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Abstract Time series analysis has been applied to the field of education, which can evaluate students' learning 
behavior and analyze the efficiency of translation, as well as find out the problems in learning. This study takes a 
university in the central region as the research object and obtains the video learning data in the business English 
translation teaching course. The four actions of playing, pausing, skipping and completing are analyzed, and K-
means clustering and statistical methods are used to analyze the learning atmosphere and fluctuations in learning 
efficiency. The study shows that the clustering analysis of the learning behavior characteristics data yields three 
types of characteristic behavior results. The learning efficiency of the first class of learning users > the second class 
of learning users > the third class of learning users. The learning efficiency of the three types of learning users in 
stage 4 and 5 are in a relatively low state. The learning efficiency of the three types of learning users in the middle 
stage is higher. Therefore, the method of this paper is feasible in assessing translation efficiency. 
 
Index Terms time series, K-means clustering, business English translation, learning behavior 

I. Introduction 
Today's society, international exchanges, international exchanges are becoming more and more frequent, 
strengthening economic and trade cooperation between countries, promoting the development of border trade and 
cross-border logistics, attracting foreign investment, expanding the international market, English translation has 
become an important initiative toward international business, the society for the talents of the efficiency of the 
English translation requirements are also getting higher and higher [1], [2]. English translation is a dialectical and 
unified process, which requires the translator to analyze the internal information reasonably while understanding 
the English deeply, and to understand the original text from the language background and from the perspective of 
grammar and semantics in order to realize the translation. And the quality of translation is one of the important 
indicators affecting international business activities [3]. The emergence of intelligent translation tools has put 
forward higher requirements for the translation quality of professional translators. At the same time, in the actual 
teaching, the focus of business English translation teaching should not be limited to accuracy, and it is necessary 
to improve the quality and speed of translation on the basis of ensuring the accuracy of translation to meet the 
market demand [4]. In addition, the evaluation system of English translation teaching is mainly carried out through 
the general English level examination and the professional English examination system, which cannot accurately 
distinguish the students' English translation efficiency, and even make many students' interest in English translation 
learning decline, which adversely affects the effect of English translation [5]-[7]. Therefore, in order to cultivate 
translators who are more in line with today's business activities, there is an urgent need to establish a translation 
efficiency evaluation system and assessment method. 

In business English translation efficiency, junior translators are often difficult to balance translation quality and 
translation speed, and translation speed and quality fluctuate back and forth, showing time series dependence, and 
as the proportion of specialized terminology in translation increases, so does the translation speed [8], [9]. And time 
series analysis is a widely used method in the field of statistics and economics, which is specifically used to deal 
with time-dependent data, and its dynamic modeling, causal analysis, and predictive trend function, used to assess 
the translation efficiency of the students in the teaching of business English translation fitness is high [10]-[12]. 

Under the environment of the deep integration of information technology and education, the time series analysis 
method is used to analyze the difficulty of knowledge points, the importance of knowledge points, the learners' 
mastery of the course, the importance of the course and the course learning gain in business English translation 
teaching, so as to construct the sequence of learners' learning behavior. Then we carry out learning behavior 
analysis, explore learning behavior patterns and laws, and explore the fluctuation of translation efficiency. In this 
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paper, the business English translation teaching video learning data from a university in the central region is selected 
as the research object. By analyzing the students' four video learning actions of playing, pausing, skipping, and 
completing, we visually compare them to discover the laws of the development of the time sequence, so that the 
translation efficiency can be further improved. 

II. Business English Translation Teaching Model under Flipped Classroom 
(1) Establishment of Network Teaching Platform and Modularization of Teaching Content 

The content of Business English Translation course has strong practicality, but the traditional teaching method 
can't fully reflect and realize this feature. In the flipped classroom, the teacher designs and builds the network 
teaching platform as a whole, modularizes the content of business English translation teaching, such as business 
letters, contracts, securities, corporate publicity, product descriptions, etc., constitutes the topics, and designs the 
unit questions, teaching videos, translation skills, business knowledge, consolidation exercises, etc., and completes 
the transmission and input of knowledge through teaching videos. At the same time, teachers collect learning 
resources related to the teaching module and upload them to the online platform to help students enrich their 
learning content and expand their horizons. Learning resources are taken from real business activities, learning 
scenarios are real and diverse, as close as possible to the actual problems encountered by students in their future 
employment, and thus more practical and better able to meet the requirements of employers [13]. 

(2) Combination of Network Teaching and Classroom Teaching 
On the business English translation online teaching platform constructed by the teacher, students complete their 

first learning of the teaching content by checking the pre-course task guide, watching the teaching unit video series 
and the teacher's online Q&A before the lecture. Teachers, on the other hand, discover the main problems in the 
students' learning process and their mastery of the key points through the online Q&A and the assignments 
submitted by the students, and adjust the content and teaching methods of the second stage--classroom instruction 
in a timely manner. 

(3) Formative Evaluation Methods 
In the context of the flipped classroom, the evaluation of students is no longer limited to a single examination 

paper for life, which only reflects the mastery of students based on the final examination questions. The performance 
of students in different teaching content modules of Business English Translation, as well as in different stages of 
pre-course, in-course and post-course, can be reflected, and teachers can fully grasp the learning situation of 
students. At each stage of teaching, teachers clarify the problems in students' learning in a timely manner, provide 
students with feedback on their achievements and gaps in learning, and students get advice and help from teachers 
and other students so that they can adjust their learning strategies in time for their future learning [14]. 

III. Chronological analysis of learning behaviors in a flipped classroom 
III. A. Time series analysis 
III. A. 1) Time series 
Time series is a class of data objects with important significance and long history, which will be introduced in the 
following three aspects: the definition of time series, the analysis of time series, and the methods of time series 
analysis [15]. 

(1) Definition of time series 
Observation and measurement of a certain thing in the process of change of a certain variable or a group of 

variables, recorded in a series of moments T under the collection of discrete ordered data, that is, discrete digital 
time series. 

With a set of random variables arranged in chronological order: 

 1 2 3, , , , ,tX X X X   (1) 

To represent a time sequence of random events, abbreviated as { , }tX t T . 

Represent the n  ordered observations of this random sequence by the following sequence: 

 1 2, , , nX X X  (2) 

Simply denoted as { , 1, , }tx t n  , call it a sequence of observations of sequence length n. Call equation (2) a 

realization of equation (1). 
(2) Classification of time series 
Time series can be divided into different categories from different perspectives. For example, it can be divided 

from the number of research objects, can be divided from the continuity of time, can also be divided from the 
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statistical research characteristics of the sequence, respectively, can be divided into a one-dimensional time series 
and multivariate time series, continuous time series and discrete time series, smooth time series and non-smooth 
time series. 

(3) Time series analysis methods 
Time series analysis is a branch of the statistical discipline. In a certain process, according to the passage of time, 

a series of data are recorded, and a corresponding data model is established to fit the recorded data to reflect the 
dependence of the variables to be studied over time, which is the basic idea of time series analysis. 

 
III. A. 2) Content of time series analysis 
Time series analysis from the viewpoint of analyzing the content mainly includes the downscaling method of time 
series, the representation method and the similarity measure. 

(1) Representation method of time series 
Descriptive time series analysis: observe the time series through visual comparison of data or by drawing charts 

to discover the law of development and change of the time series. This simple descriptive time series analysis 
representation method plays an important role in various natural disciplines such as astronomy, oceanography, etc., 
and often finds unexpected patterns. 

Frequency domain analysis: Also known as “spectral analysis” or “spectral analysis”, frequency domain 
represents the frequency domain instead of the time domain. In the early research of frequency domain analysis, it 
is assumed that any kind of trendless time series can be decomposed into many different frequencies of periodic 
fluctuations, and the use of Fourier analysis to explore the pattern of change of the time series from the aspect of 
frequency. 

Time domain analysis: time domain analysis is mainly from the perspective of serial autocorrelation, to find the 
development of the law shown in the time domain. Autoregressive model, moving average model, autoregressive 
moving average model are proposed for the time domain analysis laid the foundation. 

(2) Time series dimensionality reduction processing 
Dimensionality reduction processing is a key step in the pre-processing of data. Time series data are often large 

in data size and high in data dimensions, and direct processing of the original data will reduce the reliability and 
accuracy of the algorithm and increase the complexity of the algorithm, so it is often used to reduce the 
dimensionality of the time series data before calculating the time series data, discard the redundant information, 
and retain the most important features of the data. 

(3) Similarity Measure of Time Series 
The similarity measure of time series is to calculate the similarity between the time series sample data. 
a) Euclidean distance (ED): 
The Euclidean distance calculation is less complex and is one of the most widely used distance measures for 

similarity calculations. The distance formula for a time series with n  observations is as follows: 

 2

1

( , ) ( )
n

t t
t

D x y x y


   (3) 

b) Longest Common Subsequence Distance (LCSS) 
In finding the longest common subsequence, the subsequence can be discontinuous. Let two time series 

1 2{ , , , , }i nP p p p p  , 1 2{ , , , , }j mQ q q q q   with lengths of n  and m  respectively, and define the distance matrix 

(0 ,0 )ijD i n j m     as follows: 

 

0, 0, 0

[ 1][ 1] 1, , , 0

max( [ ][ 1], [ 1][ ]), , , 0

ij i j

i j

i j

D d i j p q i j

d i j d i j p q i j

  
     
    

 (4) 

The longest common subsequence distance has important applications in anomaly detection, but its 
computational complexity is high. 

c) Dynamic Time Warping Distance (DTW): 
The Euclidean distance formula requires that the two time series sample lengths are equal and also does not 

apply to the time series of translation, while the dynamic time bending distance can not only calculate the similar 
distance of the time series of equal length, but also calculate the similar distance of the time series of unequal length. 
However, relatively speaking, the computational complexity of dynamic time bending distance is higher. Dynamic 
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time bending distance is essentially more similar to solving similarity through the longest subsequence distance, 
which is an application of dynamic programming methods on time series analysis. 

Let two time series 1 2{ , , , , }i nP p p p p   , and 1 2{ , , , , }j mQ q q q q    with lengths n   and m  , respectively. 

Construct a distance matrix Dn m . ijd  is the element of the i -th row and j -th column of the matrix D  denoting 

the Euclidean distance from ip  to jq . Then the dynamic time-bending distance between P , Q  is calculated as 

follows: 

 
1

1
( , ) min

K

DTW k
k

d P Q w
K 

    
  
  (5) 

where kw   is the position of an element on a regularized path of the matrix D  . The regular path 

1 2( , , , , , )k KW w w w w    , where K   is the length of W   and max( , ) 1m n K m n     , and 

( , ) min(( 1, ), ( , 1), ( 1, 1))k ijw i j d i j i j i j        . . The regularized path W   has to satisfy the three conditions of 

boundary conditions, continuity, and monotonicity: 
a) Boundary conditions. The regularized path must have 1 (1,1)w   and ( , )Kw m n , so the path must start at the 

lower left corner of the matrix and end at the upper right corner. 
b) Monotonicity. If 1 ( , )kw p q    , then for the next point on the path ( , )kw p q   there are 0 ( )p p    and 

0 ( )q q  . That is, it restricts its monotonicity. 

c) Continuity. If 1 ( , )kw p q   , then for the next point on the path ( , )kw p q  there are ( ) 1p p   and ( ) 1q q  . 

That is, it is not possible to cross a point to match it, but only to align it with a point adjacent to itself. 
 

III. B. Learning Behavior Sequence Construction 
In this paper, we use the algorithm of time series analysis to analyze the sequence of learners' learning behaviors 
and derive the prediction results of the learners' answering situation, so it is necessary to process the sequence of 
learning behaviors in a certain way, and here we use One-Hot coding to encode the learning behaviors [16]. One-
Hot coding, also known as one-bit valid coding, utilizes N  independent binary bits to represent the encoding of the 
N  states are encoded and only one bit is valid at any given moment [17]. 

For a sequence of learning behaviors with N  kinds of learning behaviors, each learning behavior is abstracted 

into a state, and for these N  kinds of states, N  kinds of encodings of length N  can be constructed, where one 

and only one of the N   bits is a one and all the others are zeros. then, for the N   kinds of learning behaviors 

1 2 3{ , , }NO O O O , each state contains N  state bits, i.e., 1 2 3{ , , }i NO b b b b  . 

 
III. C. Modeling Learning Behavior 
III. C. 1) Difficulty of knowledge points 
Teaching in traditional education needs to follow the principle of simple to deep, and the same is true in the in-class 
learning path planning of smart education, in the process of recommending the knowledge points to be learned for 
the learners, the knowledge points with relatively low difficulty should also be prioritized. Therefore, the difficulty 
evaluation criteria for knowledge points is a key issue. 

A very intuitive criterion is to calculate the proportion of learners who can correctly answer the questions 
corresponding to the knowledge point among all learners who have participated in the study of the knowledge point 
and given answers to the questions corresponding to the knowledge point. The larger the percentage, the easier 
the question is. The difficulty of a question is then defined as follows: 

 ri
i

Ai

N
b

N
  (6) 

III. C. 2) Importance of knowledge points 
The importance of a knowledge point is considered along three dimensions: the number of times the video 
corresponding to the knowledge point has been viewed repeatedly, the length of the instructional video 
corresponding to the knowledge point, and the frequency of the knowledge point appearing in the test questions. 
We consider that the knowledge point that has been viewed more times, the more test questions examining that 
knowledge point, and the longer the corresponding video is, has a relatively higher importance - because the 
instructor devotes more space to teaching and examining that knowledge point, and the previous learners all put 
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more effort on the corresponding knowledge point. Therefore knowledge point importance is defined as in equation 
(7): 

 2

1

1 lgM M
M

A A

Q L N
Imp

Q L N

  
    
  

 (7) 

III. C. 3) Level of learner mastery of the curriculum 
A course is the smallest learning unit available to learners on most online education platforms. Compared with 
knowledge points, a course is a coarse-grained learning object, where a number of knowledge points and the 
prerequisite relationships between them constitute a course, so for a course, the learner's mastery of the course 
can be quantified by using the learner's mastery of all the knowledge points in the course. For a course T , the 
learner's mastery of the course is defined as in equation (8): 

 
1

1
i

N

T M
i

P P
N 

   (8) 

III. C. 4) Importance of the curriculum 
In traditional education, if a course is important, it is manifested by the fact that the vast majority of schools offering 
the relevant program make the course mandatory. The importance of a course can be quantified using the 
confidence level of the association rule, and the importance of a course is defined as in Equation (9): 

 ( )T T TImp Conf X Y   (9) 

III. C. 5) Course learning benefits 
The learning gain of a course is the gain that a learner can get from learning a course. The gain that a learner can 
get from learning a knowledge point can be obtained by predicting the results of the learner's answers to the 
exercises, the course consists of a number of knowledge points, so the gain that a learner can get from learning a 
course T  can be defined as in Equation (10): 

 
1

1
i

N

T M
i

I I
N 

   (10) 

IV. Analysis of students' learning behavior and translation efficiency in the flipped 
classroom 

IV. A. Data sources 
Flipped classroom platforms can provide a huge amount of online video learning behavior data for college students, 
and the data used in this paper comes from the flipped classroom platform of a university in the central region. From 
the data provided by a flipped classroom platform, the video learning data of 8200 students in 94 business English 
translation teaching courses in four semesters from fall 2022 to spring 2024 were obtained. The students' video 
learning actions are categorized into four actions: play, pause, skip, and finish, and the number of students and the 
number of occurrences corresponding to the actions are shown in Table 1. The textual dataset of college students' 
online video learning behaviors is constructed through processing. 

Table 1: The number of students and the number of students 

Action Student population Occurrence number 

Play 8194 606305 

Suspend 8112 527941 

Jump 6178 732579 

Completion 7445 208944 

 
IV. B. Learning behavior dataset construction 
IV. B. 1) Learning behavior data 
Video learning is widely used in the information construction of colleges and universities at present, and there are 
even many Business English Translation Teaching Courses that use online video learning as the main learning 
mode. Through the flipped classroom platform, the establishment of students' video learning-related data sets 
provides strong support for optimizing teaching strategies, predicting learning behaviors, providing personalized 
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learning paths, and developing multidimensional evaluation methods, and so on. The actions generated in the 
process of students' video learning include play, pause, skip, and finish, and there are video time, time, video id, 
business English translation teaching course id corresponding to each action, as well as the length of the video and 
the IP address where the action occurs, etc., in which the video time represents the time position where the action 
occurs in the video, and the following is the example of the play action table, and the results are shown in Table 2. 

In the four action tables, the format of the play, pause and finish data tables is the same, while the skip table has 
two special fields compared to the other three tables, namely skip departure and skip arrival. Because the other 
three actions occur at a certain time position in the video, while the skip operation is to skip from a certain time 
position in the video to another time position, so it is necessary to record the start time point and the end time point 
of the skip, and the fields of the skip action table are: Business English Translation Teaching Course id, student 
number, skip departure time, skip arrival time, time, video id, video duration, IP address. This design can more 
accurately reflect the students' action behavior when watching the video. 

Table 2: Playback action data 

Course id School number Video time point Time Video id Video duration IP address 

59**43 60**78 00:02:57.124 
2022-11-07T 

10:14:32.903Z 
60**83 00:10:37.840 10.169.0.22 

62**52 61**89 00:00:00.001 
2023-04-03T 

02:50:58.368Z 
62**97 00:00:05.910 10.169.0.34 

60**58 40**d5 00:00:00.000 
2022-10-06T 

11:44:28.095Z 
60**12 00:08:00.311 10.172.0.18 

62**36 60**96 00:10:12.596 
2023-05-28T 

04:59:52.967Z 
62**78 00:21:59.484 173.17.134.67 

IV. B. 2) Data cleaning and analysis 
The four action tables mentioned above contain a large amount of data and are mixed with video-learning data from 
all the students in the middle of all the Business English Translation Teaching courses, therefore, directly using the 
video-learning data from these students to predict their academic performance may be misleading. In the process 
of data cleaning and organizing, invalid data need to be removed, missing values need to be dealt with, and 
erroneous data need to be corrected, which will help ensure the accuracy and reliability of the analysis results. After 
data cleaning and organizing, the learning and performance of each student can be predicted more accurately. 

Firstly, the data for each Business English Translation Teaching course was separated from the existing four 
action tables, and then the data for each student was separated in each Business English Translation Teaching 
course. Then check the number of videos in each business English translation teaching course, if the number of 
videos in some business English translation teaching courses is too small, and there are also some business English 
translation teaching courses that have a large number of videos, but the percentage of the number of students who 
have watched them is very small, the data of these business English translation teaching courses will not be able 
to be used as the data for the final generation of the images, and it is necessary to remove the data of these 
business English translation teaching courses from the Moreover, it is found that the number of videos of one 
business English translation teaching course in the dataset is much more than that of other business English 
translation teaching courses, so the data of this business English translation teaching course also needs to be 
removed from the dataset. After data cleaning and organizing the data of a student in the business English 
translation teaching course of C programming is shown in Table 3 as an example. 

Table 3: C language program design course one student's action data 

Action Video time point Time Video id Video duration IP address 

Play 00:08:37.875 
2022-02-21T 

10:32:25.425Z 
58**63 00:09:49.800 10.168.0.18 

Pause 00:01:24.986 
2022-05-16T 

03:08:14.208Z 
58**15 00:18:41.590 10.168.0.239 

Seck_s 00:07:13.622 
2022-05-16T 

03:38:52.544Z 
58**53 00:18:41.590 10.168.0.230 

Seck_c 00:06:54.734 
2022-05-16T 

03:38:52.544Z 
58**53 00:18:41.590 10.168.0.230 

Complete 00:13:56.265 
2022-05-18T 

13:29:25.785Z 
58**22 00:13:56.270 172.22.5.1 
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After the completion of data cleaning and organizing, the video learning dataset of 4592 students in 50 business 

English translation teaching courses is obtained, which has 505857 play actions, 451362 pause actions, 469761 
skip actions, and 166397 finish actions. 

The number of students and the number of videos in each of the selected 50 business English translation teaching 
courses are shown in Figure 1. As can be seen from the figure, the number of students is mainly distributed in the 
interval of 50~100 students. The Business English Translation Teaching Courses used in this paper are mainly 
selected based on the number of videos and the video evaluation viewing rate, which are mainly distributed in the 
interval of 80~125, and the average viewing rate of the videos of these Business English Translation Teaching 
Courses are all over 70%. The formula for calculating the average video viewing rate of business English translation 
teaching courses is as follows: 

 i
i

i i

T
R

S V
  (11) 

iR  represents the average video viewing rate of the i th Business English Translation Teaching (BETT) course, 

iS  represents the number of students in this BETT course, iV  represents the number of videos in this BETT course, 
and iT  represents the number of video views for this BETT course's total number of video views. Average Video 
Viewing Rate of Business English Translation Teaching Courses The average video viewing rate of Business English 
Translation Teaching Courses can reflect how much students pay attention to and how often they use the videos of 
Business English Translation Teaching Courses. A high viewing rate usually indicates that students are interested 
in the content of the business English translation teaching course, and it can also indicate that video learning is 
relatively important in the learning mode of the business English translation teaching course, and video learning 
may affect their learning effectiveness and performance. 

 
 

(a)Student quantity (b)Course quantity 

Figure 1: Number of students and the number of videos on different courses 

 

Figure 2: The number of actions of different courses 
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The distribution of each of the four actions in the 50 business English translation teaching courses is shown in 
Figure 2, which does not show the jumps split into two actions because the jumps departure and jumps arrival occur 
in pairs, and both are half of the jumps in terms of quantity alone, so they can be represented in one graph. 
IV. B. 3) Data pre-processing 
The obtained text data of the video learning behavior is further processed as input data for the subsequent 
pictorialization method, and the processing includes the following steps. 

(1) Data quantization: Data quantization includes the process of converting non-numerical data into numerical 
data. In this study, the data to be quantized include behavior types, timestamps, and IP addresses. 

(2) Data standardization: Standardization is the process of processing raw data into features with zero mean and 
unit variance.Performing standardization on the data helps ensure that the impact of the features is consistent in 
the results and is not biased by differences in the numerical range of the features. The standardization formula is 
shown in equation (12): 

 ' x
x





  (12) 

(3) Data Normalization: Normalization is the process of adjusting the values in a data set to the same standard 
range, a process that helps to reduce the effects of random fluctuations and outliers within the data. The formula 
for normalization is shown in (13): 

 
' min

max min

x x
x

x x





 (13) 

IV. C. Time Series Analysis of Learning Behavior 
Taking the value of K as 3, the K-means clustering algorithm is used to cluster the learning behavior characteristics 
data of a total of 4,592 users in city t. Finally, the following three types of results are obtained: 254 users of the first 
type of characteristic behavior, 1,835 users of the second type of characteristic behavior, and 2,503 users of the 
third type of characteristic behavior. After visualizing the data of the above three types of users with characteristic 
behaviors, the following results are obtained, where the x-axis indicates the different learning stages of the users, 
the y-axis indicates the different learning users, and the z-axis indicates the size of the learning efficiency of the 
users when they are involved in the learning of the business English translation teaching course. The visualization 
image of the first class of users with characteristic behaviors is shown in Fig. 3. Observing this figure, it can be 
found that the learning users in this class have high learning efficiency in stages 1 to 4 and 6 to 12, but their learning 
efficiency decreases in stage 5 as well as in stages 13-16. This category of learning users maintains high learning 
efficiency throughout the learning stages, the overall learning atmosphere is relatively strong, and the fluctuation of 
learning efficiency is relatively stable. 

 

Figure 3: The first type of behavior visualization 

The visualization image of the second type of characteristic behavior users is shown in Figure 4, observing this 
figure, it can be found that this type of learning users have higher learning efficiency in stage 3, stage 7 and stage 
11, but their learning efficiency is relatively low in the other stages; the fluctuation amplitude of the learning efficiency 
of this type of learning users is very large, and the lowest value of the learning efficiency can be up to 0, and the 
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highest value of the learning efficiency can be up to 7. The overall curve of the learning efficiency of this type of 
users the overall learning efficiency curve of this category of users fluctuates repeatedly in rising and falling, and 
the overall learning atmosphere is not very stable, but there is a lot of plastic space. 

 

Figure 4: The second type of behavior visualization 

The visualization image of the third category of users with characteristic behaviors is shown in Figure 5. Observing 
this figure, it can be found that the overall learning efficiency of this category of users is relatively average, and 
there is only a short period of high learning efficiency in stages 13 to 16. The fluctuation of learning efficiency of this 
type of learning users is very small, the overall learning enthusiasm is not high, the learning atmosphere is poor, 
there is a large space for improvement. 

 

Figure 5: visual diagram of the third type of behavior 

Comparing the learning efficiency mean values of the three categories of learning users, it can be found that the 
learning efficiency mean value of the first category of learning users is much larger than that of the second category 
of learning users and the third category of learning users, but the number of the first category of users accounts for 
a relatively low number of the total number of users, and it can be found by observing the graphs that the learning 
efficiency situation in the three graphs has some commonalities. The learning efficiency of different categories of 
learning users in stage 4 and 5 is relatively low. It can be assumed that certain important events occurred in stage 
4 and 5, which led to a sharp decline in the learning efficiency of the first category of learning users and the second 
category of learning users, while the third category of users had less obvious changes due to the fact that their 
learning efficiency has always been low. A closer look at the three graphs also reveals that there are differences in 
addition to similarities. From stage 13 to stage 16, the learning efficiency curve of the first category of learning users 
shows a gradual decline, the learning efficiency curve of the second category of learning users shows an upward 
trend, while the learning efficiency curve of the third category of learning users shows an upward and then downward 
trend. It is initially hypothesized that the learning efficiency gradually decreases due to the fact that stage 13 to 16 
is the end of the semester, while the first category of users have completed their learning tasks in the first period, 
and therefore the tasks are smaller in the later period. The second group of users had not completed enough tasks 
in the first half of the semester and needed to make up for it in the second half of the semester, so their learning 
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efficiency increased. The third category of users due to the learning tasks put aside for a long time, leaving a large 
number of tasks in the late stage, want to make up for the short time but found that the deadline is approaching, 
can not be undone, so the learning efficiency first rose and then fell. 

Comprehensive analysis of the learning efficiency curve of the three types of learning users can be obtained as 
follows: 

(1) There are three learning behavior modes with different characteristics in this learning group, which can be 
divided into active learning behavior mode, passive learning behavior mode and passive learning behavior mode 
according to the learning efficiency of participating in the business English translation teaching course learning, and 
each learning behavior mode has its own unique fluctuation curve of learning efficiency. 

(2) Only a small number of learning users have active learning behavior patterns, and most of them are between 
passive and negative learning behavior patterns. 

(3) Learning users with active learning behavior patterns have the highest learning efficiency, but with the change 
of learning stages, users with active learning behavior patterns also have the phenomenon of decreasing learning 
efficiency. Although the learning efficiency of users with passive learning behavior mode is lower than that of users 
with active learning behavior mode, they also have higher learning efficiency at certain stages, once approaching 
or even surpassing users with active learning behavior mode. Negative learning behavior mode users learning 
efficiency is generally lower, but can be found in this type of mode of the user or a number of users in the learning 
efficiency of the gradual increase, although the rate of increase is limited, but also can not be ignored. 

V. Conclusion 
This paper adopts the algorithm of time series analysis to construct a learning behavior sequence model, realizing 
the assessment of students' learning behavior and translation efficiency under the flipped classroom, and obtaining 
the useful time-related information contained in the data. Taking the video learning data in the business English 
translation teaching course of a university as a research sample, the study shows that: 

(1) Behavioral characteristics of the first category: this category of learning users have higher learning efficiency 
in stages 1 to 4 and 6 to 12, and lower learning efficiency in stages 5 and 13-16. The overall learning efficiency is 
maintained at a high level and the fluctuation is more stable. 

(2) Type II Behavioral Characteristics: Overall learning efficiency and overall learning climate are less stable, 
fluctuating repeatedly, with much room for plasticity. 

(3) Behavioral characteristics of the third category: learning efficiency fluctuates very little, learning motivation is 
not high, and the learning atmosphere is poor. 
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