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The purpose of our work was to study the factors that determine the effective-
ness of model acquisition in solving inquiry-based problems (balance scale
problem). An experimental lesson, which we conducted in the 4th grade, re-
vealed the differences in the way children refer to a general method of as-
sessing equilibrium provided by the teacher. At the end of the lesson a test
was conducted. Its results allowed us to divide the participants (22 students)
into two groups according to their success, which depended on whether they
applied the model, that they had tried out during the lesson. The performance
of students in the «Transpositions» test (A.Z. Zak), which was designed to
identify students' approach to solving inquiry-based problems («empirical» or
«theoretical»), showed significant differences in the level of reflection, analy-
sis, and planning between the two groups (according to the Mann-Whitney
criterion p<0.01). These results and data analysis allow us to connect the
success of the modeling means' acquisition to the predominance of either an
«empirical» or a «theoretical» approach to mastering ways of solving a new
problem.
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MpeacTaeneHbl pesynbraTebl paboTbl, LEeNblo KOTOPOKM ObINO yCTaHOBEHNE
hakTopoB, onpefensaLwmx 3MPPEKTUBHOCTb MPUHATUSA 3HAKOBOW MOAENn B
peLLeHnn 3aja4vn NoOMCKOBOro xapakTepa (ypaBHOBeLLUVMBaHWE paBHoOMeYe-
ro poi4ara). lNMpoBefeHHbIV aBTOpaMy 3KCNEPUMEHTAalbHbIN YPOK B YeTBep-
TOM Kflacce nokasan pasnuyva B XxapakTepe OPUEHTUPOBKW AeTen Ha 3a-
OaHHbIA 0606LLEHHbIN CNoco6 oueHKN paBHoBecus. ObpallaeTcs BHUMaHne
Ha TO, YTO MO pe3ynbTaTaM BbINOMHEHUS NMPOBEPOYHbIX 3aA4aHni yyalumecs
(22 yenoBeka) 6bINM pasgeneHbl Ha ABe rpynnbl B COOTBETCTBMU C ycneL-
HOCTbIO MCMONb30BaHUA 3aJaHHOW M ONpo6OBaHHOW MMW Ha ypoke mope-
N B peLleHun HOBbIX 3afay. MonyyeHHble B 06enx rpynnax no mMeTtoavke
«[NepecTtaHoBku» (A.3. 3aK), NnpegHa3Ha4eHHON AN onpefenexHms nogxona
y4aLMXxcs K peLleHnto MOUCKOBbIX Mpobnem («3MMMpUYeckoro» n «teope-
TUYECKOro»), peaynbTaTbl NOKasanu 3Ha4YuMble PasfnMyusa BbISBIIEHHOIO
YPOBHSA pednekcumn, aHannaa v niaHnpoBaHus (no kputepuio MaHHa-YuTHum
p<0,01). [enaeTcs BbIBOA O TOM, YTO 3TW AaHHble MO3BOMAIT CBA3bIBATbL
YCMELHOCTb OCBOEHUSA MOfeslbHbIX CPeACTB Ha Ypoke C npeobrnagaHvem
«3IMMUPUYECKOr0» NN «TEOPETUHECKOr0» OTHOLLEHNS K OCBOEHMI0 crnocoba
peLueHnsa HOBOW 3aAadu.

KnroyeBble cnoBa: meTanpegMeTHble 06pa3oBaTenbHble Pe3ynbTaTbl HeTBEPO-
KNaCCHUKOB, «TEOPETUYHECKUA» N «3IMMUPUYHECKUIA» MOAXOL K pPeLLeHuto 3ajad,
3afja4a ypaBHOBELLMBAHMWS pbldara, 3HaKOBOE MOLENMpoBaHve B (hopMUpoBa-
HUWN NOHATUN.

®duHaHcupoBaHMe. ViccnegosaHne BbINOMHEHO Npy huHaHcoBow nogaepxke PODU B pamkax Ha-
y4Horo npoekTa Ne 19-29-14171.
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Introduction

The standards for school education em-
phasize the “use of symbolic means of pre-
senting information to create models of objects
and processes of interest, and/or schemes for
learning and solving practical tasks” [12, p. 6]
as one of the most important components of
meta-subject educational results. As we apply
the Activity approach to educational design,
we are to consider model mediation of learn-
ing actions as the core of students’ mastering
of conceptual thinking. It is through models,
that the meaning of a future concept is pre-
sented and delivered to students. This defines
the quality of forming new actions, which is re-
quired for problem-solving [3, 8]. Thus, the as-
sessment of students’ capability to work with
models within a learning situation, becomes
an urgent issue, in particular, the functions of
new means of knowledge presentation, which
are provided by the teacher. In most cases,
students do not refer to any means to orga-
nize their own actions and simply manipulate
the data from the task without any success.
Thus, the adoption of a “conceptual’” way of
problem-solving by students, is in question —
and it brings forth the problem of working with
models as the means of one’s own work.
Models should not be considered by students
as simple “visual” illustrations of the content of
the task, to which they should refer only at the
teacher’s request, using symbolic means “for-
mally”, and not “meaningfully” [2, 5, 10].

Therefore, the analysis of factors, which
determine the effectiveness of the applica-
tion of modeling means by students, should
reflect the indicators of their meaningful use.
Itis important to choose tasks, which can be
solved only if one refers to modeling means.

We have conducted a study to investi-
gate students’ actions with the model, which
demonstrates the general way to construct
solutions for a problem. 22 fourth-grade stu-
dents of a regular Moscow school participat-
ed in the study. The goals of our research
were:

— to set up a quasi-learning situation of
model acquisition during a lesson. A model
should reflect the essential relations within
some class of problems;

— to assess the results that students
achieve through this kind of instruction;

— to compare students’ performance in
these tasks to a number of their meta-sub-
ject characteristics, which are related to how
students act as they search for solutions to
a new problem.

Procedure and results

The experimental one-lesson instruction
elaborated the balance scale problem, which
is difficult, as both parameters of equilib-
rium — the weight and the distance of each
weight from the fulcrum — have to be con-
sidered simultaneously. There are numerous
studies [9, 13, 15, 18], which examined the
strategies to achieve balance for participants
of different age categories, either in the situa-
tions of hands-on work with a dynamic model
or based on analysis of weights’ configuration
drawn on paper. The results of these and oth-
er studies [14, 16, 17] convinced us, that the
age of our participants (10—11 years) allows
them either individually, or with some help
from an adult to determine the “rule of bal-
ance” in its simplest form and apply it to the
tasks of balancing a scale. Most children are
familiar with similar situations in their everyday
life and know, how they can deal with them
(see-saw swing, primitive scale constructions,
and others). However, common balancing
strategies, which children design as a result
of their own search for this problem’s solution,
mainly comprise a series of comparisons of
“weight” values and “distance from fulcrum”
values which also involve the attempts to
compensate the lacking or excessive weight
with corresponding transpositions [6, 19].
The “rule of balance”, which is thus deduced,
enables one to solve “simple” problems of
equilibrium identification. However, it usually
does not provide for grasping the general rule
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of equilibrium assessment in situations with
“scattered” weights (when weights are distrib-
uted over several suspension points).

Thus, the problems with “scattered”
weights were chosen for the quasi-learning
situation design. The instruction suggested
students master the general way and means
to assess the balance of a weights’ configu-
ration, while they were working with a regular
school balance scale device. Students were
introduced to the matter through a challeng-
ing task of balancing three weights, attached
to one side of the “scales”, with two weights
on the other side, their suggestions were tried
out with the real balance scale (Figure 1).

L L
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Fig. 1. Balancing unequal amounts
of weights on the scale

The procedure for our study was set as a
lesson for students, who were to solve a quasi-
learning problem. The most common features of
a learning situation were reproduced: introduc-
ing students to some practical problem; finding
out, that the suggested ways to place weights
are insufficient; trying out the general way (as-
sessing the “contribution” of each weight to the
state of balance) to solve a number of problems
and testing the solutions on a dynamic model
of the scale; and then — the application of the
verified model of equilibrium to solving control
tasks. The balance scale problem is not includ-
ed in the fourth-grade curriculum, and those
children, who participated in our study, were
not familiar with the way of balancing scattered
weights, which was provided during the lesson.
The ideas, which students put forward during
the introductory problem, confirmed that their
placement of the two weights while balancing
the other three, was random.

Students were offered a general way to as-
sess (and predict) the balance, which allowed

30

to check any solution: the “load” inflicted by
each weight depending on its distance to the
fulcrum had to be calculated and the sum of
“load” values on each side had to be equal.
The rule of modeling the “load” was also ex-
plained to children: they were to lay down a
“coin” for every “step” that distanced the weight
from the fulcrum by one scale mark. This mod-
el allowed to assess the present configuration
of weights, as well as its possible transfor-
mations. The calculations involved (counting
“steps” for every weight, laying down “coins”
and comparing summary “loads” achieved for
each side) were of no difficulty for students.
The training educational tasks, which
were provided for students to test the model
of equilibrium evaluation (8 tasks: see exam-
ples Fig. 2, 3) included the following types:
— to estimate the equilibrium for the giv-
en weights’ configuration: “Is the scale bal-
anced? Which side outweighs the other?”;
— to restore the balance by adding only
one weight unit;
— to suggest several ways to balance an
unequal number of weights for both sides of
a scale.

Is it balanced?

Fig. 2. The estimation of the weights’ configuration

= -
-
Is the scale balanced?

If not. add oneidentical weight to achieve
balance.

Fig. 3. Balancing the scale by adding one weight

,
4
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During the lesson the teacher organized
the collective work on the problems and
oversaw that each participant of the joint
problem-solving had the opportunity to
check his suggestions on how the weights
are to be attached and the coins are to be
laid with the actual lever device in front of
the class. It was required that each sug-
gestion, which students came up with and
discussed, was to be supported with mod-
eling.

At the end of the lesson the students
were to accomplish three tasks individually:
the tasks were similar to the practice ones,
but the hands-on trials were disabled. The
students’ performance was evaluated as
the number of problems solved correctly.
Table 1 presents the students’ results.

The qualitative analysis of the students’
solutions allowed us to split our participants
into two groups according to their individual
performance (correct and wrong solutions,
modeling the “load” as required or ignoring
this step):

— | group (10 students): these were the
students, who failed in all tasks, or succeed-
ed in only one task, which required to esti-
mate the balance of a ready-made configu-
ration of weights. While solving the control
tasks they placed weights in random places
and did not refer to the method of “load” cal-
culation, which was provided by the teacher
and was tried out in a collective work over
training tasks throughout the lesson;

— Il group (12 students): those students,
who managed to succeed in two or three
control tasks. They performed the “load”
calculations for each side of the scales:
their answer sheets contained drawings
of “coins” configurations, which were used
for calculations, or the appropriate “load”

values were inscribed, which both reflected
their reasoning for each problem.

We have additionally conducted the
“Transpositions” test, developed by Zak [4,
7], to compare the students’ performance
in the experimental quasi-learning situation
with the level of cognitive meta-subject re-
sults they achieved, which are substantially
related to the general approach to solving
inquiry-based problems. “Transpositions”
assess three components:

— analysis, i.e., search for actions, which
determine the subsequent solution’s design;

— reflection, which means the aware-
ness of the general (conceptual) way of
solving problems of this kind;

— planning, which determines the accu-
racy of the operations needed to solve the
problem [7, p. 27].

The tasks of this test require rearranging
shapes in a given grid in such a way that the
location of similar shapes will correspond to
the location of similar numbers in the pattern
grid, provided alongside. Depending on the
difficulty level, the task can be solved in two,
three, or four transpositions. All tasks have
more than one way to solve them. There are
three blocks of tasks. The ability of students
to determine the general way to solve the
tasks of the first block correctly (where only
two transpositions are needed) is the indica-
tor for the students’ reflection. The method,
which they extract, can be applied eventual-
ly to solving the tasks of the other two blocks
(the second block requires three transposi-
tions and indicates the substantial analysis
of the tasks’ modifications; the third block
requires four operations and assesses the
ability to plan a sequence of transpositions).

The students’ performance in the “Trans-
positions” test are presented in Table 2.

Table 1
The Students’ Performance in Control Tasks
Solved correctly 0 tasks 1 task 2 tasks 3 tasks
Number of students (person) 4 6 8 4
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Table 2
The Students’ Performance in the “Transpositions” Test
(the average number of the tasks solved, %)
Components
Altasks Reflection Analysis Planning
All students 65,8 79,4 86,3 36,8
| group 47,7 65,6 70,8 12,5
Il group 81,8 91,7 100,0 58,3

The significant correlation between the
students’ success in balance-scale tasks
and in “Transpositions” tasks (Spear-
man’s rank correlation coefficient r=0,633,
p <0,01) allows us to consider the differ-
ences between two groups of students as
qualitative, not only quantitative ones.

An additional analysis of the results —
defining the approach to problem-solving for
each student as either “empirical” (rank=1) or
“theoretical” (rank=2) — allows us to describe
each group of students by the ways of prob-
lem-solving which prevail [11, c. 197—198].
The differences in the approach, which the
students in the two groups displayed in re-
gard to all three components, are significant
according to Mann—Whitney U test (U _ =20,
p <001, U, =12, p <001, U, =25,
p <0,05) — see Fig. 4.

refl

plan

2

reflection

analyss

Thus, the majority of students of the first
group demonstrated an “empirical” approach to
a problem solving, and students of the second
group demonstrated a “theoretical” approach,
which allowed them to succeed in a sequence
of tasks on transpositions using the identified
general method. Based on the results of the
data comparison, we have pondered over the
possible reasons behind the differences in the
students’ actions in a quasi-learning situation
of mastering the modeling means.

Discussion

The analysis of the data obtained with the
“Transpositions” test, allows us to classify the
students’ approach to problem-solving as
“empirical” (a number of formal procedures
aimed to “split” the situation of the problem
into separate data pieces), and “theoretical”

0

planning

B lgroup mllgroup

Fig. 4. The distribution of “empirical” and “theoretical” approach to problem-solving in the “Transpositions” test
among the students of two groups with different performance in the balance-scale tasks
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(substantial analysis of the situation and op-
erations needed to solve the problem).

This classification helps us interpret the
differences between the students’ ways of
solving the “inquiry-based” task within the
quasi-learning situation, which we designed.
Judging by the students’ performance in the
quasi-learning situation and their level of re-
flection, analysis and planning, the “empiri-
cal”’ and “theoretical” approaches, diagnosed
by the “Transpositions” test, revealed them-
selves, when students solved balance scale
problems using modeling means provided.
An obvious, “practical’” way of solving these
problems usually relies on the consideration
of the number of weights and their distance
from the fulcrum, rather than on the analy-
sis of the essential terms of balancing the
scale. The result of a theoretical calculation
of the “load”, caused by all weights on each
side, obviously differs from a simple sum of
all the weights. To act “conceptually”, each
time they moved a weight, students were to
lay down “coins” according to the model of
the “load”. This method of problem-solving
makes the students abandon the usual “tri-
als and errors” method, based on the “eye-
catching” parameters of the matter.

Thus, the “empirical” approach may re-
veal itself in the balance-scale problem solv-
ing, as a disregard for the actions, which
model the equilibrium with special means.
Even though during the lesson, the students
have constructed the models for each new
task and observed the direct parallel between
the calculated “total load” and the equilibrium
achieved, in their point of view, these actions
may have still seemed “irrelevant”, as some
formal accompaniment of a solution. Model
building here did not work for them as a
means of analysis of the “hidden” relationship
between weights and the distance to the ful-
crum, which defines the balance, though this
analysis makes the relationship tangible and
allows students to refer to it in other problems.
The “empirical” approach was most likely to
prevent some of the students from modeling

these implicit relations in their individual work.
Students could think, that the “model’s job”
was to record the current state of a scale,
as required by the teacher, rather than to
guide their future actions — and thus, some
students managed to solve the simplest task
on the estimation of the ready-made configu-
ration of weights, but failed in other control-
tasks. Accordingly, these students focused
on the partial “rules”, also known as “empiri-
cal strategies” [18], which mostly implied the
consideration of the “weight’s” factor and the
“distance” factor separately, or sometimes
sequentially [6, 9, 17]. Within the “scattered”
weights condition these “rules” were bound
to fail students in their individual work over
control-tasks.

The differences of the same kind, most
likely, emerge in solving simple problems
from the “Transpositions” test, where a
general principle was to be extracted and
then applied in subsequent tasks. Thus, we
consider the characteristics of the students’
performance in the quasi-learning situation,
which we have set, as indicative towards the
“empirical” or “theoretical” approach in other
situations, when some means of conceptual
analysis will be provided for the students to
master them.

Conclusion

The differences in students’ adoption of
the “equilibrium model” as an actual working
tool, which were revealed in the quasi-learn-
ing situation, were then qualified as indicators
of “formal” or “meaningful” attitude towards
the preset general way of solving all problems
of the kind. During the experimental lesson
each balance estimation was done accord-
ing to the method provided and accompanied
with practical trials, nevertheless, almost
half of the participants have not even tried to
use the model of “balance” in their individual
work with control-tasks, and among these
students were those, who actively partici-
pated in the collective problem-solving. This
discrepancy may be, however, understood
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as we consider the real contradiction of the
“visual-active” versus conceptual orientation
behind the “hands-on” testing of the ways
to achieve balance by moving weights. It is
obvious, that the students, who failed in the
individual tasks, regarded previous work as
some formal “technique” to follow the “real”
solution (manipulating weights), rather than a
test of the general notion of balance.

The formal acquisition of school informa-
tion is a common problem in the psychol-
ogy of education. Bozhovich accurately de-
scribed “formalism” among students: “These
students’ attitude towards school knowledge
is characterized by complete indifference to
the essence of what they are studying. Of-
ten, they treat it as something alien to their
life, imposed from the outside, rather than
the result of generalization of phenomena
and facts of reality”; it is difficult “to put them
before a theoretical inquiry-based task” [1, p.
308—309]. The correct solution of problems,
which demand conceptual action (i.e., medi-
ated with the equilibrium model) despite visu-
ally presented terms (the opportunity to ma-
nipulate weights), may, to our mind, serve as
an adequate indicator, that the special “theo-
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