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I. Introduction

Modern learning computer systems are an intellectual systems developed on the basis of
paradigm of knowledge searching, analyzing and creation (manipulation). In this case the
formalization of the subject field’s ontology is made as a knowledge database which could be
realized using one of the following knowledge models: production models [1], semantic
networks [2], frame models or formal logical models [3].

In this work we are developing learning system’s knowledge database as a semantic network,
which consists of learning discipline’s subject field concepts and relationships between the
concepts. The above mentioned semantic net has been drawn in this article as a directed graph
where the nodes represent the concepts of the learning subjects and the graph edges represent the
type of the semantic relationships between two nodes.

During the learning process the student understands different parts of the course, but he does
not manage the full conceptual set of concepts of the discipline. In such case the level of course
comprehension could not be evaluated as a suitable. Because of this the main task of the modern
learning systems is a comprehension support and control, for example, how the student
understood the main concepts of the subject [3].

In order to formalize the students’ knowledge about conceptual set of the learning course we
propose to use cognitive map [4]. Every cognitive map formalizes the student’s comprehension
about the concept viewed as a graph, which corresponds ideally to sub graph of the learned
course semantic net. Thus, the control over the student’s comprehension of every concept is
leads to comparison between sub graph in the framework of semantic net and the graph which is
described by represented student’s cognitive map [5].
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Note that such approach should be considered together with one central task of ontology
development — the problem of ontology mapping [6]. The main concept in the ontology
development is an ontology mapping, that means the process of relationships establishment
between few ontology or, in other words, semantic correspondence mining between similar
elements from different ontology.

The semantic model used in this article has been considered in [7, 8]. This paper considers
the model of student comprehension knowledge about learning course’s concepts as a cognitive
maps as well as some metrics for comparison the sub graphs which relay to the cognitive maps
of the learning student.

Realization. The realization of the proposed method plans to be applied to the instrumental
learning system BIGOR (http://bigor.bmstu.ru ) [9].

I1. Preliminaries

The input concept ¢; of the proper module we argue a concept the definition of which has
been given in some other module of the course or any other course. Analogously, the output
concept c; of given module we call the concept, the definition of which has been given in that
module.

Every output concept c; is defined with use of input concepts or/and output concepts. We call
the input and output concepts as informatively linked with the concept c;in common use [7].

The set of all concepts which are informatively linked with the concept c; including the
concept ¢; itself, which could be pointed as {c;}. The number of concepts in the set {c;} could be
defined as n;.

Every concept ¢; € {c,}, i # j has its own complexity u(c;) = p; = 0. The concept’s

complexity could be accounted as an additive sum of input concepts proposed in [7]. The total
sum of set of all concepts’ complexities we call {u(c;)} = {u;].

In the set of concepts {¢; } there are a finite set of relationships Ry, Ry, -.- R, Where Ry -isa

relationship “defining concept — defined concept” [3]. The set of relationships, which connects

the concepts ¢;,c; € {c;},j =k we call as {R;.}= Rjxo Rix1 Rjx2 -~ Where always
R;xo0 = Ro. Letus the number of relationships equal m;. It could be mentioned that the number

of relationships in set {R;} is not always equal to all relationships {R;} = Ry,Ry, R, ...

There is a value of relationship v(R;), which formalizes the weight of this relationship in
comparison with other relationships. We agree that v(R;) = 0 for every j € [0:7]. The set of

weights {VI-J} of all relationships which connect concepts c;; € {c;}, Where j # k.

Semantic net SS(c;) = SS; for concept ¢;, is defined by the set of concepts {c;}, by measures
of complexity of these concepts {i; }, by set of relationships {R;} as well as by their weights {V; }:

SS; = {{eg AR} {3, VD).
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Semantic net SS(c;) could be represent as a weighted directed multi-graph G; without

circuits, the nodes of the graph represent concepts, the edges represent relationships between
concepts and weights of nodes represent complexity’s measures, and the weights of edges
represent the weights of relationships.

The task for this work is following:

e to develop the model of student understanding about the given semantic net
made as correspondent cognitive map CM;;

e to propose comparison metrics to compare semantic net S5; with the
cognitive map CM;, which represent the level of student’s comprehension
about the concept c;.

I11.  Cognitive map model

Originally the concept “cognitive map” appeared in psychology and was connected to the
features of the human’s environment cognition. According to traditional approach the cognitive
map means formalized subjective idea about the spatially organized environment [4]. To wide
extent the cognitive map does not connect to spatially organized environment of the man, but it
formalizes man’s ideas about some problem field, that is the cognitive map is a certain image or
form of internal man’s ideas about this knowledge domain.

The main elements of the cognitive map are basic factors (in other words — factors, concepts,
parameters, variables) and relationships between them.

Let us define the cognitive map CM; corresponding with concept ¢; as a cortege (ordered
sequence):

cM; = (&3 {R}),
where

{e,} - a set of concepts including the concept c;, which were pointed in the cognitive
map CM; as concepts linked with concept c;;

{R,} - a set of relationships from the cortege Ry, R4, .-, Ry, ---

The number of concepts in the set {c;} is defined as 7z;, and a number of relationships in the
set {R,} is defined as m,.

Take into account, that in common case n; = m;.

The cognitive map CM; is represented as an directed multi graph without back loops &;, the
vertexes are correspondent to concepts {c,} and edges correspondent to relationships {R,}.

Supposing that the above mentioned information consisting in the cognitive map CM;, has
been obtained (by certain way) from the student.
http://technomag.bmstu.ru/en/doc/115086.html 3
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IV.  Learning quality metrics

The students’ comprehension of concept ¢; quality metric p(c;,c;) is defined as a similarity
measure between the graph G; of the semantic net SS;and graph &;, of the cognitive map CM;.

A lot of such kind metrics could be proposed, which use the complexity measures [9] of the
concepts {c;}and the measures of weights {V;;} , as well as without usage of them.

4.1. The learning quality metrics without complexity and weight measures
Metric 1

The quality metric p; (¢;, ;) is defined as a number of concepts n] from the set {z,},
which are also consist in the set {¢;}, that is

p1(c;,6) = n? ' (1)

The value of the metric p;(c;,¢;) is a number of concepts which have been pointed by
student correctly as concepts linked with concept c; .

Metric 2

The quality metric p,(c;,€,) is defined as a weighted difference between the number of
correctly pointed concepts n! from the set {¢,}, and a number of incorrectly pointed concepts
nf from the set {¢,} :

P2 (C;['JE;) = pZ(aJ Ci, E;) = TIT - a’nf, (2)
where @e[0,1] - the weight coefficient.

Notes:

1. The number of incorrectly pointed concepts consists of concepts from the set of
concepts {c;} not included into the set {c,} as well as from the set of concepts

from the set {c,} not included into the set {c;).

2. The metric (2) and other similar metrics are double criterion so the weight
multiplayer @ defines the weights of the correspondent optimal criteria.

Metric 3

The quality metric ps(¢;, &) is defined as number of correctly pointed relationships m?”
from the set {&;}, which consist in the set {R;}:

P3 (CI'JE;) - m? (3)
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Metric 4

The quality metric ps(c;,¢,) is analogous to quality metric p,(c;,c;) and defined as
weight difference between the number of correctly pointed relationships m? from the set {¢,},
and a number of incorrectly pointed concepts m?’ from the set {¢,} :

ps(c;i,6) = py(B, ¢;,C) = m? —p mf, (4)
Where fe[0,1] - the weight coefficient.

Note. The number of incorrectly pointed relationships of concepts from the set of
relationships {R;} not included into the set {&;} as well as the relationships from the set of

relationships  {R;} not included into the set {R;}. The number of incorrectly pointed

relationships includes also the relationships which connect the improper concepts from the
cognitive map.

Metric 5

The quality metric ps (¢;,€,) is defined as an additive parcel of metrics (1) — (4), that is:
Ps (CI'JE;) = pS(aJ ﬁ! CI’JE;) = Z?:l Aj'pj (CI'J E;) ) (5)
where @, 5, 4¢€[0,1] - the weight coefficients.

Note. The values of the metrics (1) — (4) have different signs and scale. Therefore it is
useful to use standardized values of the above mentioned metrics:

pjlcue)—p T (cuéy)
P (crér)—pH " (crép)

pilei, &) = €[01], jeE[l:4] (6)

The parameters p;"** (¢;,&;), p}”"" (¢;, é;) - the minimum and maximum possible values of

metrics (1) — (4) correspondently.
It is easy to see, that
P (c;, &) = ny; p" (e, &) = 0,
P (e, 6) = ng; pF" ey, ) = —any,
P57 (¢;,6) = my; p37" (¢, &) = 0,
P (cy, &) = my; pf" (i, &) = — am.

Based on the standardized metrics (6) different linear and nonlinear scales for the
learning quality estimation could be drawn. For example, M-marks (M=5) linear scale is

represented in table 1, where Ap = i :
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Table 1. Learning quality estimation table (number of marks — 5)

Mark Value range g, (c;, €;)
1 [0: Ap] = [0:0,2]
2 [Ap: 2Ap] = [0,2:0,4]
3 [2Ap:3Ap] = [0,4:0,6]
4 [3Ap:4Ap] = [0,6:0,8]
5 [4Ap:54p] = [0,8:1,0]

Notes:

1. It could be propose a lot of different metrics which will be a modification of
the above mentioned metrics. For example, in metric (2) the concepts included
into set {c;} not included into the set {c¢,} could be considered separately

(with different weights) as well as the concepts included into set {c;} not
included into the set {c;}.

2. In metric (4) it could be considered three types of relationships:

a. the relationships of concepts from the set of relationships {R;} not
included into the set {R;} :

b. the relationships of concepts from the set of relationships {&;} not
included into the set {R;};

c. the relationships that connect improperly defined concepts in the
cognitive map.

4.2. The learning quality metrics with complexity and weight measures
Metric 6

The quality metric p,(c;,c) is analogous to metric (1) and is defined as a weighted

number of correctly pointed concepts from the set {c; }:
Ps (CI'JE;) - ZJ’ JH'JI' (CJ-,'), ..‘; € {jI'}T (7)1
where

{j; ¥ - a set of indexes of correctly pointed concepts from the set {¢,} . It is easy to see
that the maximum number equal to n.

Metric 7
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The quality metric pg(c;, ;) is analogous to metric (2) and is defined as a difference
between weighted number of correctly pointed and incorrectly pointed concepts from the set

{ax:
p7(c;, &) = p7(8,¢:,6) = ﬁe(ci,fﬁ)—é‘ZJ #(f—':‘,j); jEUS (8)

where §¢[0,1] - the weight coefficient, {j;}* - a set of incorrectly pointed concepts from
the set {&;}. It is easy to see that the maximum number equal to nf.

Metric 8

The quality metric pg(c;,G;) is analogous to metric (3) and is defined as weighted
number of correctly pointed relationships of concepts from the set of relationships {&;} :

Pa (CI'JE;) = ZJ’,J{,I U(Rj,ki)! (.L k! E) € {j; k,l{ }T’

Where {j, k, I }T —is a set of correctly pointed relationships of concepts from the set of
relationships {&;}. The number of correctly pointed relationships of concepts from the set of
relationships {&;} is equal to m?.

Metric 9

The quality metric ps(c;,¢;) is analogous to metric (4) and is defined as a difference

between the weighted number of correctly and incorrectly pointed relationships of concepts from
the set of relationships {&;} :

Ps (CI-, E;) = P9 (YJ Ci, E;) = Pg (CI':E;) - }’ZJ‘J{,E v (Rj,ki)! (j! k! E) € {j! k! I }F’ (10)
Where
y€[0,1] - the weight coefficient;

in case if {j, k, I }¥ —is a set of incorrectly pointed relationships of concepts from the set
of relationships {R;}. The maximum number of indexes in set of incorrectly pointed relationships
of concepts from the set of relationships {R;} is equal to mF.

Metric 10

The quality metric p1o(c;,¢;) is defined as an additive parcel of metrics (7) — (9), that

pl{](ci)a) = P1o (5.1‘},.' C;['JE;) = E?‘:G ;Ljp_}' (CI'JE;)1 (10)

Where 4;€[0,1] - the weight coefficient.
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The values of the metrics (7) — (10) have different signs and scales. Therefore it is useful
to use standardized values of the above mentioned metrics:

fj fcpfa‘}—P}nmepfﬂ

7 epdi)—p " (euti)

pilei, &) = s €[01], jE€[7:10] (11)

The parameters p;"“*(c;, &), p}”m (¢4, ;) - the minimum and maximum possible values of
metrics (7) — (10) correspondently.

It is easy to see, that
PP (e, &) = X;u(g); pl™(e,&) = 0,5 € [Linglj # i
ﬁ;mx (CI'JEI') = Pé—mx (Cnﬁi) ; ﬁ;ﬂ'm (CnEi) = —é'pé-““x (CnE:‘),
ﬁémx(cnﬁi) = E_}',k,!v(Rj,k,I): U;k) € [1:7’11']J * k,l €[0:7]; ﬁénm(cnfi) =0,
P (e, &) = —y Pl (e, &); pT* (c,E;) = pT* (cy, E;).
Notes:

1. The sum ¥, u(c;)is a common sum of all concepts in the set {c;} excluding the

concept ¢;.

2. Thesum ¥, v (R;x,)is a common sum of all weights of relationships in the set

{c:i).

Based on the standardized metrics (7-10) different linear and nonlinear scales for the learning
quality estimation could be drawn.

V. Example

Let us consider as an example the learning module “The classification of optimization
tasks”, which is included into the course “Optimization methods” [9]. In this module there are a
set of concepts. One concept ¢; is an output concept of the considerable module as well as four

other concepts ¢ , c3 , ¢4 , c5 are input concepts. We shell define also one more concept c7 as an
output concept. The semantic net is shown at the picture 1.
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Picture 1 — Directed multigrapg of the semantic net SS;

As it is shown at the picture 1, the concepts c; and ¢, are connected to concept ¢ in
extend means as follows:

{c;} = {¢,j € [1:6]}and n,=6.

The computable complexity of the concepts from the set {c;} are the following
(shown at the picture 1):

pz =09, uz = 0.6, u, = 0.2,
Hy = '37, Hg = '38, Hg = 0.3

There are relationships between the concepts: Ry means direct links, R; means “a
kind of”, R, means “has a part”. The concepts from the set of concepts {c1} connected each other
by the following relationships:

e Concept c; and concept ¢, connected each other by relationships Rpand Ry;
e Concept c; and concept c; connected each other by relationship Ro;
e Concept c; and concept cs connected each other by relationship Ry;
e Concept ¢z and concept ¢4 connected each other by relationship Ry and R1;
e Concept c; and concept ¢, connected each other by relationship Ry and R1.
So m; =8 and
{R12}={R120=Ro, R121 =R1}, {R13}={R130=Ro}, {R15}={R150=Ro},
{R34}={Rs40=Ro, R341 =R1}, {Rs6}={Rs60=Ro, Rs 61 =R1}

The weight of relationships will be correspondently:
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V(R0)=0.9, v(R;1) =0.6, v(R2)=0.5
Therefore we have:
{Vlz}:{09,06}, {V13}:{09}, {V15}:{09}, {V34}:{09, 06}, {V56}:{09, 06}

Let us that the set of concepts {c;} of the semantic map of the student consists of
correct concepts c¢; , c3, c5 (the concepts from the set {c1}) and one incorrect concept ¢, which
is not included into the set {c,}.

In other words let us that in the cognitive map there are following concepts: ¢ = ¢,
€3 = c3, €z = €5, Cg = C7, S0 N;>1;=5. The cortege of the correct concepts is defined as {2,3,5},
but the cortege of incorrectly defined concepts is {4,6}. The set of incorrect indexes {j, }¥={4,6}.

Let it be also that the student pointed the following relationships between the concepts:

e Concept c; and concept ¢, connected each other by relationships Ry and R;
(correct);

e Concept c; and concept c3 connected each other by relationship Rq (correct)
and R (incorrect);

e Concept c; and concept cs connected each other by relationship R (correct);

e Concept c5 and concept c; connected each other by relationship Ry and R1
(incorrect).

So the cognitive map CM; (shown at the picture 2) has the following relationships:
{R12}={R120=Ro, R121 =R1}, {R13}={R130=Ro, R131 =Rz}, {R15}={R150=Ro},
{Rs6}={R560=Ro, Rs61 =Ri} mi>fi; =7.

The cognitive map CM; correspondent to the semantic net SS;, is defined as a weighted
directed multi graph without back loops &;.
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Picture 2 — The Cognitive map’s multi graph

Let us use a quality metric (7) and (9) to estimate the quality of student’s learning:
p7(c;,&),a=F=1
ps(c;,6), 6=y=1
At the first step let us calculate metric (6):

pe(c,€) =09 +06+07=22

The second step is a metric (7) calculation:
p7 (€, 6) = pgle;, ) — ‘SZ# (Cl',j) =22-(02+403)=17
;

Analogously

pg(c;,6) =09+06+09+09 =33

pe(c;,&)= 33— (05+094+0.6)=13

It is easy to see that

P (c;,&) =09+ 06+02+07+08+03=35
Therefore

P (¢, 6;) = —pi®* (cy,6;) = —3.5

P?mx(f—'nﬁi) = ﬁémx (Cnfi) = 3.5

http://technomag.bmstu.ru/en/doc/115086.html
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The standardized metric

p7(cy,€1) —P%nm(f—'lp &) 17— (—3.5)

. = =074
P (ci,6) — PF™ (cy, &) 35— (—3.5)

}5‘? (01, 51) =

According to 5-marks scale (see table 1) the value of metric (7) corresponds to mark 4.
Analogously for metric (9):
T (c,,6,) =09+06+09+09+09+06+09+0.6=6.3

ﬁ;nm(f—'l:fl) = —ypg'**(c;,é;) = —6.3; pg"** (¢, 6) = pg*** (¢, €)= 6.3
According to (11) we could calculate:

Pg(clyﬁl) - P?m(clj 51) B 1.3 —(—6.3)
pI* (cy,61) — pi(cq,6,) 6.3 —(—6.3)

Polcy,€1) = ~ 0.63 € [0,1]

According to 5-marks scale (see table 1) the value of metric (9) corresponds to mark 4 also.

VI. Conclusion

The method of the student conceptual knowledge estimation was proposed in this article. The
method could be used in the intellectual learning system, the knowledge dataset of which has
semantic network. The formalization of the semantic net was given. The cognitive maps were
used in order to describe the student’s ideas about learning subject’ formalization. The quality of
student’s comprehension of a proper concept could be estimated by the measure of similarity
between the semantic net’s graph and cognitive map’s graph. A set of metrics were proposed
which formalize the similarity of above mentioned graphs. The metrics use concepts’ complexity
measures and weights of relationships between the concepts. The example has been given to
illustrate the proposed method.

VII. References

1. Feldman, J. Minimization of Boolean complexity in human concept learning.//
Nature, 407, 2000. — p.630-633.

2. J.JJiang, D.W.Conrath.Semantic similarity based on corpus statistics and lexical
taxonomy.//In Proceedings on International Conference on Research in
Computational Linguistics, Taiwan, 1997.

3. Kalmykov A.A. Learning technologies’ system analysis. —Perm: Perm university,
2002. (Russian)

4. Avdeeva Z.K. and others. Cognitive approach in management//The management
problems, 2007, #3, p.2-8. (Russian)

# 02 February 2009 12



10.

Karpenko A.P., Sokolov N.K. Student’s conceptual knowledge monitoring with
help of cognitive maps//The engineering education quality management and
innovation technologies. International science and methodical conference, 2008,
Moscow, Bauman university, 2008, part 2, p. 55-57. (Russian)

Ovdy O.M., Proskurina G.U. The ontology’s creation instruments’ review//
http://www:.elbib.ru/index.phtml?page=elbib/rus/journal/2004/part4/op (Russian)

Karpenko A.P., Sokolov N.K. The semantic net complexity estimation in learning
system//Science and education:electronic schience and technical edition, Nov.,
2008. http://technomag.edu.ru (Russian)

Karpenko A.P., Sokolov N.K. Learning system extended semantic net and its
complexity estimation//Science and education:electronic schience and technical
edition, Dec., 2008. http://technomag.edu.ru (Russian)

Norenkov I.P., Uvarov M.U. Database and education resource
creation//Information technologies, 2005, #9, p. 60-65 (Russian)

M.Li, X.Chen, X.Li, B.Ma, P.M.B.Vitany. The similarity metric, IEEE
Trans.Inform.Th., 50:12 (2004), p.3250-3264.

http://technomag.bmstu.ru/en/doc/115086.html 13



http://technomag.bmstu.ru/en/doc/115086.html
http://www.elbib.ru/index.phtml?page=elbib/rus/journal/2004/part4/op
http://technomag.edu.ru/
http://technomag.edu.ru/

