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ABSTRACT

As the demand for cross-cultural communication has been increasing because of globaliza-
tion, communicative language ability (CLA) has become an important component of quality
education for college students. CLA evaluation and difference analysis help educators under-
stand and identify problems and shortcomings of students in the learning process. However,
most of the existing CLA evaluation and difference analysis methods focus on written and
oral tests of college students in an interactive teaching environment, instead of evaluating
actual communicative ability in the interactive environment. Therefore, this research aimed
to study the CLA evaluation of college students and difference analysis in an interactive teach-
ing environment. The environment for improving the CLA was analyzed first. After setting
up five-level evaluation indexes for the CLA evaluation of college students in the interac-
tive teaching environment, three methods were used to weight the CLA evaluation indexes,
namely, the fuzzy analytic hierarchy process (FAHP), the entropy weight method (EWM), and
the coefficient of variation method (CVM). Then a model for evaluating the CLA was con-
structed, which minimized the CLA improvement difference of college students. Finally, the
experimental results verified that the proposed method was effective.

KEYWORDS
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1  INTRODUCTION

As the demand for cross-cultural communication has been increasing because of
globalization, CLA has become an important component of quality education for col-
lege students. Meanwhile, with the continuous teaching environment reform and the
widespread application of interactive teaching models, the improvement in teaching
methods has created a profound impact on the CLA of students [1-6]. CLA evaluation
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and difference analysis help educators understand and identify problems and short-
comings of students in the learning process, thus adjusting and optimizing teaching
methods and strategies, and improving teaching effectiveness [7-11]. However, there
is insufficient research on the CLA evaluation of college students and difference analy-
sis in the interactive teaching environment [12-15]. Further exploration of this issue is
of practical significance to teaching reform and CLA improvement of college students.

Effective communication skills are the demand of the 21st century, and students
should master and develop these skills in the era of Industrial Revolution 4.0 (4IR).
Communication skills, including written and oral skills, can be trained in physics
learning by innovating and developing learning models. Kusuma and Susantini
[16] aimed to establish a hypothetical Read-Outline-Discussion-Evaluation (RODE)
model to practice communication skills. The model was designed by analyzing
the advantages and disadvantages, learning theories, and empirical research of
project-based learning models and problem-solving learning models, and by con-
sulting scientific journals and related research results. The study was conducted
through demand and literature analysis, and field observation. Irma et al. [17] con-
ducted a quasi-experimental study, which aimed to investigate whether there was
any difference in mathematical communication skills between students participat-
ing in Think-Pair-Share learning and those participating in traditional learning.
Descriptive statistics and Mann-Whitney U evaluation were used by the researchers
as data analysis techniques. A descriptive evaluation was used as the tool to measure
the mathematical communication skills of students. Fatimawati and Odja [18] aimed
to measure the communication skill improvement effectiveness of students in fluid
topics using the learning setting of social media. A project-based learning model
and a set of evaluations were used after pretest. The research was an experimental
design study, and was part of research and development (R&D). The ADDIE learn-
ing kit consisted of a syllabus, course plans, materials, LKPD, testing and evaluation
tools. It was concluded that the learning setting of social media effectively improved
students’ communication skills in fluid topics.

Most of the existing CLA evaluation and difference analysis methods focus on
written and oral tests of college students in an interactive teaching environment,
instead of evaluating actual communicative ability in the interactive environment,
such as situational dialogues and group discussions. At the same time, the methods
may have inconsistent evaluation standards and be affected by subjective factors
significantly. In addition, most evaluation standards focus on language accuracy
and fluency, and lexical richness, while neglecting the importance of contextual
adaptability, cross-cultural communication skills and other aspects in practical
communication. Therefore, this research studied the CLA evaluation of college stu-
dents and difference analysis in an interactive teaching environment.

2  DETERMINING THE CLA EVALUATION INDEX WEIGHT

The environment for improving the CLA of college students included four key
aspects, namely, knowledge reserve, language ability, communicative psychology,
and situational context, as shown in Figure 1, which were described in detail in the
following. First, knowledge reserve was the foundation for CLA improvement of col-
lege students, because students needed to have a rich reserve in vocabulary, gram-
mar, sentence structures, and other aspects of the language. In addition, it was also
important to understand the cultural knowledge and social background of the lan-
guage. Second, language ability included four basic skills, namely, listening, speaking,
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reading, and writing. Communicative psychology referred to the psychological state
of students in the communication process, including their confidence, desire for
communication, and ability to cope with stress and so on. Third, situational context
involved the actual environment of using the language. By simulating real communi-
cation situations, students used and practiced the language in actual contexts, which
helped them transform theoretical knowledge into practical communicative ability.

Situational context

Communicative
psychology

Knowledge reserve Language ability
A known understanding of the Vocabulary reserve and
world grammar mastery

Fig. 1. Environment for improving the CLA of college students

2. Communication skills
Pronunciation

Intonation and rhythm
Nonverbal communication
Listening comprehension

Fluency of speech 3. Cultural adaptability
1. Communicative ability Understanding of different cultural backgrounds
Vocabulary Cross-cultural communicative ability
Grammar knowledge Cultural sensitivity

Dealing with cultural difference
Cross-cultural communicative strategies

Sentence structure
Reading comprehension
Writing ability

5. Social support 4. Emotional intelligence

Cooperation spirit Self-awareness

Spirit of mutual assistance Self-management
Social network Empathy

Perception of social support Relationship building
Behavior of seeking help Conflict resolution

Fig. 2. CLA evaluation indexes for college students

Based on the understanding of the CLA environment improvement, this study set
up five-level indexes to evaluate the CLA of college students in an interactive teach-
ing environment, as shown in Figure 2.

Determining the evaluation index weight not only makes the evaluation results
more objective, but also better reflects the relative importance of each CLA eval-
uation index. For example, contextual adaptability may be more important than
language accuracy on a specific communicative occasion. In addition, the language
ability of students was evaluated more accurately in specific communicative situ-
ations after a reasonable weight was determined. As a common decision analysis
method, the combination weighting method combined subjective weighting with
objective weighting to evaluate more reasonably and objectively. When being used
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to determine the CLA evaluation index weight of college students, this method
comprehensively considered the subjective evaluation of experts and the objective
performance of data, which enabled the evaluation results to not only take into con-
sideration the experience and knowledge of experts, but also avoid the limitation of
excessive reliance on a single perspective, thus reflecting the true CLA of students
more accurately.

The three main decision analysis methods, FAHP, EWM, and CVM, had their own
characteristics and applicability. Their respective advantages were fully utilized
when they were used for comprehensive evaluation index weighting. First, based
on the subjective evaluation of experts, the FAHP took into consideration the mutual
influence between various indexes, which reflected the relative importance of each
index in actual communication more accurately. Second, based on the objective
performance of data, the EWM determined each index weight by analyzing the
dispersion degree of data, which avoided the problem of excessive reliance on the
subjective judgment of experts. Third, also based on the objective performance of
data, the CVM determined the weight by calculating the variation degree of each
index, which better handled the uncertainty and complexity of data. Therefore, the
comprehensive use of the three methods for CLA evaluation index weighting not
only combined subjective evaluation methods with objective ones, but also han-
dled the complexity and uncertainty of data, making the evaluation results more
scientific and accurate. At the same time, this comprehensive weighting method also
helped identify and improve the potential problems of the single evaluation method,
enhanced the evaluation credibility, and was of great significance to CLA evaluation
improvement of college students.

2.1 Weighting using the FAHP

In the FAHP, it’s assumed that there were a total of d indexes for evaluating the
CLA in an interactive teaching environment. Let A, be the i-th index, and &= (ei].,cij,gl.j)
be the triangular fuzzy number, satisfying &= 1/Cﬁ, when ij=1,2,...d, then the matrix
B'shown in the following formula was generated:

1 2 d
B=A 1 ¢, - ¢,
A e, 1 5 g, (1)
A ¢ ¢ 1

d dil d2

The fuzzy synthesis degree H, of the i-th index was obtained by the follow-
ing formula:

d a_d B
Hi:ZBU.@{ Z‘BJ 2)

Zd:ejyzd:c].,zd:gj}i =12,..,d (3)
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ij - d d ’ d d ’ d d
s Zi:l Zj:l gij Zi:l ijl Cij Zi:1 ijleij

Let I be the relative size between indexes obtained based on the fuzzy synthe-
sis degree value, then the contingency matrix expression was given by the follow-
ing formula:

1 "

B'= A1 /~ [12 I~1d
AZ IZl / IZd (5)
Ad [dl [dz e

Let H, = (e,f,8)=H, = (¢,f,g) be the degree of Iij, given by the following formula
I(HzH) and I(H>H)) were the prerequisites of comparing H, and H,.

fl_]_ =I(H, > Hj) = sup(min{@,(y),0,(x)}) = HE(H, mH]_)

x>y
e zg
if ¢ >c, (6)
e—g
i~& ,otherwise
c-g)-(c,—e)

In the interactive teaching environment, the possibility degree of the i-th index

being greater than all other CLA evaluation indexes of college students was calcu-
lated using the following formula:

I(H >H,H,,.H,,.,H)=IH >H,).I(H >H,)=minI(H, > H_) -
p=12,.,d and p=i

l’(Ml):minI(Hl. >H) p=12,..,d p=i

(8)
Let K be the weight vector of the FAHP weighting, then:

K'=("(M),l(M,),..l'(M )" 9
The obtained weight vector was standardized based on the following formula.
It should be noted that the weight K; of the j-th index was a non fuzzy number.

I'(A
> )

K =(UAD A, LA =(K,,K,,..K,)

IA)=

(11D
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2.2 Weighting using the EWM

Inthe EWM, it’s assumed that g evaluated objects and p evaluation indexes of each
object were used to construct the judgment matrix RH = (hl.j)qxp, with i=1,2,3,...,q and
J=1,2,3,...p. RH was normalized to obtain the normalized matrix G. The following
formula provided the element expression for the index, with the larger value mean-

ing more satisfying, in G:

h —h
ij min

g, = (12)

-h
max min

The element expression for the index, with the smaller value meaning more sat-
isfying, in G was as follows:

_ max hij
g ==L (13)

As for the evaluation index, with the larger value meaning more satisfied, in the
above formula, let h, _Dbe the most satisfactory among different evaluation objects,
and h,, Dbe the least satisfactory. Similarly, as for the evaluation index, with the
smaller value meaning more satisfied, let h, . be the most satisfactory among differ-

ent evaluation objects, and h,,, be the least satisfactory. It's assumed V= gij/ z: 8

then the entropy of CLA evaluation indexes of college students in the following inter-
active teaching environments was defined was follows:

q
0, = —(;VU 1an,] /Ing (i=1,2,3,...¢;j=1,2,3,..,p) (14)

Whenv, =0, lnvij was meaningless. Therefore, the calculation of Vv; was amended
in this study as follows:

q
v =(+g)/ Y (1+g) (15)

Finally, the entropy weight N of various CLA evaluation indexes in the interactive
teaching environment was obtained:

D q
N, :(1—Oj)/[n—ZOj}ZNj -1 (16)

j=1 j=1

2.3 Weighting using the CVM

In order to avoid subjective preferences brought about by experiential weighting,
the coefficient of variation (CV) of CLA evaluation indexes in the interactive teaching
environment was further utilized to determine the weight. The eigenvalues matrix
of evaluation indexes was constructed first. Let a; be the CV of the j-th evaluation
index, C be the mean square error of the eigenvalue of the j-th evaluation index,

satisfying C =1/ Tz;(bj —E}.)Z,E}. be the mean eigenvalue of the j-th evaluation
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index, satisfying 5}.: 1/ TZ:;1 bjT, and B, be the weight of the j-th evaluation index.
The CV of the j-th index was calculated based on the following formula:

a.:C/bj (17)

J

The weight of the j-th evaluation index was calculated using the following formula:
B =a, /Z;o_c]. (18)

The combination weighting formula of the FAHP, the EWM, and the CVM was
given by the following formula. Let A and S be the preference coefficients, and A,
Be(0,1), then:

f]. = [SBJ. +)LNJ. +1-p —/I)K]. (19)

3  CLAEVALUATION CONSIDERING THE SCHEME DIFFERENCE

In order to minimize the CLA improvement difference of college students, the
VIKOR (VlseKriterijumska Optimizacija 1 Kompromisno Resenje) evaluation method
was used to construct a model for evaluating the CLA in an interactive teaching
environment. As a multi-attribute decision analysis method, the VIKOR dealt with
decision-making problems with multiple conflict evaluation indexes, and obtained a
comprehensive evaluation value after considering all evaluation indexes, thus com-
prehensively evaluating the alternative CLA improvement solutions of college stu-
dents. Meanwhile, the calculation process of this method was relatively intuitive and
simple, making it easy to understand and operate. In addition, the evaluation values
generated by the method intuitively reflected the proximity of alternative solutions
to the ideal ones, which helped decision-makers make decisions. The CLA improve-
ment of college students involved multiple factors and objectives, and the VIKOR
method was precisely suitable for dealing with this multi-objective decision-making
problem, which found a nearly ideal solution while meeting most of the objectives.

Let {MY, M®,.. .M™} be a total of o alternative schemes for CLA improvement, p be
the number of CLA evaluation indexes of college students in an interactive teaching
environment, the alternative scheme ¢, be the value of M under index A, r, be the
weight of the j-th index determined by the combination weighting method, and s;
be the value of the i-th scheme under the j-th index, then the following formula pro-
vided the expression of the maximum group benefit T:

s; =maxs,;s; = mins (20)
]

i

The following formula provided the expression of the minimum individ-
ual regret U:

$” =mins, ;S; =maxs, (21)
j J A o
Let w be the weight of most criterion strategies, V be the CLA improvement rate

of college students generated by the scheme, T"=min T, T-=maxT, U = min U, and
U =maxU, then the following formula determined:
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n

L= (s =s)/(s; =5 (22)

j=1
U = m]ax [rj(s; —sij)/(sj, —SJT):| (23)
V=w(T-T)/(T -TH+1A-w)U,-U) /U -U") (24)

Let M®be the second best scheme of V sorting, then there were:
VIM®)-V(MD)>1/(0-1) (25)

Let MW be one of the top CLA improvement schemes of T or U. Schemes MW
and M@ were considered as the second best improvement schemes if they satis-
fied the inequation. Similarly, schemes M® M®,.. .M®™ were considered as the sec-
ond best improvement schemes if they satisfied the inequation, with M® satisfying
M-MO<T/(m-1).

4  EXPERIMENTAL RESULTS AND ANALYSIS

Table 1 presents the evaluation results of the combination weighting method.
The membership grade of each sample at the five levels (i.e., “excellent”, “good”,
“medium”, “poor”, “extremely poor”) can be seen in the table. The higher the mem-
bership grade, the higher scores of the sample at that level. The evaluation results
in the table show the level corresponding to the highest membership grade of each
sample. Sample 1 has the highest membership grade at the “extremely poor” level,
indicating that the CLA evaluation results of this sample were extremely poor.
Sample 2 has the highest membership grade at the “extremely poor” level, indicat-
ing that the CLA evaluation results of this sample were extremely poor. Sample 3
has the highest membership grade at the “poor” level, indicating that the CLA eval-
uation results of this sample were poor. Sample 4 has the highest membership
grade at the “medium” level, indicating that the CLA evaluation results of this sam-
ple were medium. Sample 5 has the same highest membership grade at the “poor”
and “extremely poor” levels, indicating that the CLA evaluation results of this sam-
ple may be between poor and extremely poor. Overall, the combination weighting
method provided comprehensive evaluation results, which helped understand and
improve the CLA of college students.

Table 1. Evaluation results of the combination weighting method

Membership Grade for Each Level

Evaluation Results
Sample No. I I I vV
1 0 0 0.1211 02374 | 0.3145 \Y
2 0.0612 0.1644 | 0.1641 0.1641 0.5134 \Y
3 0.1814 | 0.0151 0.0654 | 04511 0.1581 v
4 0.2010 | 0.1974 | 0.2141 0.2214 | 0.0413 11
5 0.1412 0.0451 0.0647 | 03154 | 03151 v
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Table 2. Comparison of evaluation results using different methods

Sample No. FAHP EWM CVM Combination Weighting
1 v \Y \Y v
2 v v \Y v
3 111 v v v
4 111 111 II II
5 \Y VI VI VI

Table 2 compares the evaluation results using different methods. The evaluation
results of five samples using different evaluation methods (i.e., FAHP, EWM, CVM,
and combination weighting method) can be seen in the table. For Sample 1, the
evaluation results of the FAHP were “poor”, while those of the other three methods
were “extremely poor”, maybe because the FAHP emphasized the interrelationships
between the indexes more, while the EWM and the CVM focused more on the index
information itself, indicating that different evaluation methods may give different
results for certain samples. A similar situation applied to other samples, maybe
because different evaluation methods processed evaluation indexes differently and
had different focuses, indicating that multiple methods may need to be combined
in order to obtain more comprehensive and accurate evaluation results. For cer-
tain samples, different evaluation methods may give the same or similar results.
The combination weighting method combined the advantages of multiple methods,
which considered both the interrelationships between indexes and the index infor-
mation itself, thus providing more convincing results.

Table 3. Weight coefficients of the traditional method

Communicative Communication Cultural Emotional

SENIERE Ability Skills Adaptability Intelligence S°Cial Support
1 0.04 0.08 0.41 023 0.24
2 0.14 0.09 047 0.22 0.08
3 0.22 021 021 032 0.04
4 0.37 029 0.08 025 0.01
5 0.04 0.07 078 0.07 0.04

According to the weight coefficients in Table 3, the distribution of various index
weights in the CLA evaluation can be seen. In this case, “communicative ability”,
“communication skills”, “cultural adaptability”, “emotional intelligence”, and “social
support” were all considered as important factors affecting the CLA. However, the
traditional weighting method overly relied on the subjective judgment of experts,
which may lead to subjective bias. For example, according to the above table, the
“cultural adaptability” scores of Sample 5 are much higher than the scores of other
factors, while Sample 4 has higher scores in “communicative ability” and “commu-
nication skills”. In this case, if a unified weight coefficient was used for evaluation,
the difference between different indexes in each sample may be ignored, leading to
inaccurate evaluation results.
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Table 4. Weight coefficients of different methods

Evaluation Index FAHP EWM CVM Combination Weighting
Communicative ability 0.124 0.1844 0.1191 0.144
Communication skills 0.189 0.1915 0.1866 0.173
Cultural adaptability 0.244 0.2461 0.2421 0.2474
Emotional intelligence 0.237 0.186 0.2431 0.2211
Social support 0.206 0.192 0.2091 0.2145

Table 4 shows each evaluation index weight given by different evaluation
methods. For the “communicative ability”, FAHP and CVM gave lower weights, EWM
gave the highest weight, and the weight given by the combination weighting method
was between these three. For “communication skills”, the four evaluation methods
gave relatively close weights, indicating that the index was emphasized by the meth-
ods consistently. For “cultural adaptability”, the four evaluation methods gave rela-
tively high and close weights, indicating that it was considered very important in all
evaluation indexes. For “emotional intelligence”, FAHP gave a higher weight, EWM
gave a lower weight, and the weights given by the combination weighting method
and the CVM were between the two, maybe reflecting that the evaluation methods
emphasized the index differently. For “social support”, the four evaluation meth-
ods gave relatively close but slightly different weights, indicating that the index was
emphasized by the evaluation methods somewhat similarly but with differences.

The combination weighting method combined the advantages of multiple meth-
ods and comprehensively and accurately reflected the importance of various evalu-
ation indexes. Its weighting results effectively balanced the difference between the
various methods, which obtained comprehensive evaluation results. Therefore, the
combination weighting method was preferred to evaluate the CLA of college students.

25 m

20

._.
"
)

\

Frequency
—
o

[

75 100 125 150 175 200
Total

Fig. 3. Histogram

Figure 3 shows a histogram reflecting the total CLA scores of college students. It can
be seen from the figure that the the “medium” and “good” columns have the maximum
heights, meaning that most of the evaluated college students have medium or good CLA
scores. However, the “excellent”, “poor”, and “extremely poor” columns have relatively
low heights, indicating a relatively small number of students at these three levels. This
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data distribution may indicate that the majority of the evaluated college students had
medium to good CLA, with only a small number of them having excellent or signifi-
cantly insufficient CLA. The results may suggest that there was still potential for the CLA
development of most students, and more personalized and targeted teaching strategies
and resources need to be provided to help them increase their CLA to a higher level.
According to the CLA evaluation results of college students in Table 5, it can be
seen that the sampled students have different CLA in different indexes. The “commu-
nicative ability” of most students ranges from level I1I to IV, indicating their medium
to good communicative ability, which may have improved because they have got
enough opportunities for daily communication in college life. The students have sig-
nificantly different “communication skills”, ranging from level II to V, maybe reflect-
ing the communication skill difference of students, because some students are more
gifted or have got more training and practice in this aspect. The students generally
have good performance in “cultural adaptability”, with most of them ranging from
level 11 to ITI, maybe meaning that they are able to adapt to different cultural envi-
ronments, which to some extent reflects their global perspective and cross-cultural
communicative ability. The “emotional intelligence” of students is different, ranging
from level III to V, maybe because it involves more complex communicative ability,
such as understanding other people’s emotions and empathy, and students may dif-
fer greatly in this aspect. Most students have good “social support” ability between
level II and III, maybe indicating that they can receive support in social environ-
ments and also provide support to others. The students have level II to VI CLA in
“final judgment”, with most students at level III, showing that most students have
medium to good CLA. In addition, the “original credits” of students range from 49 to
86.5, with about 70 as the average scores, indicating that the students have gener-
ally good CLA. In summary, although the college students had different CLA to some
extent, most of them had good CLA. For students with poor performance in certain
aspects, targeted guidance and training may be needed to improve their CLA.

Table 5. CLA evaluation results of college students

Index Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
Communicative ability I\ v 11 11 11
Communication skills v v \Y I I
Cultural adaptability v \Y 11 111 11
Emotional intelligence \Y \Y 11 \Y v
Social support I\Y v II 11 11
Final judgment IV v II 11 111
Original credits 49 55.6 61.9 65.5 68.3

Index Sample 6 Sample 7 Sample 8 Sample 9 Sample 10
Communicative ability Iy 11 11 11 11
Communication skills Iy v \Y 11 11
Cultural adaptability Iy 11 11 1 11
Emotional intelligence 11 11 11 v 11
Social support 11 I I 111 11
Final judgment I III II 11 11
Original credits 70.5 72.9 78.3 82.3 86.5
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Figure 4 shows the CLA improvement of college students before and after imple-
menting the improvement scheme. According to the data in the figure, it can be
seen that the CLA of college students has significantly improved after implement-
ing the improvement scheme. The proportion of “excellent” students has increased
from 35.0% to 51.0%, with an increase of 16 percentage points, indicating that the
improvement scheme has significantly improved the CLA of students, and more
students have obtained excellent CLA. Meanwhile, the proportion of “medium”
students has decreased from 41.0% to 35.0%, maybe indicating that some stu-
dents improved their ability level from “medium” to “excellent”, which further
confirms the effectiveness of the improvement scheme. The proportion of “poor”
students has decreased from 24.0% to 14.0%, with a decrease of 10 percentage
points, maybe meaning that the scheme implementation has improved students
with originally poor CLA. Overall, the improvement scheme achieved positive
results in improving the CLA of college students, which not only increased the pro-
portion of excellent students, but also reduced the proportion of students with poor
CLA, indicating that the scientific and effective scheme improved the CLA of college
students, thus helping them better engage in interpersonal communication in their
study, life, and future career.

(@) = Excellent = Medium = Poor (b) = Excellent = Medium = Poor

Fig. 4. CLA improvement of college students before and after implementing the improvement scheme

5 CONCLUSION

This research studied the CLA evaluation of college students and difference anal-
ysis in an interactive teaching environment. After analyzing the environment for
improving the CLA, the five-level indexes were set for the CLA evaluation of col-
lege students in the interactive teaching environment. Then three methods of FAHP,
EWM and CVM were used to weight the indexes. In addition, a model for evaluat-
ing the CLA was constructed, minimizing the CLA improvement difference of col-
lege students.

Combined with experiments, the evaluation results of the combination weighting
method and the comparison results of different methods were presented in this study,
which verified that the combination weighting method combined the advantages of
multiple methods by considering both the interrelationships between indexes and
the index information itself, thus giving more convincing results. Then a histogram
reflecting the total CLA scores of college students was presented, and analysis conclu-
sions were provided. This study further conducted a comparative experiment on the
CLA improvement of college students before and after implementing the improve-
ment scheme, provided the CLA evaluation results, and analyzed the CLA improve-
ment before and after the scheme implementation. Finally, it was verified that the
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scientific and effective scheme improved the CLA of college students, thus helping
them have better interpersonal communication in their study, life and future career.
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