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1. Introduction

In a series of research, the authors studied some of the most important processes in
the functioning of universities ([5,7,8,9,10,11,12]). Generalized Nets (GNs, see
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[1, 2]) have been used to describe the process of student assessment [5,11,12]. The
evaluations to cope with the varying student backgrounds on different topics are rep-
resented in intuitionistic fuzzy form; (for the concept of Intuitionistic Fuzzy Set (IFS,
see [3,4]). In [5] the process of evaluation of the problems solved by students is de-
scribed by Generalized Nets. The paper [9] describes the process of assessment with
intuitionistic fuzzy estimations by lecturers of the tasks presented by students. [10]
represents a generalized net model of the process from [9]. A generalized net was
constructed in [10] to correspond to a model which describes the standardization of
the process of assessment by lecturers. In [12] the process of assessment of students’
courses is described by GNs.

In the present paper the process of evaluation of lecturers is described by GNs. The
appraisal of a lecturer is a function of the average of the students’ evaluations from
the examinations of the course, averaged evaluation from the students’ judgement of
the lecturer and the evaluation of the scholarly activity of the lecturer.

2. Determination of the evaluations

Suppose we have m students that have to solve n problems related to a current
course, k student’s courses, and let us have ¢ (in number) lecturers, i = 1,2, ...,m,
1=12..n1=12 ...k s=1,2,....q.

2.1. Determination of the evaluations of the student’s solutions

The assessments which correspond to the students’ solutions from the different stu-
dents’ courses are represented by intuitionistic fuzzy estimations. They have the form

(u(s)!, v(s)Y), where u(s)! and v(s)! determine the degrees of comprehension and

incomprehension of the I-th course of the s-th lecturer, 1(s)!, v(s)!, u(s)! + v(s) €
[0, 1], and:

(1 P = =3 (s,
@) v(s) = - S o)

where 1(s); and v(s); are the intuitionistic fuzzy evaluations of the i-th student so-
lutions of the problems included in the [-th course of the s-th lecturer.

The degree of uncertainty 7(s); = 1— pu(s); —v(s); represents those cases where
the students did not go in for an examination for the course [.

The intuitionistic fuzzy evaluations of the student’s solutions of the problems
(u(s)i,v(s);) € [0,1] x [0,1] for the I-th course from the s-th lecturer can be ob-
tameof in general by three ways according [5]:

« The solution of problems is evaluated as valid or non-valid only on the bases of
the answer obtained or on the basis of the validity of a complete proof. In this case
the evaluation of the i-th student is

(3) ()i, v(s)i) = (=, =)
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where:

r is the number of right solved problems,

f is the number of wrong solved problems.

Therefore, the degree of uncertainty here is determined by the number of the prob-
lems which the student had not worked over.

e j-th problem is divided into subproblems and the solution of each subproblem
is evaluated independently. Each problem of the i-th student is evaluated by

() (o)) = (D2 22 S ),

where:

z; is the number of the first correctly solved subproblems that precede a wrong
subproblem (if such a one exists),

y; is the number of the incorrectly solved subproblems that follow a correctly
solved subproblem (if such a one exists),

p; is the number of the subproblems for the j-th problem.

¢ r-th problem is divided into subproblems and the solution of each unique sub-
problem is evaluated independently. Each problem of the i-th student is evaluated

by
(5) skov = (5.3 2, L 5By
B N O e L= 1
J= J=
where
x; is the number of all correctly solved subproblems (if such exist),

y; is the number of all incorrectly solved subproblems (if such exist),

p; is the number of the subproblems for the j-th problem.

2.2. Determination of the evaluations of the students’ appraisals of the lectur-
ers

The evaluations corresponding to the appraisals of the lecturers from the student’s
investigation have the form (¢(s)!, §(s)!), where e(s)! and 6(s) determine the degrees
of approve of and non-approve of the s-th lecturer from the I-th course, &(s), 6(s)’,
e(s)t +d(s)! € ]0,1], and:

() “5)' = Do
(7 () = = 33001

where e(s); and 6(s); are the intuitionistic fuzzy evaluations of the s-th lecturer for
[-th course from i-th student. The couple (¢(s)7,d(s);) € [0,1] x [0, 1] reflects the
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degree of the acceptance of the lecturer (¢) and the non-acceptance of the lecturer (9)
from the students, and:

r(0);
8 ElS § = s
(8) ()i ==
t(4);
9 5 S H =
(9) ()i ==
where:
r(7)7 is the number of positive answers for the s-th lecturer form the i-th student
for the f-th course,

t(4); is the number of negative answers for the s-th lecturer form the 4-th student
for the [-th course,

p is the total number of questions in the investigation.

At the beginning, when still no information has been obtained, all estimations are
given the initial values of (0, 0).

The degree of uncertainty (s)! = 1 —e(s)! — §(s)! represents those cases where
the students did not engage with final opinion about the lecturer.

To illustrate the estimation of the lecturer’ acceptance, we will give the following
example: a students make 20 estimations for the lecturer. The 10 of the answers is
“yes”, 5 of the answers is “no” and in the rest 5 cases he abstain from voting. That is
why we determine his estimation as (0.5, 0.25).

The calculated estimation of the each lecturer reflects the coefficient of its accep-
tance.

2.3. Determination of the evaluations of the scholarly activity of the lecturers
Let the s-th lecturer, s = 1,2, ..., ¢, have w?® papers for the current year. Let
(10) wmaX — max(w!, w?, ..., w*)

and WM js the minimal requirement number of the papers for a year. In this case
the evaluations of the scientific activity of the s-th lecturer (6(s), o(s)), where 6(s)
and o(s) corresponding to the rating of the lecturers’ scholarly activity, 6(s), o (s),
0(s)+o(s) €[0,1] are:

w
(11) 0(s) = pymax>
wmin . s
(12) o(s) = —pymax
where operation -+ means:
o e—y ifx>y,
(13) r=Yy= { 0, otherwise.
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The degree of uncertainty ¢(s) is

pmax _ s _ Wmin+ s
(14) ¢(s) = me(ax = )

2.4. Determination of the lecturers evaluations

The appraisal of the s-th lecturer (p(s),7(s)) is a function of the averaged stu-
dent’s assessments from the examination of the course, the averaged evaluation from
the student’s appraisals of the lecturer and the evaluation of the

p(s)' +e(s)" +0(s)

(15) p(s) = 3 )
Vs ! S ! agls
" SRCES CEL.0

The degree of uncertainty is ¢)(s) = 1 — p(s) — 7(s).
3. A GN-model

The GN-model for this section (Figure. 1) contains 10 transitions and 33 places,
collected in five groups and related to the five types of the tokens that will enter
respective types of places:

a- tokens and a-places represent the lecturers and their activities,

(- tokens and b-places represent the courses and connected with them problems,

~- tokens and c-places represent the investigations and connected with them ques-
tions,

-tokens and d-places represent the students and their solutions of the problems,
and their answers of the investigations,

x— tokens and k-places represent the criterions for the evaluation of the scientific
activity of a lecturer.

For brevity, we shall use the notation a-, 8-, -, ¢- and k-tokens instead of «-,
0=, i~ @¢- and k,,-tokens, where s, [, i, v, t are numerations of the respective tokens,
s=1,2,..,q; 1 =1,2,...k; i =1,2,...,m.

Initially the a-, 8-, v-, - and k-tokens remain, respectively, in places aq4, b3, c3, d3
and k9 with initial characteristics: xf = “name and specialty of a lecturer,intuitionistic
fuzzy estimation of a lecturer”

xg = “name of the course, text of a problem, theme, level of difficulty”,

xg = “investigation of the lecturers, text of a questions”,

xy = “name, specialty and current evaluations of a student”,

x; = “criterions for the evaluation of the scientific activity of a lecturer”.

If we would like the model to be more detailed, the first and the latest characteris-
tics can have, e.g., the following larger forms.

x§ = “name, specialty and score of a teacher, variant of assessment of the course”,
x5 = “name, specialty and current evaluations of a student, name of the student’s
teacher who will give the problems and/or examine the student, name of the course”.
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Fig. 1. Generalized net model of the lecturer’s assessment processes



All a-tokens, all 3-tokens, all v-tokens, all -tokens, and all x-tokens have equal
priorities, but the priority of a-tokens is higher than the priority of 3-tokens, that is
higher than the priority of ~- and x-tokens.

Let 22,22, 22, 2%, and x%, be the current characteristics of the a-, 3-, 7-, ©-

cu) cur cu tUcu

and k-tokens, respectively. The forms of the transitions are the following.

ag ag ay
a alse false true
7y = (o as anh {an s arh, b | e JpeC ),

a1z | false false true

where:

Wiy = “The lecturer must examine”,

Wiy = “The scientific activity of the lecturer must be evaluated”,
Wiy =-WiyVv-Wi,

and — P is the negation of predicate P.

The «-tokens do not obtain any characteristic in place a4 and they obtain the
characteristics:

“list of the problems that the student must solve”
in place az “Jist of the problems that the student must solve”

in place as. ; | bl2 bs
alse true
Z2 = ({b17b37b5}’ {b25b3}’ b; J;/I/é)z W§3 >’

bs | false true

where: o _

W3, = “The problem is included in 22, ”,
b _ b

Wiz =Wy,

The -tokens do not have any characteristic in place b3 and they take on the char-
acteristic

“current course, texts of the problems that the student must solve”

in place bs.
Co C3
c1 | false true
Z3 = ({c1,¢3,¢5}, {ca, 3} c3 ];I/:&Cz W, )
cs falée true
where:

W o = “The lecturer must be evaluated by student’s investigation”, Wg 5 = —=Wy,.
The ~-tokens do not obtain any characteristic in place c3 and they obtain the char-
acteristic
“investigation: list of the questions that the student must fill in”
in place c».

do ds dy
false false true
Wi, Wiy wi, "
false false true

d
Zy = ({d1,dy, dro}, {d2, ds, ds}, djl
dyo
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where:
ng = “The student must fill in the investigation for the lecturer”,

Wty = “The student must have examination”,
The ~-tokens do not obtain any characteristic in places ds, ds and dy.

Z5 = <{CL3, b25 Co, d?a d3}) {CL5, b47 Cq, d57 dﬁ})

| asg b4 Cyq d5 d6
az | true false false false false
by | false true false false false
co | false false true false false ),
dy | false false false true false
ds | false false false false true

The a-, 8- and ~-tokens do not have any characteristic in places as, b4, and cq4
respectively, while ¢-tokens obtain characteristic respectively:

“investigation, student’s answers for the lecturer of the course”
in place d5, and
“course, student’s solutions of the problems for the course”

in place dg.
dr
Zg = <{d5}7 {d7}, ds | Wi, >v

where:
W, = “The evaluations of the student’s answers for the lecturer in the investigation
according (8) and (9) are ready”.

The p-tokens that enter place d; obtain characteristic

“investigation, evaluations of the student’s answers for the lecturer”.

dg
Z7 = ({dg}, {ds}, & [ Wi, ),

where:
ngg = “The evaluations of the student’s solutions according (3), (4) or (5) are ready”.
The p-tokens that enter place dg obtain characteristic

“course, evaluations of the student’s solutions of the problems for the course”.

| as ko
false true
false true )

a k
W2,6 W272

a
28 = <{CL2, kl’ kQ}’ {aﬁv kQ}) ki

ko

where:
W3s = “The evaluations of the scientific activity of the lecturer according (11) and
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(12) are ready”,
The a-tokens that enter place ag obtain characteristic

“evaluations of the scientific activity of the lecturer”.

Zy = ({as, a7, as,d7,dg}, {az, ag, ag, aip, do },

| a7 as ag ao dg
as W5i7 Wgﬁg Wgﬁg W5a,10 false
a7 | Wi, false WZq  false false
ag | false W¢g false Wg,, false )
d7 | true false false false true
dg | false true false false true

where:
W3, = Wi, = “There are students’ investigation for the current lecturer who must
be fill in,”
Wis = Wg's = “There are students whose research must be evaluated by the current
teacher”,
W0 = Weio = =Wy i L

The a- and p-tokens do not obtain any characteristic in places a7, ag and dy.

The a-tokens that enter places ag and a;( obtain characteristics respectively:

“the averaged evaluations of the student’s answers in the lecturers’ investigation,

according (6) and (7)”

in place ag, and
“the averaged evaluations of the degrees of comprehension and incomprehension

of the current course, according (1) and (2)”
in place aqp.
Z10 = ({as, ag, aro, a11, b4, c4,dg }, {a11, a2, bs, cs5, dio},

ar aa bs Cs dio
ag | true  false false false true
ag | true false false false true
ayg | true  false false false true
ann | Wity Wiiie false false false )
by | false false true false true
cy | false false false true true
dyg | false false false false true

where:

Wi 11 = “There are tokens from places ag, ag and ay,”,
W1a1,12 = ﬁWﬁ,n- )

The a-tokens that enter place ay; from places ag, ag and a;o merge in new a-token
that enter place a5 With characteristic

“The evaluation of the s-th lecturer, according (15) and (16).”
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4. Conclusions

The GN-model constructed in manner described above offers the opportunity to
simulate many of the processes which need to be considered when carrying out sum-
mative assessments of the progress of the students and the appraisal of their lecturers.
The present model is thus an important element of a more general model to describe
the different information flows within a university. As such it complements the pio-
neering work of Alf Pollard [6] in this field.
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