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Abstract

According to the philosophers of Artificial Intelligence (AI), Turing Machines and the Imitation Game are
the most important concepts proposed by Alan Turing. The Child-Machine Project, which projects learning
machines via digital computers, is less known, although it is no less important. According to Turing’s project, a
programmed machine needs to be a Child-Machine to turn into an adult mind, one that understands, judges,
and distinguishes. In this article, I argue that Turing’s desideratum is not realizable only with algorithms. In
the first section, I introduce the problem, while in the second I briefly analyze concepts such as algorithms,
Turing Machines, and their relation. In the third section, I deal with Machine Intelligence and the Child-
Machine Project. In the fourth section, I look at a form of understanding which is the basis of the Chinese Room
Argument: introspection and reflective thinking, two factors that enable the process by which results are revised.
In the fifth section, I analyze why those processes of revision are the stumbling block of classical AT or GOFAI;
as I argue, introspection and reflective thinking are the cognitive faculties that prevent the child-machine from
becoming a “thinking adult mind”
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The Feasibility of Turing’s Child-Machine

La factibilidad del nifio-mdquina de Turing

Resumen

La méquina de Turing (MT) y el controvertido “juego de la imitaciéon” son los aportes mds
reconocidos de Alan Turing en la filosofia de la inteligencia artificial (IA). El proyecto del nifio-
maquina, directamente ligado al aprendizaje de maquinas programadas o computadores digitales,
no es tan reconocido, aunque no es menos importante. Segun dicho proyecto, una méquina
programada debe aprender como un nifio, si ha de convertirse en una “mente adulta pensante”,
esto es, que juzgue, que entienda, que distinga. En este articulo se muestra que ese desideratum
de Turing no es realizable mediante algoritmos. Mientras que en la primera seccién se introduce
al problema, en la segunda se da un breve recuento histérico de los algoritmos, las maquinas
de Turing y de su relacion. En la tercera seccién se aborda el concepto machine intelligence y el
proyecto del nifio-maquina. En la cuarta seccion se muestra que una forma de entendimiento (“la
habitacion china” de Searle) da lugar a la introspeccion y reflexion critica, que no son reductibles al
funcionamiento de programas. Finalmente, en la quinta seccion se argumenta que el proceso de la
introspeccion y la reflexion critica, son la “piedra de tope” de la IA clésica; en efecto, es la ausencia
de ambas capacidades lo que impide que el nifio-MT se convierta en una mente adulta pensante.

Palabras clave

Nifo-maquina, mente adulta pensante, maquinas de Turing, algoritmos, introspeccion,

(l) inteligencia de méquina.

Our problem, then, is how to program
a machine to imitate the brain to make it think.
Alan Turing, BBC interview (1951)

Education is not the learning of facts, but the tra-
ining of the mind to think.
Albert Einstein

Introduction

Artificial intelligence (AI) is a discipline that aims at creating program-
med machines capable of imitating human intelligence. It is, then, an
anthropocentric approach to intelligence. An interesting issue, linked to
the discipline, is that Turing, who is considered one of the creators of Al,
devised, in addition to the machine named after him, a method to esta-
blish whether it is justified to attribute mental states to digital computers.
This method is based on a game, the famous and controversial «imitation
game», described in detail below. But that was not Turing’s only contri-
bution to Al. Another that is less discussed is the child-machine project,
i.e., the proposal that a computer program should be capable of learning
just like a child. Such a project represents a remarkable challenge for Al,
because it consists of projecting a program that learns like a child to even-
tually become a thinking adult mind. In what sense «thinking»? In that of
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understanding and judging the true and the false, the clear and the ambi-
guous, and the solvable from the unsolvable.

In view of Turing’s optimism, the aim of this article is to exami-
ne the following problem: can the child-machine project be carried out?
But the question is, why could it not be carried out? As Turing himself
points out, the child-machine must become an adult mind through lear-
ning. And this, as is well known, includes a series of key faculties for the
development of intelligence: memory, reasoning, introspection, critical
reflection, etc. It is precisely these last two capacities that represent a cru-
cial stumbling block for Turing’s project, as examined here. Indeed, the
idea defended in this paper is that the mind’s capacity for introspection
and critical reflection is not reducible to the functioning of computer pro-
grams, which are only based on algorithms with automatic information

processing. Precisely, the proposed argument is that, since the algorithms Llﬁ
are mechanical and automatic, and do not require any insight or intros- ’QD)
pection, they do not allow for critical reflection, which is key in a thinking I

adult mind. This problem is a current and controversial issue in AI, due
to deep learning. For this reason, a conceptual analysis method is used to
test whether this type of Al with its machine learning achieves insights
and critical reflection, which are key for an adult mind to learn effectively.

The article is divided into five sections. The first section gives a
brief historical account of algorithms and Turing machines; it is intended
to give readers a thorough understanding of the implications of the al-
gorithmic operation of a program. The second revolves around two pro-
blems: on the one hand, how Turing elaborated the concept of machine
intelligence, which is fundamental for understanding classical Al and deep
learning; on the other hand, how his proposed method for testing mental
states in programmed machines became a learning project based on algo-
rithms: the child-machine project. The third part deals with a challenge to
classical - or strong, in Searle’s terms (1980, 1990) - Al based on a form of
understanding: linguistics; as argued on the basis of the counterexample
of «the Chinese room», introspection is not reducible to the operation of
programs, on the contrary, they are not capable of generating it. Fourth,
the idea is further developed as to why this capability, and the critical
reflection to which it gives rise, are the cornerstone of classical AI; indeed,
without introspection and critical reflection, the mind is not capable of
revising the meaning of the rules that are automatically followed, so as
to actually learn. Finally, the last section examines the most important
conclusions of the analysis carried out in the paper.
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La factibilidad del nifio-mdquina de Turing

From algorithms to Turing machines

The imitation of intelligent behavior is the central goal of classical AL By
classical I mean GOFAI (good old fashioned artificial intelligence)', Al that
imitates human intelligence with the paradigm of rules and representa-
tions in mind. As Marvin Minsky would say: the goal of Al is the creation
of machines programmed to perform tasks that require the same intelli-
gence as if they were done by humans. Such tasks include simple activi-
ties such as playing checkers, or more complex ones, such as COVID-19
detection. In a way, GOFAI assumes that all problems can be approached
algorithmically, i.e., that they can be solved by a set of finite steps, one of
them being recursive. Therefore, classical AI builds machines that are able
to mimic human intelligent behavior, the linguistic one, through algorith-
mic processing. But what are algorithms, a concept in vogue in our time?

Algorithms, despite their prevalence in today’s world, are not new.
They were popularized by the Persian mathematician Abu Ja’Far Moham-
med ibn Musa al-Khowézarim around 825 A.D. (Penrose, 1989, pp. 41-
44), but they were known much earlier. For example, Euclid’s algorithm,
which consists of a set of rules for finding the greatest common denomi-
nator (GCM) of two integers. Given this problem, the algorithm has finite
rules and steps, with the third step being recursive:

i. Divide number and divisor, noting result and remainder (R);
ii. If R =0, halt;
iii. If R # 0, take previous divisor and remainder to execute step 1.

We can apply an example of this process with the numbers 99 and 15:

Number Number divisor Result Remainder
99 15 6 9
15 9 1 6
9 6 1 3
6 3 2 0

Then, the algorithm yields the following result: the GCM between
99 and 15 is the integer 3. Just like that, a human can automatically operate
with Euclid’s algorithm (I return to the importance of Euclid’s algorithm
in the last section).

Another concept that is linked to that of algorithm is that of «re-
cursive decomposition», i.e., the simplification of a complex operation
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into mechanical steps. For example, one can decompose multiplication
recursively like this, into addition and subtraction, respectively (Block,
1990, p. 256):

MxN=A

The rules of this new algorithm are as follows:
i. Add 1 times M to A and subtract 1 to N;
ii. SiN =0, halt;
iii. If N # 0, execute step i.

For example, 3 x 3 can be recursively decomposed into additions
and subtractions, until a result is reached, algorithmically, that stops in-
formation processing.

115
M X N = A AN
3 3 0 _Q_
3 2 3
3 1 6
3 0 9

Note that this new algorithm is a multiplication machine: it imple-
ments a program automatically and thus operates recursively by decom-
posing a more complex problem, multiplication, into simpler and more
mechanical steps, addition and subtraction.

However, an algorithm is not exclusively about mathematics. To
find the key to the lock on a key ring, an algorithm can be applied in
which one recursively moves to the next key to the left if the one in one’s
hand does not fit. And so it can operate until it finds the key at which
point the process stops. If one night, a drunken neighbor tried to find
the key, he could execute the same algorithm and would do so despite
being semi-conscious, because to operate algorithmically does not requi-
re consciousness, nor any insight. On the contrary, these are completely
absent in serial processing.

Precisely, algorithms are machines because they are operated auto-
matically, based on a mechanism that is recursive. It is worth noting that
no introspective effort, insight or ingenuity is required to implement an
algorithm. For example, the inebriated neighbor could search for the key
while semi-conscious (i.e., sleepwalking) and still implement the «find
the key» algorithm mechanically.
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The presence of algorithms is impressive today (cf. Kowalkiewicz,
2024). They are everywhere because they are the essence of what compu-
ting is and of the enormous facilities it provides. Such action processes in-
formation, transforming inputs into outputs automatically and mechani-
cally, on the basis of a program that includes rules for the transformation
expressed in conditional formulas of «If... then...». Therefore, running a
program consists of the implementation of an algorithm capable of pro-
cessing information. This is why the concepts of algorithm and computer
program overlap. A program operates algorithmically, while an algorithm
is a program for solving a problem.

Turing (1936) was —from a historical point of view—the one who
clarified the definition of computation. He did so by introducing a defi-
nition in the form of an abstract machine, the so-called Turing machine

116 (TM). In particular, TMs were postulated as a way of addressing the ents-
(I) cheidungsproblem posed by the mathematician David Hillbert. In view of
this problem, we try to determine whether an algorithm X enables us to

infer by means of a computable function all the theorems of first-order
logic (formal language with quantifiers that reach variables of individuals,
with predicates and functions whose arguments are constants or variables
of individuals). This section does not delve into the entscheidungsproblem
itself, suffice it to say that, thanks to it, Turing devised TMs as abstract
devices that define precisely what it is to compute. Moreover, as a result
of this problem, Turing aimed to find a method to characterize all com-
putable functions.

Computing is, then, transforming an input into output on the basis
of a set of rules or a program (and, therefore, an algorithm). In fact,a TM
simply implements a computable function, which is linked to two funda-
mental notions: «machine» and «mechanical procedure» (we return to
these notions below, in the light of the analysis of the machine intelligence
concept). An TM is precisely a mechanical device that implements de-
finable computational procedures by means of finite steps, i.e. it imple-
ments an algorithm. The TM has a discrete set of possible states that are
finite in number (although potentially huge). This gives such a machine a
very large (but finite) number of possible computations.

The inputs (i. e. numbers) are unlimited in size and the external
storage capacity of the TM, where it writes, or the tape, is unlimited, as
are the outputs. The TM, by definition, does not internalize external data
or computations, but operates on the given data or computations in the
most immediate operations. This idea is crucial to understand why a TM
does not require insights and introspection (discussed again below).
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As Penrose (1989) points out, the unlimited size of inputs and out-
puts, and the unlimited storage capacity of the tape, which is infinite, ac-
count for the highly idealized, abstract and mathematical character of a
TM: «It is the unlimited nature of the input, the computational space, and
the output that indicates that we are dealing with a mathematical idealiza-
tion rather than something that could be constructed in practice» (p. 35)
(own translation).

Thus, an TM usually characterizes as an infinite tape, with a head
that reads and writes symbols according to a program (the rules of the
algorithm). The head «remembers» some of the symbols: it is in an in-
ternal state , ., .etc,atatime .Then,by readinga symbol (the input)
and being in an internal state, it will generate an output depending on the
program, which will lead the TM to delete or keep the symbol read, and

move to a new state, if so stipulated by the rules. 117
For example, it is possible to make a TM add 3 + 2, with integers CD)
(Kim, 2006, pp. 125-128), given the following tape state (in this notation A

the number # is represented by the sequence of #n, where each one occu-
pies one square and only one):

# # 1 1 1 3 1 1 # #

19,

It is important to note that all the instructions of a TM, which is
discrete states? or clicks, are expressed in a machine table. In this case, the
actions are described by the rules of the following program:

9 9
1 1D q, # Halt
+ 1D g,
# #1q,

What the machine will do is that, given the internal state  of the
head, it will read input 1 and generate output: not write, move to the right
and continue at _:

# # 1 1 1 3 1 1 # #
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Then, it will read the next 1, not write, move to the right and con-
tinue at :

# # 1 1 1 + 1 1 # #

19,

Then, when reading the third 1, it will not write, it will move to the
right (and continue in qo), as we see below:

# # 1 1 1 + 1 1 # #

14,

Subsequently, something «novel» will happen: it will read the input
113 +, change it to a 1, move to the right and continue at :

# # 1 1 1 1 1 1 # #

19,

When it finds the next 1, it will leave it untouched, move to the
right and continue at . And it will do exactly the same with the next 1:

# # 1 1 1 1 1 1 # #

19,

Again something new will happen when it reads # and is at .
Then, the output it will generate will be: it will not write, will move to the

leftand go to :

# # 1 1 1 1 1 1 # #

19,

Finally, being at ql and reading 1, it will write # and halt, as
illustrated:

# # 1 1 1 1 1 # # #

14,

Consequently, the TM processes algorithmically, based on the ru-
les of a program, indicated in the machine table, with the rules of this
one, which are expressed in conditionals of the form «if... then...». And
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so, supposedly, it solves all problems requiring algorithmic solution. It
is important to note that all problems, according to Turing, can have an
algorithmic approach, even when learning is required. This is precisely
what inspired him to conceive the child-machine project, as discussed
in the next section. This project was born precisely as a consequence of
eliminating the question «can machines think» (Turing, 1950).

Machine intelligence and Turing’s machine-child project
Despite its presence today, the concept machine intelligence was originally

conceived by Alan Turing in the 1950%s. Bearing in mind the problem of
linguistic understanding and how it represented a key to assign mental

states to machines, Turing devised a way to evade the question «can ma- 119
chines think?». He did so for the following reason: the terms «think» and ,\C*”D

«machine» can generate dissent, in the face of people’s alternative usages,
which can lead to a sort of Gallup-type poll. In effect, Turing wants to
move away from definitions, by leading to the uses of the concepts.

As a way of evading the analysis of the terms «thinking» and «ma-
chine», Turing proposed an empirical method to gather evidence of the
existence of mental states in programmed machines: the imitation game.
Although there are at least two versions of the game’, tradition has inter-
preted it as a kind of standard version, as illustrated in Figure 1. In this
version, the game consists of a programmed machine impersonating a
person, fooling interrogators (Saygin et al., 2000), while a person answers
truthfully from a second room. The judges or interrogators, after five-mi-
nute rounds of questions, are tasked with discerning whether they are in
the presence of a machine or a person, based on the typed answers alone.

Figure 1
Standard illustration of the «imitation game»

A B

© ©
= |©
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Now Turing describes precisely: who can be interrogators and
what kind of questions can be asked. Regarding the first point, he argues
that the interrogators have to be “average”, i.e., they cannot be specialists
in computer science or similar, because this would give them an advanta-
ge with respect to discovering the machine. Regarding the second point,
he specifies that the questions have to be average as well, so as not to give
an obvious advantage to humans. Consequently, the interrogators and the
machines must be average so as not to give humans an advantage in dis-
covering the machines. But which ones can participate in the game?

Turing states that the machines in question are digital computers
(programmed machines). These have the basic architecture of processing,
drive and control in their operation. Moreover, they are digital because
they operate by manipulating symbols according to the rules of a pro-

120 gram. Hence, digital computers process information syntactically, given
(I) the algorithms they implement (we return to the importance of syntax in
symbolic manipulation below).

Keeping in mind the imitation game -in its standard version- and
the participants in it, Turing (1950) made a prediction:

I believe that in about fifty years it will be possible to program a compu-
ter, with a memory capacity of'", to participate in the Imitation Game
so efficiently that a lay interrogator will have no more than a 70% chance
of making the correct identification after five minutes of interrogation.
I think the original question, can machines think, is too absurd for fur-
ther analysis (p. 49).

Of course, Turing’s prediction is as controversial as his test and is
so for two important reasons. First, it fails to realize that the context of the
prediction involves the philosophy of mind and Al Second, the discipli-
ne of Al philosophy begins with a particular description by Babbage (in
Swade, 2000) of one of his machines:

Babbage speaks of teaching the machine to foresee [...] At other times he
states that the machine knows. [...] The analogy between these acts and
mental processes forced me to the figurative use of such terms. The use
of these was found to be economical and expressive, and I prefer to con-
tinue to use them rather than substitute long circumlocutions (pp. 103-
104) (own translation) (emphasis added).

Babbage doubts that his machine can be assigned mental states in
an entirely literal way. Instead, he proposes that such adjudication is done
by conceptual economy, or as a way of avoiding long circumlocutions.

In this way, Turing’s prediction is relativized in the field of philosophical
Sophia 39: 2025.
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reflection, which attempts to examine and argue regarding the existence
of mental states in programmed machines. But Turing (1950) faced two
even more serious objections, as detailed below:

Could the machine do anything different from what man does? This ob-
jection is very powerful, but we can say that, nevertheless, if a machine
can be built to play the game of imitation successfully, we need not take
it upon ourselves (p. 42) (own translation).

He then proceeds to ask the following question, with an objec-
tion that has important philosophical overtones because of the type of
situation posed, clearly hypothetical: «We are not asking whether digital
computers can perform well in the game, or whether there are in the pre-
sent, but whether there are imaginable computers that could perform well»
(p-43) (own translation) (original emphasis).

As can be seen, Turing proposes a sort of thought experiment in
relation to the intellectual capacity of digital computers. There must be
possible digital computers that can pass the test. If, optimistically, it is as-
sumed that there can be such digital computers, the question is: in what
sense must they be intelligent in answering the questions?

After anticipating a number of possible objections to the predic-
tion*, Turing concludes that the best way to conceive of a digital computer
capable of performing well in the imitation game is by learning. But not
just any learning, but that of a child-machine. With this, Turing puts on
the table that it is through education and learning that we will be able to
have programmed machines that can imitate intelligent human behavior.
In what sense of «imitate»?

A question that is important to clarify is the type of functiona-
lism to which Turing finally ascribes (Putnam, 1967, 1968). In view of the
game of imitation, it is not necessary to replicate the physical or biological
properties of the brain, since the game allows differentiating mental ca-
pacities from such properties’. According to this type of TM functiona-
lism, it is better to imitate the mind of a child, since it is like a notebook,
with simple (programmable) mechanisms and blank pages. This is key to
understanding how Turing argues that the mind can be mechanized and
that any successful imitation of the machine-brain will replicate it and its
intelligent capacity. Thus, the mind of a child-machine can be transfor-
med into an adult mind and will do so in terms of how one who thinks,
reasons and understands learns (Feldman, 2009, pp. 70-72).

Turing’s (1950) words regarding his project of the machine-child
are as follows:
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In the process of trying to imitate a human mind we are conditioned to
think quite a bit about the processes it was subjected to in order to arrive
at its present state. We can note three components:

1. The initial state of mind at birth;
2. The education it has received;

3. Other experience, not describable as education, that it has had.

Turing (1950) proposes, then, in the following way a specific type
of learning, to imitate what an adult mind does. For that purpose, he
even assumes that a child’s mind has mechanisms that may be, by all
accounts, algorithmic:

122 Instead of trying to produce a program to simulate the human mind, why
(, i) do not we rather try to simulate one that is like that of a child? If subjec-
l ted to proper education, one would get an adult mind. Perhaps the child’s

brain is something like a notebook one buys at an office supply store.
Little mechanisms and a lot of blank pages (p. 62) (own translation).

The question remains, however, whether the child-machine pro-
ject is viable as Turing originally conceived it. Precisely, in the following
sections it is shown that, since there are parts of learning that depend on
introspection, the child-machine project is not feasible in the way Tu-
ring thought (i. e. only by means of algorithms). There are difficulties in
principle for a child-machine to transform into an adult mind, which is
precisely what Turing proposed to conduct the long-term AT project.

«The Chinese room» and its Cartesian puzzle

One issue worth emphasizing is that, in addition to the behaviorism that is
attributed to it, the Turing test is underpinned by a kind of Cartesianism.
This is because, as we know, Descartes (1994, pp. 112-113) proposed that
there are two unequivocal signs of intelligence: the use of conventional
linguistic signs and intelligent action, guided by reasons. In relation to the
first point, the French philosopher states that only human beings are ca-
pable of using conventional signs, since animals are only capable of using
natural signs. For example, John is able to say «I love Mary» or «Mary
is loved by me», two sentences that mean the same thing. In contrast,
animals are only able to react to stimuli in a natural way. If a dog’s leg is
pricked, it will howl in pain and it will do so because of its own nature, i.e.,
because of the disposition of its organs. On the other hand, John can give
Sophia 39: 2025.
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reasons for why he loves Mary, but Bobby, John’s dog, only acts according
to the propensity of his organs when he howls in pain.

Turing inherits a Cartesian prejudice, namely, that the use and
handling of language is a sign of intelligence (Descartes, 1994, pp. 112-
113). In this sense, the game of imitation is nothing more than a sequel
to Descartes’ ideas regarding reason and intelligence. Indeed, the fact that
the digital computer, with adequate programming, storage and speed, is
capable of responding as a person would, deceiving interrogators, indica-
tes that language or linguistic behavior is that which makes it possible to
verify the existence of intelligence. Note that, although Turing argues that
there should only be possible computers that pass the test, doing so indica-
tes that we are in the presence of an acid test of intelligence, at least with
respect to the existence of mental states in programmed machines.

But there is another Cartesian element that must be emphasized, 1 33
and that is the question of linguistic understanding. This can only be de- CD)
tected internally. John Searle (1980) is emphatic when he speaks of his )i

thought experiment against GOFAI, which he calls “strong AI” (p. 67).
The Chinese room thought experiment is intended against the thesis that
the mind is a computer program or software. In the room, Searle is a na-
tive English speaker, who speaks some degree of French and no Chinese.
How does he know this? Internally: if an Englishman is presented, he
will understand everything he says; if a Frenchman is presented, he will
understand part of what he says; if a Chinese person is presented spea-
king to him, he will understand absolutely nothing. Consequently, it is
examined and determined whether a language is understood internally,
thanks to introspection (more on this point below). How could program-
med machines understand a language, then?

Two GOFAI researchers, Roger Schank and Robert Abelson
(1977), conceived of linguistic understanding in an anti-Cartesian way,
i.e., by appealing to the recursive decomposition of elements. As will be
recalled, this goes from the complex to the simpler, until a level of mecha-
nical simplicity is reached. For example, what do you do when you have to
understand a word? Understanding a word is possible because there are
three clearly differentiated stages: that of bringing it in, that of matching
it with a list to make it fit with some other word, and that of retrieving
the associated syntactic and semantic information. It is important to note
that these three levels are mechanical, because they bring in, collate and
retrieve information, respectively. According to this model of understan-
ding linguistically, there is no sort of Cartesian self that thinks and corro-
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borates what the word means. On the contrary, there are only mechanical,
algorithmic steps that process information.

Now, Schank and Abelson’s theory can be extrapolated to unders-
tanding stories and answering questions about information that is not
explicitly developed in them. Such a question is asked by a programmed
computer: SAM (script applier mechanism)®. The system operates in a si-
milar way to understanding a word: there are a number of scripts or stories
stored in memory, there are stories that come in, these are matched with
the first ones, and then questions can be answered about information that
is not explicitly stated. One point worth noting is that an ideal version
of SAM would certainly pass the Turing test. That is, depending on the
scripts, and the stories, the computer might be able to provide information
that is not directly alluded to in them, which certainly counts as intelligent

14 behavior. However, Searle does not think that SAM understands stories
(I) and is intelligent. That would only occur if strong AI were true.
On the basis of what Schank and Abelson (1977) advocated, Searle

(1980) is determined to show that strong Al is a false theory. One way to
show the falsity of a theory is to ask what would happen if the mind ope-
rated in accordance with it, i.e., what would happen if the mind operated
in accordance with the postulates of strong Al; consequently, he proposes
to falsify it by indicating what would happen if the mind operated in ac-
cordance with this theoretical approach.

Thus, we return to the scenario of the thought experiment. As
known, in Chinese there is no alphabet, but ideograms, i.e., pictorial re-
presentations of events, things, and so on. Chinese speakers know the
meaning of ideograms by virtue of their form, which is essential to the
thought experiment and to the fact that computing is manipulating sym-
bols based on that form and rules. The speaker is locked in a room, which
has an input slit, an output slit, a data bank of Chinese scripts (which he
only sees as meaningless symbols) and a rule book for manipulating the
symbols. Now, there are a number of native Chinese speakers outside the
room sending ideograms through the input slit. The subject takes those
ideograms, compares them to the data bank, and proceeds to manipulate
those symbols by virtue of their shape, thanks to the rule book, which is
written in English. The rulebook stipulates that if, for example, ideograms
81, 99 and 100 are together, the subject must send ideograms 1 and 7
through the output slit.

Of course, the subject has no idea what he is doing with the ideo-
grams, except manipulating them. In fact, he only manipulates symbols
syntactically by virtue of their form, and thanks to the rules of the book.
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He does not understand, then, what the ideograms mean, let alone un-
derstand that native Chinese speakers are sending him stories and ques-
tions to get answers through the output slit. The speakers could even be
insulting the subject of the experiment and the subject would not notice
in the least. One thing is clear, given the Chinese room scenario, the in-
dividual has no linguistic understanding of Chinese whatsoever, nor are
there any associated mental states. He just manipulates symbols without
knowing what they mean and despite the fact that the Chinese speakers
believe that there is another Chinese speaker locked in the room. In other
words, the symbols are just forms manipulated by virtue of the rules of
the book, in the case of Searle, who does not understand what all this
symbolic manipulation is about. The attentive reader will recall that the
scenario described is analogous to the Turing test, but there is an impor-

tant difference with it. In the case of the imitation game, Turing’s predic- 125
tion is that in the year 2000 the average interrogator will have no more CD)
than a 70% chance of discovering the computer. However, in the Chinese A

room all the interrogators (i. e., the native Chinese speakers outside the
room) are fooled.

There are a number of objections to the Chinese room thought
experiment’. Two are the most popular and seductive. The first is that
Searle is only part of a system. The whole of it possesses linguistic unders-
tanding of Chinese, even though there is no clear locus of that unders-
tanding. Searle, then, cannot claim that the totality of the system has no
linguistic understanding, since it is likely that the room, plus the slits, the
data bank, and the rule book are capable of understanding Chinese. This
philosopher defends himself against the system objection by emphasizing
that if the room understood, all sorts of subsystems could have mental
states without our knowing it. He even asserts that he could internalize
all the elements of the room, such as the input slit, the output slit, the data
bank and the rule book (which he could memorize). All symbolic proces-
sing could then be done internally. Given the importance of this point, I
return to it below.

The second important objection is that of the robot. According to
this objection, if there were a robot that causally anchored symbols in
the environment through the use of transducers, it could understand the
meaning of Chinese symbols. Clearly, this objection adds a novel element:
that symbols have meaning to the extent that they are anchored in the en-
vironment. Searle answers this objection with a new thought experiment:
he is now in the robot’s head, receiving Chinese symbols from the trans-
ducers, and sending Chinese symbols to the robot’s moving elements, so
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as to produce the appropriate response. Surprisingly, the Chinese room
scenario is replicated again, because it receives symbols whose meanings
it does not know, and sends symbols, whose meanings it also ignores.
Consequently, the robot does not seem a sufficiently convincing argu-
ment, at least as far as linguistic understanding is concerned.

In this regard, it is clear that both the system and the robot are based
on a Cartesian element. Think of Searle’s scenario internalizing the elements
of the system. However, there is only one element that he cannot interna-
lize: himself. Thanks to introspection he can realize that he understands
English and not Chinese. In other words, if Searle were to internalize all the
elements of the system, there would be only one that he could not internali-
ze, namely himself, who is the one running the experiment. This is why the
Chinese Room has, despite Searle, a Cartesian bias (Gonzalez, 2012). It has

126 it because, like most mental experiments about the nature of the mind, it is
(I) introspection that is in charge of indicating in what way what is described
by a theory is true or false. In the case of the Chinese room, introspection

would show, according to Searle, in what way the strong Al is false®.

Introspection cannot be reduced to the operation of an algorithm.
This Cartesian element of introspection involves a bias that cannot be
characterized algorithmically, as discussed below, and which is linked to
critical reflection.

Introspection and critical reflection
are the «stumbling blocks» of classical Al

In this final section, we show in what sense introspection cannot in
principle be reduced to the operation of algorithms. If this is so, the child-
TM learning project falters. It does so because there is a good portion
of such learning that, analogous to linguistic understanding, depends on
introspection, which leads to the realization that an algorithmic process
is, for example, wrong to achieve a result. And the reverse is also true of
algorithms: it is not necessary to have insight or introspection to reach
a result. Recall Euclid’s algorithm: to determine the MCD of 99 and 15
a series of steps were followed, in a mechanical way, until the result was
reached, 3 is the MCD of both numbers. While it could be argued that
the machine could understand that 3 is the MCD of 99 and 15, such an
assumption would be doubtful if one assumes an additional element: that
the machine could employ a faulty algorithm, with rules that lead to a
loop, to recursion without stopping, when trying to find various MCDs
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with wrong rules. In such a case, the machine could not be said to unders-
tand the result. Then, there is a crucial difference between understanding
a problem and solution, and not doing so.

For example, if a programmed machine were instructed to follow
finite rules to find an odd number by adding two odd numbers, the pro-
grammed machine would not find the solution to the problem, because
the problem simply has no solution. Indeed, would the machine unders-
tand that the loop without stopping is the product of an algorithm that
seeks the solution to a problem that does not have one? Discovering such
a difficulty is part of a process involving introspection, which is neces-
sary in order not to follow meaningless rules. In view of this difficulty,
one could conclude that algorithms are too serial and linear, and that
since they do not resort to a process of introspection, which facilitates
critical reflection, they are not able to establish that there are some rule-
followings that simply do not make sense.

The automatism of the algorithmic steps does not lead to any cons-
cious psychological experience, as is the case with the Chinese room. In
the case of 99 and 15, and their highest common denominator, there is
no psychological experience in relation to mathematics. In fact, the al-
gorithm could be followed by someone ignorant of mathematics, as well
as by an expert in it. Neither would have any interesting psychological
experience associated with the execution of the algorithm, and for this re-
ason no conscious mental states are produced in any sense. Thus, no agent
following the rules of Euclid’s algorithm will have a conscious psycholo-
gical experience associated with following those rules. The same, mutatis
mutandis, is true of the algorithm for obtaining an odd number by adding
two odd numbers. Just as there are no conscious states associated with the
execution of Euclid’s algorithm, there are no conscious states associated
with the execution of a failed algorithm, which is key to the machine not
understanding that the problem is nonsense.

As Penrose (1989, pp. 141-143) emphasizes, the halting problem
is insoluble if there is no conscious introspection and experience asso-
ciated with mathematical insights (mathematical intuitions) that indica-
te whether, for example, a mathematical problem is unsolvable. To some
extent, classical Al pays a high price, because of the nature of the algo-
rithms. Since they do not require insights or introspection, all the negative
consequences follow in relation to solving problems whose solution does
not have an algorithmic approach. In relation to what has been examined
in this section, it turns out that the child-machine could not become an
adult mind, because thanks to introspection, only introspection is able
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to make an agent realize if an algorithm will stop. The TM-child, lacking
introspection, will fail to realize and understand the non-solvability of
some mathematical problems, which makes it unable to become a cons-
cious adult mind, i.e., capable of critical reflection and understanding in
the face of the meaninglessness of a problem.

Such critical reflection follows a pattern very similar to Socratic re-
flection, key to certain educational processes, as it is a constant search for
truth through irony and elenchos (i. e., refutational questions that make
sense only in the context of certain statements). Just as critical reflection
in the case of algorithms, elenchos illuminates the typical critical reflection
of an adult, who doubts, who understands, who affirms, and who is key to
applying the Socratic method, which questions the meaning of some sta-
tements. Contrary to what Corballis (2007) believes, with his thesis about

1238 recursion as a unique characteristic of the human species, the educational
(I) process that leads to a thinking adult mind cannot rely solely on such
recursion. It leads to automatic and serial cognition, which rightly lacks

critical reflection, and the typical process of the adult mind that doubts
and returns to itself through introspection. In fact, this cognitive process
can be related to the imaginative, interpretative and generative capacity
of thinking, which, despite Corballis, is not the product of a mechani-
cal process. Thinking is, in a Socratic sense, questioning, imagining and
interpreting contextually. Precisely in relation to the introspection and
critical reflection typical of an adult thinking mind advocated here, Bailin
and Siegel (2002) emphasize that:

Thinking that is primarily driven by the evaluation or critique of ideas or
products is not algorithmic, but has a generative and imaginative compo-
nent. The application of criteria is not a mechanical process, but involves
the interpretation of circumstances, and an imaginative judgment regar-
ding the applicability of criteria in different circumstances, and whether
the criteria are satisfied (p. 187) (own translation) (emphasis added).

Certainly, the so-called Socratic method is intimately linked to this
generative, imaginative dimension of thought, which consists precisely
in not following rules automatically, and in questioning the meaning or
meaninglessness of some of them. In fact, from the point of view of em-
pirical evidence, there are studies that suggest that the critical reflection
typical of adults is key in relation to positive results in higher education.
Despite Turing, there is empirical evidence showing how humans become
thinking adult minds, and how this unique feature of the human mind
enables academic achievement. In fact, there are studies that rightly ex-
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plore the relationship between reflective thinking, critical thinking, self-
monitoring, and positive outcomes in college education (Ghanizadeh,
2017). Another study comes to similar conclusions: critical, reflective,and
creative thinking is critical to academic achievement (Akpur, 2020).

In summary, algorithms enhance learning, but they also have im-
portant limitations. By not requiring introspection, they make the asso-
ciated problem solving simply non-existent. An old and simple algorithm,
such as Euclid’s, shows precisely how introspection is completely absent
in information processing, with all the negative consequences that follow.
The questions are: Would Turing have the same enthusiasm for the child-
machine learning project if he had realized the limitation of algorithms?
Would he have defended the idea that the child-machine can learn based
on them and become an adult-mind, without the capacity for critical re-
flection? An intuitive answer to both questions is that the philosopher
and mathematician might not have argued so passionately for the pos-
sibility that programmed machines can learn without developing a kind
of Socratic reflection. Or, at least, that a child-machine can eventually be-
come a genuine adult mind by learning only with the help of algorithms,
which is the purpose of his controversial Al learning project.

Conclusion

This paper has developed an unavoidable problem for classical AT or GO-
FAI: that algorithmic processing leaves out introspection and critical re-
flection. In particular, it has been examined how negative consequences
follow from the absence of both of these cognitive processes, which are
key for a child’s mind to transform into a truly thinking adult mind.

To show the problems of classical AT or GOFAI, the operation of
simple algorithms, such as Euclid’s, or of some that do not have detention,
such as the aforementioned search for an odd number by adding two odd
numbers, has been described. In both cases, what was stated above is con-
firmed: that the absence of introspection and critical reflection represents
a stumbling block for genuine learning, especially in the child-TM project
mode. Indeed, this lack limits what he projects, particularly in terms of
how a mind can fail to follow rules automatically.

To reach such a conclusion, five sections have been developed. The
first consisted of presenting the problem to be examined in the essay. The
second, on the other hand, gave a historical account of algorithms and
their relation to TMs. The third section addressed the concept of machine
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learning, as Turing understands it, and how this concept relates to the
child-machine learning project. The fourth section discussed the Chine-
se room problem and how the Chinese room leaves out understanding,
introspection and critical reflection, all key cognitive processes for lear-
ning. The fifth and final section addressed why these processes are the
cornerstone of classical Al In particular, it was examined in what sense
the algorithms leave out introspection, which has negative consequences
for the child-TM learning project. Indeed, such a project is limited to
pure information processing and, consequently, difficulties for the child-
machine to transform into a thinking adult mind.

Following similar guidelines to Weizenbaum (1984) and Smith
(2019), who explore the shortcomings of Al in terms of developing the
ability to judge without ethical commitment and responsible action, it

130 has been criticized how the child-TM project responds to an exclusively
(I) algorithmic conception of intelligence, i.e., which only relies on the opera-
tion of a programmable machine that calculates and processes informa-

tion by manipulating symbols through the rules of a program. Because of
its algorithmic character, introspection is left out, and difficulties such as
the halting problem remain unsolved. All problems that are solved by ap-
pealing to introspection and reflective, imaginative and critical thinking
are also left out. It is worth asking, then, can the adult thinking mind be
mechanizable in purely algorithmic terms, as Turing claims? Can such a
thinking mind be reached by a child who only learns on the basis of al-
gorithms? Here the answer has been negative: the child-machine project
is not feasible as Turing conceived it, i.e., only in terms of algorithms,
since these are incapable of generating introspection and reflective-cri-
tical-imaginative thinking. The algorithmic learning project lacks these
fundamental processes in education, despite philosopher-mathematician
Alan Turing’s determined defense of his machine-child.

Notes

1 In this paper, GOFAI and classical Al are used interchangeably. Later, it refers to
how cognitivism is embodied in what Searle calls strong Al In a way, all these terms
mean the same thing, because the basic assumption is that the mind is, as a matter
of fact, a programmed serial and algorithmic processing computer. That is, GOFAI,
classical Al cognitivism, and strong Al all rely on one theory, namely, the computa-
tional theory of mind (as described by Block, 1990).

2 By discrete states it is meant that a TM cannot be in degrees, but in limited, precise,
definable states. For example, 1.5 is graded between 1 and 2, whereas 0 and 1 are
discrete states.
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3 For a more thorough examination (cf. Gonzalez, 2015). This essay shows why the
identification of the gender of the participants is not casual in the Imitation Game:
to have the female linguistic behavior does not require having the female brain,
which shows the crucial difference between the physical properties of the brain and
its intellectual capabilities.

4 Turing advances nine possible objections to his Imitation Game: the theological, the
heads-in-the-sand, the mathematical, the consciousness argument, the multiple di-
sabilities argument, the Lady Lovelace argument, the continuity of the nervous sys-
tem, the informality of behavior, and the extrasensory perception argument (Turing,
1950, pp. 49-60). For reasons of space only these objections are mentioned here.

5  Turing, despite the comments of some (i. e. Block, 1990, pp. 248-253) is not a beha-
viorist, but a functionalist. One can review how TM functionalism is antibiological
(Putnam, 1967, 1968; Block, 1990, 1995; Heil, 2004; Gonzalez, 2011).

6  For areview of how SAM works one can review the works of another chatbot: ELI-
ZA (Weizenbaum, 1984).

7 Cf.Block (1995) and Preston and Bishop (2002).

8  For reasons of space we only record that, given the objections to the thought ex- 1 éf 1
periment, the Chinese room raises reasonable doubt that strong Al is true. But it @)

is less clear that Searle’s thought experiment definitively disproves strong AI. Thus,
downgrading the result of the thought experiment to reasonable doubt rather than
refutation saves the objections of the system, the robot, among many others.
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