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Abstract
With the expansion of the epidemic, online multimedia teaching has become a common trend. The reasoning model of
multimedia teaching evaluation is a useful tool to infer the result of teaching effects and predict the tendency. However,
the ambiguity in the linguistic-valued evaluation leads to reasoning problems always in the context with uncertainty. To
make the reasoning model better deal with multiple and multidimensional reasoning problems in uncertainty environment,
while considering both positive evidence and negative evidence at the same time, this paper mainly focuses on a linguistic
truth-valued intuitionistic fuzzy layered aggregation (LTV-IFLA) reasoning method. First, based on the layered linguistic
truth-valued intuitionistic fuzzy lattice (LTV-IFL), we realize aggregating the linguistic truth-valued information through
the layered average aggregation (LAA) operator presented by this paper. Furthermore, a layered weighted average aggrega-
tion (LWAA) operator is proposed to consider setting different weights to achieve personalization of the reasoning results.
Finally, a multiple multidimensional reasoning model which simulates the reasoning of human language is presented to
illustrate the method’s rationality and validity.
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1 Introduction

Multimedia can be described as “the combination of vari-
ous digital media types, such as text, images, sound and
video, into an integrated multisensory interactive applica-
tion or presentation to convey a message or information to
an audience” [1] (Fig. 1). As multimedia technology has
the advantages of integrating multiple types of information
into an interactive interface and enabling users to commu-
nicate with computers in real time through multiple senses,
increasingly scholars are committed to multimedia research
[2-6]. Among them, multimedia education technology [7]
is the application of multimedia resources and materials
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Fig. 2 Picture of multimedia teaching

to education, which provides a variety of possibilities for
students to intervene in the teaching and learning process
(Fig. 2). In addition, some researches combined multimedia
technology with subjects such as Chinese teaching [8], phys-
ics [9], arts [10], physical education [11] and other disci-
plines to form a new interactive classroom teaching system,
which improves teaching efficiency.

Teaching is the lifeline of a school, and the quality of teach-
ing has an important impact on the cultivation and development
of students’ quality. Yong Nie [12] proposed an advanced track-
ing quality assessment method based on data mining to analyze
various learning information that is beneficial to students, so as to
obtain classification rules that can affect the learning effect toward
students. In uncertainty linguistic environment, Liu et al. [13] pro-
posed a kind of fuzzy linguistic concept lattice combining with
fuzzy linguistic information, which can make the linguistic evalu-
ation information more compact and the decision results more rea-
sonable. The use of multimedia teaching classrooms has become a
trend. How to evaluate multimedia classrooms is complicated. It is
necessary to fully consider the needs of students and teachers and
pay attention to the developmental function of evaluation. How-
ever, the results of evaluation are often inaccurate and vague, so
how to better deal with the evaluation information in an uncertainty
environment is a problem that should be handled.

Fuzzy sets theory [14] proposed by Zadeh helps us deal with
the uncertainty and ambiguity that cannot be expressed by precise
number when dealing with mathematical problems. However,
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because sometimes we need to consider positive evidence and
negative evidence at the same time, fuzzy sets theory cannot
express all information completely which makes it be subject
to more and more restrictions and challenges. For solving this
problem, Atanassov has put forward the concept of intuitionistic
fuzzy sets (IFSs) [15, 16]. It can not only show the sustaining
information from two aspects of non-membership degree and the
membership degree, but also express neutral information effec-
tively. Due to its better description for fuzzy variables, IFSs has
been widely studied and put into various fields. Based on some
transformation techniques, Chen et al. [17] proposed a new simi-
larity measure between Atanassov’s IFSs. Aggregating intuition-
istic fuzzy information can be applied to multi criteria decision-
making problems in the real world. Therefore, some researchers
have proposed several aggregation operators on IFSs [18, 19].

According to the common sense, people in daily life use nat-
ural language for comparing, reasoning, evaluating rather than
numerical language. The object itself is associated with incompa-
rability and fuzziness. To deal with and characterize its properties
and the uncertainty involved in its processing as well, in 1993, the
lattice implication algebra was proposed [20]. By deep research-
ing and expanding the lattice implication algebra, Zou et al. [21,
32] proposed a kind of LT V-IFL based on the point view of IFSs
and linguistic truth-valued lattice implication algebra (LT V-LIA)
which can express the information from both positive evidence
and negative evidence in the form of linguistic-valued. Besides,
there are other ways to deal with the linguistic-valued problems.
An extension of fuzzy sets called hesitant fuzzy linguistic term
sets (HFLTS) has been introduced by Rodriguez et al. [22]. By
this method, the uncertainty caused by hesitation can be modeled,
and a way to generate comparative linguistic expressions richer
than single linguistic terms and close to the human beings’ cogni-
tive model can be provided. It quickly attracted many research-
ers to propose the new decision-making models using hesitant
linguistic information [23-27].

Evaluation system can be better predicted and coordinated
using reasoning strategy. It uses the information in the evalu-
ation system according to the current input data and certain
reasoning strategy, to solve the current problem, explain the
external input facts and data, deduce the conclusion and guide
the users. Because the evaluation system works by simulating
human experts, the reasoning process should be similar to that
of the experts when designing a reasoning model. Therefore,
the intuitionistic fuzzy reasoning method that tends to human
thinking has been continuously innovated and improved. As
fuzzy sets theory cannot describe the data comprehensively,
which has greatly limited the objectivity of fuzzy time series
in uncertainty data forecasting, Wang et al. [28] proposed an
intuitionistic fuzzy time series forecasting model and estab-
lished forecast rules based on intuitionistic fuzzy approximate
reasoning. Fuzzy Petri nets are also an important modeling
tool for knowledge representation and reasoning, which have
been extensively used in a lot of fields [29, 30]. Zou et al. [31]
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proposed an approach to divide the LTV-IFL into layers to sim-
plify the reasoning process. Two types of implication opera-
tors and a linguistic truth-valued intuitionistic fuzzy algebra
reasoning algorithm have been proposed and applied to the
human factors engineering. Based on the above analysis, this
research is devoted to proposing an LTV-IFLA reasoning model
to deal with the evaluation standards of multimedia teaching,
which make the evaluation results have guiding significance to
improve the teaching quality.

In this paper, by realizing the aggregation of multi-experts
and multi-attributes, the evaluation information in the com-
plex environment can be better processed. The remainder
of this paper is organized as follows: Sect. 2 briefly reviews
the knowledge of lattice implication algebra and their exten-
sion researches. Section 3 proposes two types of aggregation
operators and an associated reasoning model is proposed.
An illustrative example on multimedia teaching evaluation
is given to show the applicability of the method. We draw
some conclusions for this paper in the last section.

2 Preliminaries

This section introduces several definitions briefly which will
help understanding this paper. The lattice implication alge-
bra proposed by Xu is used for depicting the information
with fuzziness and uncertainty.

Definition 1 [20] Let (L, V, A, O, I) be a bounded lattice
with an order-reversing involution ““ ”’, where O and [ are
the smallest and the greatest elements of L, respectively, and
—: LXL — Lisamapping. (L, V, A,",—, O, ]) is called a
lattice implication algebra if the following conditions hold
for any x, y, zEL:

(h)y—>@=9=x- @2

(Iz)x—>x=l;

([;)yl—»x/= X =y

(14)y—>x=x—>y= Tlimpliesx = y; e}
(I5) >0 = x=(x—y -

(I) (cVy) > 2= (x> DA Gy = 2;

(17)(x/\y)—>z— x->2vly-2.

Definition 2 [32] Based on 2n-element LTV-LIA Ly,»),
LL,, = (Ll,,,U,n) is defined as a 2n-element LTV-IFL
(Fig. 3), where ((hy, 1), (hy.f)) and ((h,. 1), (h,.f) ) are the
minimum and maximum elements of LI,,, respectively.
For any ((hi, t), (hj,f)) € LI,,, we call ((hi, t), (hj,f)) is
a linguistic truth-valued intuitionistic fuzzy pair (LT V-IFP).

Definition 3 [32] For any ((h;,
i’.i’ k? l E {1’ 27 eeey n}’ “_)
follows:

1), (hf ) (s 1), (hi.f)) € Ly,

”’ “U”, “n” and @ are deﬁned as

Truth degree
((hn, 1), (hn, f))
((hn-1,t), (hn-1, f)) (a1, 1), (hns )

(hn,t

(hp—y,t

(ho,t (ha.t), (ha, f)) ((h2,), (hn, f))

(hy,t RN ((Ry,t), (has £))

(h1, f) (ha, f)

(hn,l.‘f) (/znf) False degree

Fig.3 Hasse diagram of LTV-IFL LI,,

L. ((h, l) (hj’f)) ((hk t) (hl’f)) (( min(i.k)> )’( min(j.l)> f))
2. ((h, l) (hj’f)) ((hk [) (hl’f)) (( max(i,k)> )’( max(j.l)> f))
3. (). (o)) = (g 1) (i f) )

((h,,l) ( jvf)) - (hlat)’(hl’f) (( min(n,n—i+k,n— /+1)’t)’.

(hmm(n,nfl#l) f ) )
Definition 4 [32] A and B are linguistic truth-valued intui-
tionistic fuzzy matrixes. Suppose ay, € A, b, € B, and “o;”
is the linguistic truth-valued intuitionistic fuzzy compos1te
relation, then.
S S
=1 (alj A b ) j:l (alj A b )
Ao,B = : : . 2)

s

g Aby) = Vi (agnby)

To process the linguistic truth-valued information on the
LTV-IFL, in [36], the elements on the intuitionistic fuzzy
lattice can be layered. The fuzzy layered aggregation opera-
tors and their inverse operators help us calculating the infor-
mation on the LTV-IFL.

Definition 5 [31] In LTV-IFL LI,, = (Vl,,,U,N), for any
((hist). (Bjof)) € LLy,. @,, : LL,, —[0,1] is called an
intuitionistic fuzzy layered aggregation (IFLA) operator of
LTV-IFA, where

0. () = 22

®2,( (s J, €120} (3)

In IFLA operator, % | “means an [FLA number of LT V-
IFA, where exists 2n — 1 layers, denoted by

£(LL,) =2n-1, @)

and ((hl-, t), (hj,f)) is on the Layeri + j — 2, denoted by
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Layer((h;.1), (h.f)) =i+j—2.i+j—-2€{0,1,....,2n =2},
o)

and |; expresses the position of this layer.

Definition 6 [31] Let £|1 be an IFLA number, where
f1|]e[0|1,1|n], le{1,2,....,n). Then

(,o;n1 : [Ol ! |n] — LI,, is called an IFLA inverse operator of
LTV-IFA if

with

O A = .o ) ©

where ((/;.1), (hyyo_17)) € Ll,,,, is the corresponding LT V-
IFP of the IFLA number £ |

This paper takes the 6-element LTV-IFL as the specific
research object which is shown in Fig. 4, probing further
into other aggregation operators’ calculation formulas and
properties under the condition of layered.

In this paper, we suppose C = {c, , cz} is the meta linguis-
tic value set and linguistic truth-valued intuitionistic fuzzy
sub-pairs for LT V-IFPs, which can be close to the expression
of human language. In the case of no confusion, it is still
recorded as LI,,.

3 Reasoning Model Based on the Layered
6-Element LTV-IFL

The refinement of information in the process of expression
and calculation can make it better understood. In this sec-
tion, we study an aggregation reasoning evaluation method
based on the layered 6-element LT V-IFL.

((73,8),(M3f)) @ = = = = = = e e . 1

XY ) — 3
4 2
o))~ (DN 2
4 1,2
(D)) == === m oo 1
4 1
((11,6),(m1f)
------------------------------- 0|

Fig.4 Layered 6-element LTV-IFL
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3.1 LAA Operator

The average aggregation algorithm is a very effective cal-
culation method in the decision-making and evaluation pro-
cess. In this part, we present a LAA operator and prove some
properties of it as follows:

Definition 7 Suppose ((hik,cl), (hjk,cz)) € LI, with
k=1,2,..,p,then Y, : LI, — [0, 1]is called a LAA opera-
tor based on the 6-element LTV-IFL, and

Yé(((hil’cl)’(hj|’c2))’((hiz’cl)’(hjz’CZ))"“’((hik’cl)’(hjk’c2>>)
ittt i —2Xp
= ™

_ ZIZ:[ (ik +jk) -2p
= —4p

iy i iy
P

o
ik
»

@)
Through the LAA operator we can aggregate intuitionistic
fuzzy linguistic truth-valued information into intuitionistic
fuzzy linguistic truth-valued layered aggregation number. In
accordance with the practical meaning and the intuitionistic
fuzzy layered theory, we map the intuitionistic fuzzy linguis-
tic truth-valued layered aggregation number into 6-element
LTV-IFL.

Definition 8 Suppose the layered number interval of the
LAA operator is [a, a+ 1], then a is defined as

p . . _ 2
a=Int<Zk=1 (i + i) p>' .

p

Definition 9 Suppose A =a + 1 is the threshold valued,
for any ((hik,cl), (hjk,cz)) € LI, with k=1,2,...,p, its
LAA number of 6-element LTV-IFL has two conditions as
follows:

1. If W >a+ %, the layered number of LAA
operator is a+ 1, and its LAA numtl))erA of 6-element
LTV-IFL is % , where s = round (%)

2' If ZLI (ik+jk)_zp
4p
operator is a, and its LAA number of 6-element LTV-

o
IFL is 2' , where s = rouna’(M )
45 p

s

<a+ %, the layered number of LAA

Theorem 1 Suppose the LTV-IFPs ( (hl-k, ), (hjk’ ) € Ll
k= 1,2,...,p, then the properties of the LAA operator of the
6-element LTV-IFL are as follows:

(1) Idempotency:
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If there exists ((hl-z,cl), (hjz,cz)) = .= ((hik,cl),
(hjk,cz)) = ((hil,cl), (hjl,cz)), then Yq i:C1)s
(- c2)) ((hiyoc1)s (Byyn€2) ) (Byoer)s (Byoca))) = (i 1)

hj],cz .

—
—
—

(2) Monotonicity:

(ks e1)s (B e2)) < (R 1) (B c2) ). then

(3) Boundedness:
((h1ser), (Rysea)) < Yo (((hy>eh)s (hyoc0))s e
) <

((hiscr)s (Byne2))) < ((B3¢1) (h3s3))

(4) Commutativity:

If there exists ( (h,-,, ¢ ) s <hj1’ cz) ), which is the any permu-
tation of( (hik, c ) s (hjk’ cz) ), then

Yo(((hiser)s (B2 e2)) ((hiyncr). (B c0) ),
. (R e2)))
By er)s (B e2)), (B e0), (s 2))s o

(hicr). (. c0)))

Proof. (1) When ((hiz,cl),(hjz,cz))z---z((h,-k,cl),

(hj»c2)) = ((hi»c1)s (hyocp))s it means iy =iy = ... = iy,

J1=Jo = ... = j;, S0 we get:

L +j+h+jp+ - +i+j,—2Xp
4p

= ()

Ye(4) =

i g+ iy
P

(il +J —2) Xp
4p

(2) As ((hy.c1), (hi»e2)) < ((Biscy)s (hy»c,)), which
means i; < iy, j; < Ji»
Sll +Jl +l2+]2++lk+1k—2><p,

i +j1 +irHjp+e - +ij+Hi—2Xp < i1 +j1 HiaHjp+e g Hig—=2Xp

4p iy tip+tip — 4p i gt tig 2
P P

en Yo(((her) ). (e ) g cs))o
((hine1). (hipe2))) < Y (((hiner)s (B, 2))s ((Biych),
(2 €2))soes (1) (B 2)))-

(3) The minimum value of the 6-element LTV-IFL is
((hy.cy). (hyscy)), and the maximum value is
((h3,cl), (h3,c2)). When i, =j, =1, p =1, the result of
LAA operator is g|1’ and when i, = j, = 3, the formula of

LAA operator is processed as % |3. As p > 1, the result is

%| . Using the IFLA inverse operator we can get:

((hrser)s (hriea)) < Yo (((hiser)s (Byaa))sen

(i e1)s (15 2))) < ((sse)s (B3, c2))

(4) When ((hil, ¢ ) (hj/, cz)) is the any permutation of
((hik,cl), (hjk,cz)), for any i, and j,, there exists i; = i,
Ji = Ji- Therefore, we can easily get:

i1+ Hig g+ = 2Xp iy i =2xp

4p i g+ iy 4p i tipteetip?
P P

which means Y¢(B) = Y¢(A).

Remark 1 We use the IFLA operator to translate the LAA
number into the form of the LTV-IFPs.

Example 1 Suppose ((hy,c,), (hy. c3)). ((hacy)s (hac2)).
((hysc1)+ (B.c2)). ((3sc1). (Ig.c2)) € Ll With the Defi
nition 6 we can get the layered number interval is [2, 3], and
according to the Definition 7, % < % so the layered number

is 2, and the corresponding LAA number is %|2. Using the

IFLA inverse operator, we can get the LTV-IFP is

((h2sc1). (hasc2)):

3.2 LWAA Operator

While we are doing decision making or evaluating, we
always set the weights which will make results more accu-
rate. Let S be the linguistic truth-valued intuitionistic fuzzy
set, G be the experts set and W be the weight vector, then
we define the LWAA operator on 6-element LTV-IFL as
follows:

Definition 10 For any ((h;,c,), (h;.c,)) € LI;, with
k=1,2,...,p,let weight vectorbe W = (w,, @,, ...,a)p), where
0<aw, <land)’_ w, =l thenY, : LIy — [0, 1]iscalleda
LWAA operator based on the 6-element LTV-IFL, and

Yo (((hisc1). (s e2))s ((higser)s (e €2))sos (s 1) (B 2)))

(i +jy = 2)o, + (i +Jo = 2) 0, + - + (i +Ji — 2)
4

C))

i1 +iwy++ iy

@ Springer
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Theorem 2 Suppose( (hik, c ), (hjk’ cz)) €Ll k=1,2,..p,
then the properties of the LWAA operator of the 6-element
LTV-IFL are as follows:

(1) Idempotency:

If there exists ((hiz,c
((hiscr)s (B e2)) = - =
(- 2))> (s e1)s (s €2) )5 (o4
= ((hiser)s (B c2))

(2) Monotonicity:

) (By0)) = 0 = (B, ),

(1) then Yo(((hysc1),

) (1))

If((hipcr)s (B 02)) < ((hyor)s (g c5) ), then
Yo(((hyscr)s (. e2))s (B er)s (Byysca) ),
((hy.c ’(h/,’cz)))

(3) Boundedness:

((hrser)s (Ayser)) < Yo (((Byser)s (Byc2))s
) <

(1) (Bys€2))) < (1) (B3, c2))-

Proof. (1) As ((.c1), (. 3)) = - = ((hoe1)s (.0 c2))
= (. ¢1), (B, ¢2) ) @) + @5 + -+ + @ = 1, which means
=i 1 =L = =k

then we can get

i =iy = ...

(iy +j1 —2)o, +

v 2e2))s (s e)s (Bye2) )
1) (hj,’CZ)))
< Y6(((hi,’c1), (hj]
cer)s (s 2)))-

(3)  ((hrcy). (hyser)) < Y6(A) < ((B3.¢1). (B3, c5))

))’((hiz’cl) (h 2C3) )5 e

(iy+i1=2) @ +(iaHin—2)wp 4+ (i Hix =2y
4| = 4

<.
. . . 4
1@ Fipwy+---+ipwy
so we need to proof 0 < (i, +j; —2)w, + (i +j, — 2)w,
+oo ot (i = 2)op 4,1 <o) + o, + - + i < 3.
(iy +j1 —=2)o;, + (iy +jp = 2)wy + =+ + (i +jx — 2) 0 =
(iy 1)y + (i +jp)wy + -+ + (iy +ip ) = 2(0) + @y + - + @),
aSa)1+a)2+"'+a)k= 1,1 Sil S3,and1 Sjl S3,
then we can get2 < iy +j; < 6,20, < (i; +j,) < 6w, ...,
20, £ (ik +jk) < 6wy,

2wy +wy+ o) < (i +4y) + (i +jo) e+ (i +ii)
<6(w + @, + -+ wy),

0< (i) +j, — 2)6"1 + (i +jr = 2)oy + - + (i +j, — 2)
w, < 4.

In a similar way, 1 <ijw; + hw, + - + o, <3,

t h en w e g et

((hyser)s (hy.ea)) < Vo) < ((B3.¢1). (h3.3)):

1) (hj,»c;)) € LI, with
., p, let welght vector be W = (@, @;,....®

Definition 11 For any ((k;,c
k = 1,2 (3] P s
where 0 < w, < land E w;, = 1, then its LWAA number of

k=1
6-element LTV-IFL is:

Ys4) =
4 i@ +iy W)+ +ij
B (i, +j1 = 2) X (0 + @y + -+ + ) round ( (i, +j; —2)w; + - + (ii +jy — 2) ;)
= ) .
4 []X(a,]+wz+...+wk) round(i]w1+~-+ikwk)
(10)
4+i—2 Remark2 We use the IFLA operator to translate the LWAA
15 +J1 .
= 4 = ((hil > 01)’ (hj, > Cz))- number into the form of the LTV-IFP.

@) As (b, 1), (B e2)) < ((hy 1), (B0 c5)), we can

geti; < iy, j; <o iy +Jj; < i + ji. Therefore

4

(i, +y (i +ji = 2) oy

= 4

Example 2 Suppose ((hz,c1 ), (h2, cz)), ((hz,c1 ) (h3, 62)),
((hl,cl), (hz,cz)), ((hl,cl), (h3,c2)) eLl , and

i1 @) Fiywy+++ijwy

)

iy +iy 0yt +iwy

@ Springer
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corresponding weights are o, = 0.4,w, = 0.3,0; = 0.2,w, = 0.1.
From the Definition 9 we can get the LWAA number is % |2,

and using the IFLA inverse operator, the LTV-IFP is

((72: 1), (M1 5))
3.3 Multiple Multidimensional Reasoning Model

During the process of designing the reasoning model,
first, we confirm the meta linguistic and fuzzy informa-
tion. Then we use the LWAA operator and the IFLA
inverse operator to deal with the linguistic-valued fuzzy
information to obtain the estimated evaluation from dif-
ferent experts to different objects with different attributes.
Second, we establish the LTV-IFLA multiple multidi-
mensional reasoning model. Finally, we get intuitionistic
fuzzy reasoning results in the form of linguistic-valued
information.

Definition 12 Suppose a, = ((;.¢c,), (h;.¢;)). k= 1,2,....p
is a LTV-IFP, “®,” is the composite relation of linguistic
truth-valued intuitionistic fuzzy information, then

@ ®ya; ®, . ®, ap = [((hy,1): (;.¢2)) (i 1),
(g e2)) - (1), (yoe2))]- D)

We establish the 6-element linguistic truth-valued intui-
tionistic fuzzy layered multiple multidimensional reasoning
model as follows. Each rule in n rules contains m attributes.
The intuitionistic fuzzy linguistic truth-valued information
comes from 6-element LTV-IFL, which means A, B in this
model are the linguistic truth-valued intuitionistic fuzzy
information:

Ifx1is An®,41,®,...®, Ay, then y is By (Rules)
Ifx; is A21 ®, 42 ®,,...Q, A>m, then y is B,
Ifx,i8 An ®, 4,2 ®,,...®, Ay, then y is B,
Ifx"is4"1®,4%8,.Q,4", (Facts)

then y is B” (Conclusion)

We take the intuitionistic fuzzy relation between A and
B in intuitionistic fuzzy reasoning model as the composite
opertion of the reasoning conclusions, which is denoted by
IR.

Remark 3 Intuitionistic fuzzy relation IR can be any intui-
tionistic fuzzy relation which has existed or can be defined
by ourselves.

For p experts evaluate n objects with m attributes, after
confirming the meta linguistic value set, we use the LWAA
operator to aggregate the linguistic truth-valued evalu-
ation information and restore results to LTV-IFPs using
the IFLA inverse operator. Then we work out each fuzzy
relation IR|,IR,, ..., IR, in each rule of aggregated rules.
Finally we use A" to do the compound operation “o,” with
IR|,IR,, ..., IR, to obtain n reasoning results BT, B;, BZ and
get the disjunction or the conjunction B*. Above method can
be detailed as following steps:

Step 1: Confirm meta linguistic value set C = {cl, c2}
and collect linguistic truth-valued intuitionistic fuzzy infor-
mation of p experts to n objects from m attributes;

Step 2: Use the LWAA operator to calculate the linguistic
truth-valued information, according to the layered number
interval [a, a+ 1] and the threshold value A = a + %to obtain
the LWAA operator number;

Step 3: Use the IFLA inverse operator to restore numbers
into the form of LT V-IFPs;

Step 4: According to the aggregated information to estab-
lish the model of the 6-element LTV-IFLA multiple multi-
dimensional reasoning model;

Step 5: Work out each fuzzy relation IR, IR,, ..., IR, in
each rule of aggregated rules, IR; =A;, - B;,1 <i<n;

Step 6: Use A" to do the compound operation “o,” with
IR, IR,, ..., IR, to obtain n reasoning results B, B, ..., B},
where BZF =A%0R;,1 i<

Step 7: Do the disjunctive operation or the conjunctive
operation of BY, B;, ey B:;

Step 8: Obtain the final result B* and H.

We depict the main reasoning processing phases of our
proposed 6-element LTV-IFLA multiple multidimensional
reasoning model in Fig. 5.

3.4 Case Study

While fully affirming the role of multimedia teaching in real-
izing the optimization of the teaching process, it is obvi-
ously necessary to objectively consider the negative factors
in the application of multimedia teaching and scientifically
evaluate the quality and efficiency of multimedia teaching.
It can better apply multimedia technology to the classroom
teaching process, so that it can fully tap the advantages of
multimedia teaching. We split the evaluation standards of
multimedia teaching into multimedia courseware design
level, multimedia audiovisual effects, and combination
degree of course and courseware. We use the LWAA opera-
tor and combine the 6-element LT V-IFLA multiple multidi-
mensional reasoning model to do the reasoning evaluation
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Confirm meta
linguistic value set
C={cl, c2}

LWAA
number

IFLA inverse operator

Linguistic-valued
intuitionistic fuzzy pairs

!

Multiple multi-dimension

reasoning model
the operator “—;”

IR;=A; —B;, 1<i<n A"

[ J
i the operator “o;”

B'= A" IR, 1Si<n

disjunctive operation or the conjunctive

Fig.5 Flow chart of the reasoning algorithm

Table 1 Collection of linguistic truth-valued evaluation information

of students’ recognition of different multimedia teaching
courses.

Here is a teaching method M; waiting to be rea-
soned about the degree of teaching effect, where meta
linguistic value set C= {H(high), L(low)}. The experts
have finished the linguistic truth-valued evaluation of
three kinds of evaluation information (Classl evalua-
tion:w, = 0.3, Class2 evaluation:@, = 0.4 and Class3
evaluation:w; = 0.3) of M3 and other two teaching meth-
ods M, and M, on three attributes. The information is
shown in Table 1.

Using LWAA operator to calculate the linguistic truth-
valued evaluation information in Table 1 can obtain the
aggregation of evaluation information of teaching methods,
which is shown in Table 2.

Restore these LWAA numbers to the form of LTV-IFPs
using the IFLA operator which is shown in Table 3.

According to the reasoning model, we can get the evalu-
ation information and final evaluation results obtained by
the two teaching methods in three aspects: multimedia
courseware design level, multimedia audiovisual effects,
and combination degree of course and courseware. Aim-
ing at the evaluation information of the existing teach-
ing method M;, the evaluation results can be obtained by
applying this model. The reasoning calculation process is
as follows:

Teaching meth-  Index and results Class1 Class2 Class3

ods

M1 Multimedia courseware design level ((h1, H), (h3, L)) ((h2, H), (h3, L)) ((h1, H), (h2, L))
Multimedia audiovisual effects ((h3, H), (h3, L)) ((h2, H), (h3, L)) ((h3, H), (h3, L))
Combination degree of course and courseware ((h2, H), (h3, L)) ((h3, H), (h3, L)) ((h2, H), (h2, L))
Result ((h2, H), (h3, L))

M2 Multimedia courseware design level ((h1, H), (h1, L)) ((hl, H), (h2, L)) ((h2, H), (h2, L))
Multimedia audiovisual effects ((h1, H), (h2, L)) ((h1, H), (h3, L)) ((h2, H), (h3, L))
Combination degree of course and courseware ((h1, H), (h2, L)) ((h2, H), (h2, L)) ((h2, H), (h3, L))
Result ((h1, H), (h2, L))

M3 Multimedia courseware design level ((h2, H), (h3, L)) ((h3, H), (h3, L)) ((h2, H), (h2, L))

Multimedia audiovisual effects
Combination degree of course and courseware

((h2, H), (h2, L))
((h2, H), (h3, L))

((h1, H), (h2, L))
((h2, H), (h2, L))

((h1, H), (h3, L))
((h2, H), (h3, L))

Table2 Aggregated evaluation

Multimedia audio- Results

visual effects

Combination degree of
course and courseware

inf . Teaching Multimedia course-
information methods ware design level
M1 2 ‘
411
M2 1 ‘
411
M3 3‘
412

((h2, H), (h3, L))
((h1, H), (h2, L))

w
)

LR LR B
Bl BN B W
%)

o
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Table 3 Aggregated evaluation

Multimedia audio-

visual effects

Combination degree of

course and courseware

Results

| Agg Teaching Multimedia course-
information in form of the methods ware design level
LTV-IFPs
M1 ((n1, H), (h3, L))
M2 ((n1, H), (h2, L))
M3 ((h2, H), (h3, L))

((h3, H), (h3, L))
((h1, H), (h3, L))
((h1, H), (h3, L))

((h2, H), (h3, L))
((h2, H), (h2, L))
((h2, H), (h3, L))

((h2, H), (h3, L))
((h1, H), (h2, L))

((r.H), (B3, L)) (3. H), (hs, L))
IR = (A); ®, A ®,Az) = By =| ((h3,H), (h3,L)) | = [((ho,H), (hs,L))] = ((h2sH), (ks L)) |,
| ((h.H), (h3,L)) | | ((hs.H), (h3,L)) |

((hy,H), (R, L)) ((h3.H). (h3, L))
IR, = (2 @4 A @, ) = By = | (ot (1)) |~ [((he ). ()] = | (). (1)) |
| ((h2,H), (ho,L)) | | ((h2,H), (B3, L)) |

B! = A*o/IR, = (A") o IR,

= [((th) (th))]

B} = A*o,IR, = (A") o /IR,

= [ ((hl’H)’(th)) ((hl’H)’(h&L)) ((hz’H)’(hz’L))]% ((hz’H)’(h&L)

= [((th) (h3L))]

B* =B VB, = ((hy.H), (hs.L)).

)
((hy H). (3, L))

The result of M; is ((h,, H), (hs, L)), which means that the
teaching effect of the teaching method M; comprehensively
is good. According to Table 3, we can see that M is a lit-
tle weaker at multimedia audiovisual effects compared with
the other two aspects, which can be improved to get better
teaching effect.

As the complexity of information increases, this rea-
soning model can well handle the aggregation of infor-
mation and reasoning of multiple multidimensional
teaching evaluation under the environment described
by language. Compared with the evaluation of educa-
tion under the intuitionistic fuzzy environment proposed
in the literature [11], this paper better handles the lin-
guistic-valued information that cannot be represented by
the numerical value, which reduces the loss of informa-
tion. It more intuitively and vividly shows the reasoning
effect of multiple multidimensional education evaluation
information.

4 Conclusions

With the increasing popularity of online education, it is
very important to grasp the situation of students and their
evaluation of teaching in time to improve the teaching
quality. The multiple multidimensional reasoning model of
multimedia teaching evaluation proposed in this paper can
better combine multiple classes of students to evaluate from
different perspective of both positive and negative aspects
at the same time, so as to make the reasoning results more
comprehensive. According to the layered operators of the
LTV-IFL, the LWAA operator which we proposed is used
to aggregate and transform the intuitionistic fuzzy linguis-
tic truth-valued information. According to the established
layered reasoning model, the algorithm we provided can
obtain the result which conform to human thinking habits
and better deal with complex information under the uncer-
tainty environment.
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In this paper, we assign the weights by ourselves, in an arti-
ficial way, which makes it not accurate. It could be better if the
weights are calculated in a natural way. As we calculate the
LTV-IFPs with the subscripts, there will still be information
loss. Therefore, assigning weights more reasonable and estab-
lishing a system to evaluate with linguistic truth-valued more
accurate is that our next research will focus on.
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