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Abstract: An experimental exercise on multivariate observation of a proximal development zone process was replicated, in
solving a numerical problem, with university science students. In previous studies, a face-to-face observation model was
applied, in group session, but under the health contingency due to the COVID-19 pandemic, it was decided to replicate this
same observation in a non-face-to-face way (online) within a virtual classroom. Forty students participated, randomly divided
into two groups with twenty participants each, these being the "control" and the "experimental" group. It was possible to
observe, in the case of some students of the “experimental” group, a learning process in which we infer that Vygotsky's zone of
proximal development is involved. As a relevant contribution of this report, the detailed description of the algorithm used is
made, for the experimental or quasi-experimental comparison of a multivariate approach, in the observation of an event where
a process of proximal development zone may be involved. The equation that is described and tested is an original contribution
in the fields of experimental pedagogy and educational psychology.
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1. Introduction 2. Experimental Approach to the ZPD

The genesis of learning related to problem solving,
especially when the procedure is carried out in cooperation
with another or other colleagues (under the assumption that at
least one of the participants is more experienced in the matter),
constitutes a pedagogical dynamic of strategic value [1-3].

There are several concepts frequently used in constructivism
(a theory that seeks the materialistic explanation of learning,
considering the individual and their social environment) that
are based on problem solving. Two are mentioned here [4, 5]:
cognitive transfer or T (it is the transfer of knowledge or skill
that the subject has to solve a problem on his own, to another
of a similar or related nature, but of more complexity) and
zone of proximal development or ZPD (when the own capacity
is not enough to independently solve a problem, reason why

For this purpose, is necessary to design high thematic
specificity problems, appropriate to support an experimental
practice [9]. It must be ensured that the participants in the
exercise (generally students) do not know in advance what
will be explored in terms of the research objective but have a
high motivation -which the teacher must promote- to achieve
cooperation in the experiment [10]. It is convenient to
elaborate, for each participant to answer, two problems
(appropriate to the student’s school level) that are related to
each other, but with distinctive or cognitive particularities:
the first (P) of less relative difficulty and the second (P') of
greater relative difficulty, so that it is possible to scrutinize
possible cognitive transfer events among them (T; explained
guidance or help is required, which is provided by an expert); at the beginning of this article). This is necessary, in order to

the latter was described by the Russian psychologist Ley ~ distinguish between the knowledge previously acquired by
Vygotsky, in 1934 [6, 7, 8] the respondent, from what they could learn additionally,
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through the help provided -directly or indirectly- by the
expert (which is the ZPD itself).

Since 2014, our research group has carried out this type of
inquiry in face-to-face group sessions. In this report, carried
out in the midst of the COVID 19 pandemic (November,
2020), we repeated the same trial "at distance" in a virtual
classroom, with a sample of science students, with whom we
were able to work online. The different contexts of a
technological and curricular nature are important for this new
experience, which can explain the results -interesting by the
way- that we observe on this occasion.

3. Multivariate Analysis of the ZPD

The following equation tries to integrate several concepts
or parameters, which we consider interacting directly,
without excluding other contextual aspects, in a process
equal or very similar to the ZPD [11]:

ZPD=P’-T.

Where: ZPD (zone of proximal development) is
determined -with a high degree of approximation- by the
subtraction of P' (problem of greater relative difficulty)
minus T (cognitive transfer), which is quantified by the
coincidence between the correct answers of P (problem of
less relative difficulty) and P'. In this way, the equation
integrates in the same observation four quantifiable factors
(in a non-parametric way, that is, by counting):

ZPD, P, P' and T, as well as the participation of a “control”
group and another "experimental". Which to a large extent
constitutes a multivariate approach. The observation, thus
carried out, disaggregates the total correct answers achieved
by the respondents in P' of the “experimental” group, of
which the same participants had achieved in P, where in the
cases where there is a coincidence, we infer that the ability
shown in P it probably moved to P' (cognitive transfer or T).
In the non-coincident cases of this same "experimental"
group, it is more likely that the success in P' may be mainly
due to a ZPD process (in which external help or intervention
is involved). Similar cases for this same situation, which can
occasionally occur in the “control” group, will be analyzed
later in the discussion.

4. Description of the Problems

The problems described below are included by placing P
first and then P’, interspersed in a contextual questionnaire
with ten other numerical questions [12]. Regularly, university
students obtain in this contextual numerical questionnaire,
grade averages between 9.2 and 9.5.

P: sum of a polynomial of two terms (the concept is
explained in problem P').

Execute the following operation:

2+3x4.

The correct result is 14. This sum, based on the historical

references that we have, represents high to medium difficulty
in university students, although in recent years, we have
observed a notable improvement in this performance, which
may be due to a greater attention to the teaching of
elementary mathematics or to particular curricular events. In
the cases of making a mistake, this is due to the inadvertent
or non-correct identification of the terms present in a
polynomial, which constitutes the remnant of poorly attended
learning in basic education [13, 14].

P’: This problem is presented to the participants preceded
by the following informative heading: “In serial operations or
polynomials, the independent computations and values called
‘terms’ are separated by addition or subtraction. This is
related to the 'hierarchy in the order of operations principle’.
Take a good look and carefully execute the following
operation”.

32+44x2+8.

The correct result is 20. In this last problem, the presence of a
third term and where decimal numbers also participate,
usually represents a greater difficulty for students than with
P. In special designs (particularly in the “experimental”
group), with the intention of increasing the help to the
respondent, parentheses can be added in the second term of
P’ [3.2 + (44 x 2) + 8], however, despite being a very
effective help, it is a mathematical incorrectness.

5. Experimental Design
5.1. Objectives

1. Verify the consistency of a multivariate observation
model on a zone of proximal development event in
problem solving.

2. Recognize the usefulness of an informative notice, in
the experimental or quasi-experimental observation, of
learning processes related to Vygotsky's zone of
proximal development.

5.2. Hypothesis

"Most of the participants will be able to solve a simple
problem, but in some particular cases, an informative notice
can be of great help to achieve the success".

5.3. Subjects and Procedure

Forty students who are beginning their training in a
scientific career participated, with these two groups of twenty
members each were randomly organized, who were part of
two virtual classrooms, thus leaving the "control" and the
"experimental" group. The difference between the two
groups is that P' is presented in the “control” group without
an informative heading (what constitutes the intervention or
help) and, in the “experimental” group the informative
heading is presented in P', indicated in the description of this
problem. Work was carried out over the Internet "remotely",
with the platform of Google questionnaires, for open
numerical responses and ensuring the isolation of the
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participants during the exercise. As additional information,
the participants were asked to send by email, the image of the
procedures -written with pencil and paper, without using a
calculator- that they developed in the solution of the twelve
questions of the questionnaire.

6. Results
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Figure 1. Show the successes obtained in the two problems and the
coincidence between both, for the two treatments.

What is observed is consistent with the results of other
previous reports, only that this time the differences were in the
range of high grades (from 75 to 100% correct answers),
which shows a notable improvement in these students, with
respect to performance, which with these same problems,
achieved similar students ten years ago [15]; where the range
of qualifications was from 30 to 50% correct answers. The
mistakes in the sums, both in P and P' of both groups
("control" and "experimental"), are due to the same cause: the
inadvertence of the terms of the sums, that is, by carrying out
the mechanizations in a row without taking into account the
separation of the terms by addition or subtraction. Taking P (2
+ 3 x 4 = 14) as an example, this error consists of first adding 2
+ 3 and then multiplying at the end -incorrectly the previous
sum- by 4, which results in a failed result of 20. This same
error is usually replicated with P' (3.2 + 4.4 x 2 + 8 = 20),
where a third term is also presented and there are decimal
numbers. In a case of the "control" group, the participant erred
in P' due to a probable calculation error in the sum of the
decimals, since 20 being the correct result, he wrote 19.8; this
participant, despite having correctly recognized the terms, was
finally wrong in the result of the sum.

Applying the equation: ZPD = P' - T, both for the "control"
and the "experimental" group, we have that for the first ZPD
= 0 and, for the second, ZPD = 5.

The difference of these values, with the Student's t test, for
(20 + 20 - 2 = 38 degrees of freedom), in a two-tailed test,
reaches a statistical certainty of 97.5% confidence. Which is
extremely remarkable, considering that we worked with two
small samples (N = 20).

7. Discussion

This experimental exercise carried out with two groups of

twenty students with differentiated treatments and applied "at
a distance", over the Internet and in virtual classrooms,
yielded consistent data with respect to the multivariate
approach in the study of Vygotsky's zone of proximal
development or, less, of a cognitive process very similar to
this one. Although previously there were reports with similar
experiences, where the ranges of successes showed
performances from low to intermediate with these same
applied problems, it is observed that on this occasion the
degrees of difficulty, both for P and P', allowed the
participants obtain a greater number of correct answers,
which did not affect the functionality of the applied
observation model. In other words, this observation model is
adaptable to different cognitive situations, being able to
operate both in low, medium and highest difficulty grades.

For the case that in P' of the "control" group, a participant
can be correct having previously erred in P (without the
coincidence between the correct answers of both problems),
with the example of the sums of applied polynomials, not we
have references. However, in the case of another issue related
to environmental education and the culture of recycling [16],
if there is a reported antecedent (not dealing with numerical
problems), where a few participants that initially they erred
in P and later they got it right in P', without receiving
intervention or external help, this can be explained by a
different process, although linked to the ZPD, which is the
zone of real development or ZRD; which is when the subject
realizes on their own or due to previous experiences of a
misunderstood or understood learning and he himself
(without external help) can improve or correct it.

This analysis must be articulated with recent research
regarding the evolution of Vygotsky's concepts, as well as
other cognitive processes directly or indirectly related to the
ZPD[17, 18].

8. Conclusions

The multivariate observational model of the ZPD (carried
out through a brief educational intervention and without a
medium or long-term evaluation), as demonstrated in this
trial, is clearly effective and consistent. It can operate with
different qualification ranges, regardless of the degree of
difficulty of the problems or educational topics that the
observer wants to involve (here mention is made of
numerical and environmental education topics). Likewise, the
model is adaptable to working with different sample sizes,
although it is preferable for these to be medium to large (40-
100 participants or more). Appropriate statistical procedures
for its analysis can be the Student's t test and the variance and
covariance estimates for non-parametric versions. The
analysis of covariance is especially useful to estimate the
probabilistic influence of P (associated variable) on P'
(dependent variable), mediating between them, the
intervention or help provided to the subjects of the
"experimental" group (independent variable). Remember that
this intervention is included in the informative heading
present in P'. In situations with an abundant incidence of
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coincidences between the correct answers of P and P', both in
the control and experimental groups, the probabilistic
influence of P on P' is usually high. The Student's t-test
allows us to analyze separately, disaggregating from the final
result (ZPD = P' - T), what may more properly be due to the
ZPD than to the cognitive transfer (T) or to another possible
cause.
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