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Abstract

The classroom learning process is multi-dimensional and comprehensive, and formative evaluation is the key
way to measure its effectiveness. When conducting the evaluation, teachers need to comprehensively examine
the diverse performance of students and carefully establish evaluation criteria to ensure an objective and fair
assessment of the learning behavior. This not only aids in testing the teaching effect but also provides robust
support for the continuous improvement of classroom instruction. This study applies the fuzzy analytic
hierarchy process to thoroughly analyze each aspect of the Business English Listening and Speaking Course,
establish the logical relationship between formative elements, and subsequently construct an evaluation matrix.
Simultaneously, the paper employs fuzzy theory to quantify the evaluation process, making it more precise and
operational, and thereby produces a model for the formative evaluation system. Through comprehensive
analysis and interpretation of the evaluation results, a more scientific and equitable evaluation of students’
learning processes is achieved.
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1. Introduction

Apart from applying appropriate teaching theories and effective teaching methods, teachers should use
evaluation methods accurately to objectively evaluate students in order to achieve the best teaching effect.
Formative evaluation can help teachers track students’ progress in knowledge and learning effectiveness,
enabling timely teaching plan adjustments and method improvements. However, the commonly adopted
impression-based evaluation and the oversimplified use of activity average scores, which fail to reflect
objectivity, accuracy, and fairness, cannot provide constructive feedback and effective guidance in
teaching.

Taking the Business English Listening and Speaking Course as an example, this paper applies the fuzzy
analytic hierarchy process (FAHP) to enhance the objectivity and fairness of formative evaluation. This
course’s practical nature demands diverse and task-based activities, posing a challenge to objective
evaluation. Teachers’ accurate and fair judgments of students’ performance in activities can motivate

3 This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/) which
permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Manuscript received April 25, 2024; first revision March 5, 2025; accepted April 19, 2025.

*Corresponding Author: Junrui Han (junruihan@]163.com)

!Foreign Language School, Hebei North University, Zhangjiakou, China (sarah889@163.com)

? Academic Affairs Office, Hebei North University, Zhangjiakou, China (junruihan@163.com)

? Foreign Languages School, North China Electric Power University, Beijing, China (Izfleah@sina.com)

www.kips.or.kr Copyright© 2025 KIPS


http://creativecommons.org/licenses/

Construction of Formative Evaluation System in Business English Listening and Speaking Course Using Fuzzy Hierarchy Analysis Process

students’ enthusiasm, which is conducive to guiding teaching practice and improving teaching quality.
FAHP quantifies fuzzy decisions and provides auxiliary decision-making support for formative
evaluation in the Business English Listening and Speaking Courses in higher education.

2. Formative Evaluation Analysis of the Business English Listening
and Speaking Course

2.1 Significance of Formative Evaluation

Compared with traditional summative evaluation, formative evaluation focuses on students’ learning
effectiveness. It aims to motivate independent learning, guide processes, enhance achievement and
confidence, and foster teamwork, thereby transforming students from passive recipients to active
participants in evaluation.

This process evaluation is an informal sustainable evaluation conducted in an open environment. It
focuses on the students’ learning process, evaluating not only their knowledge and skills but also non-
quantifiable dimensions such as learning interests, learning strategies, learning attitudes, participation
awareness, cooperative spirit, and cultural consciousness [1]. The evaluation, which continuously gathers
teaching information and provides feedback during the teaching process, is an important component and
driving factor of teaching, thus becoming a systematic evaluation to improve teaching.

This kind of evaluation is also an important guarantee to achieve the curriculum objectives. Its proper
application in the Business English Listening and Speaking Course can effectively compensate for some
deficiencies in the current teaching and the final testing. The pure summative evaluation that overlooks
the learning process of students’ listening and speaking, fails to comprehensively measure their learning
effectiveness and detect their mastery of knowledge and skills in real time, which will gradually diminish
students’ enthusiasm for learning [2].

2.2 Design of Formative Evaluation Activities for the Course

Formative evaluation is not solely based on teachers’ evaluation needs, but prioritizes students’
learning needs. It emphasizes the process and experience of students in learning, highlights the interaction
of multiple factors in the evaluation process, and attaches great importance to teacher-student
communication. When designing evaluation activities, teachers should consider students’ ongoing
performance, achievements, emotions, and attitudes. These activities aim to stimulate learning interest,
enhance English communication skills, and cultivate listening, speaking, thinking, and communication
abilities. Formative evaluation helps students regulate their learning, achieve a sense of accomplishment,
and boost self-confidence. Based on these features, professional objectives, and curriculum requirements,
the design standards for the course formative evaluation are as follows:

The first is the integration of in-class and out-of-class learning. Language learning involves multiple
applications and practices, not only within the limited class time, but also in the boundless extension
outside class. Students should be encouraged to speak and listen to English more often outside class.

The second is to assess learning attitudes and habits through a combination of self, peer, and teacher
evaluations. As the focal point, students should engage in self-evaluation and participate in peer
valuations focusing on “practice processes,” like cooperation spirit, inquiry ability and communication
skills. Then students are guided to seriously reflect on the evaluation results and fully recognize their
own quality development, thus which plays the guiding and motivational role of evaluation.
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The third is the combination of online and offline activities. This involves fully utilizing online
resources and the school’s learning platform to establish student-centered teaching activities. The
application of computer networks and multimedia technology makes teaching activities unrestricted by
space and time. Consequently, with the convenient online activities, language usage can also be extended
beyond the class.

Based on these considerations, teachers design eight formative evaluation activities every semester for
the university course. Given the complexity of evaluating processes vs. outcomes, and students’ varying
theoretical knowledge and judgment standards, self and peer evaluations may not always be scientific.
Non-quantitative elements like learning interest and strategies are hard to quantify, which demands more
time and effort from teachers. To address the issues arising during the evaluation process, this study
employs FAHP to create an evaluation model.

3. Fuzzy Analytic Hierarchy Process

3.1 Construction of a Hierarchical Structure Model

The analytic hierarchy process (AHP) is a multi-objective decision analysis method proposed by
Professor Thomas L. Saaty at the University of Pittsburgh in the early 1970s. It is a common method for
quantitative analysis of non-quantifiable factors in system engineering, and an effective method for the
objective description of subjective judgments [2]. To apply the AHP, it is first necessary to determine the
weight of each criterion indicator in the decision, and then make a weighted average of each indicator
value in the alternative scheme based on the weight [3,4].

FAHP is a comprehensive and scientific evaluation method that builds upon the fuzzy comprehensive
evaluation method and the AHP. It combines the advantages of both methods while addressing their
shortcomings. Therefore, FAHP can accurately describe the weight of a criterion between any two factors
with the advantages of solving the problems existing in the traditional AHP, improving the accuracy and
rationality of qualitative and quantitative analysis, increasing the reliability of decision making, and
making the evaluation results more accurate and reliable when used for evaluation [5].

Compared with the above methods, AHP is flexible and concise, suitable for multi-criteria decision-
making problems. However, when there are numerous evaluation indicators, maintaining consistency in
thinking becomes challenging, and the calculation process becomes complex. In contrast, FAHP
enhances the ability to handle complex and fuzzy problems, making it ideal for issues with a large number
of evaluation indicators or high fuzziness. The factor set that influences the evaluation results is
determined based on the evaluation process and target requirements. Given the characteristics of the
Business English Listening and Speaking Course, the FAHP method is selected to construct the
evaluation model. In this model, the course evaluation factors are classified, hierarchically divided, and
organized into the target layer, criterion layer, and indicator layer within the evaluation set, according to
specific rules [6].

3.2 Determination of Evaluation Index Weight

Usually, U={u,,u,, ..., u, } represents each factor in the factor set. The subset of each factor is
expressed as Ui = {u;q, U, ..., Uy} (1I=1,2,...,n), and £ is the number of factors of the subset. W = [W1,
Wa, ..., W.] denotes the weight of each indicator and W; = [W11, W12, ..., Wii] (i=1,2,3,...,n) indicates the
weight of each indicator’s sub-indicators. The steps to calculate the weights of each criterion and the
corresponding indicators of each criterion using FAHP are as follows [7].
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1) Construction of a fuzzy complementary judgment matrix

The study adopts the expert scoring method, uses the 0.1-0.9 scale method in Table 1, analyzes the
factors affecting the evaluation, compares the indicators with each other, and judges the relative
importance of the index to their upper level indicators, to obtain the fuzzy complementary judgment
matrix R = (r;j)nxn, (3 =1,2,... ), 0 <r;; <1, 1;; = 0.5, ;5 + 153 = 1[6]. When r;; = 0.5, it indicates that
the factors are equally important compared; when 0.5 <r;; < 0.9, it means that the factor r; is more
important than the factor r;. Conversely, if 0.1 <r;; < 0.5, it means that the factor r; is more important

than the factor r;.

Table 1. 0.1-0.9 Scale method

Scale Definition Explanation

0.9 Extremely more important Compared with the two elements, the former is extremely more
important.

0.8 Much more important Compared with the two elements, the former is much more
important.

0.7 Obviously more important Compared with the two elements, the former is obviously more
important.

0.6 Slightly more important Compared with the two elements, the former is slightly more
important.

0.5 Equally important Both elements are equally important.

0.4,0.3,0.2,0.1 Inverse ratio If the element r; is compared to r; to get r;;, the inverse ratio of

the two elements is ry;.

2) Calculation of the index weight
If R = (r;j)nxn is the fuzzy complementary judgment matrix, using the formula to solve the relative
weight of the index, W = (W, W,,..., W,,..., W,) is the weight vector of R. The formula is as follows:
n n
Zi,j=1rij+7_1 (l)
nn—1) '

In the formula, W; is the weight of factor r;.

W; =

3) Consistency test

The weight calculated through 1) needs to be checked for consistency in the comparison and judgment
process to determine its rationality.

Based on the compatibility index I(4, B) of the judgment matrix and the definitions of feature matrix
W=, the compatibility index of the judgment matrix and its characteristic matrix are calculated, and their
expressions are as follows:

n
1
i,j=1
where, A= (a;;), . B= i) W' =W nxn-
Wi,j =Wl/(Wl+VV]) Vi,j:1,2,...,n (3)

Among them, A and B are fuzzy complementary judgment matrices. If (4, B) is less than a specific
value a (generally 0=0.1), the judgment matrix can be considered to be a satisfactory consistent matrix.
The smaller a is, the higher the consistency requirement of the fuzzy judgment matrix is for decision
makers.
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3.3 Calculation of the Comprehensive Evaluation Results

The formative evaluation of students is set to m levels, and then the evaluation set is V =
{vi, Vs, ..., V;n}. The membership degree of the evaluation index corresponding to each comment is the
set on V, marked as R;:

R; = {Rit, Rz, -, Ry}

The evaluation set of all indicators constitutes a fuzzy evaluation matrix R:

R = (r, 1y, o, Tp)T

Finally, by multiplying the index weight vector W and the fuzzy comprehensive judgment matrix R to
obtain B =W e R, the research determines the comprehensive evaluation matrix B, and gets the
evaluation results according to the maximum membership principle.

4. Construction of Formative Evaluation System Model

4.1 Determination of Evaluation Indicators

In the Business English Listening and Speaking Course, formative evaluation involves many factors,
some of which can be quantified, while others cannot. For example, the comprehensive evaluation of
students’ learning performance, and other aspects that are difficult to be quantified can only be made by
qualitative analysis, and the evaluation of various factors (or activities) is generally fuzzy.

Eight activities are designed for formative evaluation based on the two practical skills of business
listening and speaking aligned with the course objectives. The listening activities include sentence
dictation, discourse dictation, listening to dialogues and answering questions, and listening exercises on
different subjects. The oral performance tasks include pre-class presentations, keynote speeches, role
play, and film segment dubbing. Consequently, these eight activities are utilized to construct an
evaluation model for the course’s formative evaluation.

The first layer of the evaluation model is the target layer A (formative evaluation). The second layer is
the criterion layer B (including language skills of listening B; and speaking B;). The third layer is the
indicator layer C (consisting of eight indicators: sentence dictation C,4, discourse dictation C;,, listening
to dialogues and answering questions C,3, listening exercises on different subjects C;,, pre-class
presentation C,q, keynote speech C,,, role play C,3, and film segment dubbing C,,), as shown in Fig. 1.

"
Target Layer ' Criterion Layer H Indicator Layer

—{ Sentence Dictation Cyq ‘

4 Discourse Dictation Cy;

—i Listening B '— . . .
251 Listening to Dialogues and

— Answering Questions Cq3

Listening Exercises on
Different Subjects Cyy

Formative Evaluation A }*

—{ Pre-class Presentation Coy

*{ Keynote Speech C;; ‘
Speaking B>
—{ Role Play Cp3 ‘

—{ Film Segment Dubbing Cas

Fig. 1. Formative evaluation system.
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The evaluation index set of the FAHP model is as follows:
A ={By,B;}; By ={Ci1,C12 Ci3 Cia}; By ={Cyq, Cpz, Ca3, Cou}.

4.2 Determination of the Weight Indicator Vector

The Delphi survey method was used for survey statistics, and 20 peer experts and frontline teachers
were invited as the survey respondents. In the form of an online questionnaire, the questionnaire was sent
to the respondents according to the rules and steps of the evaluation requirements. After several rounds
of consultation and statistical modification, the consensus was reached to ensure the objectivity and
authenticity of the survey results. Statistics were made on the questionnaire, the weight of each index was
determined, and the fuzzy judgment matrix was established. The results are shown in Table 2.

Table 2. Fuzzy judgment matrix A-B of target layer and criterion layer

A By B,
B 0.5 0.605
B2 0.395 0.5

According to the formula (1), the weight of each index of matrix A-B is W= (0.5525, 0.4475), and
based on (2) and (3), the compatibility indicator value of the judgment matrix and its feature matrix is
0.02625 < 0.1, which conforms to the consistency verification.

Similarly, the fuzzy judgment matrix (B1-C and B2-C) of criterion and scheme layers can be
constructed, as shown in Tables 3 and 4.

Table 3. Fuzzy judgment matrix B1-C

B, Cu Cn Ci Cis
Cn 0.5 0.34 0.37 0.3
Ci2 0.66 0.5 0.46 0.39
Ci3 0.63 0.54 0.5 0.41
Cia 0.7 0.61 0.59 0.5

Table 4. Fuzzy judgment matrix B2-C

B: Cn Ci2 Ci Cus
Cu 0.5 0.41 0.45 0.46
Ci 0.59 0.5 0.48 0.51
Cis 0.55 0.52 0.5 0.48
Cu 0.54 0.49 0.52 0.5

According to the formula (1), the weight of the indicator B; is as follows: W, =
(0.209,0.251,0.257,0.283), and I1(B;, W;) = 0.0639 < 0.1 can be obtained from the formulas (2) and
(3). In the same way, W, = (0.235,0.257,0.254,0.254), and I(B,, W,) = 0.0211 < 0.1.

Therefore, the fuzzy judgment matrices B1-C and B2-C both pass consistency verification.

4.3 Calculation of the Formative Evaluation Results

The evaluation process includes both qualitative and quantitative evaluation methods. There are two
categories of evaluation criteria, B; and B,. B; comprises four secondary indicators: sentence dictation,
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discourse dictation, listening to dialogue and answering questions, and listening exercises on different
subjects, which are suitable for quantitative evaluation method and can be directly quantified and graded
based on test scores. B, includes four indicators: pre-class presentation, keynote speech, role-playing,
and film segment dubbing, which are suitable for qualitative evaluation methods. The evaluation
information is first collected and presented in a non-numerical form. The study employs Likert scale
method to define the evaluation into five levels: excellent, good, medium, qualified, and unqualified.
Subsequently, corresponding evaluation indicators are assigned based on the learning behavior of the
evaluated object.

5. System Instance Implementation

5.1 System Functions and Environment Deployment

The system includes two roles: users and evaluators. Users log in to query evaluation results, while
evaluators log in to complete evaluations. The system is deployed using a B/S architecture mode, and its
database is designed based on Oracle. In terms of hardware configuration, the system consists of two
Web servers and one database server.

5.2 Implementation Process of the Evaluation System

A review panel comprising the course instructor and nine students evaluates the performance of all
students in the class. To ensure the fairness, participation, and effectiveness of the evaluation process, a
detailed evaluation procedure is designed. Students are initially screened based on their academic
performance, interests, and sense of responsibility to establish a pool of potential reviewers. Reviewers
are then selected through random selection process. When assessment scoring, the reviewers strictly
follow the course evaluation criteria, grading methods, and precautions outlined by the system, scoring
item by item. The system calculates and aggregates the evaluation data for each student to produce
comprehensive and objective evaluation results. This evaluation approach provides a just and impartial
evaluation environment for students’ learning journey. Below is the calculation process for the evaluation
data of a certain student within the system.

1) Calculations of the evaluation results of the secondary indicators
Secondary indicators include B1 and B2. The membership degree of B1 indicator can be directly
quantified and graded, and the judgment matrix R1 is obtained according to the score statistics

10000
R—[0 1000
17l1 00 00

00100

Utilizing the weight coefficient of index layer and criterion layer, the comprehensive evaluation is

carried out:
B; = W,°R; = (0.466 0.251 0.283 0 0)

where ° is a fuzzy synthesis operator.
According to the operation rules of weight set W; and single factor fuzzy evaluation matrix R;, the

evaluation fuzzy subset B; is obtained. But considering the multifactorial influence on student evaluation
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results, the comprehensive weighted average type M(e,) is used for synthesis operation.

The evaluation matrix for B, evaluation results is R,:

04 03 02 010
R, =01 06 03 00
2 05 03 01 00
0 05 03 020

Same as B;,B, = W,°R, = (0.247 0.428 0.226 0.074 0), normalized to (0.253, 0.439, 0.232,
0.076, 0) [8].

2) Multilevel fuzzy comprehensive evaluation model

Using the weight coefficients of the target layer and the criterion layer, a fuzzy comprehensive
evaluation of the student is obtained.

By utilizing the weight coefficients of the target layer and the criterion layer, fuzzy comprehensive
evaluation can be conducted on students.

0.476 0.251 0.283 0 O

B = W°R = (0.5525,0.4475) (0.253 0439 0232 0.076 0

) = (0.376,0.335,0.26,0.034,0)

The evaluation result of the student can be obtained through system calculation: the evaluation result
is excellent with a membership degree of 37.6%, good with a membership degree of 33.5%, intermediate
with a membership degree of 26%, and poor with a membership degree of 3.4%. According to the
principle of maximum membership degree, the student’s evaluation level is deemed “excellent.” The
system processed the evaluation data of 30 students in the class and obtained the evaluation results for
each student. The results were categorized into grades: excellent (90), good (80), medium (70), qualified
(60), and unqualified (below 60). The distribution of formative evaluation data for all students in the class
is shown in Fig. 2.

100
* o0

80 GO O G066 G066 60 66 G000 0 0 to 00
° * * * *
3 60
o©
G 40 + Evaluation Result

20

0

0 5 10 15 20 25 30 35

Student No

Fig. 2. Distribution curve of students’ formative evaluation data.

The evaluation results obtained through the FAHP method, as depicted in Figure 2, demonstrate
significant advantages over the conventional results in the form of a curve generated by simply averaging
teachers’ subjective scores, where students’ differences are not clearly delineated. This method employs
algorithms to transform fuzzy information that is difficult to quantify, as well as information about the
process of learning, into quantifiable numerical values that serve as evaluation indicators. This approach
makes the evaluation process more aligned with students’ actual performance and effectively mitigates
the influence of subjective judgments. Moreover, it can accurately and objectively illustrate the gap
between students’ learning achievements and the excellent level.
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Additionally, the evaluation data are not solely used for categorizing students’ abilities into distinct
levels; instead, they are specifically employed to assess teachers’ teaching quality. The data collection
and computation process adopts a closed-loop management system, which is designed to enhance
teaching quality. It is utilized to provide personalized instructional guidance tailored to each student’s
unique needs, thereby enabling teaching to be adapted to their specific requirements (i.e., “teaching
students according to their aptitude™). This approach effectively safeguards against the leakage of
sensitive evaluation data.

6. Conclusion

This paper applies the FAHP method to conduct a detailed hierarchical analysis of the students’
learning process, aiming to uncover various factors that affect learning effectiveness. Utilizing the expert
analysis method, the research constructs a comprehensive evaluation system model, which transforms
the formative assessment data into quantitative results through scientific methodologies, thereby ensuring
the objectivity and accuracy of the evaluation.

In the Business English Listening and Speaking Course, the application of formative evaluation is not
merely a test of students’ achievements, but also an embodiment of their independent learning process.
With the assistance of detailed analysis of formative evaluation, teachers gain precise insights into the
learning status of each student, and then reflect on their teaching and make targeted adjustments. The
fuzzy comprehensive evaluation model equips students with a self-evaluation standard, helping them
better understand their learning progress and breaking the limitations of traditional exams that solely
focus on results and ignore processes. This evaluation approach not only enhances the learning experience
of students, but also fosters the reform of teaching modes. The construction and implementation of the
formative evaluation system model advance the digital application of the teaching process and broadens
the horizons for the integration of information technology and education. This system model not only
aids teachers in gaining a more precise understanding of students’ learning status, but also provides more
timely and effective feedback for students, thereby optimizing the teaching process and elevating the
quality of education.
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