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The goal of the present study was to describe the organization of a guided activity for
problem solution in primary school. The method, which was applied to mathematical
problems, allowed us to propose a specific orientation for the proper solution of arithme-
tic problems by pupils. The study was based on the activity-theory approach applied to
the process of teaching and learning. It was carried out with pupils in the second grade
of a private school in the city of Puebla (Mexico). The method was used in the classroom
during 30 school sessions of 1 hour per day. The methodology of formative experiment
was used in the study. Qualitative analysis of the pedagogical process of teaching and
learning was conducted. The results show that, after participation in the formative pro-
cess, the schoolchildren became able to identify essential elements, data, and all relation-
ships among them in order to solve mathematical problems. At the end of the program
the verbal external level was raised for the process of orientation and the solution of
problems together with the ability to use logarithms independently. We conclude that
orientation, as a guided form of activity in primary school, is essential for the develop-
ment of the ability to analyze problems.

Keywords: problem solution, learning of mathematics, teaching methods, school age,
orientation in mathematics, conceptual learning

Introduction

In Mexico, the teaching of mathematics in primary school faces severe difficulties.
The learning of school pupils is extremely poor. The results of national tests show
that only 39.5% of the pupils in the sixth grade show a sufficient level of knowledge
of mathematics (Planea, 2015). Similar results were obtained during the Second
Regional Comparative and Explanatory Study of pupils in Mexico and other coun-
tries of Latin America: it was found that 30% of the children did not understand the
meaning of the decimal system and were not able to perform elementary arithmetic
operations (SERCE, 2009). Similar problems are typical also in other countries.
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Spanish authors Vicente, Dooren, and Verschaffel (2008), while analyzing results
from the OECD Programme for International Student Assessment (PISA), found
that for Spanish pupils the worst results were obtained for problem solution. Such
results indicate that the children need not only to memorize some kinds of knowl-
edge but also to develop the ability to use concepts in problems with mathematical
situations. The weak areas of teaching in primary school are instilling an under-
standing of the concept of number, an ability to execute operations, and the capa-
bility to solve problems.

The same kind of necessity for organized work with the content of concepts
instead of isolated memorization and execution of operations has been claimed
by representatives of the activity-theory approach (Galperin, 1959a/2011; Davidov,
1988; Ilienkov, 2009; Talizina, 2009). Nowadays, such work is still necessary within
the teaching process and programs of education in many countries. The traditional
way of organizing the teaching and learning process is no longer useful in the mod-
ern world. There are two main types of teaching and learning activity. The first one
might be called the traditional education system, in which the empirical process
of teaching and learning takes place without specific consideration of systems of
knowledge and abilities to teach. The spontaneous acquisition of knowledge is the
result of such a system with no gains in conceptual knowledge or with problem so-
lution. Within this system of education, there are no clear goals for the formation of
concepts. The goals are related only to concrete operations, which are limited to the
accumulation of habits. The goal of teaching mathematics is to execute arithmetical
operations and to memorize symbols from only a formal point of view. The basic
method is repetition of enormous numbers of exercises of the same type (Avila,
2006; Bermejo, 2008; Martin, 2003). Normally, this kind of teaching of mathemat-
ics is boring for children, and the results are extremely poor.

The second type of education is almost absent in official educational programs
in Latin America, as in other countries, but it appears as a kind of innovative re-
search program by psychologists and pedagogues in different contexts. Often, pro-
grams of this type are the results of experimental research initiated and directed
by specialists in the sphere of education (Salmina, 2001; De Zubiria, 2006; Taliz-
ina, 2009; Solovieva & Quintanar, 2010; Solovieva, 2013; Solovieva, Lazaro, Rosas,
Quintanar, Escotto, & Sanchez, 2014[). Such programs are based on the so-called
social-cultural approach directed by a constructivist perspective (Carretero & Cas-
torina, 2012). In other studies, the research takes into account the systematic back-
grounds of activity theory (Rosas, Solovieva, & Quintanar, 2014; Solovieva, Lazaro,
& Quintanar, 2013; Solovieva, Ortiz, & Quintanar, 2010; Talizina, 2000; Zarraga,
Quintanar, Garcia, & Solovieva, 2012).

Special research has been carried out not only with the goal of assessment and
confirmation of difficulties of pupils, but as a way of presenting knowledge within
oriented actions in order to guarantee the successful formation of concepts (Nikola
& Talizina, 2001; Salmina, 2001; Volodarskaya, 2001). Such methods for the ini-
tial formation of actions on a materialized level with posterior interiorization were
proposed for the development of number-concept, decimal-system, and basic logic
operations such as measuring, comparing, and converting (Salmina & Filimonova,
2010; Solovieva, Ortiz, & Quintanar, 2010; Solovieva, Rosas, & Quintanar, 2013;
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Talizina, 2009; Zarraga, Quintanar, Garcia, & Solovieva, 2012). In order to achieve
positive acquisition of concepts and logical intellectual actions, the teacher needs
to understand the structure of the content to be taught, the intellectual actions
proposed for the children, and the organization of the gradual interiorization of
the actions by stages: materialized, perceptual, verbal external, and verbal internal
(Galperin, 1957; Alvarez & Del Rio, 2013; Nikola & Talizina, 2001; Solovieva, 2013;
Talizina, 2009).

In the case of problem solution, its content is not limited by the traditional top-
ics taught in elementary mathematics. Nikola y Talizina (2001) has stressed that
the content of problems involves the category of processes, which is never present-
ed or explained to children. At the same time, problem solutions represent a kind of
intellectual action, in which mathematical concepts and operations can actually be
applied without memorization. This cognitive activity requires understanding not
only the content of arithmetic but also the elements of a symbolic situation and the
relations among these elements (Vicente et al., 2008). Children cannot understand
these relationships spontaneously or individually but require specific, guided ori-
entation (Galperin, 1959b/2011).

Traditional teaching usually does not present the content (internal image) of the
problem situation but simply “asks” the final question of the problem. The question
of the problem does not appear in the consciousness of the pupil as a mathematical
question, which requires mathematical actions and solutions, but only as any kind
of question in day-to-day life. In such a case no reflection or understanding takes
place in the consciousness of the child. Children act in a chaotic, nonsequential,
empirical way. Very often, teachers do not include problem solutions in the didac-
tics precisely because of the impossibility of providing guided explanation and ori-
entation during problem-solving. From the point of view of the reflexive organiza-
tion of understanding, the child has to identify kinds of actions and their sequence
according to the question of the problem (Nikola & Talizina, 2001). Memorization
is not helpful in such cases. Conditions of the problem always describe some kind
of situation, but children are unable to generalize the elements of the situation ac-
cording to systemic mathematical concepts. The teacher has not only to announce
the problem but also to provide the orientation of the analysis of the mathematical
relations of the elements of the problem. Knowledge of the context of day-to-day
life is not sufficient for this purpose, as constructivist methodology always claims
(Carretero & Castorina, 2012). Specific kinds of intellectual actions are necessary
as are operations with scientifically generalized concepts instead of concrete inter-
pretation of the words of the problem (Talizina, 2009). The level of difficulty of the
problem depends also on the logical structure of the problem (Rosales, Orrantia,
Vicente, & Chamoso, 2008).

Each arithmetic problem has a final question, where the answer represents the
goal of the problem. To answer this question (or a sequence of questions) it is nec-
essary to accomplish reflexive analysis of the data and conditions in order to obtain
necessary and sufficient information about mathematical relationships and logic
formulas. Mathematical relations are not equal to contextual day-to-day relation-
ships. This point is never explained to children, at least in the traditional way of
teaching in Mexico. The consequence is that the pupils, in the best cases, deal with



60 Yu. Solovieva, Y. Rosas-Rivera, L. Quintanar-Rojas

the concrete words of the text of the problem and not with the mathematical and
logic content of the problem. In the worst cases, children are unable to understand
even the concrete texts of the problem. This is another huge problem for teaching
and learning progress. The methodology of the teaching of language and the work
with texts and comprehension in primary school should be essentially modified
(Solovieva, Lazaro, Rosas, Quintanar, Escotto, & Sanchez, 2014; Solovieva, 2013;
Solovieva & Quintanar, 2010). We are convinced of the strong relationship between
the capacity to solve problems in mathematics and the successful acquisition of
linguistic abilities by children.

In order for children to operate correctly with the data in problems, it is neces-
sary to provide an orientation attitude and oriented activity in respect to the math-
ematical content. Such a point of view does not appear naturally and spontane-
ously, as constructivism might claim. Constant assessment of children’s abilities
does not help in understanding their difficulties. Only a formative process provides
an essential and general understanding of the way that children learn at school
(Galperin, 1959a2011). Oriented activity is a functional part of children’s intellec-
tual activity in general, which needs to be formed with specific content (Galperin,
1957/2011). Only with the help of the data of oriented activity, instead of passive
perception and repetition of the verbal part of the problem, can a child create a
general scheme for solving problems of the same kind and only for each concrete
problem. Only after such oriented activity is it possible to pass on to the search for
arithmetic operations (Luria, 1980; Tsvetkova, 1999). As for problem solution, it is
necessary to work with the process of orientation before passing on to the realiza-
tion of operations.

The traditional way of teaching mathematics starts and finishes with arithmetic
operations. Our essential interest was to show a way of creating and applying the
methodology of the analysis of teaching and learning activity in the real context of
the day-to-day teaching of mathematics in a small private school. The goal of our
research was to show the possibility of using this methodology as a unique process.
Such analysis of the activity of problem solution permitted us to propose content
for guided orientation and for steps to problem solution with the group of Mexican
schoolchildren.

Our study included descriptive and qualitative research, which assumed that
teaching is a process of the formation of learning. The methodological and the-
oretical background of our research was the theory of the learning process as a
divided and shared activity between teacher and pupils (Leontiev, 2003; Talizina,
2000, 2009) together with a psychological conception of the formation of mental
concepts by steps (Galperin, 1959a/2011, 1957/2011). According to activity-the-
ory methodology, it is possible to have a directed and oriented model of teaching
with the conscious and reflective participation of children in the process of solving
mathematical problems. In our research, the children became active participants in
this process. Collective forms of guided activity were proposed for orientation to-
ward and solution of problems. The whole content of knowledge was systematized
according to the identification of general initial concepts (the problem and its ele-
ments) and of the essential kinds of intellectual actions with numbers in which
such concepts might be included (Davidov, 1996).
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Method

Participants

The participants of the study were pupils in the second grade of a private primary
school in the city of Puebla, Mexico. They had medium-low social living condi-
tions. The class included four regular pupils with an average age of 7.25 years. The
children had no clinical history and had never repeated a grade. All pupils showed
sufficient abilities in reading and writing and presented no learning disabilities.
An understanding of number concepts and elementary arithmetic operations were
the prerequisites that had been established previously. All the children took part
in most of the formative sessions, and none ever lost more than three consecutive
sessions.

Formative process

The formative process was used to organize the teaching. We understand such an
experiment as a continuation of the genetic causal method proposed by Vygotsky
and developed afterward by his followers (Leontiev, 2003). The formative process
consists in the organization of the qualitative interaction between the experimenter
and the participants. This interaction is not of a spontaneous nature; all levels and
types of interaction are previously planned. The plan of action corresponds to the
necessities of formation in the stages of the methodology (Galperin, 1959a,b/2011,
1957/2011) and to the content of the problem-solving activity.

At the same time, the concrete forms of communication among the teaching
and learning processes are dynamic interactions that provide shared, guided activ-
ity within the dialogical involvement of all participants in the joint activity. The for-
mative process always takes into consideration parameters established according to
the goals of formation and the concrete necessities of real educational practice (Le-
ontiev, 2003). The experimenter has to know perfectly the content, the structure,
and the features of the activity, which are being formed in participants (Solovieva,
2013; Nikola & Talizina, 2001; Talizina, 2000).

Qualitative analysis of the obtained data and of the teaching process was ac-
complished during and after the research. The initial and final assessments of the
children’s activity were made on the bases of the structure of problem-solving activ-
ity. Such elements were identification of final and sequential questions, steps, the
unit of measurement and conversation of data, operations. Specific difficulties and
mistakes were analyzed and quantified for each element before and after the forma-
tive experiment.

Formative program

The goal of the program was to provide orientation for the intellectual activity of
problem solution in collaboration with an adult and other children. For this pur-
pose, problem solution was divided into a sequence of external, collective intellec-
tual actions that helped to solve the problems and to answer the final questions. The
intellectual actions of the program were completed at perceptive and verbal exter-
nal levels, according to the conception of the formation of mental actions by stages
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(Galperin, 1998). The program was carried during 30 collective classes of 1 hour
each when the college was in session and included a total of 344 simple and com-
plex mathematical problems. The program included the following general stages:

1. Presentation of orientation for the process of problem solution, discussion
of the contents of the problems, differentiation of the verbal and numeric
aspects of the problems, identification of the steps for solution and elabora-
tion of orientation cards for the steps.

2. Solution of simple problems with the help of orientation cards. Explana-
tion of sufficient data, relevant and irrelevant data, and insufficient data for
answering the final question.

3. Solution of complex problems with the help of orientation cards. Identifica-
tion of sequential questions. Explanation of the necessity to convert units of
measurement to only one unit according to the question. Reflection of the
impossibility of numeric operations if the unit of measurement is not the
same according to the verbal content of the problems.

4. Creation of own problems in groups. Exchange of the problems for inde-
pendent solution.

Content of the formative program

Before starting with solution of the problems, some exercises with accessible verbal
content were designed for the children. The problems were presented according to
level of difficulty (Luria & Tsvetkova, 1966/1981) and started from simple prob-
lems (only one operation involved) to more complex (more than one operation
involved) (Table 1).

Table 1. Examples of problems used during the teaching process

Simple problem Complex problem

“Our library . . . has 40 books divided among  “Renata and Daniel went to the market and

5 stands. If the teacher . . . puts the same bought 2 kilos of apples, 300 grams of sugar,
quantity of books on each stand, how many  and 1 kilo of pasta. How many grams did they
books will we have on each stand?” buy altogether?”

These examples show that the verbal structure of simple problems is not nec-
essarily also simple. We tried to show that the word simple might be used equal-
ly for mathematical content and for verbal content of the text of the problem.
Within the content of the program, different verbal content was used for working
with the same type of mathematical structure: one operation or more than one
operation.

Afterward, the general orientation for problem solution was presented to the
children. It was explained to them that the problems always involve a day-to-day,
ordinary situation. The logic of mathematical solution does not depend on using
all presented words, subjects, and objects within the text of the problems. Success
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in solving the problems depends on the possibility of substituting one or more ar-
ithmetical (mathematical) operations for part of the descriptions. If it is possible
to make such a substitution, a problem might be resolved. If not, the problem
might not be resolvable in arithmetical terms. Important concepts in this situa-
tion are the concepts of number and of the decimal system. Without such con-
cepts it is impossible to solve the problems or to execute arithmetic operations.
Memorization of some data is not specifically useful for solving the problems.
Each problem requires analysis of the content. It was explained to the children
that the problem pretends not to present all data so that the subject needs to
search for some of them. The objective is to answer the final question (series of
questions) of the problem. In order to find the answer, it is necessary to follow
some steps. Children received orientation cards in order to obtain these steps
(Figure 1). The card was always designed together with the children in the group
and the steps were discussed reflexively. Each participant had his/her own card,
which was used for the solution of each problem. Every procedure was planned
by the whole group through collaboration and dialogue. The designation of all
steps was guided and supervised by the experimenter and participants and was
discussed collectively.

The orientation provided by an adult and the whole work in the group was used
to form the following intellectual actions:

1. Design a scheme for the verbal situation expressed in the problem. Iden-
tification of the final question and of the elements of the problem are rep-
resented by the symbols M, m, v. (M = the magnitude of the object that
is measured (modified); m = the unit of measurement; v = the number of
repetitions of the same unit of measure).

2. Design a plan for solution of the problem. Identify and compare relation-

ships among the data expressed by the words in the problem (M =?m =?
v =2?) (Figure 1).

1. Read the problem and find the question.
2. Look for: M=? m=?, v=?

3. Find the operation: 1) Ma+Mb=Mc; 2) Ma-Mb =Mcg;
3) M=mxv; 4) v=M/m

4. Solve the problem.

5. Have you answered the question?

Figure 1. Orientation card for the solution of the problem

3. Find arithmetic operations that correspond to the operations of the solu-
tion. A formula for identifying the unit of measurement and the operations
was used. In order to identify each operation properly another orientation
card was designed (Figure 2). This card helped to organize the known and
the unknown data for each problem.
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If the problem involves addition: If the problem involves multiplication:
a) We need to add a) We need to find the Magnitude (M)
b) We know the Magnitude b) We know the measure (m)
¢) We know the measure ¢) We know the number of times the
measurement was used (v)

Formula: MA + MB=MC Formula: M=mxv
If the problem involves subtraction: If the problem involves division:
a) We need to subtract a) We need to find the number of times
b) We know the Magnitude the measurement was used (v)
¢) We know the measure b) We know the measure (m)

¢) We know the Magnitude (M)
Formula: MA + MB=MC Formula: v=M+m

Figure 2. Orientation card for operations

Results

The study showed that the children were able to assimilate the orientation that was
provided according to the revealed methodology. After the work with the orienta-
tion card and its content, different arithmetic problems were presented to the chil-
dren. The children had to read the problem and identify all the elements according
to the card. The card was used during all tasks in the group and was discussed
orally. The process of reading, discussing, and solving the problems was carried
out as external, guided, collective activity. Each child wrote down the elements of
the orientation and the solution. They commented on and discussed all elements
of the problem. They had to discover the elements and data of the problem and
understand whether each of these elements or some of them were abundant in
the problem. Some problems had no solutions, and the children commented on
why no solution was possible. They were encouraged to verify each solution in the
group. Figure 3 is an example of problem solution by one of the pupils. This task
implied the operation of division. The children included in our study did not study

The car covered 98 km in 8 hours. How many km did the car cover each hour?
. ,J.__j / "l/ ] '{”
; V1d s )V
)g L0 R . T
'Y /"D ~r }' | :':‘
‘ o N
V , 0 ‘
o R=12 km per hr

Figure 3. Example of the solution of a simple problem
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the operation of division formally, so they answered with wholes numbers, but they
were able to understand the logic of the operations.

Figure 4 shows the problem with operation of multiplication, the children had
to convert the measures of time.

Angel s sister eats 6 spoonfuls of porridge in 10 minutes, how many spoonfuls
of porridge will she eat in 1 hour?

Latog .
N A )
Vizar
= f
VabO 7
\/\ ~
/ - y 7
-~ A A
) » AL 1OF

)

- - - ’
| - WS A '

R= 360 spoonfuls

Figure 4. Problem requiring the operation of multiplication

So that they could analyze the data correctly and reflexively, problems with a lack
of data and with an abundance of elements were presented to the children. The adult
explained that in some cases problems may not have any solution if the data pre-

A group of second graders measured cartoon decorations. The lengths of the deco-
rations were: Buzz Lightyear — 30 cm, Bullseye — 20 cm, Peter Pan — 25 cm, Jes-
sie — 35 cm, Woody — 35 cm, SpongeBob — 25 cm, Blackboard — 15 cm, Patrick
Star — 20 c¢m, Squidward Tentacles — 30 cm, Spiderman — 40 cm, and Sandy
Cheeks — 30 cm. Which characters were the highest altogether — the Toy Story
characters or the SpongeBob SquarePants characters?

N =30 4150+ 20 “foy 510l 50!
NG r56600
A - 35, < |
’\\‘T—'”- - L - 105 ma |
o b R= the toy
C,, story )
y characters are
A the highets

Figure 5. A problem requiring identification of essential and irrelevant data
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sented are not sufficient. In such cases it is not possible to answer the final question.
In other cases, the text of the problems may mention details that are not essential for
the mathematical solution. Such reasoning helped the children to consciously reflect
on and abstract mathematical data from the verbal texts of the problems (Talizina,
2009). Figure 5 is an example of the solution to a problem that required identifica-
tion of necessary data about characters in the Toy Story films and the SpongeBob
SquarePants television series. The children had to distinguish essential characters
(e.g., Buzz Lightyear, Bullseye) from irrelevant characters (e.g., Spiderman). After-
ward, the children wrote the formulas and solved the problem according to the steps
they identified.

While advancing according to the program, the children started to ask ques-
tions more quickly and their realization of and verbal comments regarding all steps
became unnecessary. After five problem tasks it was unnecessary to mark with a
pencil the given data and the final question, and it was possible only to ask the
children about the data and the question. This progression shows how external
action with many steps became a reduced and automatized intellectual operation
(Galperin, 1957/2011, 1959b/2011; Luria, 1980).

After the children solved simple problems (12 lessons), it became possible to
include complex problems with more than one operation. In such problems the
final questions were not answered in a direct way but by several steps. Each step
consisted of answering a sequential question before answering the final question.
The children learned how to establish sequential questions according to the prob-
lems. The difficulty was that the sequential questions did not appear in the texts of
the problems. It was thus necessary to work on the analysis and determination of
such intermediate questions. Figure 6 is an example of the problem with two types
of units for measuring (decimal numeric system and volume). The children had to
organize the data of the problem and convert units of measurement into the same
unit (conversion of liters into milliliters).

Daniel collected 150 balls; Axel brought 7 liters of lemon water; Renata put 9
racquets together; Santiago brought 350 milliliters of lemon water. How many toys
and milliliters of water did the students have?

D.lo OP“”“'\ O'h " S0un
N {"msmu» ’\114'/ —NE
MA= 150 )J/’ \m5+ MO =M

Ma-7L

I‘\k"y).‘.r ’;O-L‘f’lsi

«{D 305 - ) 350
159 g f I

R:59 ,%7 ; R= 159 toys

R-/250 ™ R= 1350 milliliters

Figure 6. Complex problem with the conversion of a unit of measure (volume)
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Figure 7 shows the conversion of units of measurement of time (conversion of
weeks into days).

Renata has found 42 different puzzles that she wants to do in 2 weeks
How many puzzles will she have to do each day?

D?%t:’ , ’ ?'!' /13 éraLIOr‘
'14 | .
dr

1$enanazdias ST
250manas=14472%

- 14*1()

R'-'-S ron ;;,E;\bezas
por (D4dd a7 3.

R= 3 puzzles per
day

Figure 7. Complex problem with the conversion of units of time

Yola has 40 pencils. She wants to divide all pencils among 10 friends
How many pencils did Yola give to each of the children?
b =40, m=10
\.“ \/O 1‘3 T 2
[ 1C @4
40 3“ <y los duiere
|C l Il T r 14 .
B [P R S
\ ) C Luany
|es 033 30345 v P 05 aﬁifc
D, F o}
Mo V= M=m 1020 %4 lapaus
m210 - 1 PR
20 < To.Lara a
-0 Cwid alumry
“0 2
- ’U % Yola gives 4
p A pencils.to each
~{g 4U of her étudents
~0

Figure 8. Solution of created problem with the operation of division
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Finally, the creative stage of the program took place. In this stage the children
had to create problems with proposed verbal content and numeric relations. For
this purpose, orientation with some numeric data was provided to the pupils, while
they had to propose and write down a verbal situation that included and mentioned
these data. Afterward, the children were able to create all elements (verbal texts and
numeric relations) independently. The pupils exchanged problems for indepen-
dent solution.

Figure 8 shows a problem created by one of the pupils that was solved by an-
other pupil. The given data included magnitude (40) and a unit of measurement
(10). The pupils managed to recognize the relationships among the data and chose
the operation of division from the contents of the problem.

Figure 9 is an example of the creation of a problem according to given numeric
data. A pupil created the verbal text for the problem independently.

Reny bought 50 candies, and her mother gave her 10 candies. Reny ate 25
candies on Monday and she ate 3 candies on Tuesday. How many candies
does she have left?

a. MA= 50, MB= 3, MC=25 y MD=10

Reny tiene 50 dy) ces Y le rega | lan 10, el Lures

9¢ CONMe 25, = ,,4-,

+b d i / : O e ) Jal—l

STENe én 701./},)
D.p

= + 1z 4
55 - ES’ 35-2:32

R R=Reny has 32
Py di
32 4 e on tots) candies

Figure 9. Creation of a problem for the operations of addition and subtraction according
to given numeric data.

Finally, the children worked independently to create individual problems ac-
cording to given numeric data. The children chose the data and proposed different
relationships among them. The pupils exchanged their created tasks for solution by
other pupils. Figure 10 is an example of such a task.

During the process of working with the program, qualitative analysis of the
structure of the elements of the intellectual activity of problem solving was per-
formed. For each element specific errors and difficulties were detected. Table 2
shows the results for an initial assessment according to types of mistakes and dif-
ficulties in problem solving.



Problem solution as a guided activity with Mexican schoolchildren

My plants receive water 2 times per day. How many times will my plants
receive water in 11 days?
Ul T I 1 4 () Z /
/ " Lt 2
| | 1 C_ku J,f\j!-'rl /O\e’ ljJ V
- L B . N i .
D atos Ope 3Ll - |/ [iplieae
/] r()/r‘n",/;'a VizmxVv
Mzér22, ‘
=11 ¢la .
VZ2 Veees 2 x11=2) R=22times

Figure 10. Independent creation of a problem by a pupil

Table 2. Types of errors detected during initial assessment

69

Element
of problem solving

Types of difficulties and errors

Identification of the
final question

Identification of the
relevant data

Performance of the
procedure

a) Impulsive answers, anticipation of the answer without paying
any attention to the final question.
b) Difficulties in finding the final question.

a) Impossibility of identifying the required unit of measurement.

b) Impossibility of understanding the function of converting the
data to only one unit.

¢) Difficulties in understanding the relationships between the text
of the problem and the mathematical operations.

a) Use of fingers during operations.

b) Difficulties in explaining the steps. Mechanical solution by any
kind of arithmetic operation.

¢) Difficulties in identifying the concept of digit and the concept
of positional unit.

The difficulties and mistakes presented in Table 2 indicate the existence of a de-
veloped ability for problem solution. The children intended to solve the problems
with no reflection or understanding of the structure and purpose of the problems.
Such difficulties disappeared after the participation of the children in the forma-
tive program. Figure 11 shows the percentage of correct answers during problem
solution before and after participation in the program. The children were able to
assimilate the proposed orientation and even started to work without any kind of
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external help. They also were able to create and solve independent problems at the
last stage of the program. They performed numeric operations in a correct and
rapid way without using their fingers or other material aids.
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Figure 11. Comparison of correct answers in initial and final assessment, percentage

Discussion

The results obtained during the formative experiment prove the possibility of for-
mation of the ability not only to solve problems but also to create independent
problems. The executions of the children were initially not automatized and were
chaotic, with mechanical application of arithmetic operations with no reflection.
Later on, the pupils developed the important ability of reflecting on the situation
presented in the problems. Our data show that one of the essential elements of such
reflection was understanding of the separation of the verbal content of the problem
from the numeric relations among the presented data. The absence of such mental
separation can be understood as one of the specific difficulties that exist in primary
school with the task of problem solution. Another difficulty is the absence of ori-
entation for identifying the final questions and steps and for the obligatory conver-
sion of the data to only one unit of measurement. Final assessment allowed us to
observe logic argumentation together with automatization and interiorization of
the structural analysis of the content of the problems. Similar results were obtained
in previous formative experiments conducted for studying the initial aspects of nu-
meric and logical concepts and operations with Mexican children (Rosas & Rosas,
2011; Rosas et al., 2014; Solovieva et al., 2010; Solovieva, Rosas, & Quintanar, 2013;
Solovieva et al. 2014; Zarraga et al. 2012) and for solving problems with Russian
and Romanian children (Nikola & Talizina, 2001; Salmina, 2001).

Consideration of the structural components of each task permits the elabora-
tion of an appropriate orientation for the formation of each necessary element. Such
an analysis is based on theoretical and methodological findings of activity theory
applied to the process of teaching and learning in general (Galperin, 1959a/ 2011;
Podolsky, 2010; Talizina, 2000) and specifically to the content of broad mathemati-
cal abilities (Butkin, 2001; Talizina, 2001; Volodarskaya; 2001). Such a directed and
oriented manner of teaching guaranteed the continuation of systematic knowledge.
For example, the children had to identify the relationships of the concept of num-
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ber, the concept of the decimal system, and the positional value of digital and arith-
metic operations. Frequently, such aspects of knowledge are presented separately
and in different grades so that children may find no connections among these kinds
of knowledge. We believe that systematic organization of the content of the matter
of mathematics might help to achieve increased understanding and even to elevate
the level of motivation in pupils. The possibility not only to solve but also to cre-
ate and exchange problems is also an important method for elevation of the level
of interest and motivation. Our proposal helps to avoid mechanical naming of the
parts of numbers as the only way to reflect on the concept of the decimal system.
An example of such a method is the constant reading of numbers: for example, the
reading of 329 as 300, 20, and 9 without any explanation of the necessity for such a
reading. Such “reading” of numbers provokes only confusion and misunderstand-
ing in primary school pupils (Bermejo, 2008; Castafo, 2008).

The method of the gradual formation of mental actions according to activity
theory (Galperin, 1959b/2011, 1957/2011; Solovieva, Pelayo, & Quintanar, 2011;
Talizina, 2001, 2009) establishes clear content for the process of teaching. Elabo-
ration of the proper orientation for each school action helps to achieve concrete
goals for each task that follows and accompanies the learning process. From this
perspective, the role of the teacher and the methods used for teaching are essen-
tial for analysis of pupils’ success in solving mathematical problems. The contrast
of our approach to the learning process and the approach of others can be seen
by comparing the proposals for observation of the spontaneous strategies used
by pupils and the selection of some of these strategies (Butto & Gdémez, 2014).
Another such proposal is analysis of the cognitive styles of children within the
learning process (Padilla & Lopez, 2006; Toledo, Pérez, Riquelme, Hernandez, &
Bittner, 2011).

Our results confirm Leontiev’s (2003) opinion of the role of culture in cogni-
tive development. Such developments cannot appear directly from culture; specific
activity needs to take place to guarantee such development. Only activity can pro-
vide the proper type of interaction between teachers and pupils. The object of ap-
propriation must be included as a particular object of joint guided activity. In other
cases, it would not be possible to guarantee the success of the learning process. Our
results show that oriented joint activity helped our participants to form conceptual
and independent strategies for the solution of problems. At the beginning of the
study pupils had no such strategy at all. Their strategies were obtained in mutual
collaborative situations that had clear meaning and purpose for children. Cognitive
sense and real experience (Del Rio & Alvarez, 2011) were obtained not by declaring
the necessity of social collaboration but by concrete organization of the situations
of problem-solving. A strong part of our study was the realized possibility of creat-
ing a specific orientation and of including participants who did not originally show
an orientation toward mathematics or problem solution. Reflection on the verbal
and numeric content of the problems was achieved through our formative experi-
ment. Our children started to show a positive attitude toward mathematics. They
were enthusiastic and interested in the solution of problems and in the creation of
their own problems. They were interested in correct answers and in understanding
each step of problem solution and creation. They started to verify their actions and
to help each other. According to Leontiev (2003), motives might increase within
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oriented activity, and we believe such was the result of our experiment. As one of
the children said, “I do not want go home ’til I finish my problem. I have to read it
once again and understand the question of the problem?

Limitations

We are aware that the group of participants in the process of formation was ex-
tremely small. The reason for having such a limited number was the fact that the
school was completely new at the time of research. However, it is also rather dif-
ficult to get permission to use innovative formative procedures in common public
educational institutions in Mexico, as in many other countries. Difficulties arise
when researchers try to look for control groups in order to compare results with
those in traditional teaching institutions. The possibility of comparing obtained
results with control groups should become a part also of qualitative research, but it
is not always possible in the system of traditional education in Latin America.

Conclusion

Solution of mathematical problems is not a spontaneous ability that might just ap-
pear in the classroom. Specific guided orientation is a useful teaching tool to guar-
antee proper understanding of the elements of problems and steps for their solu-
tion. The method of the gradual formation of mental actions step by step is a strong
methodological strategy that may modify positively the analysis of the process of
teaching and learning. Reflection by children might be formed together with posi-
tive motivation by giving detailed consideration to the organization of the learning
process in primary school. Qualitative research in psychology and pedagogy should
be considered a useful way for analyzing and reorganizing educational practice.
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