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Abstract. The relationship between a course and other subjects described in 

the curriculum does not explain how much the relationship is supposed to 

influence the success of students’ learning path. Also, some courses are not 

explicitly written as prerequisites to any other course in the curriculum, but 

still contribute significantly to the success of the subsequent course. One 

common way to find the correlation between these courses is by using the 

classical Pearson Test, but this might ignore the detail of the relationship. This 

can be improved by incorporating the PCA cross-matrix technique with an 

improved and more-detailed per-grade relation, not just a general view. This 

means that students who perform excellently in the previous course might 

also perform very well in a subsequent one. From the obtained results, it can 

be seen that the incorporation of the PCA cross matrix technique with a 

detailed description of the correlation's strength between the prerequisite 

course and the course it is prerequisite to, based on the results of the former, 

added more details to the classical Pearson test. 

Keywords: Learning Analytics, Educational Data Mining, Correlation 

Analysis. 

 

 
1 Introduction 

 
The field of learning analytics is focused on processing the data from students’ study 

results or behavior in order to enhance their study performance and to help improve skills 

or knowledge, which will be reflected in the students' future grade results. The research 

sample data were obtained from two informatics courses at Universitas Maritim Raja Ali 

Haji in the 2019–2021 academic year. This research does not address the complete 

analytical learning process, rather, it examines a small subset of problems that measure 

the strength of courses correlation. Following this, various research related to the field of 

learning analytics were reviewed, but none of them were focused on the time-series 

relationship that is based on students’ grades [1],. Majority of the research analyzed the 

learning process by employing sample techniques, such as brief tests, exam result analysis, 

or questionnaires. Some research made use of dynamic time sampling and clustering to 

search for correlations between the courses [2]. Furthermore, in some learning analytics-

related research, teaching techniques such as constructivist learning, were proposed to aid 

university students in the acquisition of generic skills [3], while others analyzed factors 

that help students navigate digital learning activities using LMS (Learning Management 

System) tools [4] or CMLS [5]. There are other computational approaches related to 

learning analytics as noted in [6][7], they may be curriculum-related [8][9], centered on 
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competency analysis [10][11], involve the creation of an adaptive tutoring system [12], or 

may require sorting out the data of students having difficulties in their studies [13]. 

Another area specifically searches for causal relationships between temporal occurrences 

using time series as data streams [14][15][16]. The latter also uses time series but is less 

concerned with learning analytics. 

 

2 Assumption and Boundaries 

 
Situations and conditions where the data used in this research is believed to greatly 

affect the value in the data, so it is necessary to set limits and assumptions on several 

things in order to get a common persepective. This condition will obviously change when 

using data from other places. 

 

These are the assumption used: 

- All grades obtained in the course are fair and objective 

- Grading scores range has little affect on quality 

- Students who take courses do not have social, psychological or health problems that can 

affect their learning performance. 

- Parallel classes with different lecturers have the same quality of assessment. 

 

The boundaries for this research are: 

- The higher education system where this research took place is the system that 

implemented in Republic of Indonesia 

- Quality of grade are used despite of the range of grading value changes or differs. 

- The curriculum that becomes the reference is the standard curriculum and does not take into 

account local subjects. 
- This study uses the results of each course that has been carried out. 

- The approach offers in this paper is not about acuracy but instead giving more details on facts 

that should be explored more. 

Another things that related to data, is the data also been pre-processed by cleaning 

any unwanted data that can interfere with the result, for example withdraw courses and 

repeated courses for failed student. 

 

3 The process 
 

The experimental method used in developing the proposed solution as well as the 

overview or general concept of the processes is explained below. The detailed explanation 

of the implementation process is explained in the discussions section.  The aim of this 

research is to develop a mechanism that is capable of analyzing the input data, which 

comprises of the grades obtained from previous courses, and making accurate predictions 

based on the input. 

 



 
Fig 1. Finding course that rely on other course 

 

Figure 1 shows that the implementation of the proposed method in an artificial neural 

network model. The students' grade result from the already-offered prerequisite course 

was used as the input data, after which the network will generates the best scenario based 

on that input. The process of identifying thllese courses is explained in the next section. 

 

We also implement Pearson correlation test to quickly sort out which courses that are 

closely depend on other course. The Pearson formula is describe as follow:  

 𝓇 =
∑(𝓍𝑖−�̅�)(𝓎𝑖−�̅�)

√ ∑(𝓍𝑖−�̅�)2 ∑(𝓎𝑖−�̅�)2  
 (1) 

 

Where r is the coefficient 

 x_i is the ith of previous course variables 

 x  ̅is the grading value central tendency of previous course 

 y_i is the ith of the following course variables 

 y  ̅is the grading value central tendency of the following course 

 

For Principal Component Analysis (PCA), we will not describe the detail process 

with equation but only algorithm, since it will be consume more pages. 

Step 1: Mean Centering/ Normalize data. ... 

Step 2: Compute the covariance matrix. ... 

Step 3: Compute eigen vectors of the covariance matrix. ... 

Step 4: Compute the explained variance and select N components. ... 

Step 5: Transform Data using eigen vectors 

Step 6: Reconstruct to the original data 

 

4 Correlation with Pearson 

 
Before we discuss further, lets have a look on data. The data show in table 1 is the 

recapitulation on course A01 dan course A07 which are pair courses where A01 precede 

C 01 C05 C10

C 02 C06 C11

INPUT Result

C03 C07 C12

C04 C08 C13

C09



A07. And then we look at another pair which is not consifer independent ( not correlated) 

 

Table 1.  Summarization on quality of grade on course A01 (left table) and course A07 (right 

table). 

 

Grade Freq 

A 10 

A- 15 

B+ 19 

B 22 

B- 25 

C+ 24 

C 21 

D 4 

 140 

 

The number of students who took the course is not the same where the A01 course 

has bigger number than the A07 course. This indicate that students who failed in previous 

course could not take the following course. We could also find where the number of the 

following course is bigger the previous course, which cause by repeated student who 

failed in the following course. As mentioned before any repeated courses would be 

removed from the data. 

Based on the data show in the table (Table 1), we could put on line graph, to display 

the trend happened on both courses. This pattern could describe what is happened in 

relation on both course that could signal if there is same affect on both side (Fig. 2) 

 

 
 

Fig 2. Distribution of grading on both courses 
 

From the Fig.2 we can not assume that whoever performs well in A01 also performs 

well in A07, because it might show different student in that case. 

Using the formula we calculate the Pearson coefficient using the data describe in table 

1, and the result is 0.984 which indicate strong positive correlation. Again, keep in mind 

that this result using the summarization data as the general fact and not discrete based on 

per-student. 

We took 2 courses as sample that runs on subsequent semester, we name it course 

0
100

A A- B+ B B- C+ C D

Grade Result Course A01 
and A07

Freq A01 Freq A07

Grade Freq 

A 8 

A- 12 

B+ 15 

B 22 

B- 24 

C+ 22 

C 22 

D 1 

 126 



A01 and course A07, where course A01 and course A05 are independent of each other, in 

other words none of these courses are prerequisite.The data at Table 2, are the total the 

number of students who receive specific grade on both courses. 

 
Table 2 Grading result on both course A01 and course A05 

 
 
 

If we draw a line graph (Fig. 3) just like we do on previous section, we could find 

that the line is not very similar to each other accept for the lowest grade. 

 

 
Fig 3. Distribution of grading between course A01 (previous course) and course A05 

(following course)  showing unsimilar pattern 

 
Using the pearson correlation test we got the coefficient values is -0.14, which is 

indicates that both courses has weak negative correlation. Now we should try to look at 

one on one cases to find out if we could  confirm the finding. 

 

 

Grade Freq A01 Freq A05

A 10 26

A- 15 21

B+ 19 28

B 22 17

B- 25 4

C+ 24 0

C 21 4

D 4 0
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Grade Result Course A01 and A05

Freq A01 Freq A05



5 Correlation with Cross Matrix PCA 

 
Cross matrix is the matrix that populate based on per-student grade result on both pair 

courses, as showed in Table 3 for first case A01 and A07. 

 
Table 3. The Cross Matrix from previous course A01 to subsequent course A07 

 

 
 

 

On columns we see the target grade (in this case A07) range from A to D, and on 

rows we are using the source grade from A01 course. We removed the failed, E grade, 

because the grade means can not continue, so it did not make sense failed student could 

proceed to the next pair, unless it is not a pair (not correlated). The then populate number 

of student who receive grade in source course (rows) and grade in target course (columns). 

For example number of student who receive A grade in course A01 and also get A grade 

in course A07 is 4, get B grade is 2.  

Using the data on the matrix above, we then calculate the PCA to find which 

component has more significant 

 
Table 4. PCA on grading distribution from previous course A01 and subsequent course A07 

 
 

On second case (course A01 and A05), we consolidate on cross matrix (Table 5), we 

could see the data is spread mostly on left side, with central tendency on B+,  

Grade 

A01 t A t A- t B+ t B t B- t C+ t C t D

s A 4 2 2 2

s A- 1 4 1 6 1 2

s B+ 2 5 4 1 2 2 3

s B 1 1 5 9 3 3

s B- 3 3 9 3 7

s C+ 1 6 7 10

s C 3 5 2 1

s D



 
Table 5 One on One Grading between unrelated course A01 and A05 

 
 

Using the data describe on Table 5, we calculate the PCA values and the result as 

follow. 

 
Table 6. PCA analysis on grading distribution result A01 and A05 

 
 

 

6 Discussion 

 
For the first scenario (courses A01 and A07), the data trend used to calculate the 

Pearson coefficient, as shown in Figure 1, does not represent the actual situation on both 

courses, instead, it only represents the general trends. Furthermore, this general trend did 

not describe the track records of each individual with respect to their performance on the 

courses. Using Pearson coefficient for a fast glance to discover which courses are causally 

related may provide false indications. 

The PCA result in Table 3 shows that A- and B+ are close to the origin and have a 

more significant positive impact compared to others grades. Meanwhile, lower grades 

Grade 

A01 t A t A- t B+ t B t B- t C+ t C t D

s A 10

s A- 5 6 4

s B+ 2 6 9 2

s B 3 3 7 9

s B- 2 2 4 2 2

s C+ 2 2 1 2 2 3

s C 2 2 3 2 1

s D



such as D and E resulted in fewer improvements.  

The cross matrix above can also be plotted as a line chart to show the relationship 

between the courses. From Figure 3, it can be seen that students whose grades were A or 

A- in course A01 will most likely perform well in A07. Also, a similar trend was observed 

with students whose grades were B+ or B in the course. From the third graph (c), it can 

be seen that students whose grades are either C+ or C are most likely to perform on 

average. This shows that the grade achieved by students in course A01 is predicted to have 

an effect on their performance in course A07, i.e the correlation between these two courses 

is strong when a student's grade in A01 is above C+, otherwise, the correlation is weak. 

The second case (course A01 and A05) in the Fig. 2, we could see there is no similar 

pattern but with same trend on the end while the Pearson test result shows not correlated 

among two courses. We then will do the same technique as previous, which we draw based 

on grades (Fig. 4). 

 

 
Plotting the PCA result in scatter graph (Fig. 5) showing the disperse situation on 

each grade that gives how much or how strong it will enforce the effect on the next 

sequence. Plot that stray away from origin could be assume that it might has a little force 

or no significant on the result. 
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Fig 5. Scatter graph on PCA result 

 

 
For case course A01 and A05, comparing each grade with each other as in Fig 6, display very 

little similar pattern on some grades. 

 

 

 
Fig 6. The grading distribution on A05 based on A01 result 

 

Doing the similar step, by plotting the PCA result (Table 6) on relation between A01 and A07 

(Fig. 7),  
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Fig. 7. PCA plotting based on grading distribution on A01 and A05 

 

With two cases, now lets look the difference between using Pearson Correlation Test and with 

adding Cross Matrices PCA (Table 7) shows that using more information on cross matrices PCA, 

we could see which grade have more affects on students performance with the subsequent courses 

(prerequisite or not). 

For pair courses A01 and A07, student with grade A- in A01 will have more chance to have A- 

or better in A07 compare with C+ on A01, that’s also true for student who get D on A01 will likely 

to perform bad in A07. For general courses A01 and A05 (which has no related at all), student with 

C will likely also perform bad in A05 (which in this case, students could be not performing good in 

all other courses in that semester). 

 

Table 7.  Comparison using Pearson Test and with additional Cross Matrices PCA 

 

7 Conclusion 

 
In conclusion, using cross-matrix PCA can improve detection when examining 

individual cases rather than general cases. This gives a deeper insight into the interaction 

process among present courses based on the grades from previous ones. On the other hand, 

the process took longer time to complete due to the one-on-one population cross-process, 

s-t

Pearson 

Coeficient

distance Cross 

Matrices PCA

s A 2.49

s A- 1.43

s B+ 1.60

s B 2.16

s B- 2.42

s C+ 3.08

s C 2.89

s D 1.78

s A 2.86

s A- 1.29

s B+ 2.30

s B 2.10

s B- 0.98

s C+ 3.03

s C 0.24

s D 1.28

0.984A01-A07

A01-A05 -0.14



which significantly slows down the whole process when implemented on an artificial 

neural network. However, as more details are incorporated into the process, it is expected 

that the accuracy of the system will improve, regardless of the method that will be used. 
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