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A NEW MODEL OF COURSE ASSESSMENT BASED
ON THE FLIPPED CLASSROOM APPROACH APPLIED
TO “MODERN LOGISTICS TECHNOLOGY” COURSE
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As an innovative approach, flipped classroom changes the “studying in class + practicing
after class” mode into “studying before class + explaining in class” by reversing the two stages
that of knowledge transfer and knowledge internalization. The changing of teaching mode
brings the changing of assessment methods, because the traditional assessment methods are no
longer suitable to the requirements of a new teaching model. In this paper at first, the drawbacks
of traditional assessment were described, and then the diversified course assessment index sys-
tem in on-line and offline forms was established. The course assessment was evaluated using
the combination of Analytic Hierarchy Process (AHP) and Fuzzy Comprehensive Evaluation
(FCE). This new assessment method changes the traditional result-oriented evaluation to the
process-oriented one, the teacher evaluation to the students’ evaluation, realizing the combina-
tion of quantitative and qualitative evaluation mode and promoting the students' autonomous
learning, processive learning and experiential learning, giving full play to the feedback, im-
provement and strengthening function of the assessment.

Keywords: flipped classroom, course assessment, AHP-FCE.

1. Introduction

Modern Logistics Technology is a basic
course, highlighting major and obtaining practical
significance. Therefore, this course not only im-
parts knowledge, but forms personal direction
and arouses students' interest. Students could
identify areas of interest for future study.

The flipped classroom is when the teacher
puts in the information environment learning re-
sources in the form of videos. Students watch
and learn the video resources before the class.
Teachers and students work together to finish the
homework in the classroom, work out collabora-
tive inquiry, discuss questions and fulfill interac-
tive activities in a new teaching mode. As an in-
novative form of classroom teaching, flipped
classroom has subverted the inherent mode of
traditional teaching, which is a major break-
through in teaching reform under the condition of
modern information technology development.
Flipped classroom changes the “studying in class
+ practicing after class” into “studying before
class + exploring in class” in the form of revers-
ing the two stages of learning that of knowledge
transfer and knowledge internalization [1].
The realization of flipped classroom can fully

exert the activity of students, improve the interac-
tion between teacher and students, and enhance
students' learning ability and cooperation ability.

2. The insufficiency

of current assessment methods

The course assessment is one of the most
effective ways to test students' outcomes, which
can be used to identify, regulate and promote the
teaching. At the same time, it is an important link
in the course teaching. Currently, like most other
courses, the examining method of modern logis-
tics technology included two parts, namely for-
mal assessment (30%) and term examination
(70%). The formal assessment is composed of
attendance (30%), current results (30%) and
homework (40%). However, for large groups’
teaching there is no way to make a general survey
for each class. There are less students participating
in class discussions, and the plagiarism pheno-
menon is serious. The final assessment is usually
'one test for life', and the teacher only judges by
the fact that whether the students have completed
the examination paper. In addition, the number of
classes is small, so the teacher who might teach,
give the same tests and grade work. This pattern
means a course teacher has a larger subjectivity
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and randomness, which is not favorable for im-
provement of teachers' level and for mobilizing
students' learning enthusiasm. Furthermore, a test
consists of multiple choice questions, true and
false statements, fill-in-the-blanks, quantitative
problems, short answers, most of which are to
test the memorized knowledge, ignoring the ap-
plication of knowledge and personal develop-
ment. Students mostly cram for the final; even
someone who never pays attention in class will
try to cheat at examination. Therefore, such
a single, result-oriented and subjective assess-
ment method neither assesses the extent of stu-
dents’ learning nor improves student’s thinking,
values, and efficiency. It is also not suitable for
a new teaching model [2].

3. The mathematical model

of AHP-FCE

The analytic hierarchy process (AHP) is
a structured technique for organizing and analyz-
ing complex decisions, based on mathematics
and psychology. It has particular application in
group’s decision-making and is used globally in
a wide variety of situations. This method makes
use of both qualitative and quantitative analysis
to develop the inter-relationship among the in-
dexes and establish the judgement matrix. In pa-
rallel, fuzzy comprehensive evaluation (FCE)
method is a comprehensive evaluation method
based on fuzzy mathematics, which can trans-
form the qualitative evaluation into the quantita-
tive evaluation according to the membership de-
gree theory of fuzzy mathematics. This method
can solve the ambiguous and hard-to-quantify
problems and, therefore, is suitable for solving
various non-deterministic problems. Usually,
the final examination uses a grading system (ex-
cellent, good, medium, passing, failing), but
the definition of each level is not clear and the
grade is ambiguous. So, the fuzzy comprehensive
evaluation is an effective evaluation method and,
particularly suitable, for the flipped classroom
assessment. So, this paper combined AHP/FCE
methods that provided a solution to the problem
solving, which makes use of the AHP to calcu-
late the weight values first, and, then, implement
the FCE to carry out a from-quantitative-to-
quantitative assessment.

The main process is as follows [3, 4]:

(1) Identifying the affecting factor set

For fuzzy evaluation, factors that affect
the parameter’s value determination should first
be identified. If the known affecting factors are
uj, Uy,..., Uy, the set these parameters can make

up is Uz{ul,uz,...,um}, and this factor set is

a common set.

(2) Determining factor weights set

Each factor has a different impact on, or im-
portance to the value determination of parame-
ters. In other words, the factors have different
weights for parameter values. The set composed
of various weights of all factors for parameter
value determination is called the factor weights

set, which is represented as A ={a,a,,...,a,}.

@y
If a; represents the weight of factor No. i, the
weight of each factor should satisfy Equation (1).

i=1

The Analytic Hierarchy Process operation
can be divided into the following five steps:

Step 1: Define the decision-making problem.

Step 2: Create a hierarchical structure.

Step 3: Create a pairwise comparison matrix.
Table 1 is the evaluation measurement and rela-
tive definition of AHP.

Step 4: Calculate the eigen values.

Step 5: Conformance test.

Eigen values in step 4 can be calculated in
the following ways: Normalization of the Row
Average (NRA), Average of Normalized Columns
(ANC), Normalization of the Geometric Mean of
the Rows (NGM), and Normalization of the Ave-
rage Reciprocal of Columns. The consistency test
in step five is to make sure that the evaluation
results are consistent when the experts are con-
ducting pairwise comparisons, which means that
the experts’ preference for criteria is transitive.
Saaty suggested that consistency index (CI) and
consistency ratio (CR) be used for the test.
If CI and CR are both less than 0.1, it means that
the pairwise matrix is consistent. If the matrix is
not consistent, the equation of CI and CR is as
follows:

C1=lm =0 @)

n-1
Amax 18 the largest eigenvalue of the matrix, n is
matrix order (number of parameters).

CR =CI/RI

CR <0.10k

C:R = Consistency ratio

C:I: = Consistency index

R:I: = Random index, 3)
where n is the number of evaluation criteria;
RI is random index whose value increases
if the number of criteria increases, as shown in
Table 2.
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Table 1
Evaluation Measurement and Relative
Definition of Analytic Hierarchy Process

Evaluation

Definition
measurement

Equal importance
Slight importance
Essential importance
Very strong importance
Absolute importance
Intermediate

N0 || |w|—

Table 2
Table of Random Indexes

OrderN |1]2]| 3 4 5 6 7 8
RI 0{0]/058|090|1.12|1.24|1.32|1.41

(3) Establishing a parameter evaluation set
An evaluation set is the set of various possible
evaluation results given by evaluators for the eva-

luation objects, shown as V. V={v|,v,,..,v,};

vi(i = 1, 2, ..., n) represents all of the possible
evaluation results. The purpose of fuzzy evalua-
tion is to obtain an optimal evaluation result from
the evaluation set based on the comprehensive
consideration of all affecting factors. As vi and V
have the relation of common set, the evaluation
set is also a common set.

(4) Building a single factor evaluation matrix

A single factor fuzzy evaluation system eva-
luates single factors to determine the membership
of an evaluation object to an evaluation set.
The evaluation object is evaluated as the No. i
factor u; in the factor set, and the membership of
No. j factor V; in the evaluation set is rj;, so the
evaluation result of No. 1 factor u; can be ex-
pressed as:
4 in. (4)
ViV, A%

r, T
_ il 12
R,=%+-1=+...

n
where R; is called a single factor evaluation set.

As a fuzzy subset, it can be expressed as
R; ={5,5,,....1;, } . Similarly, the single factor
evaluation set corresponding to each factor is as

follows:
Ry ={fi, 1,y |

R, ={5), 150l |

The memberships of each single factor eva-
luation set constitute a fuzzy matrix, where R is
called the single factor evaluation matrix, as
shown in Equation (6). R is a fuzzy matrix, and it
can also be regarded as a U-V fuzzy relationship
matrix, called fuzzy transformation.

(5) When conducting fuzzy composition,
if the fuzzy evaluation matrix of a program to
an evaluation object is:

(R, ] [T T2 = By o Ty

R, Ly Iy = L . Dy
O L T SR e

Ril | T T o G "o Tim

_Rn_ [Tt T2 7 Ty o Ty

then the comprehensive fuzzy evaluation with
weighting considered and the product of fuzzy
matrix is:

B=AeR=[b,b,,...bj,...b,, ] (7)

[3P %]

In the above equation, the symbol “e
represents fuzzy composition. The weighted
fuzzy matrix A and factor evaluation matrix R
have a variety of compositions. This study will
use different compositions to work out various
evaluation results for comparison and analysis.
The model selected is as follows:

when the composition is done by M(e,®)

algorithm
bj:min{l,ZairiJ};j=1,2,...,n. (8)
i=1

4. The course assessment based

on AHP-FCE

4.1. Establishment of the evaluation

indicator system

On the foundation of FCE, the selection of
evaluation indexes will directly affect the accura-
cy of comprehensive evaluation. Basing on re-
searches of domestic and foreign scholars for the
examining model and the exam outline of the
course, the new examination method of the Mod-
ern Logistics Technology is as follows: formal
assessment and project result. In this paper, the

) evaluation system is composed of 4 indicators
and 12 corresponding sub-indicators. This is

R, = {rml’rm2=""rmn}' shown in Table 3.
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Table 3
The Evaluation Index System of Flipped Classroom Course Assessment
Level A Level B Level C Evaluator
Test performance X11 Teacher
Before class X1 | The quality of raising question X12 | Teacher and students
Online learning time X13 Teacher and students
Formal Attendance X21 Teacher and students
Course In class X2 Classroom discussion X22 Teacher and students
assessment
assessment Classroom notes X23 Teacher and students
of Modern Spread and transfer
Logistics After class X3 thI:-:' knowledge X31 Teacher and students
Technology Homework X32 Teacher
The content of the topic X41 Teacher and students
Project Final X4 Team collaboration X42 Teacher and students
result The quality of project X43 Teacher and students
Question and answer X44 Teacher and students

4.2. Determination of weights

of AHP-based indicator system

The indicator system can be divided into
three levels: level A, level B, level C from top to
bottom. In the evaluation indicator system, the
main criterion level and branch criterion level
represent Level B indicator and Level C indicator
respectively: X = (X, X, X3) and X; = (X1, X2,
X13), Xo = (X1, X, X23), X3 = (Xz1, X32), X4 =
= (Xy41, X42, X43, X44) specifically.

According to the level structure of the eva-
luation indicator system of course assessment,
the judgment matrix P of level B indicator X can
be built based upon the importance of each fac-
tor, as shown in Table 4.

Table 4
Judgment Matrix P
of indicator X Level B and conclusion
P X1 X2 X3 X4
X1 1 1/2 4 3
X2 2 1 5 4
X3 1/4 1/5 1 1/4
X4 1/3 1/4 4 1
weight 0.296 0.478 0.069 0.157
Amax = 4.194; C1 = 0.0647; CR = 0.0727 < 0.1,
Conform to the consistency requirement

Upon calculation, the maximum eigenvalue
of the judgment matrix P is Ay. = 4.194. In order
to check the consistency of the matrix, it is re-
quired to calculate the consistency indicator.

Aax — 194 -
Cl=tmn =0 _ 419474 0o (9)
n-1 4-1
The average random consistency indicator is
RI=0.89. The random consistency ratio:
R=Q=M=O.073 (10)
RI 0.89

Therefore, the AHP sequencing result is con-
sidered to be of high consistency, that is, the allo-
cation of weight coefficient is very reasonable.

The corresponding eigenvector: (0.296 0.478
0.069 0.157).

Similarly, the weight ratios of Level C indica-
tors X1, X2, X3 and X4 are as follows (Table 5-8).

Table 5
Judgment Matrix P, of Level C
Indicator X; and conclusion
P, Xii X1 Xi3
Xy 1 5 3
X2 1/5 1 1/2
X3 1/3 2 1
Weight 0.648 0.122 0.230
Amax = 3.004; CI =0.0020; CR =0.0038 < 0.1,
Conform to the consistency requirement

Table 6
Judgment Matrix P, of Level C
Indicator Xz and conclusion

P, X1 X2 X3

X5 1 2 5

X2 1/2 1 3

Xo3 1/5 1/3 1
Weight 0.582 0.309 0.109
Amax = 3.0037; CI=10.0019; CR =0.0036 <0.1,

Conform to the consistency requirement

Table 7
Judgment Matrix P; of Level C
Indicator X3 and conclusion

Ps X1 X3
X31 1 1
X32 1 1

Weight 0.5 0.5
Amax =2.000; CI=0; CR=0<0.1,

Conform to the consistency requirement

98

Bulletin of the South Ural State University. Ser. Education.
Educational Sciences. 2018, vol. 10, no. 3, pp. 95-100



YsHb daH MNHHOBayuOHHass MoOesib OUEeHKU
Kypca «CoepeMeHHbIe mexXHOJI02UuU JI0O2UCMUKUY...

Table 8
Judgment Matrix P4 of Level C Indicator X, and conclusion
P, X41 X4 X43 Xu4
Xa1 1 1/2 1/4 1/3
X 2 1 1/3 1/2
X4 4 4 1 2
Xaa 3 3 1/2 1
Weight 0.094 0.133 0.479 0.294
Amax =4.082; CI =0.0273; CR =0.0307 <0.1,
Conform to the consistency requirement

4.3. Establishing decision set for the course assessment

We established an evaluation system, which adopts five evaluation ratings (excellent, good, me-
dium, pass, fail) based upon group discussion and expert evaluation.

4.4. Establishment of the fuzzy relationship from the factors set to the decision set

There are qualitative and quantitative indexes in Table 3. For the quantitative index (x11, x32), we
can convert hundred mark system into five grade system, such as excellent (90-100), good (80-89), fair
(70-79), pass (60—69), fail (0-59). Assuming there are 20 tests in a semester, the result of a student is
8 times (90-100), 5 times (80—89), 5 times (70-79), 2 times (60—69), the fuzzy matrix of it is (0.4, 0.25,
0.25, 0.1, 0). The remaining indicators are qualitative ones. Assuming there are 39 students, one teacher,
in total 40 in a class, for a certain index, 12 people think it is excellent, 15 think it is good, 13 think it is
medium, so the fuzzy matrix of it is (0.3, 0.375, 0.325, 0.0).

The whole class and a teacher subjectively evaluate and grade all factors of the indicator system
according to the actual conditions. Based upon the analysis of statistical data of sampling survey FCE
matrix set can be gained. Here is an example of a student’s performance in a semester.

02 04 02 02 0 03 05 02 0 0
R, =/ 03 05 01 0.1 0[;R,,=[02 03 04 0.1 0;
02 04 03 01 0 0 02 05 03 0
02 03 04 01 0] (1)
0 03 04 03 0 0 02 04 04 0
p3: ’Rp4:
04 05 01 0 0 0.1 02 03 04 0
04 05 01 0 0]

4.5. Fuzzy comprehensive evaluation
(1) Fuzzy evaluation of index layer

02 04 02 02 0
A =WeR=(0.648 0.122 0.230)e| 0.3 0.5 0.1 0.1 0|=
02 04 03 0.1 0
=(0.212 0412 0211 0.165 0) (12)

Upon normalization, the comprehensive evaluation vector is, so similarly,
A, = (0.236 0.406 0.294 0.064 0)

A;=(0.200 0.400 0.250 0.150 0) (13)
A, =(0.184 0298 0264 0.254 0)

(2) Fuzzy evaluation to the overall performance of the student

0.212 0412 0.211 0.165 0
0.236 0.406 0.294 0.064 0
A=WeR=(0.296 0478 0.069 0.157)e =
0.200 0.400 0.250 0.150 0
0.184 0.298 0.264 0.254 0
:(0.218 0.391 0.262 0.136 0). (14)
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WHHOBALIMOHHAA MOAEJIb OLIEHKA
KYPCA «COBPEMEHHbIE TEXHOJIOIT'MX NOrMCTUKW»
HA OCHOBE TEXHOJOIU «NMEPEBEPHYTOI'O KITACCA»

Ysub ®aH
WxayssHekul okeaHudeckul yHusepcumem, 2. YxoywaHs, Kumadlickas HapodHasi Pecriybriuka

TexHONOTHSI «IIEPEeBEPHYTOTO Kilaccay) MpeAcTaBiIsieT co00i MHHOBAMOHHYIO (hOpMy TIpO-
1ecca u3y4deHus y1eOHoH nHPOpMannH, B KOTOPOH W3yUeHHE MaTepraia HIeT epes 3aHsITHEM,
a TIpoBepKa YCBOCHHUS MaTeprana M KOHCYJIHTHPOBAHHE MPOUCXOIUT HAa ayIUTOPHBIX 3aHATHAX,
4TO MOIU(PHUIUPYET TPAIULMOHHYIO (hopMy, KOrzia U3ydeHre HOBOM MH(OPMALK HIET MOJ Py-
KOBOZICTBOM IIpEIOaBaTeNsl, a IoMa CTYACHThI 0TpadaThIBAOT y4eOHbI MaTepuai. M3MeHeHnue
(opMBI 00yUEHUsI TPUBOJUT K M3MEHEHUIO METO/I0B OLIEHKH, IOCKOJIBbKY TPaJHUIMOHHBIE METOJIbI
OLIEHKH OOJIbIlIe HE YAOBIICTBOPSIIOT TPpeOOBAaHUSAM HOBOW ydeOHOW Monenu. B aToil crarke onu-
CaHBI HEIOCTATKU TPAIUIIMOHHBIX METOIOB OLIEHKU PE3yIbTaTOB OOYUCHUS, U MPEICTaBlIeHa TH-
Bepcu(UIIMPOBaHHAS CHCTEMa ONEHKH Kypca, MHTETPUPYIOIAas OHJIAWHOBBIE W OQQIaifHOBEIC
¢dopmbl. Pesynbrarhl 00yueHusi ObUIM OLIEHEHBI C MCIOJIb30BAaHHEM METOJa MHOTO(aKTOPHOTO
aHaJIN3a TPEACTaBIIONET0 cO00i KOMIUIEKCHYIO OLIeHKY 00ydeHus. [Ipy HOBOM MeTo e OIICHKH
aKLEHT JIeJIaeTCsl Ha MPOLECCYaIbHON M AIMIMPUUECKON COCTaBISIIONINX YCBOCHHS COJEPKaHUA
00pazoBaHus 00yUYArOIMMHUCS, TOOLIPEHUH UX CAMOCTOSTENBHOCTH, COYETAHUH KOJINYECTBEHHO-
IO M Ka4eCTBEHHOT'O CIIOCOOOB OLIEHMBAHMS, YTO CIIOCOOCTBYET MOJIHOIIEHHOH 00paTHOM CBsI3M,
B OTJIMYUE OT TPAJULIMOHHOHN OLICHKH, OPUEHTHPOBAHHON Ha PE3yJIbTAT.

Kntouesvie crnosa: mexnonoeus «nepeseprymozo Kuaccay, OyeHKa Kypca, npoyecc aHaaumu-
YecKoll uepapxuiu, MHO20QaKmMopPHbIll AHATU3.

Ysnb PaH, npenogasatesb, WKIIBSIHCKUN OKeaHNYeCKUi YHUBEpCUTET, I. Yxoyrnanp, Kutaiickas
Haponnas Pecnybnuka, chenfang0921@163.com
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