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0. Summary

This paper descrilsea method to build cognitive neurggfological model$érom executedest
ses automatially.

1. An Example of Brain Function Model
Consider the brain complex functiovord repetition(written and spoken). We carvgia model

of them as lattice of brain morengple functions as in the following example. This approach is
characteristic of the cognitive neuropsychology.
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2. Cognitive Neuropsychology

Cognitive neuropsychology compares the performances to the tests that study the brain cortic
functions and theoretical model sfich functions. Such a comparisoetween test performances and
brain models is managed by two principles:riredularityprinciple and thérasparenceprinciple. The
modularity pinciple affirms that the theoretical model of any brain function is tcéabf brain
component functions. The transparence principle affirms that anyone of such brain componel
functions can be differentied by given tests. To explabrain complex function damage in terms of
more simple brain function damage permits aerspecific rehabilitation. in neuropsychological
models are built by the scienfisole intuition in general and, therefore, the patient data are
underutilized. This paper exph an automatic procedure that permits us to build neuropsychological
models from patient great numbers.

3. Representation in Sentence Logic of Cognitive Neuropsychological Models

Let | p | and | q | be two brain function. Put that the meaning of sentgnee( p | is

workingE and the meaning of the sentemée (] q | is working E. Then, the brain complex function

» | ¢ | can be written ircukasiewiczO language for sentence logi€aggs (read @ implies

pE) because ¢ | can work correctly only if it is activated b| p |, i. e. only if | p | works

correctly. As, inkukasiewiczO languag€pq is equivalent toBgp, we can affirm thatBpq

represent] p — q [. So, the complex functiol p e g | iS representable b¥pqg because

Epqin LukasiewiczO language meapss@quivalent t@E.
Consider now the brain complex functi{ p —®—> q | where| p | inhibits | q |. This

complex function can be represented bylth&asiwichean expressiddgNpbecause q | can work

correctly only if it is not inhibited byl p |, i. e. only if [ p | does not work But CgNp in

Lukasiwichean languagmmn be abbreviated Wyqp andis equivalent ta&ShefferOs connective. Now, it
is known that any boolean expression is representable by atomic sentences and ShefferOs connec

only. Is every boolean expression representable by connectiq p s@—» g |? The answer

must be positive when we accept the connexion inhibitions too-akowic inhibiction, ramified

p

axons). E. g. DpDqgr represents . Instead, Dpgr represents




q Y q p
and DDpqDrs represents . Dpp is Np (read Cnot pE)
r S r
and it represents . So, | p | g | abbrevates because
p p q

Cqgp is equivalent t®gNp.

Observe that, irthe cognitive neuropsychological model, the polyadic implications are very
important andVialatestaOsonverse chain implicatiom particular (in incomplete form frequently).
The generic representation of converse chain implicatidtEi€BpgBqrBrsBstE. In terms of our

cognitve neuropsychological models, it| | ¢ [~ & | © - [ = ... . The same

equivalence, either dyadic or polyadic, is a close (converse) chain implicatio| p @ q | is

l q
is equivalat to r l . Finally, it

equivalent to| p g|and]| p
P e T

T

can be useful to represent thakasiewichean expressid{ys (read @ and gE) andApqg (read @
and/orgE) as cognitive neuropsychological models. We h&yej is equivalent tdNCpNq i. e. to

; Apq is equivalent toCNpg i. e. to . Convesely, e. g., a

sentence logic representation of the cognitive neuropsychological model in figure 1.1 (where th
arrows among functions are substituted by sentence logic equivalent connectivegsrewichean
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4.Cartesian Product and Boolean Spectre of Neuropsychological Test Sets

Given any neuropsychological te§t we can consider it aa set of its itemsi, K ,i , i. e.

T ={i, K i,}. If the testT is executed by a patiergach ofits itens has valuel (if the patient has
correct item numbe

executed it correctly) d (if the patient has not executed its correctly). Put -
item number

mistaken item numbe
item number

B(T) the expressiofl: f,0: f,). Let T ={i,,...,i,} andS={j K ,j,} be neuropsychological tests in
set form. Their cartesian productTd S:{iljl,...,iljn,...,injn}. If a patient executes the teStandS
then, e. g., the item coupig, has valuedl1 when eitheri, or j, are executed correctl{0 wheni,
only is executed correctl@1 when j, only is executed correctly ar@ when neitheri nor j, are
executed correctly. So, likely to boolean spectre of aTtest3(T) :(1: f,,0: fo), we can define a
boolean spectre of T! S B(T! S)=(11: f,,,10: f,,,01: f,,,00: f,,) where, e. g.
¢ - number of couples where the first and second item haveivahag respectively
! number of item couples
a neuropsychological test ordered sdf,K,T,), where T, ={ii.1!K ,ii_ni}.B(TI! KI!T)=
=(1K ntimesK 1: fi ,imes 1K 1K N1 L tiMesK 10: fi 11 e 10-K 0K NEMEK 0: foe 1 imesc o)

It is very easy to observe the affinityeteen the boolean spectre dT,K,T.), i. e.
B(T,! K ! T,) and a truth table of a-adic connective in sentence logic. In fact, we can consider the
truth tables as boolean spectres where their relative frequgncas be worth 1 or O only.

So, given the considerations in paragraph 3, we can affirm that the inference of a cognitiv:
neuropsychlmgical model from a set of neuropsychological tests is reductable to transformation of
boolean spectre of such a set (by ordering it at will) in a truth table of an opportune logic polyadi
connective, i. e. to transformation of the corresponding set of relative freqyeipges |, f, .} in an

opportune sequence bfand/or0.

and f, =

. Given a tesT that is executed by patient, call itdboolean spectre

. Finally, given



5. Transformation of a Boolean Spectre in a Truth Table: a Statistic Procedure

Consider a set :{ f K ,fim} of relative frequences of a boolean spedf an odered set oh
neuropsychological tests. Make a partittoof | by dividing! in F, and F, such that (5.1 ! F, =1,
(B2R! F=", (53) !f.f(f"F.f"R# f>f). Suppose F={f ..f} and

jirer T
R :{ s fkm}. Call f, f, and f, the mean relative frequences|gf, and F, respectively. So, we

2
2t -
can calculate the StiStiCS;(,2=E¥ (distribution /2 with 2"!11 freedom degrees),

r=1

P U I P )

Ie, —#lf— (distribution x* with p-1 freedom degrees), ., —#1— (distribution
r= 1 r= 0

I'* with m ! 1 freedom degrees). Given tHe additivity, we can calculate a characteristatistic of
partitionF, i. €. x = x; - xt, — x& (distribution / * with 1 freedom degree),

In general, for any partitiol® of I that satisfies (5.1), (5.2), (5.3), we can calculate a
corresponding! 2 with 1 freedom degree in the same way. If we put all the elemerRseaafual tol
and all the elements d® equal to0, then the boolean spectre that correspondk tbecomes a truth

table of a polyadi connective. We can affirm thavery partitionP of i that satisfies (5.1), (5.2) and
(5.3) transform the boolean spectre that correspondésitioa truth function, i. e. it deduces from a test
set that isexecuted by patienf a neuropsychological model.

Let{P* K ,P“} be the set of all the possible partitionl ahat stisfy satisfies (5.1), (5.2) and

. . . 12 N
(5.3). Eliminate any P! {P'l,K ,P'“} such that its statistic F,, :ﬁ (with FisheOs
Pon ¥10
distribution) is not significant.{Pil,...,F*“} becomes{P“,K ,F’W} with w! u. Put the elements of
{P'...P"} in order of decreasing!’,. {P"K P} becomes(P' K .P"). Eliminate any
12 e :

P"€(P'K ,P") with all its successors if the statisfic= —3* (with FisheOdlistribution) exists andt
is significant.(P',...,P") becomeqP' K ,P") with v! w.

Finally, the boolean spectre that is individuated by the frequendeceatesponds to a set of
possible cognitive neuropsychological modé&sichv models are individuated fror(Pl,K ,P") by a

oneto-one mappings it is described before.
6. Combination of Neuropsychological Model setsf distinct patients

Suppose thatve haveobtainediwo neuropsychological model sétem distinct patients that we
calll,=(R',....R"Y and!l , =(F},...,P)"). Then, we camombine thos@europsychologicahodel se

in the sole model set =(KR'R,K ,KR'R" K ,KR"P;,K ,KP'P}"). Call | logical product of I, and
I, (written KI I,). In general, if we haven patients withn respectiveneuropsychological sets
I ,K,I,, then the neuropshologycal model set that is valid for giese patientis K...Kl ,,....,I . It

n! 1 times

is evident that ifl ,, | ,, | have probability p,, p, andp respectively, therp = min(p,, p,). In

n*



general,if | is equivalent toKKKI K ,I

n! ltimes

and | ,1 ,K,I, have probabilityp,p,K,p,, then

n n

p=min(p,K ,p,).
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