the lesson to provide students these opportunities to 

learn. More specifically, Walkowiak et al. (2017) positioned teachers’ 

mathematical knowledge for teaching (Ball, Thames, & Phelps, 2008) as a 

critical factor in relation to how teachers optimize time use during the lesson 

(Gettinger, 1989), how they design, select, and implements tasks (Mason & 

Johnston-Wilder, 2006), and how teachers orchestrate discussions (Smith & 

Stein, 2011). This paper examines how Mary (pseudonym), a primary school 

mathematics teacher in Singapore, provided her Primary 4 students quality 
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opportunities to learn mathematics by orchestrating the time, task, and talk for a 

lesson on decimal fractions. 

Orchestrating Time, Task, and Talk 

Although time allocated to teaching mathematics is important, Walkowiak et al. 

(2017) went beyond the number of minutes and investigated the amount of time 

spent in relation to the mathematical goal of the lesson. In particular, they 

examined whether teachers use “the majority of time in the lesson to reach the 

mathematical goal” and whether the lesson components are structured to “build 

on each other with explicit attention to the mathematical goal” (p. 12). This 

consideration is important for many classrooms because of the time constraints 

faced by teachers, especially in examination-driven education systems such as 

Singapore. In addition, many researchers suggest that it is crucial for students to 

have discussions around mathematically rich tasks as part of their learning 

experiences (Grootenboer, 2009; Smith & Stein, 2011). However, these tasks 

are usually time-consuming and pedagogically challenging to use in the 

classrooms. This raises the challenge of how teachers can optimize students’ 

opportunities to learn through mathematically meaningful tasks when given 

limited curriculum time. To this end, Choy and Dindyal (2018) highlighted how 

typical problems—standard examination or textbook-type questions—can be 

used to promote productive talk between students and teachers. While 

acknowledging the importance of using rich tasks, Choy and Dindyal (2018) not 

only suggested the possibility of using typical problems to orchestrate 

discussions, but also proposed how teachers can make connections between 

different representations of mathematics, which reflect a connectionist approach 

to teaching mathematics (Askew, Rhodes, Brown, Wiliam, & Johnson, 1997). 

The Role of Teacher Noticing 

Mathematics teachers, who use a connectionist approach to teaching 

mathematics, can notice and exploit the mathematical possibilities of 

instructional materials for different profile of students (Askew et al., 1997). 

Adopting a connectionist approach to teaching requires teachers to develop a 

keen awareness of the mathematical connections afforded by the tasks and use 

these connections to design opportunities to learn through orchestrating time, 

task, and talk during lessons. A key component of teaching expertise that 

enables teachers to do this ambitious work is mathematics teacher noticing, 

which  refers to what teachers attend to and how they interpret their 

observations to make instructional decisions during lessons (Mason, 2002; 

Sherin, Jacobs, & Philipp, 2011). Most of the earlier studies on teacher noticing 

were centered about the use of video recordings of teaching episodes but Choy 

(2016) brought task design into the realm of teacher noticing. His findings 

suggested that an explicit focus for noticing is useful, and an emphasis on 

pedagogical reasoning can increase the likelihood of teachers making 
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instructional decisions that promote students’ reasoning. In this paper, 

researcher extends and applies the notion of productive noticing (Choy, 2016) to 

examine what and how Mary noticed about the opportunities to learn during a 

lesson on decimal fractions. Vignettes of how Mary planned and implemented 

the lesson will be discussed in relation to the time, task, and talk during the 

lesson. 

METHOD 

The data reported in this paper were collected as part of a larger exploratory 

study on building a culture of collaboration and listening pedagogy in 

classrooms through Lesson Study for Learning Community in Singapore. The 

study involved a Lesson Study team comprising of 10 mathematics teachers in 

Quayside Primary School (pseudonym), a government-funded school. The 

vignettes feature Mary, a beginning teacher who had only six months of 

teaching experience at the time of this study. Although newly trained, Mary has 

a strong foundation in mathematics as she had studied mathematics as a 

university major. Data for this paper were generated through the voice and 

video recordings of the lesson, and the lesson plan designed by Mary with 

support from her colleagues. A thematic analysis approach (Braun & Clarke, 

2006) was adopted for this study. Viewing the lesson plan as an instantiation of 

her thinking about the opportunities to learn, findings were developed through 

identifying aspects of the time utilization, tasks, and planned talk moves that 

provided opportunities for students to do mathematics. For the lesson, 

researcher analyzed the video and voice recordings by identifying segments, 

which corresponded to Smith and Stein’s (2011) five practices for productive 

discussions, and highlighted aspects of the time, task, and talk that presented 

opportunities for students to learn.  

NOTICING, DESIGNING, AND ORCHESTRATING OPPORTUNITIES 

TO LEARN 

In this section, researcher first presented an analysis of Mary’s lesson plan on 

Decimals for a Primary 4 class before researcher discussed her actual lesson 

implementation. Her students had previously learned about decimals and 

fractions, including the addition of decimals. The lesson of interest (an hour in 

duration) focused on developing students’ relational understanding (Skemp, 

1978) of multiplication of decimals with a whole a number. Up to this point, 

students had not learned how to do multiplication involving decimals. It is also 

important to note that the Singapore Mathematics Curriculum only covers 

multiplication and division of decimals by 10, 100, and 1000 in Grade 5. Mary 

started the lesson by recapping the idea of multiplication as repeated addition 

before she set them the task of the day, which was to find the answer to 0.8 × 4 

and orchestrated a lesson around the different solution methods developed by 

the students, both individually and as a group. The episode reported here started 
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when a student asked a seemingly trivial question: How will you know where to 

put the decimal point?  In the following discussion, researcher uses three of the 

four key dimensions of opportunities to learn—time, task, and talk—as 

developed by Walkowiak et al. (2017) to highlight what Mary might have 

noticed about the opportunities to learn for her students.  

Designing Opportunities to Learn during Lesson Planning 

In terms of time utilization, Mary and her colleagues planned 45 minutes (out of 

55 minutes) of lesson time for students to work on two related forms of the 

question, 0.8 × 4: (a) Solve 0.8 × 4, and (b) How many ways can you think of to 

solve 0.8 × 4? Referring to Table 1, we see that Mary planned to spend most of 

the time in the lesson to reach the mathematical goal. The students first worked 

on the problem 0.8 × 4 on their own (10 minutes). This was followed by 

students working in groups on developing multiple solutions to the same 

question (How many ways can you think of to solve 0.8 × 4?). Moreover, Mary 

planned to have the students discuss the different solutions during the whole 

class discussion so that she could draw their attention to the linkages between 

the various solutions and the standard multiplication algorithm (See Figure 1). 

Hence, the time was structured so that the tasks built on each other, paying 

attention to the goal of understanding the idea behind the multiplication 

algorithm.  

Components of Lesson Time planned (min) Actual time used (min) 

Introduction 5 3 

Understanding the Problem 

and Individual Work 

10 7 

Group work 15 15 

Whole Class Discussion 20 25 

Closure of lesson 5 5 

Table 1: Planned and actual time utilization.  

Next, the task “How many ways can you think of to solve 0.8 × 4?” was a 

modification of simply “Solve 0.8 × 4”, which opened up the solution space of a 

typical problem (Choy & Dindyal, 2018). Although this will not be categorized 

as a rich task, the design of Mary’s task provided students opportunities to use 

and translate among two or more representations so that they could make sense 

of the mathematics. In addition, Mary’s use of the typical problem highlighted 

that she was cognizant of how the question could support students in making 

connections between their prior knowledge and the new content. Therefore, 

Mary and her colleagues demonstrated a keen awareness of the affordances of 

such typical problems beyond their usual usage (Choy & Dindyal, 2018).  
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More importantly, Mary did not plan to use the typical problem by simply 

explaining the procedure. Instead, as seen in Figure 1, she planned for students 

to explain their thinking and this could potentially allow students to move 

towards a better understanding of the multiplication algorithm. A closer 

examination of the lesson plan also reveals some planned talk moves similar to 

those proposed by Smith and Stein (2011). For example, she anticipated 

students’ different responses to the question and planned for the sequencing of 

sharing by different students (See Figure 1). This corresponded to Smith and 

Stein’s (2011) practices of anticipating, selecting, and sequencing.  

As seen from Table 1 and Figure 1, Mary noticed the affordances of using a 

typical problem and modified the problem to open its solution space (Choy & 

Dindyal, 2018). Her planned use of time and planned talk moves around typical 

problem also provided students opportunities to learn about the multiplication of 

decimals, with a strong focus on mathematical reasoning.  

 

 

Figure 1: Snapshot of Mary’s lesson plan 

Orchestrating Opportunities to Learn during Lesson  

Mary also orchestrated several opportunities, as planned, for students to learn 

during lesson. While Mary circulated the classroom, she took notice of the 

strategies used by the different groups of students. Mary’s attention to students’ 

strategies was demonstrated when she called upon different students to present 

their solutions according to the sequence planned as indicated in Figure 1. More 
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importantly, Mary pressed the students for their explanation beyond giving the 

correct answers:  

1  S1: So, first, we have four 0.8s, and after that we added all up, like 0.8 

plus 0.8, then we get the answer then we plus 0.8 again then plus 0.8 

again. Then…I thought that it will be easier if the number is smaller. 

But if the number is bigger, I think, then the multiplication method 

is easier? 

2 Mary:  Okay, so they [referring to the group of students including S1] did 

not choose this strategy as the most efficient one, but I ask them to 

present this strategy. Can anyone tell me why they did not choose 

this one as opposed to this one? S1 actually mentioned it, how about 

S2? 

3 S2:  Because is, when you get other bigger number, it will be hard for 

you to … 

As with the above exchange, Mary continued to press her students to explain 

their solutions to make their thinking visible to the other students throughout the 

lesson. This was so even for unanticipated responses from her students:  

22 S3:  … First, you need to kick the decimal place away because you do 
not need it. And then you need to, er…, you need the time to, 
convert both the numbers you are multiplying into whole numbers 
and then you get the answer. And then you, you pick the decimal 
point, in between the tenth place and the ones place of your answer. 
And we chose this as the most efficient one because it takes only 2 
steps… 

23 Mary:  Is that all? Okay, any questions for S3’s method? S4? 

24 S4:  But the multiplication number reaches up to like a zillion, where 
will you know how to put the decimal point? 

25 S3:  Just put it between the tenth place and the ones place, and you are 
done. 

26 S4:  But how do you know which one [cross talk]? 

27 S3:  Yes, I checked it already.   

28 S5:  How do you know which number is in the tenth place?   

29 S3:  Because I checked just now.   

30 Mary:  How did you check? How did you know?   

Here, S4’s question at Line 24 was unanticipated. Instead of brushing aside the 

question, Mary stepped back and allowed students (S3, S4, and S5) to discuss 

S4’s question. By doing so, Mary brought the question to the center of the 

whole-class discussion and these students’ arguments were made available to all 

students, for them to think about and evaluate the validity of the points made: 

31 S3:  I put a big number times a big number and I tried it, and yes, it 
works. 
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32 Mary:  So, it is always between the tenth and the ones place? Anyone 
disagrees? 

As seen from Mary’s response, she was comfortable in letting her students 

engage in a mathematical argument. The exchanges went on for several more 

turns before Mary tried to connect these responses: 

55 Mary:  … Let’s look at S3’s method, he started with 8 times 4, 32. How 
many ways can we actually put the decimal point. How many ways, 
S8? 

56 S8:  Er… you can put the decimal point in front of 2? 

57 Mary:  In front of 2, in between 3 and 2? So, we can have 3.2. what else can 
we have? 

58 S8:  0.32 

59 Mary:  0.32. We can put it in front of the 2 numbers, we can have 0.32,32.0, 
and anymore? 

60 S9:  0.032 

61 Mary:  0.032. So, you see we can have many ways to place the decimal 
point, but why are we so sure that this is the final answer, that this is 
the correct answer? …Yes, S10? 

62 S10:  You could put it in between, because it’s a, you know because 0.8 
times 4, and then 8 is in the tenth place, so that 4 is actually the ones 
place, so it is like… since there is already a ones place that you need 
to multiply by, which is 4, it can’t be a zero 

  … [After some discussion] 

69 Mary:  It cannot be zero in a ones place, because you are multiplying by 4 
already. That is what he is (S10) trying to say. So, since you have 
0.8 times 4, it should be more than 1, is that what you are trying to 
say? So, we eliminate which two answers? This one, and this one. 
But why can’t it be 32.0? S11? Thank you, S10. 

70 S11:  Let us say the, since the question is 0.8 times 4, we can round 0.8 to 
1… 

In this series of exchanges between various students, Mary demonstrated her 

ability to orchestrate mathematically productive talk around the answers. Rather 

than endorsing or refuting the answers given by her students (See Line 32, and 

69), she provided opportunities for her students to reasoning mathematically. 

She could have simply endorsed the students’ answers and the discussion could 

have ended. Instead, Mary attempted to build on students’ responses and moved 

the discussion towards strengthening the reasoning behind the answer. At the 

end, Mary used S11’s answer that 0.8 is approximately one to highlight the 

importance of thinking about the reasonableness of an answer using estimation. 

CONCLUDING REMARKS 

When Mary’s lesson plan and teaching moves are examined in terms of the 

dimensions of opportunities to learn (Walkowiak et al., 2017), it can be argued 
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that Mary had optimised the time used during the lesson to orchestrate 

productive discussions around a modified typical problem. The lesson plan 

suggests her ability to notice the possibility of using typical problems such as 

0.8 × 4 to create opportunities for students to reason, beyond simply explaining 

the procedure of multiplying decimals.  Her teaching moves also suggested that 

she was able to notice opportunities to develop students’ reasoning by engaging 

students to discuss the placement of the decimal point. Mary’s instructional 

decisions during planning and lesson enactment reflect those of an experienced 

competent teacher, which is surprising given that she is a beginning teacher. 

What, and how, did Mary notice the opportunities to learn through the task? A 

more in-depth study of Mary’s instructional decisions may yield some insights 

into her pedagogical reasoning processes, which will have implications for 

teacher professional development. 
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