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Teacher-designed notes and worksheets are common instructional materials 

used in Singapore mathematics classrooms that are critical to guiding the 

flow of a lesson. However, making sense of how teachers design these 

materials is complex and research that reports on their creation is only just 

emerging. In this paper, we propose a tri-lens approach for capturing 

teachers’ design processes by using notions of pedagogical reasoning and 

action, curricular noticing, and resources, orientations and goals. We 

demonstrate how these frameworks combine to form a tri-lens for 

unpacking important aspects of teachers’ design work using the example of 

Mrs Fung, an experienced secondary mathematics teacher. We further 

illustrate how a tri-lens approach can provide a more comprehensive portrait 

of the teacher and argue that this approach can potentially address the 

complexity of teachers’ design processes when crafting instructional 

materials. 

 

Keywords: instructional materials • teacher design • pedagogical reasoning 

and action • curricular noticing • resources, goals and orientations 

Introduction 

Mathematics teachers bring a wide range of instructional materials into their classrooms (e.g., 

textbooks, workbooks, worksheets, past examination papers) to enhance instruction. In 

Singapore, it is a common practice for mathematics teachers to design their own worksheets 

and use them extensively in their classrooms (Cheng et al., 2021; Leong, Cheng et al., 2019; 

Leong, Tay et al., 2019). Unlike those that are commercially produced, which often act as 

supplementary instructional materials for exercises and examination revision, these teacher-

designed worksheets and notes carry out an essential function in achieving the teachers’ 

intended curriculum (Remillard & Heck, 2014) and direct the course of instruction in 

classroom lessons. In some cases, they may even replace the textbook during instruction. Due 

to their importance for teaching and learning in Singapore mathematics classrooms, studying 

teachers’ design processes for creating these key materials can provide useful insights for 

informing professional development programs. In this theoretical discussion paper, we aim to 

probe deeper into the phenomenon of teachers designing their own instructional materials by 

unpacking a teacher’s design processes through the notions of pedagogical reasoning and 

action (Shulman, 1987), curricular noticing (Dietiker et al., 2018), and resources, orientations 

and goals (Schoenfeld, 2010). By doing so, we aim to illustrate that a tri-lens approach, which 

connects these three frameworks, can lead to a more comprehensive portrait of the design 

process that incorporates complex items along various planes. 
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To illustrate the value of a tri-lens approach, we anchor our discussion around how a Singapore 

secondary mathematics teacher, Mrs Fung (pseudonym), may have designed her instructional 

materials. At this juncture, it is important to note that this paper is not a report of an empirical 

study. The cursory analysis of Mrs Fung’s design of instructional materials is added to present 

concrete examples alongside our theoretical discussions about a tri-lens approach. Throughout 

this paper, we provide excerpts of interviews about her materials and episodes of her 

implementation of the materials during classroom instruction. These were sourced from a study 

about Singapore mathematics teachers’ use of instructional materials (Kaur et al., 2019). These 

excerpts demonstrate the suitability of these three frameworks in the context of designing 

instructional materials. Furthermore, these demonstrations contribute to illustrating our theory 

about the added value of forming a tri-lens and how this can be achieved. 

Pedagogical reasoning and action 

We begin with the model of pedagogical reasoning and action by Shulman (1987). He viewed 

teachers’ work as beginning with an attempt to comprehend a text (e.g., textbook, workbook, 

and syllabus) that they later wish to communicate to others. Subsequently, teachers move to 

transforming their knowledge of the text into forms that may be more easily comprehensible 

to others. Afterwards, teachers engage in instruction, which involves managing the class and 

coordinating interactions with students during the lesson. This is followed by an evaluation to 

check their students’ understanding of the material taught, and a reflection of how teaching and 

learning has taken place. Ultimately, teachers work towards arriving at new comprehensions of 

their practices that will help to inform and improve their future teaching. As our paper focuses 

on the design of instructional materials as part of teachers’ lesson preparations, we will discuss 

primarily on teachers’ actions relevant to their comprehension and transformation. 

 

Shulman (1987) stated that “[t]o teach is first to understand” (p. 14). As such, the first phase of 

pedagogical reasoning and action is comprehension, which describes how teachers make sense 

of various important aspects of the text. A central aspect is the purpose of the text, which 

necessarily requires teachers to unpack the key ideas to be taught (e.g., fundamental concepts, 

overarching ideas, unique cases, solving methods). The second aspect is the structure of the 

subject matter. Although it is important for teachers to know how to solve the problems and to 

explain the concepts, teachers should also understand the intricacies of the content and be aware 

of the various ways to solve problems. Lastly, the final aspect of comprehension involves 

making connections between ideas within and outside of the subject. A comprehension of all 

three of these aspects are necessary for teaching mathematics but certainly not sufficient. 

 

To teach mathematics effectively, Shulman (1987) emphasised that teachers must also find 

ways to transform their comprehension into pedagogically powerful representations. Thus, 

they must draw on relevant components of their pedagogical content knowledge when they 

interact with resources to reason about how learners are likely to comprehend the content and 

how to present the content in effective ways. For example, teachers may evaluate whether the 

content in the textbook is mathematically sound or consistent with their own construction of 

the concept, judge if the diagrams used will be helpful for conveying ideas clearly, assess if the 

kinds of activities suggested will likely help to achieve the lesson objectives, and determine if 

the content will be accessible to students. These considerations result in the act of pedagogical 

reasoning, described by Shulman (1987) as transformation, which involves five processes: 

preparation, representation, selection, adaptation and tailoring. 
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According to Shulman (1987), preparation describes teachers’ engagement in critical 

interpretation and analysis of the text to determine its suitability for teaching. Teachers may 

evaluate the structure and segmenting of the content, search for errors or gaps that may require 

correcting, and scrutinize the purposes or goals of the text. Representation focuses on teachers’ 

knowledge of a range of examples, diagrams, analogies and other representations that can 

communicate ideas to students effectively. Selection involves the use of teachers’ instructional 

repertoire and deciding on the types of interactions that will occur with students. This may 

include planning of demonstrations, individual seatwork or whole class discussions. Finally, 

adapting and tailoring are the modifications of content that teachers can make with respect to 

the characteristics of the class or subsets of students, such as their backgrounds and capabilities. 

The product of these forms of transformation is teachers’ intended curriculum (Remillard & 

Heck, 2014), often in the form of a lesson plan; and in the case of many Singapore mathematics 

teachers, a new set of instructional materials that encapsulates their lesson plan. Thus, we now 

demonstrate how pedagogical reasoning and action may provide insights into Mrs Fung’s 

design process by examining her instructional materials in relation to the prescribed textbook 

and conjecturing about her comprehension and transformation. 

Comprehension and transformation 

Upon comparing Mrs Fung’s instructional materials (IM) for a lesson (Figure 1) with the 

prescribed textbook (Chow et al., 2015) she used in her lesson planning, we noted a few 

interesting differences. Firstly, Mrs Fung’s IMs had significantly fewer items; however, these 

items were identical to those found in the textbook. Her IMs contained four items, all in the 

form of problems for students to solve, and a list of six exercises from the textbook for students 

to complete as homework. In comparison, the corresponding chapter in the textbook contained 

eight items, consisting of four worked examples and four “Try it!” problems, and 19 exercises 

grouped together based on their level of difficulty. By comparing the two materials, it is not 

possible to determine exactly why Mrs Fung reduced the number of problems or how she 

selected them for her IMs. However, one likely explanation may be due to the inevitable time 

constraints of lessons, and hence the importance of problem choice. Research has reported that 

when selecting problems for instruction, Singapore teachers have been found to prefer those 

that more closely align with examination problems (Foong, 2009; Kaur, 2010). Thus, the choice 

of problems is critical to ensuring that students can accomplish the lesson objectives and are 

exposed to suitable and sufficient problems within the lesson time. To achieve this, Mrs Fung 

necessarily engaged in comprehension of the purpose of the problems. For each problem, we 

suspect that Mrs Fung considered the mathematical ideas involved and later drew on her 

knowledge of the mathematics, curriculum, and students to determine whether the problems 

would be suitable for the lesson, resulting in her selection of this specific set of problems. 

 

Secondly, it was evident that Mrs Fung had made some changes to the sequence of the problems 

she had chosen. As shown in Figure 2, Mrs Fung had moved the last problem in the 

corresponding chapter to become the first problem in her IMs. This change in sequence shows 

that the original problem sequence did not align with Mrs Fung’s intentions, or that she may 

have noticed that an alternative sequence would be more productive for her students. As 

demonstrated by Leong, Cheng, et al. (2019), example sequencing is an important aspect to 

teachers’ lesson planning and can be used to help students connect ideas and apply formulas. 

According to the model of pedagogical reasoning and action, in addition to her comprehension 

of the purpose of problems, this change in sequence suggests that Mrs Fung may have engaged 

in some comprehension of the structure in the textbook. Subsequently, she assessed the 



Chin Sze Looi, Choy Ban Heng and Leong Yew Hoong 

 

 50 

effectiveness of the existing sequence and the potential affordances of the alternative re-

ordering. 

 

 
 

Figure 1. Mrs Fung's "Problems involving the use of trigonometric ratios" IM 

 

Thirdly, while the textbook included worked examples and subsequent problems for students 

to solve, Mrs Fung’s IMs consisted of only problems (Figure 1). Furthermore, Question 14 in 

Mrs Fung’s IMs was initially a worked example in the textbook (Figure 2). In terms of 

transformation, and more specifically selection, these changes suggest that Mrs Fung would 

have drawn on her pedagogical content knowledge about modes of instruction, which informed 

her decisions of including only problems. As worked examples typically demonstrate the 

solving process for students to study for themselves, providing only problems opens the 

possibilities for flexibility in actual instruction. For instance, instead of having students read 

through the solutions, Mrs Fung may model the solving process or present alternative solving 

approaches during lessons.  

 

Lastly, we propose that the examples we have provided above are also examples of Mrs Fung’s 

adapting and tailoring. Given that her IMs were prepared for her lower-progress students, Mrs 

Fung – being an experienced and competent mathematics teacher – would likely draw on her 

knowledge of the content, pedagogy, and her students to adapt the materials to better suit their 

needs.   

 



 

 

 

Problem 
Sequence in 

Trigonometry-related content Chow et 

al. (2015)* 

Mrs Fung’s 

IM 

 

In the diagram, OA and OB 

represent two positions of the 

minute hand of a clock … 

Find: (a) distance AB, (b) the 

perpendicular distance from O 

to AB 

1b 
2 

(Q13) 

Part (a) 

(1) Identify ∆ABO is isosceles triangle 

(2) Create auxiliary perpendicular line OC 

(3) ∠AOC = ∠BOC as ∆ABO is isosceles 

(4) |AC| = |CB| as ∆ABO is isosceles triangle 

(5) |AB| = |AC| + |CB|. ➔ Find |AC| 

(6) Label sides of right-angled triangle ∆AOC 

(7) Identify and correctly use sine ratio for |AC| 

(8) Calculate |AB| from (5) 

Part (b) 

(1) Identify and correctly use cosine ratio for 

∆AOC to calculate |OC| 

 

AB and CD are two buildings 

on the level ground BD. … 

Find (a) the distance between 

the two buildings, (b) the 

height of AB 

2a 
3 

(Q14) 

Part (a) 

(1) Identify |AE| = |BD| ➔ FIND |AE| 

(2) Label sides of right-angled triangle ∆ACE 

(3) Identify and correctly use cosine ratio for 

|AE| 

Part (b) 

(1) Identify |AB| = |ED| ➔ FIND |ED| 

(2) Identify |CD| = |CE| + |ED| 

(3) Identify and correctly use sine ratio for 

∆ACE to find |CE| 

 

The diagram shows the cross-

section of a shed … Find: (a) 

the width BC of the shed, (b) 

the height of the wall AB  
2b 

4 

(Q15) 

Part (a) 

(1) Identify |BC| = |ED| ➔ FIND |ED| 

(2) Label sides of right-angled triangle ∆AED 

(3) Identify and correctly use cosine ratio for 

|ED| 

(4) Use (1) for |BC| 

Part (b) 

(1) Identify |AB| = |AE| + |EB|  

(2) Identify |EB| = |CD|➔ FIND AE 

(3) Identify and correctly use sine ratio for 

∆AED to find |AE| 

(4) Calculate |AB| using (1) 

 

In the diagram, B shows a bird 

flying above the point A on the 

horizontal ground AD. … Find 

the height of the bird above the 

ground. 

4b 
1 

(Q12) 

(1) Add a point F between line AB from E (AD is parallel to FE) 

(2) Identify |AB| = |AF| + |FB| ➔ Find |FB| 

(3) Label sides of right-angled triangle ∆FBE 

(4) Identify and correctly use tangent ratio for ∆FBE to find |FB| 

(5) Calculate |AB| from (2) 

*Chow et al. (2015) provided a worked example, followed by a similar problem. #a = worked examples, #b = problem. Eight items in total. 

 

Figure 2. Summary of items in Mrs Fung’s IMs for “6.4 Problems involving the use of trigonometric ratios”
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In this section, we provided examples of Mrs Fung’s selection of problems, change in problem 

sequence, and modification of the nature of the content to demonstrate how the lens of 

comprehension and transformation may be useful for understanding teachers’ design decisions. 

The language of comprehension and transformation as used by (Shulman, 1987) provides us 

an organising frame to describe and sequence the work of teachers in designing IMs. These are 

indeed “pedagogical actions” according to Shulman. As to the “pedagogical reasons” 

underlying her actions, Shulman’s work did not provide an elaboration. For this, we turn to the 

next model. 

Curricular noticing 

The growing literature on teacher noticing has advocated that noticing is consequential (e.g., 

Schack et al., 2017; Sherin et al., 2011; Thomas et al., 2017). In particular, our research draws 

on teacher noticing related to their interactions with curriculum materials, known as curricular 

noticing (Dietiker et al., 2018). Building on the Professional Noticing of Children’s 

Mathematical Thinking framework (Jacobs et al., 2010), the Curricular Noticing framework 

consists of three skills with respect to the mathematical learning opportunities within the text. 

Firstly, curricular attending involves how teachers view the “information within curriculum 

materials to inform the teaching and learning of mathematics” (Dietiker et al., 2018, p. 525). 

This can include searching for problems, locating where an idea is introduced, or surveying the 

nature of the suggested activities. Secondly, curricular interpreting involves how teachers 

make sense of what they attended which is guided by their experiences, goals, and knowledge. 

Fundamentally, curricular interpreting describes how teachers connect the ideas they attended 

to with their mathematical knowledge for teaching (Ball et al., 2008). Thus, it is common for 

teachers to focus on the affordances and limitations of the materials. Finally, curricular 

responding involves teachers deciding how to respond and how the response will be enacted. 

Dietiker et al. (2018) noted that key decisions are made in this phase, such as whether to select, 

omit or modify problems, and how this will be achieved. 

 

To a large extent, the Curricular Noticing framework foregrounds the teacher-curriculum 

interactions and can be seen as a participatory practice (Remillard, 2005), which acknowledges 

the dialogic nature of such interactions. In other words, while teachers are engaging in 

curricular interpreting or responding, this may also spur them to engage in further attending 

and interpreting of other potential learning opportunities in the curriculum materials. Thus, 

curricular noticing is not unidirectional and recognises the complex nature of teachers’ 

interactions with curriculum materials.  As such, the Curricular Noticing framework is suitable 

for examining teachers’ thinking as manifested in the concrete IMs they design. Again, we turn 

to the case of Mrs Fung to illustrate these components of the framework. This will first involve 

drawing from the mathematical learning opportunities observed in her IMs. We infer these 

learning opportunities to be the considerations driving Mrs Fung’s design decisions. 

Subsequently, we draw from Mrs Fung’s interviews to illustrate her curricular attending and 

interpreting that may have contributed to her curricular responding. 

Considerations in Mrs Fung’s curricular responding 

The potential learning opportunities in Mrs Fung’s IMs for each problem are given in Figure 

2. We remind readers that this is not a report on an empirical study. Here, we will illustrate the 

likely considerations in Mrs Fung’s curricular responding that is based on our content analysis 

of each problem. 
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There are four notable features in Mrs Fung’s curricular responding. Firstly, the four problems 

selected by Mrs Fung afford students opportunities to apply the cosine, sine, and tangent 

trigonometry ratios. We recognize that alternative trigonometric ratios may be used for each 

problem by calculating additional angles (e.g., for Question 14, students may find ∠ACE = 

69°, then apply the sine ratio to find |AE|), however, those solutions presented in Figure 2 

demonstrate a balanced variety in trigonometric ratios that students would be expected to apply. 

 

Secondly, we note that there appears to be a progression in the number of steps required for 

subsequent problems. While the first problem, Question 12, requires only one application of a 

trigonometric ratio, Questions 13, 14, and 15 are two-part questions in which the first sub-

question is used to help answer the second sub-question. As these IMs are an introduction to 

solving problems with the use of trigonometric ratios, this transition from one-part questions 

to two-part questions can help to ease students into solving application problems and 

deciphering the context of the problem. 

 

Thirdly, by comparison of the figures and solution methods between problems, it is evident 

that Questions 12, 14 and 15 bear striking similarities, while Question 13 is a unique problem 

in these IMs. In fact, Questions 14 and 15 were previously presented as a pair of worked 

example and TryIt! problems in the textbook (Figure 2). In comparison, Question 13 requires 

students to add auxiliary lines, which means it is likely to be significantly more challenging for 

students. 

 

Lastly, we would like to emphasise the potential mathematical learning opportunities present 

in Question 13. Unlike Questions 12, 14, and 15 where the solving approach is more 

straightforward, Question 13 presents a myriad of possibilities that are dependent on students’ 

experiences, knowledge, and capabilities. In Figure 3, we provide three approaches to solving 

Question 13(a). If students can recognise that the triangle is indeed an isosceles triangle and 

recall the symmetrical property that bisecting an isosceles triangle at its peak will bisect the 

angle, then the solution process that follows would be more consistent with the problems they 

have encountered thus far. However, this is contingent on their noticing of ∆AOB as an 

isosceles triangle and of special properties of isosceles triangles. Alternatively, students may 

apply the Theorem of Pythagoras (Approach B). Evidently, Approach B is plausible, but less 

directly useful for answering Question 13(b). As students are yet to be introduced to the sine-

rule and the cosine-rule, Approach (C) is not a plausible solving approach at the time of the 

lesson. Thus, Question 13 affords an opportunity for students to explore different approaches 

to solving the problems, to grapple with the mathematics, and thereby engage in genuine 

problem solving to determine how to solve Question 13. 

 

Mrs Fung may have other considerations in her curricular responding but the few we noted 

suffice as illustrations. We now turn to excerpts of the interview data to illustrate how Mrs 

Fung may have engaged in curricular attending and interpreting that contributed to these 

responses. 

Mrs Fung’s curricular attending and interpreting in designing instructional materials 

Three key aspects of Mrs Fung’s curricular attending and interpreting that she discussed in 

the interviews were: (i) the context-mathematical link, (ii) the problem sequence, and (iii) the 

complexity of Question 13. We will now discuss how these contributed to her overall design 

process of her IMs. 
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Mrs Fung attended to the need to make the links between mathematics and realistic contexts 

for the students. This explains the inclusion of a number of such context-based problems in her 

IMs (see Figure 1). But she also interpreted this context-mathematics link within the context 

of her students’ ability to tackle such questions. To her, these questions were more difficult for 

her students as they involved extracting relevant information from the diagrams. After 

weighing the options, her curricular response (as discussed in the previous section) was to 

provide as much scaffolding as she could in class to help students with these problems. 

 

Question 13(a): Find the distance AB 

Approach A 

Bisecting isosceles

 

(1) Identify ∆ABO is isosceles triangle 

(2) Create auxiliary perpendicular line OC 

(3) ∠AOC = ∠BOC as ∆ABO is isosceles 

(4) |AC| = |CB| as ∆ABO is isosceles triangle 

(5) |AB| = |AC| + |CB|. ➔ Find |AC| 

(6) Label sides of right-angled triangle ∆AOC 

(7) Identify and correctly use sine ratio for |AC| 

(8) Calculate |AB| from (5) 

Approach B 

Apply Pythagoras theorem

 

(1) Form a right-angled triangle ∆BOD 

(2) ∠BOD = 180° - ∠BOA 

(3) Find |OD| using cosine ratio 

(4) Find |BD| using sine ratio 

(5) Use Pythagoras theorem to find  

Approach C 

Cosine rule

 

(1) Identify the use of cosine rule  

(2) Substitute 

(3)  

(4) Find   

 

Figure 3. Three approaches to solving Question 13(a) 

 

Another aspect of Mrs Fung’s design process was her attending to the cognitive needs of the 

students through the sequencing of the lesson content. When asked about the conscious efforts 

she made to attain her lesson goals, Mrs Fung stated that she had built in “a lot of scaffolding 

… and I think the questions is basically … Progressive, difficulty level is progressive lah, it's 

not like I straightaway ask them to find uh the unknown sides and angles, but getting them at 

the first part”. For this specific set of IMs (Figure 1), she gave each problem a score of difficulty 

out of five. For Question 12, it was a “3/5 or 4/5 for some students”. For Question 13, she said 

it was likely a 5/5. For Questions 14 and 15, she said they were likely 4/5. As previously noted, 

Question 12 was the last problem in the chapter but had now been moved to become the first. 

Her description of the level of difficulty of these problems and the change in sequencing 

suggest that Mrs Fung was indeed aware of the importance of problem sequencing. As she 

interacted with the textbook, she engaged in curricular interpreting by considering the 

affordances of the sequence of problems in its original order with respect to a progression in 
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difficulty. Mrs Fung could have adopted the original sequence, made changes to segments, or 

changed the entire sequence completely. However, her curricular response was to make a 

change in the sequencing, placing Question 12 as the first problem when it was previously the 

last problem in the textbook. 

 

As discussed earlier, Question 13 was identified as the most difficult problem. So, why did Mrs 

Fung include it in her IMs? We propose that she attended to the affordances of the problem 

and interpreted it as offering an opportunity for students to “struggle” – a disposition she 

thought desirable to build. In the end, her response was to include the problem and she was 

prepared to provide hints to her students when they needed them in class. 

 

In summary, in this section we demonstrated how curricular noticing may be used to detail 

teachers’ reasoning about the mathematical content and linked this to their responses in 

designing their IMs. From an outsider’s perspective, we described the affordances we observed 

in the mathematics of Mrs Fung’s IMs. Then, drawing from the interviews, we illustrated how 

curricular noticing can shed light on how Mrs Fung interacted with the mathematical content, 

which resulted in deliberate design decisions. While some curricular responses can be observed 

concretely in the IMs (e.g., a change in problem sequence), some curricular responses are only 

evident when consulting the interview data (e.g., preparation of hints). These design decisions 

collectively contribute to the overall design of Mrs Fung’s IMs. However, another teacher who 

may attend to the same content (e.g., identify the same solution methods for Question 13) and 

interpret the content in the same way (e.g., recognise the affordances of having Question 13 for 

exploring multiple solution methods), may also choose to omit this problem for some other 

reason not related to the mathematical affordances. As noted by Dietiker et al. (2018), teachers’ 

curricular noticing involves a consideration for their goals, experiences, and dispositions. Thus, 

understanding the design of IMs must also go beyond the considerations of mathematical 

affordances. Hence, we now turn to the relevant literature of these other teacher-related factors. 

Resources, orientations and goals 

The final framework we consider for making sense of Mrs Fung’s design of her IMs is the 

Resources, Orientations and Goals (ROG) framework proposed by Schoenfeld (2010). 

Schoenfeld claimed that to make sense of teachers’ decision-making, one need only to identify 

teachers’ resources, orientations, and goals. Since the design of IMs involves making several 

decisions, such as the selection of content, types of modifications, sequencing, representations, 

and scaffolding, the ROG framework has the potential to provide useful insights about the 

factors that contribute to why teachers make specific decisions. 

 

According to Schoenfeld (2010), teachers’ decision-making is goal-oriented. Goals are 

described as things that teachers want to achieve. These goals can be aimed at various aspects 

of teaching (e.g., for students to develop meaningful understanding, to prepare students for 

examinations, to cover the necessary content within the time, to sensitise students to common 

errors, to incorporate new initiatives or innovative practices) and can vary in size.  For instance, 

a teacher may strive to help students see the connections between concepts or to develop their 

representational flexibility as part of the larger goal of helping them develop a meaningful 

understanding of the content. Teaching fundamentally involves teachers juggling several goals 

– it is unlikely that teachers only have one goal in mind. Goals are formed prior to the lesson 

which help to shape the lesson planning, but new goals or hybrid goals may also emerge during 
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lessons (Thomas & Yoon, 2011). Furthermore, teachers may have goals that work in 

collaboration, or they may be in conflict or competition (Leong & Chick, 2007/8), some of 

which teachers may not be conscious of until specific events trigger their reconsideration; for 

some teachers these goals may only be clear upon reflection. 

 

The formulation of these goals is guided by teachers’ orientations, a term that describes an 

amalgam of teachers’ beliefs (e.g., about their role as a teacher, how students learn, how 

mathematics should be taught), values (e.g., about the importance of discovery learning, 

challenging students), and preferences (e.g., about types of instruction, types of problems). 

According to Schoenfeld (2010), orientations shape teachers’ goal prioritisation. They inform 

how teachers interpret situations, and their establishment and evaluation of goals. Orientations 

are fundamental to teachers’ decision-making. 

 

Lastly, teachers’ resources include their access to internal and external resources. For external 

resources, this can involve their material resources (e.g., textbooks, curriculum syllabus), as 

well as their social resources (e.g., colleagues, students). For internal resources, Schoenfeld 

(2010) emphasised that teachers’ knowledge is critical to their ability to successfully 

accomplish their goals. Teachers can draw on their mathematical knowledge for teaching (Ball 

et al., 2008), which includes their knowledge of pedagogy, of the content, of the curriculum, 

and of students. Thus, resources such as teachers’ experiences in teaching may significantly 

impact their potential to succeed in implementing their lesson plans (e.g., Schoenfeld et al., 

2000; Zimmerlin & Nelson, 2000). 

 

We use Mrs Fung’s selection of and considerations about Question 13 as an illustration of how 

ROG can help in the explanation of her design process. We will begin with identifying the 

explicit goals Mrs Fung articulated in her interviews and discuss the conflicting nature of her 

goals in conjunction with observations of her implementation of the IMs. Then, the interview 

and observations are used to infer about Mrs Fung’s orientations and resources that contributed 

to her conflict resolution in the design of her IMs. 

Mrs Fung’s goals for designing instructional materials 

From Mrs Fung’s interviews and lesson enactment, we focus on two main goals that were 

articulated by Mrs Fung and their influence on the design of her IMs (Table 1). Firstly, it was 

evident that one of Mrs Fung’s goals was to provide sufficient support for her students to 

manage their potential difficulties (G1). Her attempts to achieve this goal were illustrated by 

her progressive resequencing of the problems (Section 3.1), her inclusion of a YouTube video 

that explained how to solve a similar problem to Question 12, and the hint she prepared for 

Question 13 (Section 3.2). Her actions in the preparation and during instruction indicate that 

mediating students’ potential difficulties was indeed a key goal. 

 

Despite Mrs Fung’s goal to provide support for her students and pre-empting their difficulties, 

another goal that influenced Mrs Fung was to provide opportunities to challenge students 

mathematically (G2). As discussed in Section 3, Question 13 posed several potential 

difficulties. In fact, in Mrs Fung’s interview she noted that she anticipated students would be 

unable to solve Question 13 and wanted to “let them struggle for a bit” before she would 

provide the hint she had prepared. She noted that the term “perpendicular” was a point of 

confusion for students, the students “[didn’t] know what is the question is about. I mean don't 

know what the question is asking like, which length am I supposed to find, is it B to the dotted 

line here, or is it B to A?” She made no changes to the question that would have alleviated their 
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difficulties and during the lesson she had asked them to try the problem on their own first 

without providing any prior guidance. Thus, Mrs Fung’s selection and implementation of 

Question 13 illustrates that in this case, she prioritised challenging her students over mediating 

their potential difficulties.  

 

Table 1. 

Mrs Fung’s conflicting goals in designing instructional materials 

 
Goal Demonstrated by 

G1 Mediate students’ potential 

difficulty 
• Scaffold using sequencing 

• Support by adding demonstrative video 

• Prepare hint for students for Question 13 

G2 Challenge students 

mathematically 
• Select Question 13 

• Retain original structure of Question 13 

• Allow students to try solving on their own first 

 

In Sections 2 and 3, we discussed Mrs Fung’s actions and the mathematical affordances of the 

problems she chose which highlighted the unique nature of Question 13. Through the lens of 

the ROG framework, Mrs Fung’s selection of Question 13 illustrates that she likely 

encountered a conflict of goals in designing her IMs. On the one hand, in most instances she 

typically aimed to provide her students with support to ensure they were able to achieve the 

content-related goals of the lesson (i.e., to solve problems using trigonometry ratios). On the 

other hand, Mr Fung deviated from making the content as accessible as possible for students 

to using Question 13 to challenge students mathematically. But how did Mrs Fung resolve this 

conflict of goals? According to the ROG framework, orientations guide teachers’ goals. We 

now consider Mrs Fung’s orientations and how they might provide insight into why Mrs Fung 

would deviate in the instance of Question 13.  

Mrs Fung’s orientations for designing instructional materials 

To identify Mrs Fung’s orientations, we drew on excerpts from her interviews and 

implementation of her IMs. From this, we inferred some of Mrs Fung’s beliefs about teaching, 

learning, and mathematics to explain how she likely resolved the conflict between G1 and G2. 

These are summarised in Table 2. In the design of her IMs, the overarching goal across her IMs 

was that she wanted to provide a progression in difficulty by scaffolding students’ learning. 

Mrs Fung held the belief that, as her students were low-progress learners, more support was 

necessary for them to succeed (B1). Furthermore, we propose she saw her role as the teacher 

to cater to her students’ needs in conjunction with their characteristic as low-progress learners 

(B2), thus she was required to make changes if she wanted students to eventually be able to 

solve problems involving trigonometric ratios. Her role as the teacher also involved introducing 

ideas in a progressive manner – the easier and more fundamental concepts were to be 

introduced to students first to prepare them for attempting those that would be more difficult.  

 

The deviation of Mrs Fung’s selection of Question 13 was likely due to another belief she had 

about the importance of students learning through attempting problems on their own (B3). In 

her instruction, she consistently encouraged students to attempt problems for themselves first. 

However, the problems in the previous lessons were more direct as noted by Mrs Fung, where 

students were told what specific side or angle to find without needing to abstract from a 

contextual problem. Since she anticipated students would have difficulty with Question 13, she 
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likely selected it because she noticed it could provide students the opportunity to explore the 

structure of the problem and to grapple with the mathematical ideas. This aligned with her 

belief that teachers have a role in facilitating such experiences. There were no other problems 

in the entire set of IMs for trigonometry that were as difficult as Question 13, thus, we propose 

that the goal of challenging students mathematically was prioritised, and hence Question 13 

was selected. Even if students would not know what to do, the importance of providing an 

opportunity to engage in genuine problem solving took precedence over her other goal of 

making things as easy as possible for students. 

 

Table 2. 

Mrs Fung's orientations for designing instructional materials 

 
Orientations Demonstrated in Mrs Fung’s interview and instruction Influencing 

B1 Belief about 

students as low-

progress 

learners 

• Students require more time to digest ideas 

• Students frequently make mistakes 

• Students are unable to immediate see important features 

• Students require ideas to be introduced progressively 

G1 

B2 Belief about her 

role as teacher 

to support 

students 

• Teacher should anticipate students’ difficulties 

• Teacher should provide hints for students to alleviate 

difficulty 

• Teacher should make changes to content if students are 

unlikely to achieve on their own 

• Teacher should present content in progressive difficulty 

• Teacher should provide opportunity to stretch students’ 

thinking 

G1 + G2 

B3 Belief about 

learning through 

students solving 

on their own 

• Students should try on their own first 

• Students should experience struggle 

G2 

 

Table 2 provides only a small selection of the relevant orientations Mrs Fung is likely to hold. 

Certainly, many more orientations exist and interact with those listed. For example, Singapore 

secondary mathematics teachers have been found to value the importance of examinations, 

which subsequently informs their goals of preparing students sufficiently for exam (Foong, 

2009; Kaur, 2010). These orientations influence what teachers notice which contributes to the 

formulation of their goals, and subsequently their actions. We now discuss the potential 

resources that Mrs Fung drew on, that worked in conjunction with her orientations, to achieve 

her goals through the design of her IMs. 

Mrs Fung’s resources for designing instructional materials 

Mrs Fung’s knowledge is a key resource in her design process. Mrs Fung is an experienced 

teacher with more than 10 years of teaching experience. From her goals and orientations, it is 

clear that Mrs Fung was cognisant of how her students would understand the content or what 

Ball et al. (2008) described as knowledge of content and students (KCS):  

Teachers must anticipate what students are likely to think and what they will find 

confusing. When choosing an example, teachers need to predict what students will find 

interesting and motivating. When assigning a task, teachers need to anticipate what 

students are likely to do with it and whether they will find it easy or hard. (p. 401) 
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Mrs Fung’s awareness of her students’ thinking and many of her design decisions reflect her 

knowledge of content and students. Although the data we did preliminary analysis on would 

not allow us to make any further conclusions about how Mrs Fung’s resources (mainly 

knowledge) may have influenced the design of the worksheet, it is highly likely that having a 

strong understanding of the mathematical concepts and their connections can strengthen a 

teacher’s ability to perceive the affordances of the questions selected for the worksheet (Choy 

& Dindyal, 2021). As Schoenfeld (2011) has argued, what one notices or fails to notice is 

dependent on one’s resources. We suspect that having a more complete idea of Mrs Fung’s 

mathematical knowledge for teaching will yield some useful insights into her design processes. 

More importantly, we postulate that a more in-depth examination of Mrs Fung’s cluster of 

resources, orientations, and goals will provide us ways to understand how she draws on her 

knowledge to fulfil her design intent and decisions for the worksheet, which are driven by her 

orientations about teaching and learning of mathematics.   

A tri-lens approach 

Each of these frameworks capture valuable insights about teachers’ design of IMs. However, 

each only partially explains teachers’ design processes when taken by itself. We propose that 

these three frameworks can be combined to form a tri-lens that can provide a layered approach 

to making sense of teachers’ design decisions (see Figure 4). On the surface of teachers’ IMs 

are their actions, the observed changes that are evidence of the teachers’ decisions when they 

interact with base materials (e.g., textbooks, existing worksheets). Beyond the surface are the 

inner workings of teachers’ design process, their engagement in noticing that result in their 

actions. Finally, at the core of teachers’ design we consider their resources, orientations and 

goals that guide their noticing and make their actions possible. Fundamentally, we propose that 

teachers’ design processes can be explained through their actions, which are a product of their 

noticing that is coloured by their individual resources, orientations and goals. 

 

Pedagogical reasoning and action (Shulman, 1987) broadly captures what teachers do before, 

during, and after the lesson. The five processes of transformation describe the different ways 

that teachers can modify content to make it more easily comprehensible to others. Thus, 

transformation may serve to frame teachers’ actions when creating their own IMs. 

Furthermore, it also serves as a way to identify the pedagogical content knowledge they are 

likely to draw on. These transformations are easily visible in the materials on a general level 

(e.g., selection of content, modification of sequencing, changes to representations). Naturally, 

we want to prove the considerations teachers have when they make the transformation.  

Shulman (1987) did indeed further list these processes: preparation, representation, selection, 

adaptation and tailoring. But each of these are too generic and not sufficiently fine-grained to 

account for the analysis of mathematical learning opportunities as we detailed in Section 3.1. 

This framing was afforded by the Curricular Noticing framework. 

 

Curricular noticing places the mathematical content at the forefront of analysis and focuses on 

teachers’ thinking about the mathematics and their specific students as the context. Teachers 

attend to the mathematics and interpret with a lens of their students for affordances specific to 

the situation (Choy & Dindyal, 2021). These result in curricular responses that can be broadly 

described as actions. For Dietiker et al. (2018), curricular noticing was intended to examine the 

interaction between the teacher and curriculum materials, but we recognise that in the context 

of teachers’ use of base materials, these resources go beyond printed textbooks and curriculum 
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documents. They may also involve international textbooks, online content, YouTube videos, 

and even worksheets that have been created by other teachers. Thus, we also broaden our 

description to curricular noticing to describe teachers’ thinking when engaging with materials 

for the purposes of design. However, beyond the analysis of content affordances and student 

considerations, we found that teachers – as unique individuals – stamp their personal goal 

considerations in the design of the IMs, as illustrated by Mrs Fung. Teachers’ noticing is 

coloured by their own individual factors and specific contexts. As noted by Dietiker et al. 

(2018), the individual factors that make teachers’ noticing unique are placed in the background 

and not the centre of the framework. Thus, we propose that an additional lens is needed that 

may bring these individual teacher factors to the forefront. Hence, we turn to resources, 

orientation, and goals to describe these individualised teacher factors. 

 
 

Figure 4. Layers of instructional material design 

Schoenfeld (2011) argued that  “what makes noticing consequential, of course, is that people 

act on what they notice” (p. 230) and claimed that  “teachers’ decision making – of which 

noticing is a critical component – is a function of their resources, goals and orientations” (p. 

231). While actions allow us to capture the decisions teachers make in transforming base 

materials, and noticing provides a lens for the dialogic interactions with the mathematics, the 

ROG framework captures the several factors that guide teachers’ decision-making. In 

particular, it provides a way of explaining why teachers make decisions that do not appear 

consistent with the rest of their actions – such as the “inconsistent” decision by Mrs Fung to 

include Question 13 without providing an explicit hint. Teachers are continuously juggling 

several goals and orientations at the same time, but in different situations, different goals and 

orientations take precedence over others; different resources are drawn upon that enable 

different decisions to be made and successfully achieved. 

Conclusion 

Research on teachers’ design of IMs is a promising area and deserving of greater attention and 

exploration. In comparison to the abundance of reported literature on teachers’ use of 

curriculum materials for instruction, lesson planning, and professional development, there are 

fewer studies reporting on such teacher-designed IMs, and even fewer that attempt to provide 

a comprehensive explanation of their design. Despite the seemingly simple and ordinary nature 

of teachers’ self-designed IMs, we demonstrated that the design process is far more complex 

than what it may seem. In order to explain teachers’ design decisions, explicating their actions, 
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noticing, and resources, orientations, and goals adds richness and depth to understanding their 

overall design process. Each framework provides a layer to explain teachers’ design work. In 

particular, we demonstrated how an instance of problem selection that initially did not appear 

to align with the remainder of the IMs could be explained by considering teachers’ noticing of 

the mathematical affordances of the problem and the resolution of conflicting goals. We 

propose that this tri-lens approach may also be a way forward to help explain mathematically 

significant moments in lessons where teachers’ actions may otherwise be unclear. The 

usefulness of this tri-lens approach in unpacking the complexities of teacher design will be 

further tested and refined as we study in greater depth other Singapore mathematics teachers’ 

practice. 
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