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Through an Activity Theoretic framework, mathematics classroom teaching practices are seen as 
an organized activity, a constituent part of an activity system of curriculum enactment.  They 
involve the teacher taking certain actions in the classroom, mediated by artifacts or tools such as 
the various texts and symbols, material things or resources, specific types of talk or routines, etc.  
The outcome of such actions, in the main, is students learning mathematics and at the same time, 
an enacted mathematics curriculum as well.  The analytical approach to study this process is to use 
a coding scheme which segments the observed classroom practices in units of lessons into four 
categories of actions, namely, heuristics-instruction, teaching concepts and skills, going over 
assigned work and student activities, and a fifth category of other classroom events.  All categories 
except the fifth are considered actions in Leont’ev’s (1979) sense.  The actions of the teacher in 
the observed lessons are coded.  The resulting segmentation, the amount of time spent in each 
category, and how the time is distributed over a series of lessons serve as the staple data for 
analysis to address the question of the extent mathematical problem solving is emphasized in 
classrooms.   

 
 

Background 

The curriculum framework outlined in the Primary Mathematics Syllabus for all 
Singapore schools (Ministry of Education, 2000) places mathematical problem solving 
(MPS) as its central focus (Figure 1).  MPS includes “using and applying mathematics in 
practical tasks, in real life problems and within mathematics itself” and a wide range of 
problem types “from routine mathematical problems to problems in unfamiliar contexts 
and open-ended investigations that make use of the relevant mathematics and thinking 
processes” (MOE, 2000).  This paper reports on a part of a larger project that investigates 
how such a centrally planned and mandated MPS curriculum is enacted in classrooms.   
 
The array of forces shaping what teachers do in their classrooms is complex.  These 
forces include the mandated MPS curriculum, various underlying conceptions of MPS, 
guidelines set by their schools or departments, mandatory assessments, adopted textbooks 
and availability of resources.  The multifaceted nature of teaching within classrooms and 
the numerous forces bearing on it from the outside make it very difficult to know which 
aspect of practice to focus on for such an investigation.  Adding to the complexity is the 
diverse range of theoretical lenses that can be used to look at classroom practices.  For 
instance, classroom practices could be viewed as a collection of individuals stimulating 
and responding to each other in a behaviourist setting.  Or, should students’ conceptions, 
ways and signs of learning, processes and representations be the central focus within a 
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cognitive framework (Anderson, 1983)?  The students could also be seen within a 
constructivist perspective as constructing their own learning as they interact with the 
teacher (Simon, 1995).  Alternatively, they could be seen as a community of learners 
(Rogoff, Matusov & White, 1996; Sherin, Mendez & Louis, 2004) with the classroom as 
a community of practice (Lave & Wenger, 1991).  However, in a sociocultural 
framework (Davydov, 1995; Daniels, 2001), classroom practices could be viewed as a 
form of social practice.  Or should both the cognitive as well as the sociocultural 
perspectives be embraced (Cobb, Stephan, McClain & Gravemeijer, 2001; Even and 
Schwarz, 2003)?  Further, from the Activity Theorists’ (e.g., Bartolini Bussi, 1998; 
Engeström, 1999a) position, classroom practices could also be seen as a system of 
activities.  
 

 
 

Figure 1.  Framework of the Singapore mathematics curriculum  
 
Indeed, the theoretical lenses to view classroom practices are extensive, and it is beyond 
the scope of this paper to do an overview.  Instead, the aim here is to adopt a theoretical 
stance and on its basis characterize those aspects of classroom practices that are believed 
to be an enactment of the MPS curriculum.   
 
Briefly, the associated general notion of social practice defined by Hedegaard, Chaiklin 
and Jensen (1999, p. 19) as “structured human traditions for interaction around specific 
tasks and goals” provides an analytic concept with which to understand human 
development in social contexts.  In particular, teaching and its related classroom practices 
can be viewed as a type of social practice.  As such, an orientation towards a social-
cultural-historical theoretical position appears in line as a theoretical stance to underpin 
this investigation of classroom practices.  Admittedly, this orientation towards viewing 
classroom teaching practices as a form of social practice is by itself complex.  One is in 
the thick of the complexities of the history behind the particular situation, the situation 
itself in particular societal/cultural settings, at particular times with particular groups of 
individuals.  Within this vast array of views of classroom teaching as social practice, 
Activity Theory offers a rich framework for studying activities and actions.  The present 
study, which seeks to investigate classroom practices, can be seen as a study of the 
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activities and the actions of teachers as they enact the MPS curriculum.  Hence, Activity 
Theory is adopted as a framework. 
 

Activity Theory as a framework 

Briefly, Activity Theory as formulated by Leont’ev (1979) posited a concept of activity 

whose real function is “to orient the subject in the world of objects” (p.46).  There are 
three distinct but interrelated levels of analysis: the ‘activity’1, the ‘action’ and the 
‘operation’ corresponding to the motive, goal and instrumental conditions. Each activity 
has its basic characteristic of an object orientation and is connected to a motive.  For the 
next level of analysis, Leont’ev explains that “the basic ‘components’ of various human 
activities are the actions that translate them into reality.  We call a process an ‘action’ 
when it is subordinated to the idea of achieving a result, i.e., a process that is 
subordinated to a conscious goal” (ibid., p 60).  The third level of analysis concerns 
‘operations’. It refers to how actions can be done, which is defined not by the goal itself 
but by the objective circumstances under which it is carried out.    
 
An important feature of the three levels of analysis reveals the inner relations that 
characterize activity.  Hedegaard, Chaiklin and Jensen (1999, p.14) explain that this 
Leont’ev’s conception of activity as “a collective process, with actions as goal-oriented 
processes of individual subjects, and operations as psychic functions conditioned by the 
prevailing material conditions and available tools.”  Elaborating, Engeström (1999b, 
p.380) citing Leont’ev (1978), Engeström (1987), and Cole and Engeström (1993), posits 
that Activity Theory “approaches human cognition and behavior as embedded in 
collectively organized, artifact-mediated activity systems.”  Further, “activities are social 
practices oriented at objects”, and “an entity becomes an object of activity when it meets 
a human need.”   
 
To relate these notions of activity, actions, operations and activity system to study 
mathematics classroom practices, the MPS curriculum could be seen as an object of 
activity as it meets the need of schools (a derivative of a human need) to have something 

to define what a school subject such as mathematics is and guide what is to be done.  The 
enactment of the curriculum would involve human cognition and behavior embedded in 
classrooms which are collectively organized, and mediated through artifacts.  The actions 

of teachers enacting the MPS curriculum in classrooms via mediating artifacts such as 
textbooks, worksheets, etc., could be represented using the classical triadic model 
(Vygotsky, 1978; Engeström, 1999a) shown in Figure 2.   
 

                                                 
1 To avoid confusion, when referring to the categories of activity, action, and operation within Activity 
Theory, the convention of italicizing these terms is used.   
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Figure 2.  A triadic representation of actions 

 
The teacher is the subject and the MPS curriculum, which includes the syllabus and 
mathematics as a school subject to be taught, is the object of activity.  And the activity is 
the classroom practices as the teachers take actions to enact the curriculum, cover the 
syllabus and teach mathematics as a school subject.  The outcome of the activity and the 
actions is an enacted curriculum and by involvement, students learning mathematics and 
MPS as a school subject.  The question of studying classroom practices could thus be 
framed.   
 
Engeström (1987) had noted the limitation of the classical triangular model of actions in 
that it does not fully explicate how classroom practices of teachers have in fact 
inextricably linked societal or social aspects.  In other words, the actions of the teachers 
are not depicted as events in a collective activity system.  Thus, curriculum enactment in 
the classrooms when viewed broadly in societal terms is very much an aspect of the 
broader notion of curriculum implementation.  To overcome the limitation of the classical 
model and to depict the societal and collaborative nature of the activity and actions, 
Figure 3 shows an expanded model (Engeström, 1987; Cole & Engeström, 1993), a 
complex model of curriculum enactment/implementation as an activity system. 
 

 
Figure 3. An adaptation of Activity Theory to frame the study 
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The complex model has the previous triangle of subject-mediating artifact-object with 
three additional nodes of rules, community and division of labor forming a triangle of 
triangles.  The latter nodes can be seen as the socio-cultural-historical aspects that are 
intricately linked with and bear on teachers’ enactment of the curriculum.   
 
The subject is now teachers.  For the first added node, the rules include both the formal 
and informal rules of the classrooms and schools, for example, keeping to the timetable 
or the raising of hands to seek permission to speak.  Keeping to and covering the 
mandated curriculum are rules that bear heavily on teachers’ daily work.  The societal 
cultural norms also bear their influence on teachers’ classroom practices.  The second 
node refers to the community that extends from the classroom of teacher and students to 
include the school’s heads of department and principal, and outside of the school, the 
Ministry of Education, and other professional bodies such as the teachers’ training 
institutes, networks of teachers’ affiliations, etc.  The teacher is no longer seen as acting 
alone teaching in a classroom as it were but as a member of the teaching staff of a school.  
For instance, there are schemes of work planned at the school’s department level, and 
deemed mandatory for teachers to carry out.  She is also a part of the larger community of 
teachers who (occasionally) collaborates with researcher(s) or participates in professional 
in-service courses such as those conducted by teachers’ training institutes or other 
professional bodies, all of which have some bearing on her enactment of the curriculum.   
 
For the division of labor, other agents are involved in this activity of curriculum 
enactment/implementation.  Besides teachers and students, curriculum designers, 
planners, subject specialists, textbook writers, etc., are intricately involved in creating 

this object of activity.  Textbooks and word problems are particularly significant in that 
they are often the mediating artifacts teachers use in bringing about their day-to-day 
lessons.  Other agents include both internal and external evaluators of the teacher and of 
the curriculum itself, as well as formal assessments of students’ learning presumably as a 
result of curriculum enactment.  School administrators and the Ministry regulators tend to 
the implementation of the curriculum in the broader societal scale.  Thus, the object of 
the original triangle depicted in Figure 2, of classroom enactment of the curriculum is 
linked to other societal and collaborative elements in a larger complex model to overlap 
to some extent into the broader scale of curriculum implementation.  The outcome of the 
activity system remains focused on the enactment of the MPS curriculum and students 
learning MPS.   
 
As outlined above, the teacher’s enactment of the curriculum in the classroom is an 
activity system, the social practice of teaching oriented at the MPS curriculum as object.  
In analyzing what this enactment entails, reference to Leont’ev’s (1978) three levels of 
analysis is made.  Expanding then from the triangular model to the complex model, the 
enactment involves besides classroom teaching, several other activities including 
planning and scheduling the work involved, designing and administering formal and 
informal assessment, giving out-of-class assignments like homework or projects and 
conducting extra curricular activities such as mathematics trail or enrichment classes.  
While these other activities are also part of teachers’ practices, the chief focus of this 
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study remains classroom practices.  The actions that translate the object of this classroom 
teaching activity into reality are the teacher’s goal directed pedagogical actions, often 
involving a chain of subordinate actions.  The performance of these actions typically 
involves classroom interactions between and amongst the teacher and her students, as 
well as with the mediating artifacts such as the textbook, word problems, etc.  According 
to Wells (1993, p.5), “it is largely through their participation in the interaction that 
constitutes or accompanies the action that the students are expected to learn (Heap, 
1985).”  It follows that distinct teacher’s actions constitute different classroom events.  
The characterization of the unfolding of these events, with particular emphasis on the 
interactions, is referred to as operations. 
 
To summarize, the focus of this paper is on the upper triangle of subject, object and the 
mediating artifacts, which constitutes the teachers’ classroom practices.  The wider 
societal aspects of rules, the community and the division of labor which together make up 
the activity system also bear their ‘weight’ on the teachers’ practices.  While their bearing 
is acknowledged, they are too broad to be included in this paper.  

Developing a coding scheme as an instrument 

From the Activity Theory framework each of the teachers enacting the curriculum, 
planning and providing learning opportunities through lessons for students, is part of the 
activity system.  The category of action is used to characterize classroom events “in terms 
of their immediate goals and the sequence of subactions needed to perform them” (Wells, 
1993, p.5; italics added).  Different categories of action would characterize different 
classroom events that make up a lesson.  A coding scheme based on categories of action 
is developed as a tool to segment each teacher’s lessons.   
 
The process of defining and developing the categories of action in the coding scheme was 
guided by the Grounded Theory approach (Glaser & Strauss, 1967).  It entailed viewing 
and reviewing a sample of the videos with the research questions in mind.  Guided by the 
components of the pentagonal framework (Figure 1), namely skills, concepts, processes, 
metacognition and attitudes, preliminary ideas of categories of actions emerged as the 
videos and transcripts were reviewed.  Probing the attitudes of students was not directly 
related to the research questions and hence was not included in the coding scheme.  These 
preliminary ideas were used to code the lessons.  Categories from the codes were 
developed which were then further abstracted and refined iteratively into ‘stabler’ 
categories.  In other words, to investigate classroom practices, events were to be 
segmented into categories of action, or more specifically goal-directed pedagogical 
actions and the related sequence of subactions.  By segmenting the lesson into the 
mutually exclusive categories, the overall amounts of time each teacher spent on each 
action, its frequency, when they occurred within the lesson, important pedagogical 
features of classroom practices could be gleaned.  Accounts of teachers’ classroom 
practices were to be generated by putting together the series of lessons and how they 
unfolded over time. 
 
The resulting coding scheme has five categories namely, heuristics-instruction, teaching 
of concepts and skills, going over assigned work (GOAW), student activities and other 
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classroom events.  Of the five main categories, the first four are considered actions, each 
corresponding to the various actions the teachers take in class.  Each action is driven by 
different goals.  For further analysis, each main category is further subdivided.  The 
subcategories can be considered as sub-actions or operations as will be seen later.  The 
purpose of the fifth category of other classroom events is more to serve like a bin for 
other events not categorized under the previous four.  It is also for a better account for the 
total class time not included in the first four action categories.  Accurate accounting of 
class time is important.  These categorizations will be elaborated in the next few 
paragraphs.   
 

 
Figure 4. The actions of classroom teaching activity 

 
In the heuristics-instruction category, the goal is to solve word problems for pedagogical 
purposes which can range from giving problem-solving instruction directly, highlighting 
the use of heuristics, introducing a new topic, and so forth.  This usually begins with the 
teacher presenting a new word problem.  The actions taken to solve a word problem 
mediates through Pólya (1957)’s four stages of problem solving, namely Understanding, 
Planning, Executing and Reflecting.  In other words, the means whereby the action of 
solving a word problem is carried out are: Understanding the problem, devising a plan, 
carrying out the plan and looking back at the work done.  Pólya’s four stages were chosen 
as it seemed easier for the teachers to begin their exploration as well as for the coders to 
code compared to more recent adaptations (e.g., Schoenfeld, 1985).  So adapting directly 
from Pólya, Understanding entails: any reading, discussion about the problem by the 
teacher, teacher-led attempts to understand the problem, posing questions such as “What 
is the unknown?”, “What are the data?”, “What is the condition?”, “Is it possible to 
satisfy the condition?”, “Is the condition sufficient to determine the unknown?”, “Or is it 
insufficient? Or redundant? Or contradictory?”, highlighting key words in the given 
problem, making clear their mathematical meanings, drawing a figure, introducing 
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suitable notation, separating the various parts of the problem/condition.  Planning refers 
to devising a plan in attempts to find connection between the givens in the problem and 
the unknown, working towards a plan of the solution, choosing appropriate heuristics, 
asking questions such as “Have you seen the same problem in a different form?”, “Do 
you know of a related problem?”, “Can you restate the problem?”, “Can you derive 
something useful from the data?”, etc. Executing refers to carrying out the plan, working 
and showing the steps towards the solution.  Reflecting is looking back, examining the 
solution obtained.  This reflection need not occur only at the end of the working out of a 
solution.  Any time the teacher ‘steps back’ to look at what she has done so far is 
considered reflecting.  Exploring other methods to solve the problem is also considered 
reflecting even if the teacher goes through the stages of planning and executing again as 
long as she stays within the same problem.  This is to keep clear the definition of 
reflecting as reflecting over the problem and not mix it with understanding within a 
reflecting phase for example, and allows for a more accurate account of the amount of 
reflecting the teacher does in a solving a word problem. 
 
Operations in the Leont’ev’s sense are conditioned by prevailing materials and available 
tools (Hedegaard, Chaiklin & Jensen, 1999, p.14).  Thus the operations related to the 
actions of solving a word problem, i.e. Pólya’s four stages of understanding, planning, 
executing and reflecting, are conditioned by prevailing materials in the form of the given 
word problems, either from the textbook or worksheets. The available tools besides the 
physical tools like the whiteboard, overhead projector, etc., are the teacher’s pedagogical 
content knowledge (Shulman, 1986), repertoire of problem-solving skills including the 
range of heuristics mastered, etc., and her awareness of where her students are at in terms 
of knowledge and mastery of heuristics taught.  The coding scheme would capture the 
amount of time, when it occurred and frequency of the occurrence.  The ‘what’ of these 
important qualitative attributes are to be investigated using another analytical tool 
focusing on the interaction discourse between the teacher and the students.  This part is 
not reported in this paper. 
 
In the teaching of concepts and skills, the teacher’s goal is oriented towards ensuring 
students understand the concepts and learn the respective skills. The category relates 
directly with the MPS curriculum framework (see Figure 1).  The teaching of concepts 
involves class time spent showing, demonstrating, defining, and explaining the 
numerical, geometrical, algebraic, or statistical concepts.  For the teaching of skills 
occurs when the teacher uses class time to teach skills such as arithmetic or algebraic 
manipulation, estimation/approximation, mental calculation, communication, use of 
mathematical tools, handling data, etc.  For example, the teacher might recall some 
common mistakes the class made in assigned work, and proceed to show and explain the 
correct steps. This teaching of skills is distinguished from the heuristics-instruction’s sub-
category of Execution where skills are used to solve a problem after some preceding 
understanding/planning has taken place.  
 
This category of action can be further subdivided to glean the details how the actions of 
teaching of skills and concepts are carried out, i.e. the actions taken and operationalized.  
However considering that the further divisions do not quite relate directly to the research 
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question, this subdividing is not done.  In other words, for the purpose of the current 
study, the two pedagogical actions of teaching concepts and skills are captured in the 
coding scheme in terms of the amount of time, when they occurred and the frequency of 
their occurrence.  Beyond this, details of the actions and operational aspects though 
important in their own right are not examined in this study.   
 
For the GOAW category, the goals are mainly to review and revise previous work.  The 

category of action refers to events related to the teacher using class time to go over work 
that has been assigned previously.  Students would have had spent some time on the 
assigned work.  Common examples include given exercises or worksheets, 
tasks/homework, test paper/assessment, etc.  Three types of GOAW action are identified: 
Reworking, Procedural and Quick Check.  Each has a slightly different goal although still 
subsume under the overarching goal of reviewing and revising assigned work.  
Reworking refers to instances when the teacher goes over the assigned work thoroughly; 
explaining what is given in the problem, and how to proceed finding the solution.  The 
goal is mainly to show/demonstrate/explain once again how to solve the problem or how 
it should be done.  It has a ‘corrective’ or a ‘remedial’ tone which is different from the 
problem-solving instruction in the heuristics-instruction category. The instruction also 
tends to be ‘algorithmic’ versus the more ‘heuristic’ type of instruction in the heuristics-
instruction category.  Very often, teachers were observed to go over assigned work in this 
algorithmic manner as another way to give problem-solving instruction.  Because actions 

in this subcategory carried a distinctive ‘remedial’ tone in contrast with those in the 
Heuristics-instruction category, the qualitative distinction between actions in the GOAW 
(Reworking) subcategory and those in the Heuristics-instruction category to giving 
problem-solving instructions was made. 
 
In the Procedural type, the teacher goes over the assigned work to focus on the 
correctness of the procedures needed to solve the problem.  The intention is very often for 
students to know the steps to solve the problem.  The third type refers to the teacher 
going over the answers quickly for students to check against their own answers.  The goal 
is to ensure that the students get the right answers. 
 
The goal of setting aside class time for student activities is to let students work either on 
their own or in groups, to provide time for them to practice skills, to reinforce 
understanding of concepts and to collaborate and communicate with each other, and to 
solve word problems in class either individually or in groups.  The category of action 
refers to students doing assigned tasks in class.  The term activity is used here in a 
general sense, and not with the more specialized meaning of activity within Activity 
Theory.  The student activities are carried out in three common ways, namely, 
presentation, group work and seat work.  Similar to the previous category, each of the 
activities has a slightly different goal.  Student(s) present their solutions of assigned 
problems to their classmates/teacher either using the white board or overhead projector, 
or by standing up to present orally.  The goal is often to let students show their work in 
class, to communicate with the rest of the class.  Group work occurs when groups of 
students are given tasks to do.  The goals of doing group work include enabling 
cooperative or collaborative learning, providing a different setup for students, etc.  Seat 
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work refers to students completing assigned tasks individually.  The goal is often to 
provide class time for students to do assigned work, practice skills or solve problems by 
themselves.  
 
The last category of other classroom events is a catch-all category for class events not 
coded in the previous four categories.  Generally, there are two types: those that are 
related to the on-going lesson, for example, rearranging the seating arrangement as part 
of the transition to group work, and those unrelated to the lesson such as the teacher 
making a general announcement.  As pointed out before, the inclusion for this category is 
for a more accurate accounting of class time.   
 
One limitation of the coding scheme was the lack of provision to code multiple categories 
of action per unit time.  Thus, if a few students were called up to show their answers on 
board while the rest (i.e., the majority) continued with their seat work, then it would be 
coded as seat work.  However if the teacher stopped the students’ seat work to tell them 
to pay attention to what their classmates were writing or doing in front, then it would be 
coded as students’ presentation.  When the teacher reviewed the students’ work on the 
board, then a switch in action category to ‘GOAW’ was deemed to have occurred. 

Using the coding scheme: One case 

The resulting coding scheme is used as an analytical instrument to study the classroom 
practices of teachers’ enactment of the MPS curriculum.  Classroom observations were 
video recorded and the discussions were transcribed.  On the basis of the transcripts, the 
lessons were coded.  Based on the amount of class time a teacher spent on the four 
categories, the question of the extent MPS was emphasized is addressed.  Because of 
space constraints, only one case is briefly reported and discussed here.  He is Mr Peter 
Tan (a pseudonym), a Primary 5 teacher.  He has been teaching for about 14 years when 
the study began.  There were 40 students in his class.  Nine lessons were observed and 
recorded, covering about one topic of fractions.   

The series of Peter Tan’s lessons 

The total recorded time for the nine lessons to be analyzed was seven hours and 12 
minutes rounded to the nearest minute, and the average time per lesson was about 48 
minutes.  Table 1 shows how the recorded time was distributed over each main category 
in percentage terms rounded to two significant figures, with the total recorded time as the 
base of 100%.  These numbers are further broken down in the respective subcategories.  
Because of the rounding up or down of the percentages, the sums do not always add up 
exactly.  The respective amounts of time are shown in the last two columns.   
 
Table 1 shows a notable amount of time, i.e. 22% of the total, was spent on the ‘Other 
events’ category.  The 10.6% of off-task time reflected Peter’s regular practice of talking 
about things not quite directly related to the task at hand.  In terms of classroom talk 
about problem solving, the GOAW category features prominently in Peter’s lessons 
(35%).  In particular, the reworking of assigned problems of 23.5% is more than twice the 
9.5% time spent in the heuristics-instruction category.  These are the two main ways 
word problems are mediated in Peter’s class, making a total of 33% of class time. 
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Table 1. The distribution of class time over the categories 

Main Categories % of time Subcategories  % of time h:mm:ss Total time 

Understanding 1.9% 0:08:10 

Planning 0.5% 0:02:00 

Executing 4.4% 0:18:50 

Heuristics-
instruction  

9.5% 

Reflecting 2.8% 0:12:00 

0:41:00 

Concepts 4.9% 0:21:20 
Teaching  12% 

Skills 7.0% 0:30:25 
0:51:45 

Reworking 23.5% 1:41:25 

Procedural 5.2% 0:22:30 
Going Over 
Assigned Work 

35% 

Quick Check 6.4% 0:27:30 

2:31:25 

Presentation 1.7% 0:07:15 

Group Work 0.0% 0:00:00 Student Activities 21% 

Seat Work 19.0% 1:24:10 

1:31:25 

On 11.7% 0:50:25 
Other Events 22% 

Off 10.6% 0:45:45 
1:36:10 

Total 100% Total 100.0% 7:11:45 7:11:45 

 
To show where these segments are located in the series of lessons, Table 2 shows the 
general sequence of each lesson outlined in terms of the categories of action.  In 
presenting an overview of how each lesson unfolded over time, a balance between 
providing too many details and minute changes in categories and a broad overview is 
arbitrarily set based on the following: first, only categories or subcategories of action 

lasting more than two minutes are listed; second, short changes or spells, i.e. those lasting 
less than two minutes, between or within each category are not detailed; third, segments 
coded as others are not included.  As a result, many subcategories within the heuristics-
instruction category are not listed due to their short duration and quick changes within the 
category.  These important aspects of the heuristics-instruction category are analyzed 
separately in a later section.   
 

Table 2. Locations of GOAW (Reworking) and heuristics-instruction segments 

Amt of time 

(h:mm:ss) 

L
es

so
n

 

Duration 
(h:mm:ss) General sequence of each lesson

∗

  
Gr H 

Remarks 

1 0:47:40 Gr-Tc-Gr-Tc-Gr 0:19:30   

2 0:26:25 Gr-Tc-Gr 0:14:20   

3 0:40:35 Gr-Tc-Gr-Ts-Gr-Ts-Gr-Ts-H 0:15:35 0:02:05  

4 0:47:50 H-Ts-H-Tc-H-Ts-H-Ss  0:17:10  

5 1:03:55 Ts-H-Ss-H-Ts-H-Ss-H-Ss-Ts-Gp-Sp-
Gp 

 0:21:45  

6 0:55:50 Gr-Sp-Gr-Ts-Gq 0:04:40   

7 0:47:55 Gr 0:35:40  12 mins spent in the other 
events category 

8 0:56:05 Gp-Gr-Ss-Gp-Gr-Gp-Gq-Gp-Ss 0:11:40   

9 0:45:30 Ss-Tc-Ss    
Tot 7:11:45  1:41:25 0:41:00  

                                                 
∗ H = Heuristics-instruction; Tc = Teaching concepts, Ts = Teaching skills; Gr = Going Over Assigned 
Work (GOAW) (Reworking), Gp = GOAW (Procedural), Gq = GOAW (Quick check); Sp = Student 
presentation, Sg = Student group work, Ss = Student seatwork. 
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The series began with Peter returning two sets of students’ revision worksheets consisting 
of word problems on the topic of fractions.  He spent the first two lessons and a large part 
of Lesson 3 going over the worksheets, reworking a few of the assigned problems.  He 
also reviewed some concepts and skills as he went along, in particular, the concept of a 
fraction of some quantity.  The first instance of a coded heuristics-instruction episode 
where he presented a new word problem to solve as a class was at the end of Lesson 3.  
He did more of it in Lessons 4 and 5, but not thereafter.  Lesson 4 was an extra class held 
in the morning before the normal school hours, on the same day as Lesson 5.  The next 
three lessons were predominantly ‘Going over assigned work’, the worksheets and 
homework that were assigned in the previous lessons.  The last lesson was mainly 
students doing individual seatwork, corrections of their previous work.   

The heuristics-instruction category 

Peter spent about 41 minutes in this heuristics-instruction category out of the overall total 
of seven hours and 12 minutes observed lessons.  He did this in Lessons 3, 4 and 5, 
accounting for about 9.5% of the total time.  In this time, he went through eight word 
problems taken from the textbook.  These were considered closed routine problems.  All 
eight problems were solved using one solution strategy, namely, ‘using a diagram or a 
model’ heuristic, without further attempts or exploration of alternative solution once the 
answer was obtained.   
 
The heuristics-instruction category was further coded into four subcategories following 
the corresponding Pólya’s four stages of problem solving, namely, Understanding, 
Planning, Executing and Reflecting.  Re-expressing the percentages of 1.9%, 0.5%, 4.4% 
and 2.8% of the overall time respectively for each of the subcategories as shown in Table 
1 in terms of time and the respective percentage within the category, the following Table 
3 shows how the 41 minutes spent in this main category are spread over the four 
subcategories: 
 
Table 3.  Distribution of time within the heuristics-instruction category 

 Understanding Planning Executing Reflecting Total 

Time (mm:ss) 08:10 02:00 18:50 12:00 41:00 
As % of the 

heuristics-instruction 
category 

19.9% 4.9% 45.9% 29.3% 100% 

As % of the overall 1.9% 0.5% 4.4% 2.8% 9.5% 

 
Presenting the figures as such, we see that nearly 46% of the time in this category was 
spent on Executing, i.e. working and writing out the solutions to problems.  The time 
spent on Planning was proportionately less than the other three subcategories.  These 
points suggest that for the problems that Peter mediated in this category, devising a plan 
or exploring possible heuristics was not a main focus.  Rather, Peter read the problems 
and proceeded to execute followed by a fair amount of reflecting or looking back at the 
solution presented.   
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Teaching Concepts and Skills  

It will be recalled that this category of action has its basis from the two 
components of the pentagonal framework.  Peter spent about 5% of the class time 
teaching concepts and 7% teaching skills.  Notably, more time was spent in the 
earlier half of the series than the later half.  For the topic on fractions, Peter taught 
concepts that include the fraction of some quantity and that it was conceptually 
inaccurate to say that “½ = $4”.   
 
The subcategory of teaching skills includes arithmetic manipulation, estimation and 
approximation, examination-taking techniques and skills, diagram-drawing skills, 
etc.  An example of an arithmetic skill involving fractions is the division of a 
number by a fraction.  Although the technique of inverting the divisor and 
converting the division to a multiplication was taught in a year earlier, Peter re-
taught this on a few occasions. 

Going Over Assigned Work 

Another way in which Peter gave problem-solving instruction to his class was through 
going over assigned work, reworking thoroughly the problems with emphasis on the 
correct way of getting and presenting the solution.  He did this 23.5% of the overall class 
time spread over seven out of the nine lessons observed, much more than the time spent 
in the heuristics-instruction category both in terms of frequency and amount of time.   
 
Typical exchanges involved Peter going over the solution to an assigned problem 
thoroughly mainly to ensure students, particularly the few who did not know how to 
solve it when it was assigned the first time, learn the skill of using diagram/models to 
represent the given information in the problem2 and working out the related steps.  
However, because the students have already tried the problems before and many of them 
have solved them successfully, there was little impetus at this stage to approach the 
problem in the way recommended by Pólya (1957).  As noted previously, the goal of 
GOAW (Reworking) has a more remedial and corrective tone, veering the instruction 
towards an algorithmic approach rather than a heuristic one.   
 
Peter spent 5.2% and 6.4% of the overall time respectively in the other two parts of the 
GOAW category, namely, the procedural and the quick check.  While somewhat 
indirectly related to word problems, these two subcategories were not analyzed beyond 
the codes mainly because the emphases were on getting the steps right and for answer 
checking purposes.  Even then, together Peter spent more time here, i.e. 11.6%, than the 
9.5% in the heuristics-instruction category. 

Student activities 

21.2% of the overall class time was observed to be spent on student activities.  Of these, 
19.5% was spent on individual seat work.  The students were assigned either exercises or 
problems to practice.  During this time students mainly stay seated and there was very 
little physical movement.  Occasionally after assigning individual seat work, Peter would 

                                                 
2 A heuristic listed in the syllabus and used very often in Peter’s class. 
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call on some students to write their solutions on the white board.  This happened 1.7% of 
the class time and was coded as student presentation.  After writing their solutions, 
students were not asked to explain their solutions verbally nor question each other’s 
solutions.  Peter would go over the solutions, usually checking the procedures and the 
correctness of their answers.  This was coded as GOAW (Procedural).  Peter did not do 
any student group work activity in this series of the observed lessons. 
 

Discussion 

An overview of Peter’s approach 

The use of the coding scheme afforded a glimpse into Peter’s classroom practices.  Based 
on the codes over the series of lessons, some general inferences about Peter’s practices 
can be made.  Over the first three lessons, the relatively large amount of time spent in the 
GOAW (Reworking) subcategory (see Table 2) suggests how Peter used this action to 
teach and to reinforce previously taught concepts and skills.  The first occurrence of time 
spent in the heuristics-instruction category was observed in Lesson 3, after Peter had 
assigned numerous word problems for his students to do and gone over them 
subsequently.  Interestingly, the one fresh problem introduced in this lesson was 
somewhat similar to the ones that Peter had assigned previously.  In that sense the class 
was supposed to be applying what was taught previously in a new yet relatively similar 
problem, something Mayer (1998, p.49) would term as routine –“problems that are like 
those they have already learned to solve”, where students learn to repeat and by way of 
repetition retain skills needed to solve routine problems.   
 
For the next two lessons, Peter gave problem-solving instructions through introducing 
new problems and working through them via Pólya’s four phases.  These were taken 
from the textbook and were all routine problems.  And from lessons 6 onwards, no more 
new problems were discussed at the classroom level.  Instead, much class time was spent 
on going over previously assigned work and reworking the solutions to ensure that the 
skills and procedures needed to solve them are learned.  
 
So, in terms of whole class mediation of word problems, Peter spent more time in the 
subcategory of GOAW (Reworking) than the main category of heuristics-instruction.  
Such a difference would suggest Peter doing more of giving students problems first, 
letting them try before giving further instructions by way of going over the assigned 
work, and less of giving problem-solving instructions through tackling fresh problems.   
 
The question of the extent MPS is emphasized in Peter’s classroom rests very much in 
the conception of what constitutes problem solving.  Based on the distribution of time 
over the categories of action, he had concentrated on the acquisition of concepts and 
skills first, and then emphasized more of going over previously assigned word problems 
than of mediating fresh word problems to give problem-solving instruction.  This 
approach suggests that Peter’s emphasis was on concepts and skills first.  His 
proportionately high amount of time spent in GOAW (Reworking) subcategory was his 
way of guiding pupils to acquire skills needed to solve routine problems.  After which his 
class dealt with fresh problems to apply the acquired skills.  In this way, Peter appeared 
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to be teaching mathematics for problem solving and, in that sense, emphasized MPS to 
some extent.  However, if we take the degree to which Pólya’s (1957) model of problem 
solving is explicated as a measure, then Peter’s approach would appear to have fallen 
short based on the proportionately low amount of time spent in the heuristics-instruction 
category.  In other words, for this series of observed lessons, MPS did not appear to be a 
central focus.   

Conclusion 

The adaptation of Activity Theory to frame this inquiry into teachers’ classroom practices 
has afforded some conceptual structure.  Admittedly, it is one perspective and some 
factors invariably escaped the adaptation. But the complexity of teachers’ classroom 
practices is reduced and the array of forces is framed within the six nodes of an activity 

system.  In using the coding scheme based on the notions of activity and actions, the 
segmentation of lessons into categories of action revealed how the teacher spent his class 
time and the relative emphasis he gave to teaching concepts and skills, going over 
assigned work and mediating fresh word problems.  This one glimpse of a teacher’s 
classroom practices through the Activity Theoretic framework is a step towards 
addressing the important question of the extent MPS is emphasized in classrooms.  
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