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Abstract  
In this paper we introduce diagnostic reasoning through a 
case study which demonstrates the presence of a mixture of 
theoretical and extra-theoretical thinking activities. The con-
cept of “theoretical” abduction is the most suitable one for 
modeling the process of discovery but also of selecting pre-
stored hypotheses, like in the case of diagnostic reasoning. 
However, as an internal inferential process, theoretical abduc-
tion does not capture many reasoning situations in which ac-
tion plays a fundamental role. To account for those cases of 
“thinking through doing” in which action takes an epistemic 
role we propose to adopt the concept of manipulative abduc-
tion. Diagnostic reasoning represents a suitable example of 
reasoning in which manipulative “selective” abduction plays a 
central role next to theoretical abduction. To illustrate the 
epistemic role of actions and the distribution of the cognitive 
and epistemic effort we can observe in some diagnostic tasks, 
the paper considers the case of medical semeiology and the 
use of external medical tools.  
 

The Abductive Epistemological Model of  
Diagnostic Reasoning  

Theoretical Abduction  
A hundred years ago, C. S. Peirce (CP, 1931-1958) coined 
the concept of abduction in order to illustrate that the proc-
ess of scientific discovery is not irrational and that a logic of 
discovery is possible. Peirce interpreted abduction essen-
tially as an “inferential” creative process of generating a 
new hypothesis. Abduction has a logical form, distinct from 
deduction and induction. Reasoning which starts from rea-
sons and looks for consequences is called deduction; that 
which starts from consequences and looks for reasons is 
called abduction.  

Abduction is the process of inferring certain facts and/or 
laws and hypotheses that render some sentences plausible, 
that explain or discover some (eventually new) phenomenon 
or observation; it is the process of reasoning in which ex-
planatory hypotheses are formed and evaluated. There are 
two main epistemological meanings of the word abduction 
(Magnani, 2001): 1) abduction that only generates “plausi-
ble” hypotheses (“selective” or “creative”) and 2) abduction 
considered as inference “to the best explanation”, which 
also evaluates hypotheses. To illustrate from the field of 
medical knowledge, the discovery of a new disease and the 
manifestations it causes can be considered as the result of a 
creative abductive inference. Therefore, “creative” abduc-
tion deals with the whole field of the growth of scientific 
knowledge. This is irrelevant in medical diagnosis where 

instead the task is to “select” from an encyclopedia of pre-
stored diagnostic entities. We can call both inferences am-
pliative, selective and creative, because in both cases the 
reasoning involved amplifies, or goes beyond, the informa-
tion incorporated in the premises.   

Theoretical abduction1 certainly illustrates much of what 
is important in creative abductive reasoning, in humans and 
in computational programs, but fails to account for many 
cases of explanations occurring in science when the exploi-
tation of environment is crucial. It fails to account for those 
cases in which there is a kind of “discovering through do-
ing”, cases in which new and still unexpressed information 
is codified by means of manipulations of some external ob-
jects (epistemic mediators). The concept of manipulative 
abduction2 captures a large part of scientists’ and physi-
cians’ thinking where the role of action is central, and where 
the features of this action are implicit and hard to be elicited 

Peirce uses the terms “inference” and “inferential proc-
ess” to refer to abduction. It is useful to try to clarify the 
meaning of the term “inference” as considered by Peirce’s 
thought. Peirce stated that all thinking is in signs, and signs 
can be icons, indices or symbols. Moreover, all inference is 
a form of sign activity, where the word sign includes “feel-
ing, image, conception and other representation” (CP 
5.283). Feelings, images, simulations, etc., are currently 
characterized as forms of model-based reasoning (Magnani 
& Nersessian, 2002). Consequently, following Peirce, we 
can say that a considerable part of thinking activity is 
model-based (cf. footnote 1), that most of the forms of con-
stitution of phenomena are characterized in a model-based 
way. We use the term “model-based reasoning” following 
Nersessian (1995), that is, to indicate the construction and 
manipulation of various kinds of representations, not neces-
sarily sentential and/or formal. Scientific concept formation, 
scientific discovery, and – as we will see – diagnostic rea-
soning are often related to heuristic procedures that resort to 
mental/internal but also to external “models” and represen-
tations. 

 

                                                   
1 Magnani (2001, 2002) introduces the concept of theoretical ab-
duction. He maintains that there are two kinds of theoretical abduc-
tion, “sentential”, related to logic and to verbal/symbolic infer-
ences, and “model-based”, related to the exploitation of internal-
ized models of diagrams, pictures, etc., cf. below in this paper. 
2 Manipulative abduction and epistemic mediators are introduced 
and illustrated in Magnani (2001). 
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ST-MODEL for Diagnostic Reasoning  
To illustrate diagnostic reasoning we consider abduction as 
the process of generating plausible explanatory hypotheses 
and insert abduction inside a cycle of generation and evalua-
tion of hypotheses constituted by abduction, deduction and 
induction. According to Peirce, this cycle is necessary to 
distinguish the various types of inference that constitute hy-
pothetical reasoning (creative, but also diagnostic) and their 
connections inside the cycle. 

We have already considered the case of abduction, which 
has to be considered in this case as a kind of inference in 
which an explanatory hypothesis is derived, although not as 
a logical conclusion: indeed from the point of view of clas-
sical logic abduction is always a kind of fallacious infer-
ence. 

Induction in its widest sense is an ampliative process of 
generalization of knowledge. Peirce (1955) distinguished 
various types of induction: a common feature of all kinds of 
induction is the ability to compare individual statements: 
using induction it is possible to synthesize individual state-
ments into general laws – inductive generalizations, but it is 
also possible to confirm or discount hypotheses. In this lat-
ter sense, induction is not a process of generalization, but a 
process of comparison between the observed facts and the 
consequences derived by a certain hypothesis in order to 
confirm or refute that hypothesis. It is with this meaning that 
induction appears inside the abduction-deduction-induction 
cycle. 

Deduction is an inference that refers to a logical implica-
tion. Deduction may be distinguished from abduction and 
induction on the grounds that only in deduction is the truth 
of the conclusion of the inference guaranteed by the truth of 
the premises on which it is based. It should be clear that, on 
the contrary, when we say that the premises of an argument 
provide partial support for the conclusion, we mean that if 
the premises were true, they would give us good reasons – 
but not conclusive reasons – to accept the conclusion. That 
is to say, although the premises, if true, provide some evi-
dence to support the conclusion, the conclusion may still be 
false (arguments of this type are called inductive or abduc-
tive arguments). 

All these distinctions need to be exemplified. To describe 
how the three inferences operate, it is useful to give a very 
simple example illustrated in syllogistic terms:   
 

1) If a patient is affected by pneumonia, his/her level of 
white blood cells is increased.  

2) John is affected by pneumonia.  
3) John’s level of white blood cells is increased.  

 
This syllogism is known as Barbara. By deduction we can 
infer (3) from (1) and (2). Two other syllogisms can be ob-
tained from Barbara if we exchange the conclusion (or Re-
sult, in Peircian terms) with either the major premise (the 
Rule) or the minor premise (the Case): by induction we can 
go from a finite set of facts, like (2) and (3), to universally 
quantified generalization – also called categorical inductive 
generalization, like the piece of hematologic knowledge rep-
resented by (1). Starting from knowing – selecting – (1) and 

“observing” (3) we can infer (2) by performing a selective 
abduction. The abductive inference rule corresponds to the 
well-known fallacy called affirming the consequent: 

 
φ → ψ 
ψ 
φ 
 
As we have said above, scientific inquiry, according to 

Peirce, is constituted by three stages, namely hypothesis 
generation (abduction) – creative and ampliative, deduction 
and induction. In the case of diagnosis the first stage illus-
trates the generation of a series of plausible explanatory hy-
potheses by selective abduction. In both cases of scientific 
discovery and of diagnosis the second stage is the prediction 
by deduction of the consequences of the selected or created 
hypotheses, and the third stage indicates the hypothesis 
evaluation by the so-called “eliminative” induction, which is 
the comparison between the expected consequences of the 
hypotheses and the observed facts in order to confirm or re-
fute the hypotheses under examination. Finally, if we con-
sider abduction as an inference to the best explanation (see 
above) we can call the process performed by the whole cy-
cle abductive (one or more times – cf. below in this section). 

As we can see, also by considering the example above, 
diagnostic reasoning can be regarded as a case of abductive 
reasoning and can be modeled by means of the abduction-
deduction-induction cycle. Let us analyze the case in more 
detail.  

To model the medical diagnostic reasoning we make use 
of an epistemological model, called the Select and Test 
Model (ST-MODEL) (Magnani, 1992; Ramoni, Stefanelli, 
Magnani & Barosi, 1992), which reflects the structure of the 
Peircian perspective on scientific inquiry. We have already 
said that also in the case of medicine we can have a creative 
abduction, when a new disease is discovered for the first 
time; but in diagnosis a process of selective abduction is in-
volved. The ST-MODEL proceeds in the following way: 
selective abduction is the making of a preliminary guess that 
introduces a set of plausible hypotheses, followed by deduc-
tion to explore their consequences and by induction to test 
them with available patient data, (1) to increase the likeli-
hood of a hypothesis by noting evidence explained by that 
one, rather than by competing hypotheses, or (2) to refute all 
but one (see Figure 1). 

If during the first diagnostic cycle new information 
emerges, hypotheses not previously considered can be sug-
gested and a new cycle takes place. In this case the non-
monotonic character of abductive reasoning is clear and 
arises from the logical unsoundness of the inference rule: it 
draws defeasible conclusions from incomplete information. 

Thus, we can state that theoretical abduction – as an inter-
nal kind of reasoning process – plays an important role 
within diagnostic reasoning. But in many interesting situa-
tions diagnostic reasoning involves another important type 
of abduction, which points out the cognitive role of action. 



 
Figure 1: The epistemological model of diagnostic 

reasoning. 
 

 
Manipulative Abduction  

We have already said that theoretical abduction certainly 
illustrates much of what is important in abductive reasoning 
but fails to account for many cases of explanations occur-
ring in science or everyday reasoning when the exploitation 
of the environment is crucial.  

As illustrated above (section 1) the concept of manipulat-
ive abduction is devoted to capture many interesting think-
ing situations where action can provide otherwise unavail-
able information that enables the agent to solve problems by 
starting and performing a suitable abductive process of gen-
eration or selection of hypotheses. Manipulative abduction 
happens when we are thinking through doing and not only, 
in a pragmatic sense, about doing. Peirce gives an interest-
ing example of model-based manipualtive abduction related 
to sense activity: “A man can distinguish different textures 
of cloth by feeling: but not immediately, for he requires to 
move fingers over the cloth, which shows that he is obliged 
to compare sensations of one instant with those of another” 
(CP, 5.221). 

In the previous section we have said that many theoretical 
abductive processes of search for explanatory hypotheses 
resort to a kind of model-based reasoning. They use heuris-
tic procedures in which the reasoner (for example, the scien-
tist) follows the strategy of abductively construct models 
and representations in order to detect a suitable explanation. 
This kind of heuristics has always been analyzed from an 
internal point of view. However, attention has not been fo-
calized on those particular kinds of heuristics that resort to 
the existence of extra-theoretical ways of thinking (thinking 
through doing, cf. Magnani, 2002) and that, in many cases, 
“precede” or “integrate” the theoretical model-based abduc-
tion. 

The heuristic strategy followed in the case of manipulat-
ive abduction is quite different from the one followed in the 
case of theoretical model-based abduction. In manipulative 
thinking the models are clearly external and play the role of 
epistemic mediators. The agent performs a sort of “action-
based” abduction, in which she abductively selects or cre-
ates extra-theoretical manipulative behaviors that are suit-
able for detecting or eliciting new, previously unknown, in-
formation and knowledge that was hard to be extracted by 
means of the only internal theoretical computation. This 
kind of manipulative actions has an epistemic and cognitive 
relevance, because they change the computational task of 
the reasoner either by providing her with previously un-
available information or even by performing the computa-
tion itself in a way that simplifies and reduces the agent’s 
cognitive effort. 

Hence, in this light action is not only a way to moving the 
world to desirable states; it performs an epistemic and not 
simply a pragmatic role (Kirsh & Maglio, 1994): people 
structure their worlds to simplify cognitive tasks but also in 
presence of incomplete information. 

In the case of manipulative abduction, we can speak of an 
embodied extra-theoretical expertise. When the agent ac-
complishes a manipulative abduction, she “selects” – so ab-
duces – templates of manipulative behavior that have an 
epistemic power. These templates are hypotheses of behav-
ior (creative or already cognitively present in the agent’s 
mind-body system and sometimes already applied) that ab-
ductively enable a kind of epistemic “doing”. Hence, some 
templates of action and manipulation can be selected in the 
set of the ones available and pre-stored, others have to be 
created for the first time to perform the most interesting 
creative cognitive accomplishments of manipulative abduc-
tion. 

The cognitive system must no longer be considered as 
constituted only by the agent’s head, which would have to 
perform the entire cognitive and computational task, but it is 
distributed across mind, body and environment. The envi-
ronment is not an inert source of data that must be entirely 
recorded by the mind-brain and, after, internally analyzed to 
take some decision about how to act. It contains, already at 
the beginning and externally, relevant information and rele-
vant structures that can directly help the agent reason and 
act. The action of the agent’s body is not always a pragmatic 
action resulting from an internal decision, but, in many 
cases, it is an epistemic action –not necessarily conscious 
and/or explained – devoted to manipulating the environment 
in such a way that it can simplify the agent’s cognitive task. 
The perception received by the body is also not a passive 
registration, but often contains an embodied interpretation of 
the environment related to the opportunities offered by it to 
act. The mind is no longer a central processor that encodes 
and processes the external data, constructs internal complete 
representations and produces decision about action. The 
mind can be viewed as a “completer” of patterns (Clark, 
1997) that start to be constructed by the environment itself 
and by the interaction between body and environment. 

We can summarize in a schematic way the most interest-
ing epistemic features that action can exhibit: 1. action 
elaborates a simplification of the reasoning task and a redis-



tribution of the cognitive effort; 2. action can be useful in 
presence of incomplete or inconsistent information: it is 
used to get more data to restore coherence and to improve 
deficient knowledge; 3. action as a control of sense data il-
lustrates how we can change the position of our body and/or 
of the external objects to get various new kinds of stimula-
tion: action provides some tactile and visual information, 
otherwise unavailable; 4. action enables us to build external 
artifactual models instead of the internal ones (Magnani, 
2001). In the following sections we consider the role of ac-
tion and of external structures within the reasoning proc-
esses related to medical diagnostics. 

 
Medical Physical Semeiology as Epistemic 

Acting  
As already illustrated in the first section, diagnostic reason-
ing as a kind of internal process can be modeled by means 
of the abduction-deduction-induction cycle which involves a 
process of “theoretical” abduction through which diagnostic 
hypotheses are formulated. To formulate diagnostic hy-
potheses it is necessary to gather diagnostic data from the 
patient and this process of data gathering often occurs in an 
embodied way strictly integrated with the hypothetical ab-
ductive reasoning itself: it involves the role of specific ma-
nipulative actions directly performed by the doctor or medi-
ated through her body and/or external artifacts. 

We can consider “epistemic” (see above) also those ac-
tions that we perform in order to receive particular kinds of 
sensorial stimulation that contain information otherwise un-
available. From this perspective, perception and action are 
strictly related: perception can cause action, but also action 
can cause and control perception. Powers (1973) studied be-
havior considering it as a control of perception and not only 
as controlled by perception. Flach and Warren (1995) use 
the term “active psychophysics” to illustrate that “the link 
between perception and action […] must be viewed as a dy-
namic coupling in which stimulation will be determined as a 
result of subject actions. It is not simply a two way street, 
but a circle”. 

All these considerations can be applied to the case of 
medical physical semeiology, whose four principles, namely 
inspection, palpation, percussion and auscultation (Canig-
gia, 1994; DeGowin & DeGowin, 1976; Gallone, 1987; 
Swartz, 2002), are followed by the doctor during the physi-
cal examination in order to gather data and to formulate di-
agnostic hypotheses: the two processes are strictly inte-
grated and not separable. We must focus our attention on the 
relation between the knowledge acquired and the bodily ac-
tions performed by the doctor during the examination. 

Let us consider the cases of palpation and of percussion, 
that are, maybe, the clearest ones, but the same considera-
tions can be made for inspection and auscultation. In the 
case of palpation and of percussion, the doctor uses particu-
lar actions to obtain information about the patient’s body. 
She structures her behavior in a way that allows her to ob-
tain a precise kind of information. This is a case of epis-
temic manipulation and this kind of manipulation has two 
cognitively interesting aspects: 1) in order for the doctor to 
obtain a certain kind of knowledge about the conditions of 

the patient’s body, she selects a precise kind of manipulative 
behavior; 2) the knowledge obtained is embodied in the rela-
tion between the doctor’s action and the patient’s body. The 
manipulative templates of behavior the doctor can select (or, 
at the limit, create for the first time), when not clearly ex-
plained or explicit, already belong to (or progressively con-
struct) an embodied extra-theoretical expertise. This exper-
tise consists of several kinds of stored manipulative actions 
which are exploited to interact with the environment in or-
der to obtain certain kinds of knowledge. 

Here we see a case of manipulative abduction in which 
the agent (doctor) selects a special manipulative action from 
“stored” previously learned manipulative actions that have 
constructed an embodied technical expertise. In the case of 
the doctor’s examination, the selected manipulative behav-
ior is an accurately structured interactive behavior between 
the doctor and the patient’s body in which the interaction 
permits knowledge to emerge. Therefore, the acquired 
knowledge is strictly related to this physical interaction.  

When the doctor examines the patient by means of physi-
cal actions, she gives a structure to her own perceptive ac-
tion. Such a perceptive action, thus structured, provides the 
doctor with a perception which, in turn, is also structured 
and this structured perception contains information that was 
not available before and that is implicit in the structure itself 
of the perception. In other words, the doctor chooses a per-
ceptive action that allows her to receive a feeling or a struc-
ture of feelings which clearly and easily provides her with 
specific information.  

To better clarify, let us consider the following example. 
When a doctor examines a patient’s thorax by means of the 
palpation, she follows the rule that, if there are symmetric 
parts, both of them have to be examined in order to compare 
the perceived impressions. So, for example, the doctor 
places one hand first on the side of the thorax corresponding 
to one lung and, after, on the side corresponding to the other 
lung and, both times, she makes the patient pronounce a 
word. In this way she structures her own perceptive action. 
The resulting perception is structured as well and is consti-
tuted by a sequence of two impressions. Now, if the doctor 
in the first case perceives a normal tactile vocal thrill, 
whereas in the second case she perceives a tactile vocal 
thrill which is stronger or less strong than the first one, then 
she can compare the two feelings and infer that the first lung 
is healthy, while the second one has some problem and this 
information, as we can see, comes from the structure of the 
feeling, which, in its turn, is produced by the particular per-
ceptive action. We can define this type of perceptive actions 
as epistemic sensorial actions, because their function is 
structuring perception in such a way that it provides specific 
information. 

We now have to focus our attention on the role that exter-
nal structures play in diagnostic reasoning. 

 
Use of External Artifacts  

Besides the use of bodily actions, several external structures 
are used in the field of diagnostics for acquiring data. They 
play the role of what we have called “epistemic mediators”. 
We will consider in detail two kinds of external structures 
for the particular role that each of them plays in the acquisi-



tion of diagnostic data. These two kinds of external struc-
tures are the language itself and the technical instruments 
used for examining the patient. 

Here we consider language as an external cognitive arti-
fact, as maintained by Clark (1997). The special role of lan-
guage can be seen in the first operation that the doctor must 
accomplish before starting the true examination, that is, the 
taking a history. While taking a history the doctor gathers 
information about the patient’s symptoms, when they began, 
their particular characteristics and also about previous 
events that can be of interest from a diagnostic point of 
view. The medium used by the doctor for gathering such 
information is a conversation with the patient, but this con-
versation is not completely free. At the beginning the doctor 
let the patient talk freely; but, afterwards, the doctor starts 
asking the patient a series of particular questions that aim at 
obtaining precise information. The doctor uses these ques-
tions to make the patient give specific information that the 
patient by herself would not be able to give. The language, 
the way it is used by the doctor, is a structured external me-
dium that, once received by the patient, becomes an external 
cognitive support for her, a set of instruction which she fol-
lows and which make her construct a narrative with specific 
information that she could not have constructed without the 
help of that support. 

The other kind of external structure that we consider is the 
series of instruments for examining the patient. Many of 
them can be defined as sensorial mediators, that is, external 
artifacts that give the doctor the possibility to perceive data 
that are not perceivable by means of the natural sensorial 
ability. These artifacts, like the greatest part of artifacts, are 
adapted, on one hand, for specific objectives and, on the 
other hand, to the anatomic and manipulative characteristics 
of the human agent. For example, a stethoscope is a senso-
rial mediator in the sense that it allows the doctor to hear 
sounds that he could not hear by means of the natural audi-
tory abilities. Let us analyze this case. 

A human being cannot clearly hear some sounds of low 
intensity or sounds that are muffled, such as the internal 
sounds of heart or lungs. She would be able to hear those 
sounds if they were amplified. But she is able to perform 
some elementary manipulative actions such as grasping an 
object and placing it on a patient’s body. If this object is a 
sort of sound amplifier adapted to the human agent’s anat-
omic and manipulative characteristics, the human agent ac-
complishes, by means of a basic manipulative action, an ac-
tion that is not in her natural abilities, that is, to greatly am-
plify a sound of very low intensity. This action, in which 
there is the mediating role of an artifact (stethoscope), in 
turn, allows the agent’s natural auditory capability to hear a 
sound that, in its original form, could not be heard. 

While in the case of palpation and of percussion, the doc-
tor structures basic natural manipulative actions so that they 
have a suitable form to obtain specific kinds of information, 
in the case of the stethoscope, we have, on one hand, a ma-
nipulative action which is structured in order to obtain spe-
cific information, since the doctor moves the stethoscope in 
a specific manner on the patient’s body to gather specific 
information. On the other hand, we have a basic manipulat-
ive action of coordination with an external tool which is 

transformed by means of this tool into an action that is not 
in the original capability of human agent, that is, the action 
of greatly amplifying low intensity sounds. 

We want now to consider a special medical instrument 
that is very interesting from a cognitive point of view. We 
are referring to the echo-scanning instrument. This instru-
ment exploits the properties of ultrasounds in order to ac-
quire information about internal tissues and organs without 
surgical intervention. The main element of echo-scanning 
instrument is the transducer, which is a sort of sound that 
contains a small plate of piezoelectric crystal. The piezo-
electric crystal modifies its shape under the effect of an elec-
tric current produced by an electric generator called trans-
mitter. The continuous expansion and contraction of the pie-
zoelectric crystal produces ultrasonic waves, which pass 
across the skin and the tissues. When the flow of ultra-
sounds encounters an interface between two tissues, part of 
the waves are reflected and these echo waves come back to 
the transducer, which transforms them into electric waves. 
The electric waves are received by a receiver; then they are 
amplified by means of an amplifier and, finally, they are 
sent to an oscilloscope, which shows them as images (Figure 
2). The electric waves, thus recorded, can give information 
about tissue and organ structure, thickness or movement. 

The medical instrument we have just described represents 
an important case in which a natural entity, the ultrasounds, 
and its properties are used as a tool to manipulate another 
natural entity, the body internal tissues and organs, so that 
this manipulation can give rise to some relevant knowledge 
(Hacking, 1983). 

 
Figure 2: Scheme of the echo-scanning system. 

 
In the present case the manipulation is represented by the 

interaction between the ultrasound flow and the tissue inter-
faces. The result of such a manipulation is a partial reflec-
tion of the ultrasonic waves. These echo waves might con-
stitute relevant data that might be processed by the doctor by 
means of a computation that is suggested by those data 
themselves and that could extract relevant knowledge from 
the data. In fact, we can say that the echo wave configura-



tion embodies an implicit knowledge. That is, the manipula-
tion has produced as a result a special configuration of the 
medium constituted by the ultrasonic waves that could be 
used by the doctor as a basis to conduct her computation, for 
example to understand the thickness of some tissues. But the 
doctor does not perform any computation on the basis of the 
ultrasonic wave reflections. 

At this point we can see the second cognitive characteris-
tic of echo-scanning instrument, besides the one just de-
scribed of using a special manipulation in order to obtain a 
data configuration that can help and facilitate the computa-
tion task required to extract information. The echo-scanning 
instrument embodies a computation and this computation is 
similar to what Hutchins (1995) calls “propagation of repre-
sentational state across representational media”. The echo 
ultrasonic wave configuration is transformed into an electric 
wave configuration, which, in its turn, after the amplifica-
tion, is transformed into a visual signal. This computation 
built in the instrument transforms a data configuration that 
needs to be processed for making its implicit knowledge ex-
plicit into a configuration that explicitly represents that 
knowledge. In effect, the echo ultrasonic waves become, at 
the last step (on the oscilloscope), almost analogical images 
that show the characteristics of internal tissues and organs in 
a form that does not require further computations. 

To conclude, the echo-scanning instrument is an external 
artifact that not only uses a manipulation to guide a compu-
tation, but also accomplishes this computation, which does 
not have to be performed by the doctor. The doctor has to 
learn to use the echo-scanning instrument and not to per-
form the computational processing accomplished by the arti-
fact. 

 
Conclusion  

The example of abductive diagnostic reasoning shows that 
information, knowledge, hypotheses are not only produced 
by the “theoretical” mind. Very often, we largely use actions 
that do not play a merely pragmatic role, but also an epis-
temic mediation: actions become an extension of the mind 
thinking activity. According to the proposed view, reasoning 
appears to be distributed between theoretical mind and bod-
ily actions. Bodily actions can both elicit new knowledge 
that permits the formulation of new hypotheses and simplify 
the cognitive task of the theoretical mind by building exter-
nal structures that “externalize” the computation steps in a 
way that discharges the “internal” mind of a computational 
load. To define a cognitive system it seems we can no 
longer identify it only with internal processing devices.  

We have described various “templates” of manipulative 
behavior which account for the most common cognitive and 
epistemic behaviors related to some medical diagnostic 
skills. In other fields of medical practice there is a lot of 
procedural, extra-sentential and extra-theoretical aspects 
which are indispensable to provide knowledge and informa-
tion which are otherwise hard to grasp. By making them ex-
plicit we aim rationally and positively at integrating the pre-
viously existing knowledge about further important cogni-
tive behavior. We plan to enhance the analysis of these im-
portant human skills by increasing knowledge on inferences 
also involving embodied creative, analogical, spatial, and 

simulative aspects: the role of these other manipulative be-
haviors in clinical environments seems relevant. We are 
preparing experimental research on the physicians at the 
University of Pavia (internal medicine) devoted to detecting 
new details of the abductive effects and also the learning 
improvements.  
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