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A.N. Poddiakov, N.N. Poddiakov. Interactive Exploratory

Objects: From Laboratory Experiments to Mass Practices
of the XXI Century

The role of curiosity, exploration and experimentation in cognitive develop-
ment (as was first experimentally studied by Jean Piaget), is now universally
acknowledged. In order to better explore curiosity, exploration and experimenta-
tion, as well as maintain and develop them, we need specially developed cultural
tools, including specially designed exploratory objects. Their inventor sets them-
selves a task of ensuring that another person when faced with them, will display
exploratory activity and acquire this or that information (in the limit — as diverse
as possible) in the process of independent cognition. Then exploratory activity,
intellect and creativity interact as a whole and the results of cognition are deter-
mined by the harmony of this interaction.

At the same time, the diversity of exploratory objects invented by people for the
purposes of play, education, and testing, as well as the history of their development
and current trends in this area, usually do not become the subject of special consid-
eration. The paper aims to change this situation. Both authors have considerable
experience in developing objects for investigating exploratory behavior. The one
who has written these introductory words also has a certain experience of being
examined as a participant in psychological experiments conducted by the other
author of the paper and by his colleagues (judging by the photo taken at one of the
first experiments, on a completely voluntary basis).

One of the main points of the paper is as follows: if a developer of the items for
IQ tests may not be concerned with these items being of interest for the participant
(the participant’s interest may be here,
metaphorically speaking, as the icing
on the cake), then the developer of an
exploratory object must ensure that it
will stir interest. The authors of the
paper are aware that in a certain sense
this also applies to texts about
exploratory objects. This can never be
guaranteed in advance, but the authors
have tried their best to have it, at least,
not akin to counter-exploratory
objects like Jack-in-the-Box types of
toys.

A.N. Poddiakov
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Abstract

The paper is focused on the history and modern practices of creating and applying interactive
exploratory objects and worlds that provoke curiosity in the individual and require exploration
and experimentation to learn them and to achieve practical goals. The development, use and
demonstration of a wide range of exploratory objects (play, educational, psycho-diagnostic, etc.)
in various fields reflects an increasingly wide spread belief: one of the basic human abilities that
is needed now and will be in demand in the future is the ability to cope with novelty, including
through active exploration and experimentation. Five interrelated directions for the develop-
ment and popularization of exploratory objects are identified: science; educational practice;
assessment; game practices; and literature, art, official and unofficial journalism. Parameters of
specially developed interactive exploratory objects and worlds in the context of preparing for
encounters with novelty and complexity are discussed. The triangle of tests of intelligence, cre-
ativity and exploratory behavior in the space of regulation — freedom is presented. Two types of
motivational challenges when exploring new objects are described: exploration for the sake of the
very process of cognition and exploration for the sake of desired practical effects. The issue of fea-
tures of exploratory objects that stimulate posing and solving epistemic problems rather than
pragmatic problems, and vice versa, is raised. In conclusion, possible reasons for the mass devel-
opment and supply of exploratory objects and worlds are formulated.

Keywords: interactive exploratory objects, experimentation, exploratory behavior, intelligence,
creativity, education, games.

At present, there is a great interest in culture in the study of novelty — novel
objects, situations, and worlds. There are films emerging where the protagonist is
an astronaut on a different planet alone fighting for survival, and one of the ways
to struggle for life is the exploration of the external environment and the possibil-
ities of materials, tools and instruments brought from Earth and their creative use.
Varieties of quests are extremely popular with both adolescents and adults who pay
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money, for example, to be locked alone or in a small group in a room with various
incomprehensible objects, stashes, ciphers, etc., to solve all mysteries and get out
during a set period of time.

The number of toys for children is intensively growing that function to develop
the child’s thinking during exploration and experimentation (this is what is explic-
itly written in the instructions). These are a special class of toys (they are neither
dolls, nor little cars, nor little cups and saucers, etc.). They do not have a clearly
identified practical function, but they look like diverse attractive little boxes with
buttons, windows, light panels, hidden speakers, moving elements, etc. When the
child presses a button or turns a handle, a window is lit and a funny image appears;
when another button is pressed a nice whistle sounds; when you press the third
button, a niche opens and there is something interesting inside that was not visible
before, etc. In terms of cybernetics, such toys are ‘black boxes’ with unknown con-
tent, and now they are en masse offered to preschoolers for instructionless explo-
ration and learning,

Computer games that imply exploration, experimentation and problem-solving
are quite popular: those are advanced adventure games for amateurs, and less com-
plex investigational logic puzzles offered immediately to a huge number of Internet
users. Some interactive Google Doodles can be an important and illustrative exam-
ple of such games created for a worldwide audience. Considering the significance
of the received response, we should start with Google Doodle that was dedicated
to the 60th anniversary of Stanislaw Lem’s first publication'. It is hardly possible
to name another writer (a sci-fi author and a philosopher) who has equally con-
tributed to the explanation and popularization of the topic of exploring various
black boxes of natural and artificial origin, like Lem. Accordingly, Google users
were offered to experiment with amusing black boxes of increasing complexity, and
this Google Doodle became the subject of publication in the Daily Mail, The
Guardian, The Telegraph’, etc. It is also worth mentioning the recent Google
Doodle, which requires experimenting with the range of catapult throws of garden
gnomes figurines; the properties of their flight are initially not obvious’; etc. In all
these Google Doodles the user is not given any instructions — they must under-
stand on their own, through exploration and experimentation, the way virtual
objects work.

Moreover, experimenting with a new technical object (device) without prelim-
inary briefing (“Just experiment and see how it works”) becomes an important
aspect of mass diagnostics of 21st century skills. We can use as an example interac-
tive items designed for the Program for International Student Assessment (PISA).

" https://www.google.com/doodles/60th-anniversary-of-stanislaw-lems-first-publication

* http://www.dailymail.co.uk /sciencetech /article-2065103/Stanislaw-Lem-Google-Doodle-
Interactive-animation-celebrates-sci-fi-genius-work.html
https://www.theguardian.com/technology/2011/nov/23/google-doodle-stanislaw-lem-anniversary,
https://www.telegraph.co.uk/technology/google/google-doodle /8908900 /Stanislaw-Lem-60th-
anniversary-of-first-book-celebrated-with-giant-robot-Google-Doodle.html

* https://www.google.com/doodles/celebrating-garden-gnomes?hl=en
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The Program involves hundreds of thousands of 15—16-year-old schoolchildren
from dozens of countries. In 2012, for the first time in the history of mass testing
and evaluation, the participants proposed a new type of tasks (for international
mass testing rather than for scientific psychology or for Google users) — interactive
assignments. For example, while clicking on the buttons of a virtual MP3 player
(that doesn’t have a manual provided) and observing the reactions, the participant
had to understand the operating principle and then perform tasks that assess
understanding of this principle (OECD, 2013, 2017). Another task of the same
type is called Climate Control (experimenting with another device — air condition-
ing)". Directions to assignments of this type often paradoxically begin with the
words: “You have no instructions for your new device. You need to figure out how
it works (how to use it).”

The explicit or implicit premise (“there are no instructions for the new object so
it needs to be explored”) seems to be a philosophically loaded feature and the key
characteristic for the development of all the above examples, rather than numerous
problem-solving situations created by some people for others. The main component
of these situations is the presence of exploratory objects (or whole worlds) that are
designed on the principle of black boxes of varying complexity and blackness
(opacity) — they need to be explored and experimented with, their non-obvious,
hidden properties are to be identified, and connections for their understanding and
the successful achievement of those or other purposes should be located. In a sense,
given the growing scale, this is a new civilizational situation.

In general, at least five interrelated directions for developing exploratory
objects can be identified.

1. Science — the exploration of the means by which different people (children,
adults, beginners, experts, etc.) cope with novel objects and (micro) worlds, their
motivations, cognitive strategies used, the effect of different features of these
objects on motivation, the parameters of strategies, etc.

2. Educational practice — the inclusion of exploratory objects and worlds in
learning and development programs.

3. Evaluation — an assessment of the degree the assessed people have compe-
tence in exploring novel objects and worlds.

4. Game practice — the development and production of exploratory toys for
children and adventure games with a pronounced research component for people of
all ages (if only they were interested).

5. Literature, art, official and unofficial journalism — here exploratory objects
and worlds are represented as ‘human displays’ in the understanding introduced by
Gibson (1979, p. 42). Human displays are sculptures, paintings, photographs, films
and animated cartoons, written texts, etc. Being specially created for other people
all these objects, “mediate or indirect, knowledge at second hand” (Ibid.). For our
part, we will give examples of specially created ‘human displays’ that represent for
other people mediated or indirect knowledge about exploration, experimentation,
their possible objects, predictable and unpredictable effects. Those include:

! http://www.oecd.org/pisa/test-2012 /testquestions/question3/
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* ascene in a science fiction feature film of an astronaut experimenting with an
artifact from another civilization on another planet;

* a scene in the animated film by Zdenék Miler of the Little Mole experiment-
ing with a radio receiver (the character had never seen radios before);

* a description of the young Moomins experiment with the Magician’s Hat
(that was black, of course, like the ‘black box’) in the fairy tale of the same name by
Tove Jansson;

* a description in an Internet publication of a person who tried to work out the
mechanism of a tap or an air conditioner of an unknown model in a hotel abroad,

* Youtube videos posted for mass viewing that show how children react to a
jack-in-the-box’, etc.

We are talking about the relationship of these five aspects that can be most eas-
ily explained in the above example of Google Doodle dedicated to the 60th
anniversary of Stanislaw Lem’s first publication. Lem’s written texts (the Cyberiad
cycle) became an incentive for the Google computer company to create an interac-
tive computer toy, which in turn works as a source of direct exploratory experience
for the player and a source of observation for her or his younger sibling or a desk
mate at school; it may be a topic for discussion in private Internet blogs and the
subject of reports in the Daily Mail, The Guardian, The Telegraph, etc., as well as
an example of a research object in the paper you are reading. However, as will be
shown below, the network of interconnections between aspects of the development
of exploratory objects is not limited to this example — it is much broader.

A brief history of the development of exploratory objects

In human culture, puzzles — toys that can be understood through experimenta-
tion, have been known for a long time: at least since the Middle Ages. These are dif-
ferent puzzle boxes that cannot be opened if you don’t know the secret; puzzle mugs
with hidden holes and canals inside the walls designed not so much for drinking as
for pouring the liquid all over the drinker (if they cannot figure out by researching
how to hold it and which holes to press their fingers against).

Scientific research and diagnostics of exploratory behavior with the help of spe-
cially designed objects began in the second half of the 20th century. Although the
history of the study of exploratory behavior begins with the work of 1. P. Pavlov on
orienting reflexes and orienting-exploratory reactions, afterwards, until the 1950s,
the studies mainly focused on the reactivity of animals and humans. Often they
were conducted using Skinner boxes in which the animal had to find an operational
means by using a key or bar in order to get food or other reinforcement. The value of
one’s own free cognitive activity guided by curiosity and manifested in independent

° https://www.youtube.com/watch?v=WWxUkzQJX58. Different versions of the jack-in-the-
box (toys designed to have an object unexpectedly jumping out that is (un)attractive, for example, a
little devil, during the investigation) can act not only as exploratory objects, but also as counter-
exploratory objects; see in (Poddiakov A., 2017) on this opposition.
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exploratory behavior was realized and recognized later. If behaviorists were rather
interested in reactivity (the stimulus-response scheme), the new paradigm opposed
this, for it became a paradigm of free activity, including exploration, in a complex
environment.

In this paradigm, the ideal of an experimental object (offered to the participant
to perform independent cognitive activity) is an object with an infinitely large
number of different-level hidden elements, properties and connections — from
those that can be easily identified and are almost obvious, to those extremely diffi-
cult to detect and understand. At the extremes of activity modeled in such an
experiment is the intrinsically motivated cognition by a subject of a complex,
diverse world that gradually unfolds at emerging levels (Poddiakov A., 2012). The
person here (unlike demonstrating reactions with the Skinner box) can set increas-
ingly complex epistemic and practical goals and apply different strategies.
Accounting for the diversity of goals and strategies is a fundamental feature of the
study of curiosity and exploratory behavior, in contrast to the study of behavior
based on Skinner boxes, where the learning curve is always assumed to be funda-
mentally the same not only for different individuals, but for different species (it
may differ only in the degree of steepness-flatness).

Participants in the experiments on studying curiosity and exploration are
offered specific specially designed exploratory objects and environments of varying
complexity that allow the realization of the principle of the developing cognitive
intrigue and thereby induce the participant to actively forecast, hypothesise,
explore and experiment (Poddiakov N., 2011, 2012).

As an example of an exploratory object (which was new and rather complex for
children) used in psychological experiments in the late 1950s, we should describe
a device developed by one of the authors of this paper, N. Poddiakov, who at that
time was a post-graduate student of A. Zaporozhets. (In the 1920s—30s, Alexander
Zaporozhets was a student and colleague of Lev Vygotsky, and in the 1950s he
organized his own direction in studying the research activities of children.)

The experiments of N. Poddiakov became one of the first (or, probably, the first)
research where preschool children were offered to independently explore new
objects with rather complex hidden connections that required detailed experimen-
tation (Poddiakov N., 1959, 1960, 1977; Poddjakow, 1981). (We will be grateful if
earlier analogues could be indicated; the study of the children’ orienting activity
aimed at the establishment of connections between buttons and bulbs that would
light on a stand, had different versions before, but it seems that there has been no
studies of experimentation and searching for ways to remotely control a new
dynamic object). For example, a child of 5 y. 0. was offered an object with four but-
tons that controlled the movement of a doll (a toy boy) on the working field
(Figure 1). When one or another of the four buttons were pressed, the doll could
move in one of four directions — to the participant (who was behind the control
panel), away from the participant, to the right and to the left. By alternately press-
ing the buttons of the remote control, it was possible to bring the doll to any point
of the experimental field, and to make it circle it around any obstacle placed in its
path. By experimenting with the buttons (they did not have any information on
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Figure 1
The device for study of children’s experimentation (Poddiakov N., 1977; Poddjakow, 1981)
e — buttons that have originally unknown functions

them) the child had to understand how the device worked, how to guide the boy
through the labyrinth of various complexity, etc.

Now, in an era when practically every household device is equipped with but-
tons with arrows <—, —, 1, |, this exploratory object and the principle of controlling
it seem simple, but in the 1950s, when it had been developed and applied in psycho-
logical experimentation, these types of remotely controlled toys were a much rarer
phenomenon than now, and did not seem to be used at all in psychological experi-
ments to study the exploratory behavior and thinking of preschool children. In
order to have an approximate understanding of the nature of the preschooler’s
activity in the 1950s who would sit behind this experimental setup, you may imag-
ine that you have a remote control for a vacuum cleaner without any signs on the
buttons. Besides, you do not know what a vacuum cleaner is. Perhaps during the
survey of this object you will have a normative idea formed of the object and its
function, but perhaps you will find another (unexpected and creative) use for it.

A number of experimental schemas for studying thinking using such objects
were also designed (Poddiakov N., 1977; Poddjakow, 1981). First of all, they
include, for example, alterations in the structure of hidden links that a child would-
n’'t expect in an object that they seem to have already studied: the buttons of an
object changed their functions at some point — functions of a button would be per-
formed by another one (for example, the button that moved the doll to the left,
would begin to move it forward; the button that used to move it forward would
have changed to moving the doll to the right, etc.). This caused astonishment in
children and new cycles of experimentation with a seemingly well-known, identi-
cally looking, but inwardly substantially changed, ‘reprogrammed’ object that
could not be controlled then in the same way as the child had learnt before, and it
was necessary to understand what to do then. In the late 1950s with the use of this
object important differences were found in the child’s experimenting exploratory
actions aimed at establishing causal links in the object: from the performance aimed
at directly solving a practical task (for example, to direct the doll to go between the
placed barriers from one end of the field to the other). The readiness of children for
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transitions from direct experiment to experiment when the button functions
changed (in a ‘turbulence mode’ of the object and activity) and back (from experi-
ment to direct experiment and even automated acts) when the ‘updated’, reset but-
ton functions were fully understood by the participant, and the need for the
samples would disappear (in a ‘stability mode”).

In the 1960s the number of exploratory objects invented by researchers and
used in experiments was growing as was the diversity of the goals of these experi-
ments. Keller gives images of some exploratory objects for children of different ages
(Keller, 1994). First of all, this is a Hutt-box (for children from 2 years old), per-
haps, at some point it was one of the most famous exploratory objects. It was devel-
oped by C. Hutt and enabled the operationalization of the differences between the
specific and diversive exploration in Berlyne’s terms, or between exploration and
play in Hutt’s terms (Hutt & Bhavnani, 1972). The very sequence of images of
these objects shows some aspects of their complication to match the age character-
istics of the participants.

At present, one of essential trends (in terms of the transition from laboratory
experiments to mass practices) is the development of exploratory objects that can
be understood not only by children (if the participants are children) but also by
parents in terms of the functions of these objects in the cognitive development of
children, and which additionally stimulate parents to independently examine and
develop their children’s exploration and play, to find new exploratory objects for
their children, etc. One example is what the Discovery Center’s Living Laboratory
offers to the visitors of the Museum of Science (Boston, USA)’. Developmental
psychologists from different scientific centers cooperate with the laboratory. One
of the important directions here is the study and popularization of learning
through play’. At the Living Laboratory website parents can read short under-
standable notes ‘How does expectation affect exploration?”, ‘Do children prefer to
explore toys that provide clear evidence?”, ‘Do children play more when evidence
is not clear?’, etc. After reading the description of a scientific experiment where
children experiment with an interesting exploratory toy, and having seen the
attractive images, parents also read the suggestions and invitations: “Find a toy in
your home that has many buttons or levers that your child can investigate. Does
your child take time to push one button or lever down at a time to find out how it
works? How long will your child play with one toy before moving on to a new
one?””, etc. This is one of the manifestations of the transition from laboratory
experiments to mass practices. Any parent on the planet who uses the Internet,
after reading these descriptions and invitations, can take an exploratory position in
relation to exploratory behavior and experiment with exploratory objects of their

child.

® https://www.mos.org/living-laboratory, http://legacy.mos.org/discoverycenter,/livinglab
" http://legacy.mos.org/discoverycenter,/livinglab/ltp/list

* http://legacy.mos.org/discoverycenter,/livinglab/ltp/phonesthemes

* http://legacy.mos.org/discoverycenter/livinglab/ltp/popbeads

" https://www.mos.org/living-laboratory /explore-our-research /jack-in-the-box
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Another example of the popularization is that developers of interactive tasks for
PISA 2012 (that are offered to tens of thousands of schoolchildren and require
exploration and experimentation with new objects), indicate that these tasks are
based on the complex problem solving approach (OECD, 2013, 2017). In the 1970s
the approach was launched with the laboratory experiments of D. Dérner (1997).
We can also make an informed assumption that the Tanaland, Moro, and
Lohhausen scenarios developed then by Dérner for laboratory research of thinking,
were the forerunner of many modern strategic computer games such as SimCity,
Civilization, etc. (Poddiakov A., 2012; Riegler, 1998).

Throughout the history of scientific studies of curiosity and exploration, the
developers have created exploratory objects and worlds to identify psychological
phenomena and patterns in two related areas — motivation and cognitive strategies
(e.g., strategies of causal inferences) (Bonawitz et al., 2011; Buchsbaum, Gopnik,
Griffiths, & Shafto, 2011; Chase & Klahr, 2017; Cook, Goodman, & Schulz, 2011;
Dean & Kuhn, 2007; Dorner & Funke, 2017; Ford, 2005; Forman, 1986; Funke,
2014; Greiff, Molnar, Martin, Zimmermann, & Csapy, 2018; Jirout & Klahr, 2012;
Klahr & Dunbar, 1988; Poddiakov A., 1992, 2011; Poddiakov N., 1959, 2011, 2012;
Schauble, 1990; Schulz & Bonawitz, 2007).

Computer technology plays an increasingly important role here. In the mid-
1980s experiments had been started where children and adults were asked to
experiment with robots, computerized systems such as LEGO and computer
microworlds; besides, computerized exploratory objects and worlds came into use
in teaching scientific inquiry. An important modern trend associated with the
development of technology is the development of virtual exploratory objects and
worlds that allow:

* the creation of computerized interactive collaborative problems for collabora-
tive exploratory activities of several participants based on the principle of jigsaw
problem: none of the participants have complete information about the task and a
sufficient set of solutions; the information and material resources of all participants
vary, and the research task can be solved only by negotiating, exchanging informa-
tion, and combining the possibilities (Graesser, Kuo, & Liao, 2017; OECD, 2013,
2017);

* the collection of big data and use of data mining on the research strategies of
a large number of users (Greiff, Niepel, Scherer, & Martin, 2016);

* the study of a participant’s brain activity during the survey of new worlds and
the relevant objects (certainly so far on small samples in laboratory settings)
(Fields, 2016; Snider, Plank, Lynch, Halgren, & Poizner, 2013).

Tests of intelligence, creativity and exploratory behavior in the space of
regulation — freedom

It is probably no coincidence that in the same historical period (1950—60s), the
animated film The Mole and the Car by Zdenék Miler was shot (where one of the
key episodes is how the Little Mole examines a parking lot and a car), and Tove
Jansson wrote The Exploits of Moominpappa (Moominpappa’s memoirs) where
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there is a wonderful piece about Daddy Jones’s garden, a specially created
exploratory, adventure environment where characters explore and find something
at their own will and understanding, and then, unexpectedly for them, according to
the results of these searches, they are rewarded and receive information about their
individual characteristics (!). And it is no coincidence that at that time the first sci-
entific psychological studies of independent exploratory behavior began to unfold
opposing the behaviorist study of behavior in Skinner boxes. The period of the
1950—60s was a new socio-cultural situation, and the concepts of novelty and free-
dom, and free choice in a new environment should be used as key concepts to
describe it. (The new youth movements of the 1960s, hippies, rock music, the
movement of radio amateurs who would invent the first and so far unprecedented
electronic video games, etc., etc., can also largely be described by these concepts.)

We shall turn to the tests. Such freedom, as in the tests of exploratory behavior,
had not always been provided to participants, but also became a reality from the
1950-60s.

Historically, the first tests of intelligence appeared at the turn of the 19-20 cen-
turies. They measure a person’s ability to quickly solve a large number of problems
from a proposed set during a limited time. The tasks are already clearly formulated
by someone, they have a known way of solving and the answer, which is considered
to be the only correct one. In the 1930s tests of a new type were developed to over-
come the one-sidedness of intelligence tests — tests of creativity. They use open-
ended tasks, that is, they have not one single right answer, but presuppose the
possibility of multiple answers (in the limit, infinite).

These tasks are designed to induce a person to invent new, diverse, original solu-
tions to the problem posed by another person (developer). For example, you need
to come up with as many ways of unusual use of the seemingly most common object
(like a pencil, a brick, etc.), to invent as many improvements as possible of a toy,
etc. Tests of exploratory behavior emerged in the 1960s that allowed the study of
aspects of cognitive activity that were not covered by tests of intelligence/creativ-
ity. Tests of exploratory behavior diagnose a person’s ability to acquire new infor-
mation in real interaction with new unknown objects, to act practically in
conditions of novelty and uncertainty, while independently setting and solving
various exploratory (inquiry) tasks.

We shall emphasize this fundamentally important aspect. Although problem
posing is considered an important part of learning and thinking in some education-
al approaches (Brown & Walter, 2004; Mishra & Iyer, 2015), it is difficult to find
psycho-diagnostic tests that would assess a person’s ability to pose problems and
come up with tasks, rather than just to solve problems posed by someone else. Tests
of exploratory behavior provide such an opportunity.

The most universal tests of exploratory behavior can be described as problem-
atic situations that have both an open end and an open beginning. The open begin-
ning means that here (in contrast to the tests of intelligence and creativity tests)
the participant themselves poses problems and “asks questions” to the object, poses
tasks and solves them, constantly collecting and defining information about all
emerging properties of the object and conditions of achieving the goals. Tests of
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exploratory behavior enable both the freedom of answers and the freedom of ques-
tions. On the one hand, this is the freedom of questions to the object or the system
(What are you, what is the way you are arranged, how will you react if I do this? And
what if I do that?, etc.). On the other hand, these are new degrees of freedom that
are related to other people’s questions: questions to the experimenter, as well as
questions to joint survey partners when it comes to the interactive collaborative
problem situation: What do you see? How did the object react when I did this? What
can we think of in order to learn this better?, etc.

Does this mean that, for example, there is absolutely no freedom in intelligence
tests? There is freedom, the freedom to find a solution that was conceived by the
developer and is unknown to the subject. But there is no freedom for an independ-
ent statement of a problem or a question.

Accordingly, we can offer a ‘triangle of types of test problems.” This is a graphic
model of the relationship between the tasks of tests of intelligence, creativity and
exploratory behavior and various real problems in the space of regulation — freedom
(Figures 2, 3).

We should understand that although tests of exploratory behavior increase
degrees of freedom, freedom is not as ultimate as in creativity tests, where the flight
of imagination can be almost unrestrained (you can finish a proposed figure as you
like, just be original, different from other participants). And when a real object is
explored, physical limitations of the real world come into play. Some things in the
real world cannot be done (for example, clearly you cannot make a perpetual
motion machine and a research instrument based on it). Therefore, in the proposed
triangle of tests, the freedom of answers in tests of exploratory behavior is lower
than in tests of creativity, although higher than in intelligence tests.

Inside this triangle of tests various cognitive tasks can be placed that exist in real
life, according to the extent to which they are loaded with an exploratory component

Figure 2
The triangle of tests of intelligence, creativity and exploratory behavior
in the space of regulation — freedom

Freedom Tests of exploratory
of questions behavior
C
a b
Tests of creativity
Intelligence tests Freedom

of answers
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Figure 3
The variety of real problems in the contour of the ‘triangle of tests’ of intelligence,
creativity and exploratory behavior

Tests of exploratory
behavior

Intelligence tests Tests of creativity

a — tasks that predominantly require intelligence as it is understood in tests;

b — tasks that predominantly require creativity as it is understood in tests;

¢ — tasks that predominantly require exploratory behavior as it is understood in tests;

d — mixed tasks that require both exploratory behavior, creativity and intelligence in an approxi-
mately equal proportion;

e — mixed tasks that predominantly require creativity and intelligence and to a lesser extent,
exploratory behavior;

f — mixed tasks that predominantly require intelligence, less exploratory behavior and, to an even
lesser extent, creativity;

g — mixed tasks that predominantly require exploratory behavior and, to a lesser extent, creativity
and intelligence as they are understood in tests.

(the potential and the need to observe and practically experiment with objects and
systems while getting emerging information about their properties, connections,
etc.), a creative component (the ability and necessity to generate multiple original
solutions) and an intelligent component in the test sense (the necessity to seek
accurate answers to questions clearly posed by someone). Such a triangle, without
claiming to provide an exhaustive picture of cognitive activity, enables the evalua-
tion of certain real life and professional cognitive tasks in regard to the proportion
of various important components in them (Figure 3).

Thus, throughout the 20th century, a trend in the development of testing cog-
nitive abilities can be seen that stretches from the maximum regulation of the sub-
jects’ activity (when solving tasks clearly formulated by the developer that have
the only correct answer) to diagnostic problematic situations of high novelty and
uncertainty that have open beginnings and open ends and imply the use of special
exploratory objects and worlds to design and develop them. And these exploratory
objects and worlds are of great interest. This is natural. After all, the developer’s
task is to create an exploratory object that is meta-affordance, an opportunity
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offered to another person to satisfy their cognitive motivation and motivation in
the new system (Poddiakov A., 2017). Let us focus here again on 1Q tests. Their
developers in the beginning of the 20th century did not aim to make the tasks
interesting for the participant (they could be interesting for some participants, but
not due to the specially set goal of the developer, but rather due to the individual
characteristics of certain participants). With the tests of creativity and, especially,
of exploratory behavior, the situation is different as the participants’ cognitive
interest is of importance here, so that they could take advantage of the freedom
they are given; the need to develop the participant’s personal cognitive interest is
taken into account when developing test objects. If a participant is not interested
in a task in an IQ test, this does not really bother the test developer. If the partici-
pant is not interested in a task of a creative thinking test or a test of curiosity and
exploratory behavior, we call it a professional failure of the developer.

Two types of challenges when exploring new objects

When a person explores new objects, two types of challenges can be identified
that affect the specifics of cognitive strategies. One of the challenges is to under-
stand a new and complex object as such, irrelevant to possible utilitarian and prac-
tical results. Here cognitive strategies are directed by curiosity and the need to
obtain new information and new knowledge. Getting knowledge here is ‘disinter-
ested,’ it happens for the sake of the very process of cognition (Poddiakov N., 1977;
Poddjakow, 1981).

The other type of challenge is to make the new and complex object function in
the desired way, to elicit from it the necessary practical effects (for example, to
force a new device to work in a desired mode). This is possible only on the basis of
the preliminary examination and understanding the object, but here other cogni-
tive strategies for the problem of posing and problem solving are deployed (Ibid.).
The real process of cognition is maintained in the close interaction of both types,
and depending on the prevalence of one or the other type of challenges, the entire
thinking process as a whole acquires a relevant tendency.

A similar distinction was introduced by Schauble (Schauble, Klopfer, &
Raghavan, 1991). The researchers write that students can implement in their
exploratory activities either scientific or engineering models of experimentation,
that is, they either seek to understand the internal cause-effect relationships within
the object, or try to obtain from it a certain desirable practical outcome (for exam-
ple, the maximum speed of a new virtual car). This difference in goals leads to var-
ied research strategies and a focus on different sides of the object.

The authors point out that the difficulties in teaching the basics of scientific inquiry
to students are associated not only with the way children construct logical reasoning,
but also with the fact that they often confuse the purpose of scientific experimentation
with the one of the engineering model. The engineering purpose is quite appropriate,
but it interferes with understanding the object in its completeness and variety of
cause-effect relationships, which is not very good when teaching scientific inquiry.
It is important that students should understand the differences between these goals.
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Can these or other exploratory objects intrinsically instigate a more rather dis-
interested exploration and experimentation motivated only by curiosity, than
pragmatic research related to practical problems, and vice versa: can various
exploratory objects provoke in relation to themselves more pragmatic exploration
and experimentation, rather than unselfish, non-utilitarian study?

In this respect the Henderson and Moore study is important where a distinction
is made between free exploration and problem-solving exploration, as well as
between novel perceptual toys and problem-solving toys. Free exploration of novel
perceptual toys is not aimed at finding any certain correct solutions and actions.
This is a study motivated only by curiosity. Problem-solving exploration of prob-
lem-solving toys is directed by a problem (for example, to get a doll out of a narrow
box) (Henderson & Moore, 1980). However, here there is no focus on possible dif-
ferences in epistemic challenges and problems (problems posed and solved, for
example, in the scientific type of exploration and experimentation) and practical
challenges and problems (in the engineering type of exploration and experimenta-
tion). Given these differences, one can talk not just about problem-solving explo-
ration, but about its two different types associated with the epistemic and practical
problems posed and solved by a person examining a new object. The question
remains open about objects that stimulate rather posing and solving epistemic
problems than pragmatic problems, and vice versa. We certainly understand that
there are no absolute types in reality, and setting goals when faced with a novel
object depends on the context and individual characteristics of the individual, but
it seems important to assess the possible contribution of the object features to the
type of challenge it stimulates.

The reasons for the mass development and supply of exploratory objects
and worlds

The mass practice of developing and offering to people newer and more diverse
exploratory objects and worlds has at least four reasons (and they are interrelated).

1. The intensive development, use and demonstration of a variety of exploratory
objects in various fields (research, education, testing and evaluation, games, litera-
ture, art, official and unofficial journalism) is a reflection of an increasingly popular
belief that one of the basic abilities of the person that is necessary at the present
time and will be in demand in the future, is the ability to cope with novelty, includ-
ing through their active exploration and experimentation. It is assumed that people
should be specially prepared to encounter novelty, so specially developed novel
interactive exploratory objects and worlds can be an effective means of specific
preparation and implicit learning.

2. A new technological situation at the household level: in recent decades, the
share of new components in even the household environment has increased so
much that each of us regularly becomes an explorer of some ‘black boxes,” should it
be a water tap or an electrical appliance in a hotel of a design we have not known
before (and other numerous constantly updated gadgets and different types of
household appliances). Often there is no user’s manual to them, but if there is, it
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may cover not all necessary information, nor for all situations, and it is not always
in the native language of a user.

Then the lacking knowledge has to be gained through all sorts of explorations
and experimentation, by checking the functions of the controls (buttons, handles,
etc.) in different combinations, by observing the varying modes of operation of the
device, etc. (Moreover, quite a lot of users prefer to learn new devices specifically
this way, by independent research, and they refer to manuals only in the last
resort.) Only 100—-200 years ago, there was simply no such mass exploratory activ-
ity at the household level, there were no relatively complex devices available to an
individual, or, moreover, their constant updates, on a mass scale. Only 50—100
years ago did people start to get involved in experimenting with emerging objects
of the environment and everyday life, and this became an important area of compe-
tence.

3. The role of science is growing, and the popularization of academic achieve-
ments in various fields (physics, chemistry, biology, neurosciences, etc.) is often
designed as a narrative: people did not know about a phenomenon or did not
understand its causes until a certain scientist thought about it, invented a tool and
a method to investigate it, and used them to identify previously unknown, hidden
essential properties and connections of the studied objects, and subsequently the
world has changed (a disease disappeared, new technology emerged, etc.). This
narrative of the history of scientific success can be strengthened by the addition of
a brief but impressive history of previous failures (for example, the death of scien-
tists during experiments as they did not understand either the essence of the phe-
nomenon being studied, or some important details). Such narratives translate the
idea of exploration of novelty as an important challenge that is both engaging and
dangerous. This idea is harmoniously built into the growing number and variety of
adventure games that attract by the opportunity of exploration, experimentation
and serendipity of positive and negative results.

4. Targeted activity of the stakeholders (psychologists, educators, IT-visionar-
ies, etc.) who believe their mission is the development of the exploratory potential
in people and who develop new exploratory objects and worlds that show their
importance. Originally, around the 1950—60s psychologists in different countries
began to understand and formulate the value of exploratory behavior and experi-
mentation with novel objects and to design suitable experimental objects to study
them. It can be said that psychologists performed the experimentation of the ‘sec-
ond order’: they experimented with the experimenting activity of children and
adults while constructing new and more complex objects and systems, new condi-
tions and procedures for their use, and based on the obtained data, they built their
models and theories of cognitive activity.

Thanks to this experimentation with experimentation (continuing to the pres-
ent), researchers get new facts and change their concepts of the laws of cognitive
activity and its development, as well as ways to manage this development.
Exploratory achievements in the field of these ‘experiments with experimentation’
are delivered to the public consciousness through a communication system. These
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are the websites of the Discovery Center’s Living Laboratory in the Museum of
Science and the publications of leading scientists on exploratory behavior in the
journals Nature, Science, Scientific American, Scientific American Mind (Fields,
2016; Hutt & Bhavnani, 1972; Gopnik, 2010, 2012; Klahr, Zimmerman, & Jirout,
2011).

One of the key conditions for the proliferation of the development and supply
of new and more diverse exploratory objects and worlds is again the development
of technologies (first of all, computer technology and media). We shall remind
about interactive Google Doodles that are available to users around the world and
are covered in key global media. Other examples include the development of a vir-
tual puzzle-box (or even a world model) by a programmer over a day (a week or a
month) that is uploaded in the Internet and actively explored and discussed by
users; the development of virtual scientific laboratories for schoolchildren by spe-
cialists in the field of education and IT: etc.

The community reacts to all this by changing the social order, supporting
research and practical development of new diagnostic, didactic, gaming explorato-
ry objects, worlds, and activities; the spiral of development is spinning even farther
(Poddiakov A., 2012); in chemistry, this is called an autocatalytic process.

Conclusion

Preparing for an encounter with novelty and complexity is one of the main chal-
lenges within modern education, and the constant meetings with novelty and com-
plexity are a challenge of modern life. The developmental effect of these encounters
(educational and real life encounters in the broad sense of the word) can be
expressed by a qualitative mathematical formula (Poddiakov A., 2014). It reflects
the difference between the novelty and complexity of problems that a person (soci-
ety, civilization) can set and solve before and after formal and informal events, edu-
cational processes, interactions that either stimulate or delay the development:

E=NC —NC,

where E is the developing effect of events and impacts, N and C are respectively,
novelty and complexity of problems that a person (society, civilization) could set
and solve before these events and interactions; N’ and C” are respectively, the nov-
elty and complexity of problems that a person (society, civilization) can pose and
solve after these events and interactions.

An important means of preparing for meeting and working with novelty and
complexity is the organization of collisions with specially designed exploratory
objects and worlds. Will the mass development of these exploratory objects, worlds
and activities continue to develop with an increasing speed, perhaps even more
than now, or at some point (which is quite likely) will it slow down (like any mass
trend) or even stop and go backwards? What could be the causes of this increasing
acceleration, or, conversely, of inhibition and retreat? Developmental and cognitive
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psychologists who invent and design exploratory objects and worlds and read
books by Stanislaw Lem, could think about it.

Incidentally, in addition to the actual cognitive interest, this can become the
basis for an adventure game plot. Perhaps, in the beginning it will have to be tested
in laboratory conditions.
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HnrepakTUBHBIE HCCIEN0BATEIbCKHE 00BEKTHI: OT Ja00PaTOPHBIX
3KCIEPUMEHTOB K MaccoBbIM npakTtukaM XXI B.

A.H. Hoaapaxos*®, H.H. Iogapaxos
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Pe3siome

B crarbe 06CyKAAI0TCSA HCTOPUN 1 COBPEMEHHbIE METO/IbI CO3AHNS U IIPUMEHEHUS HHTEPAK-
TUBHBIX UCCIIEJOBATENBCKUX 0OBEKTOB U MUPOB, KOTOPbIE CIIOCOOCTBYIOT POSIBJIEHHIO JTI0003HA-
TEJILHOCTHU Y YeJI0OBEKa, TIPU ITOM JIJISI UX OCBOEHUS U JIOCTHKEHNUST TPAKTUYECKUX Pe3yJIbTaTOB
TPeOYIOTCS UCCIEIOBAHMS U DKCIIEPUMEHTBI. PazpaboTKa, NCIIOIb30BaHKe U IEMOHCTPAIIKS Pas-
HOOOPA3HBIX UCCIIE0BATENBCKUX 00BEKTOB (UIPOBBIX, 0OPA30BATENbHBIX, TICHXOJAUATHOCTIYE-
CKUX U JIP.) B Pa3/inuHbIX chepax sKU3HU OTPAKAIT Bee GoJiee paciipoCcTpaHeHHOE MpecTaBie-
HITE O TOM, YTO OJ[HA U3 OCHOBHBIX CIIOCOOHOCTEN YeI0BeKa, KOTopasi He0OX0IMa CErO/IHsI 1 OKa-



674 A.H. ITodovarxos, H.H. I[1000vsx06

JKETCST BOCTPEGOBAHHON B OY/IyIIleM, — 9TO CHOCOGHOCTD COBJIA/IAHNSI ¢ HOBU3HOM, B TOM 4HCJIe
[OCPE/ICTBOM AKTHBHBIX UCCIIEA0BAHUN 1 9KCIIepUMeHTOB. OTIPEE/ICHbI I Th B3AMMOCBA3AHHBIX
HAIPABJICHUI Pa3BUTHSL U TIOIYJISIPU3ALIUI UCCIIE0BATENLCKUX OOBEKTOB: HayKa, 0Opa3oBaHue,
WHCTPYMEHTBI OIICHUBAHWA, UTPOBBIC IIPAKTUKH, a TaK)Ke JINTEPpaTypa, NCKYCCTBO, OCI)I/UH/IaJTBHaH
u Heodunmanbhas KypHanuctuka. O6CYKAAIOTCA 0COGEHHOCTH CHENUANBHO Pa3pabOTAHHBIX
MHTEPAKTHBHBIX MCCJIE/I0BATENBCKIX OOBEKTOB 1 MHPOB B KOHTEKCTE [OJATOTOBKU K CTOJIKHOBE-
HUIO ¢ HOBU3HOMU M CIO3KHOCTBIO. [IpejicTaBien TpeyroJbHIK TECTOB MHTEJLIEKTa, KPeaTUBHOCTH
U HCCJIE/0BATENBCKOTO [OBEJEHUs B [POCTPAHCTBE <«PErIaMEHTHPOBAHHOCTL — CBOGOAA».
Omnucanbl 1Ba TUIIA MOTUBAIMOHHBIX IPOGJIEM, BO3HMKAIONMX TIPH UCCIEA0BAHUM HOBBIX 00b-
eKTOB: MCCJICIOBAHUE DA CAMOTO MPOLECCa IIO3HAHMS M MCCAEN0BAHME PAJH JKETAEMbIX [IPAK-
TUYECKUX PEe3YJILTaTOB. BosHHKaeT BOIpoc 06 0COGEHHOCTSX HCCIIEA0BATEILCKUX O0BEKTOB,
CTUMYJIMPYIOIIUX [IOCTAHOBKY M PelIeHUE HIMUCTEMUYECKUX, a He IPArMATHYeCKUX 3a/ad, U
Hao6opoT. B 3akmoueHnn cHopMyIMPOBAHBI BOSMOKHbIC IIPUUMHBI MACCOBOTO PA3BUTHS 1 Pea-
JIMBALUE UCCIIEI0BATENBCKUX OOBEKTOB U MUPOB.

KmoueBbie cioBa: WHTEPAKTUBHbBIC MCCJIEA0OBATEJIbCKIEC O6'beKTBI, IKCIIECPUMEHTUPOBAHUE,
uccJjae0BaTe/IbCKoe 1moBe/ieHne, MHTEJVIEKT, KPEaTUBHOCTD, O6paBOBaHI/Ie, UTPbIL.

MMoanpsikoB Anexcannp HuxomaeBmu — npodeccop, rernapTraMeHT ICUX0JI0THH, (hakyJabreT
COIMAIBHBIX HAYK, HanmonaabHblil MCcie10BaTeIbCKIii yHUBEPCUTET «BbIcias mKosa 9KoHo-
MUKW»; TJIaBHbIH Hay4HbIH coTpyanuk, Mucrutyr ncuxosnornn Poccuiickoil akameMun Hayk,
JIOKTOP TICUXOJIOTHYECKUX HayK, 1podeccop.
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