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Studying classroom problem-solving instruction and learning

via mediated action and spoken language or talk

Sharada Gade

Umeå Mathematics Education Research Centre, Umeå University

This  paper  attempts  to  synergise  the  recognised  need  for  studying  classroom problem-solving

instruction and learning and the promise of such study with socio-cultural-historical and activity or

CHAT perspectives. A doctoral and longitudinal study is drawn upon to illustrate the insight that is

possible  when two of  its  constructs,  namely  mediated  action and spoken language or  talk  are

utilised as units of analysis. The writings of A. R. Luria are specially drawn attention to enable

analysis  of  various  instances  within  teaching-learning  in  which  the  higher  mental  function  of

spoken language makes the development of other higher mental functions possible. It is argued that

occasion to develop numerous such functions within classroom instruction could contribute to the

repertoire of skills that are necessary for solving mathematical problems by students.
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Introduction

I  attempt  to  synergise  two  streams  of  thought  within  educational  research  in  this  paper  –  the

recognised need for studying classroom problem-solving instruction and learning, as well as the

promise of such a study by drawing upon socio-cultural-historical or CHAT perspectives. Towards

this I draw upon my doctoral study conducted at an upper secondary classroom in Norway (Gade,

2006). As against attending to problem solving instruction and learning by individual students, I

widen the scope of analysis to include aspects that need consideration when students and teachers

attend to problem solving in the teaching-learning of mathematics in classrooms. The analytical lens

that  I  deliberate  upon is  thus  both exploratory and challenging,  since  I  consider  it  crucial  that

research lead the way in understanding the means with which classroom instruction and learning

can address the Polyan premise that problem solving can be taught (Kilpatrick, 1987). In line with

these aims I first outline arguments made within problem-solving literature along with those of

CHAT that hold promise. I then offer examples from my doctoral and classroom study. I conclude

with highlighting a stage-wise model of thinking in concrete processes forwarded by Luria (1973)

which lays emphasis on the role of language in solving problems – an aspect that Polya's model

from a mathematician's point of view is understandably silent.  



Research in problem-solving, CHAT perspectives

The importance of understanding the realistic contexts of problem-solving instruction in classrooms

has been longstanding in literature. Argued against an historical emphasis on individual students

and laboratory situations, the call for the usefulness of classroom studies has been underscored to

ascertain how much and what nature of practice, would enable students to learn and use a range of

problem-solving strategies. Drawing upon literature that spans such a need for the past twenty five

years I  first  quote a  recent article  by Schoenfeld (2007) which argues for the  need of crafting

classroom instruction that makes problem-solving strategies accessible to students. Such efforts he

says could draw upon research thus far achieved as sense making, forming discourse communities,

the  realisation  of  specific  responsibilities  by participants  and the  characterisation of  productive

classroom practices. A review of literature takes me way back to Silver (1985) who pointed then to

the lack of a good description about what really happens during problem-solving instruction in

classrooms. Longitudinal studies appreciative of the role of the teacher in practice and the diversity

in problem-solving acquisition by students would enable pedagogy, Silver argued, that drew upon

instructional as against non-instructional studies. Silver however observed such underrepresented

theme in research as may be wanting of appropriate theoretical basis. Spanning the length of these

years, Lester (1985) articulated the goal of problem-solving instruction as that of enabling students

to think for themselves. Recognising the need to shift to methodologies that are appropriate for

classrooms, Lester (1994) continued to argue for research that focused on the whole class rather

than on individuals so as to determine the sort  of instruction students need and deserve.  More

recently  Lester  (2005)  has  argued  for  the  importance  of  adapting  one's  choice  of  theoretical

perspectives to provide for deepening of our understanding as well as the practical wisdom that is of

use  to  practitioners.  Focusing  on  an  area  of  research  in  which  the  need to  draw upon  newer

methodology and theoretical perspectives is recognised, it  is my intention to argue in favour of

CHAT perspectives. These perspectives enable research to follow the slow developing process of

teaching-learning, which Seeger (2001) points out is constituted by two orthogonal processes – a

horizontal one between peers and a vertical one between mediated thinking. Such a stance allows

research to pay attention to the time spent on problem-solving during everyday instruction, as well

as its advancement in small episodes within ongoing lessons (Grouws, 1985). 

Drawing upon Vygotskian arguments, CHAT perspectives understand human development

within a historical or genetic framework making these suited for longitudinal studies in classrooms.

I outline four of its many features that make them suitable for the study of classroom problem

solving instruction and learning. Firstly, CHAT perspectives view the social environment of any

classroom as the primary provider of cultural tools and resources which mediate mental process of

individuals  when  they  are  taking  part  in  practical  activity  (Vygotsky,  1978).  Second,  CHAT



perspectives  position  participants  as  subjects  in  the  practical  activities  they  are  taking  part  in,

placing emphasis of the nature of active participation of the individual. Third, CHAT perspectives

understand  human  development  in  terms  of  the  development  in  individuals  of  higher  mental

functions. Built upon biological or lower mental functions, these functions are formed when cultural

resources are  utilised by individuals towards specific purposes in practical  activity.  Finally  and

conducive to classroom studies, oral speech is considered the primary higher mental function whose

function it is to aid the development of all other higher mental functions (Vocate, 1987). It is these

principles that enable research to move beyond the study of a single individual and understand how

problem-solving instruction and learning can or does transpire in classrooms.  

Methodologically CHAT perspectives demand deployment of those units of analysis which

form a living part of the phenomenon being studied (Zinchenko, 1985). I now discuss two such

units that I find particularly suitable for the study of problem-solving instruction and learning. The

first  of  these  is  mediated  action  which  Wertsch  (1991,  1998)  argues  studies  the  actions  of

individuals mediated by cultural tools and resources within their institutional and historic contexts.

Wertsch  identifies  higher  mental  functions  with  modes  of  action  which  are  both  enabled  and

constrained by an individuals use of cultural resources. Such a unit is suitable for identifying what

nature of action was taken, by whom and in what circumstances within instruction; with available

physical  artefacts  like  the  blackboard  or  textbook  and  intellectual  artefacts  like  algebraic

conventions, geometrical figures and language. The second unit of analysis lays greater emphasis

on spoken language. Distinguishing what is spoken from what is written Luria makes an analytical

distinction  between  oral  and  written  speech  (Vocate,  1987).  Oral  speech  Luria  argues  is

sympractical. Accompanied by gestures and intonation, such speech he argues is intelligible only in

the setting of the conversation. On the other hand, written speech is synsemantic. In its ability to be

independent of the immediate concrete environment such speech is constrained by means available

in the language used. Luria argues in addition that oral speech is the most easily influenced of all

higher  mental  functions.  Rather  than  remaining  static  such  speech  develops  over  time  by

embodying both sense and meaning incorporated in its usage on different occasions. More recently

Mercer (2004) extends understanding of the role of classroom talk. While stressing the role of talk

as a social mode of thinking, Mercer makes the case that such talk needs to be trained. With these

perspectives as background, I now turn to the methods used to collect data in my doctoral study. 

Location of study, methods and presentation of data

I conducted my doctoral study at the first level of an upper secondary classroom in Norway with

two teachers Olaf and Knut and their 32 students. Two aspects that made teaching-learning in this

study stand out was that Olaf and Knut taught mathematics bilingually in Norwegian and English,



as well as have their students cooperate in small groups during everyday instruction. While Olaf and

Knut conducted group-tasks they specially designed for this, a large part of their instruction was

also at the blackboard. I collected data during the length of the academic year in an ethnographic

manner by sitting beside each of the groups, whom I call group-in-focus, in the classroom. My three

instruments of data collection were: field notes as participant observer, students' responses to group-

tasks that were conducted as survey element and the design and conduct of a problem-solving task

with each of my groups-in-focus. Using this strategy, I compensated my ability to access only the

English spoken in the classroom, by obtaining a thick description  of the materiality that played a

role within teaching-learning in the classroom (Geertz, 1973). While the data that I present in this

paper is largely from my field notes, the analysis I present has the benefit of triangulation from units

of analysis other than mediated action and talk as well. The specific format in which I present my

data is also designed towards being able to report from an ethnographic perspective the sequence of

events that transpired within teaching-learning. The headings of the four columns in this format are

indicative as follows: 'Event' – the sequential numbering of turns within various episodes that I had

selected to make my case in each grounded theme; 'Person' – identification of the person who was

speaking or taking active part within teaching-learning; 'Utterance' – the action of what was spoken

by either the two teachers or students in the classroom and 'Action' – the other than verbal actions

that  were taken by any of  the  participants  within  teaching-learning.  Using  psuedonyms I  have

identified the teachers as Olaf and Knut and various students by either their names or merely STD

when I was not sure of who it was that had spoken in the classroom. I identify myself as RES in the

data presented as well as enclose any related commentary in double parenthesis. I have used NOR

to identify language spoken in the Norwegian. It is under the heading 'Action' that I have provided

on occassion a grey coloured background to indicate that part of teaching-learning for which the

blackboard was utilised. In boxes with specially marked borders I reproduce the text as found in the

textbook being used or students' workings as found in their notebooks. 

Data and discussion: the development of problem-solving know-how

The development of problem-solving know-how was one of four themes that I found grounded in

the data I collected in my doctoral study. Based on a trajectory of greater knowing within teaching-

learning, my intention in this theme was to single out those events within instruction that could

contribute to the advancement of knowing how to solve problems. My intention was to capture in

line with Grouws, those small episodes within instruction of each lesson that I thought contributed

towards this. As in my thesis I report from instruction of the first three chapters of the textbook:

Number understanding, Equations and Proportionality, and Scale factor in similar figures. I identify

related  instruction  in  the  following  three  stages  (1)  discussion  of  rules  by  turning  them  into



questions (2) building solutions for subsequent application and (3) questions becoming problems

that students solve. I now turn to present data and discuss each of these sequentially.  

The first extract I present characterises how Olaf steered classroom discussion of algebraic

rules by turning them into questions and relates to a time when Olaf introducing how the calculator

is to be used as a cultural tool by his students. Olaf problematises the multiplication of the algebraic

expression 4 x 22, which as the textbook demands is to be calculated both with and without the

calculator. Writing the expression on the blackboard Olaf asks his students for two ways in which

this could be calculated. In response Levi offers two possible options and also seems sure, that any

other possibility than the two he had explained could only be an incorrect or wrong possibility. Olaf

then demonstrates the correct manner of multiplication and cautions against multiplying the base 4

with the exponent 2. For such eventuality, Olaf had Levi explain the need and use of brackets or

parenthesis. Moving to part (b) of the same question Olaf then turns the attention of his students to

the manner in which the calculator was to be used. Asking how they would say compute 35, Olaf

instructs use of the appropriate buttons on the calculator to obtain the value of 4 x (-2)2. This is

inclusive of his guidance of using the appropriate sign for the integers in the question.

Indicative of a time in instruction when Olaf would turn rules that were to be followed in



relation to operations with exponents into questions for his students, the above extract is indicative

also of his introducing the calculator towards solving problems. Following Wertsch the guidance

that Olaf gave his students in mathematics was mediated not only by relevant algebraic notation but

also by the calculator. Such instructional actions of his ensured that his students used these cultural

tools in a mathematically appropriate manner. Olaf's utterances as well as those of his students attest

to this. Olaf is therefore seen as using spoken language to assist the formation in his students of

higher mental functions in relation to their use of algebraic notations and the calculator. Following

Luria it is through the use of language as existing higher mental function that newer and higher

mental functions were being enabled and formed. I find Olaf's demonstration of the use of algebraic

notation and the calculator important in another respect – that of enabling the formation of a zone of

proximal development or zpd. I argue elsewhere that such formation within instruction enabled his

guidance of mental functions in the process of maturing in his students, resulting in their being able

to use cultural  resources and tools, to become independent (Gade, 2010). I therefore argue that

Olaf's  guidance  as  illustrated  by  the  above  extract  are  steps  that  were  learnt  within  everyday

instruction in his classroom. Following Grouws, such opportunity for learning transpired within

instruction of the topic Number understanding and would contribute to the repertoire of skills that

his students would need and have in solving mathematical problems. I now turn to my next extract

from classroom instruction of the chapter Equations and Proportionality. 

In  using  simple  algebraic  equations  to  solve  mathematical  problems  my  next  extract

illustrates how Olaf built solutions for his students for them to both use and subsequently apply.

Olaf's approach to guide students in using equations to find consecutive numbers given the sum of

three of them is rhetorical. He begins by arguing that someone suggested an equations with three

different variables be used to depict the mathematical condition expressed in the questions given.

He finds his students to agree that this equation would not be a good idea and shows through

numerical example the relation that existed between three known consecutive numbers 17, 18 and

19. By establishing an increment of 1 for each consecutive number, Olaf then discusses the equation

that could be formed in relation to the question they were attempting together. Obtaining a value of

x which he designated as the first of the three consecutive numbers, Olaf then discusses with his

students the possibility of using  x to denote the second of the three numbers. He then ascertains

what x would designate in such usage. In such instruction Olaf demonstrated three aspects. First that

the variable x was not fixed but could be used to designate a number of one choice. Second that the

value of the variable x in turn depended on the number that it was used to designate. Third that the

value of three consecutive numbers being obtained in the question were relational and depended on

which of the numbers was designated x in the formulation of the simple equation.



Towards adding to the repertoire of skills needed to solve mathematical problems the above

extract demonstrates how Olaf guided his students use of the simple equation as well how the group

of students I was sitting with utilised the guidance that Olaf gave on the blackboard. In this his

instruction was mediated, as Wertsch points out, by the use of the variable x and the equations that

he formulated in relation to the question or problem being attempted. The use of these cultural tools

by Olaf's students, towards the formation in them of related higher mental functions was possible

through the use of spoken language which Luria considered the higher mental function in which and

through which all other mental functions were formed. I argue that the relevance and strength of the

above extract  lies in Olaf problematising the use and formulation of simple equations to solve

mathematical problems, beyond showing such use alone. Towards the end of the above extract one



can also observe how Olaf allows for his students to work under such guidance at a new and similar

problem.  In  this  he  allows  for  his  students  to  not  only  appreciate  the  use  of  algebraic  simple

equations but also encourage independent application by them. In relation to students' learning of

various means with which to solve problems, I turn to my final extract in which Olaf's guidance

with  diagrams  and  formulae  offers  opportunity  for  routine  questions  in  students'  textbooks  to

become problems that they can begin to solve. In line with various measures taken in teaching-

learning it is possible to observe how Olaf guides his students' use of a diagram as well as algebraic

formula to mediate understanding of the nature of problem that is being attempted.



In the above extract one can observe Olaf's student Levi to draw in his notebook a diagram

very similar to the one that Olaf eventually draws and by which he is able to guide the use of the

algebraic formula along with the diagram. In his exposition of the solution to the problem, I find

Olaf's utterances 'What do we need', 'What do we do now' and 'What else do we know' to guide how

Levi and his students more generally, bring to their attempts at solving the problem at hand with

what is known in the text and what can be inferred from labeling the diagram. Levi in particular is

seen as being able to infer the bases of the two triangles which he since argues as congruent. Olaf

then  shows how the  value  of  the  height  of  the  trapezium can be  calculated,  with  the  help  of

Pythagoras' formula whose use is not questioned and seems routine by his point of time in teaching-

learning by his students. The use of this formula therefore mediates a shared understanding between

Olaf and his students of finding the unknown side of a right angled triangle. It is interesting to

observe that in the use of Pythagoras' formula, Olaf merely fills in the known values of the sides of

the triangle to derive the h needed in the formula to calculating the area of the trapezium and leaves

the calculation of its numerical value to his  students by using their calculators. Upon asking if

anyone has done or calculated this, Olaf obtains the value of 4.8 and utilises this value to in turn

find the area of the trapezium. In comparison to teaching-learning in the first chapter, the above

extract shows how Olaf's instruction vis-a-vis the calculator is no longer related to rudimentary

training of the use of the calculator. In line with the progression of problem-solving instruction and

learning, I argue that by this time in teaching-learning the use of the calculator has become part of

the repertoire of students skills towards solving mathematical problems.



In the three extracts that I have presented it is possible to find the use of cultural resources

and tools to mediate various kind of action on various and differing occasions. In the first, Olaf's

guidance of his students with appropriate use of the algebraic notation both without and with using

the calculator mediated the kind of numerical operations intended. The use of conventional signs

like the exponent, base, parenthesis, different minus signs on the calculator, all mediated the nature

of operations that were being performed on the specific integers being dealt with. In the second, the

actions of Olaf and his students were mediated by  x as well as the various simple equations that

were formulated to address the problem at hand. One observes Olaf to carefully guide what it was

that x was denoting in the equations he arrived at in relation to the questions in the textbook. By this

he attempts to make his students appreciate the fact that the term x could mediate different unknown

numbers in different questions and therefor function as a variable. In the third extract, algebraic

formula, the diagram of the trapezium and the calculator again mediated different actions within

teaching-learning. The need for calculating h to find the area of the trapezium led Olaf to also use

the diagram in stages to mediate what was and what could be known from the information that was

provided in the text book question. By this time of instruction it was also the case that Pythagras'

formula was not knew and its use taken for granted towards finding the altitude of the triangles.

That  this  altitude  was also the  height  or  the  h required  to  find the area  of  the trapezium was

implicitly agreed upon by Olaf and his students by this time of instruction. Finally in comparison to

the  use of  the calculator  during instruction of the  first  chapter,  by the third chapter one could

observe Olaf relying on his students using the the calculator to arrive at the numerical answer. The

analysis that I just provide is I argue a result of deploying mediated action as unit of analysis. As

argued by Wertsch such a unit enables me to highlight differing kinds of relationships Olaf and his

students had with various cultural tools and resources used within teaching-learning. 

Classroom talk or spoken language was the other unit of analysis that I drew upon to analyse

the nature of instruction that transpired with the classroom teaching-learning of mathematics in my

study. It was attention to spoken utterances of both Olaf and his students that enabled me to claim

that it was with spoken language as higher mental function that it was possible for Olaf to guide the

formation and development of other higher mental functions in his students. Levi's admittance that

any other possibility than the one he explained could only be a wrong possibility, testifies that it was

through spoken language that he mediated his understanding of the use of parenthesis. Olaf's use of

spoken language in the second extract was rhetorical and used to mediate the need for using a single

variable in arriving at the simple equation appropriate to arriving at the solution to the problems

being attempted from the textbook. Finally the sequence of Olaf's utterances highlighted above to

find the area of the trapezium, Olaf was able to gradually mediate greater meaning into its diagram.

Classroom talk as a unit of analysis beyond being a medium of communication was carefully used



by Olaf and his students to mediate different meaning on different occasions. Following Luria's

arguments  and without  the  higher  mental  function of  spoken language it  would  not  have  been

possible to mediate and form other higher mental functions in relation to cultural  resources and

tools utilised within instruction. My gaining insight by deploying mediated action and classroom

talk as units of analysis in a longitudinal manner following Vygotskian or CHAT principles had

other benefits as well. It was a genetic analysis that allowed me to highlight changes in the nature of

use say of the calculator within classroom teaching-learning. From introducing the proper use of its

buttons by Olaf, it can be said that teaching-learning showed progression in its use being made to

arrive at mathematically demanding calculations within larger problems. In drawing upon CHAT

perspectives and my doctoral study it has been possible to capture, following Grouws, how Olaf

was able to enhance problem-solving abilities of his students in small episodes within the everyday

teaching-learning of mathematics in his classroom. By this I hope to argue for the benefits of a

beyond the individual analytical lens and attempt to understand how problem-solving instruction

and learning can be understood within everyday classrooms. In arguing for the suitability of CHAT

perspectives both theoretically and methodologically I wish thereby to draw attention to a nascent

yet promising approach with which to appreciate how the repertoire of skills needed for problem-

solving could, as Polya argued, be taught in everyday mathematics classrooms. 

Conclusion and looking ahead

Through this paper I  wish to argue that it  may be possible  to address the recognised need for

studying classroom problem-solving instruction and learning by utilising constructs  available  in

Vygotskian or CHAT perspectives. I also argue that if the development of these skills is viewed in

terms of the development of higher mental functions, we may have means to aid the development of

the repertoire of skills that students need to solve mathematical problems. The writings of Luria

need attention here since it is his argument that higher mental functions are guided and formed in

the higher mental function of spoken language. With an eye of furthering attention to Luria's work

on spoken language and thinking in concrete processes, I draw attention now in particular to Luria's

stage wise study of concrete processes of thinking as below:

Luria’s stage wise study of concrete processes of thinking 

1. The origin of thought begins in the presence of certain conditions of the task, when the

subject investigates paths leading to an adequate solution. 

2.A direct attempt to respond is not made and impulsive responses are restrained. This leads to

investigating conditions,  analysing its components, recognising the essential  features and

correlating them. This preliminary investigation is a vital and essential step without which

no intellectual act takes place.  



3.Selection  is  made  from  a  number  of  possible  alternatives  and  a  plan  (scheme)  for  the

performance is created; alternatives are decided or rejected. This phase of the intellectual act

is regarded as its most essential component: word meanings participate in thought, making

the  intellectual  act  understandable.  This  analysis  and  choice  of  possible  alternatives

constitutes the essence of heuristics. 

4.Choosing appropriate  methods and considering operations  adequate for  affecting  solution.

Operations include ready-made algorithms (linguistic, logical and numerical) which have

evolved in social history. The choosing of operations is called tactics, distinguishing it from

the strategy for the solution of the problem. 

5.Use of operations is the operative rather than creative stage. Successive external actions (trials

and errors) progress towards internal speech. Subject obtains assistance from ready made

systems:  linguistic  and  logical  codes  in  discursive  thinking;  numerical  codes.  Well

assimilated internal codes form basis for intellectual operations and provide foundation for

the operative stage.  

6.The use of algorithms leads to the actual solution, to the problem or discovery of the answer,

to the question embodied in the concrete or practical task. 

7.Comparison of the results obtained with the original conditions of the task. If the results agree

the intellectual act is complete or the process must continue until an adequate solution is

found.  (As in Gade (2006) and modified from Luria, 1973, pp. 325-329) 

My search of literature that has utilised Luria's writings towards regulation of thinking that

is applicable in problem solving has led me to one other writing, that of  Diaz, Neal and Amaya-

Williams (1990) on the social origins of self-regulation. Drawing upon Vygotskian principles and

those of Luria in particular, Diaz, Neal and Amaya-Williams initiate debate on what could be the

nature of teaching-learning that could promote self-regulation in students. As against self-control

which is an internalised command or directive to environmental cues, self-regulation they argue is

the ability by students to carry out a self-formulated plan with tools and mediators to achieve one's

goals. I argue that adopting such an approach would inform how students could utilise cultural

resources and tools available to them and develop corresponding higher mental functions necessary

to develop their repertoire of problem-solving skills.  In Dias, Neal and Amaya-Williams tracing

such development to the social origins of thinking, I find their work to complement the work of

Mercer who argues talk needs to be trained in classrooms to be able to realise the benefits there are

of spoken language becoming a mode of thinking. We may then have the benefit of utilising the

ubiquitous cultural resource of spoken language to help form in our students other necessary higher

mental functions that contribute to students mathematical problem-solving. I continue to pursue and

explore the benefits of such an approach in my ongoing studies as well.
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