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Abstract  

Typing is one of the most frequently done activities in society therefore a medium is necessary to help train typing words that 
are often mistyped. Methods used in this research are the Content-Based Filtering Algorithm to gather the words that have a 
similar pattern to the words that are often mistyped based on the user's previous typing records and the Collaborative Filtering 
Algorithm that uses other users typing pattern to recommend the words. The result of this study shows the Collaborative 
Filtering Algorithm was able to gather words that are hard to type by the user with an accuracy of 49.2%, dan the Collaborative 

Filtering able to predict the score on how difficult for the user to type a word with the result of Root Mean Square Error 
(RMSE) value of 0.82 and with the Root Mean Square Percentage Error (RMSPE) value of 30% from the actual value, and a 
website which is the combination of the two algorithms with the result of 28% of the total word that is recommended was indeed 
difficult to type by the user with the typing speed of 103 WPM, and 72.3% for the user that has a typing speed of 39 WPM. 
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1 Introduction 

Typing is a very important skill in today’s society 

because typing skill is used in communication on 

current technology , and in this century it will makes a 

mass impact on different aspects of human life  

[1].Therefore, increasing typing speed is very necessary 

because it can help them complete various tasks more 

efficiently [2]. 

Studies on building a medium to increase typing speed 

have also been carried out, in previous studies an 

experiment was carried out to increase typing speed 

using the drill method which means training 

continuously and repetitively [3]. Another study to 

increase typing speed is the creation of a game-based 

typing website using the Touch-Typing method[4], 

which is a method of typing without looking at the 

keyboard. Where this method works by increasing the 

typing focus but on the reading source at the same time 

the typing fingers press the letter keys on the keyboard 

synchronously. 

In some previous studies [3],[4], it is still using a 

collection of random words or text which is used as a 

typing test material. Alternately, the system can also be 

developed by collecting and providing some words 

according to the needs of the user, namely words that 

are difficult to type by the user, system that has this 

ability is a recommendation system. 

Many other studies related to the recommendation 

system have also been carried out previously where the 

study used the Collaborative Filtering algorithm [5]–[7]  

used to recommend movies [8]  and books [9], the 

collaborative algorithm itself works by predicting the 

behavior of a user by comparing it with similar users, 
the detection results will help in finding suitable items 

for users. [10]. 

Another study on the type of Content Based Filtering 

algorithm [11] also a lot has been done which is used to 

recommend similar things like movies [12], [13], foods 

[14]  and also career [15], Content-Based filtering 

algorithm works by collecting an attribute contained in 

an item and trying to find items that have the same 

attributes, where similar items will be recommended to 

users. 

Each of the algorithm[5], [11] has both advantages and 
disadvantages depending on the case, for example in the 

case of word recommendation in speed typing,  the 

Collaborative Filtering has a problem with data sparsity 

where there will be a data (Word) that is not rated by 

the user causing inaccuracy in the recommendation 

system and for the Content Based Filtering the 
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algorithm has a problem with overspecialization of the 

item that can cause to narrow the range of types of the 

item that will recommended[16]. Therefore, both of the 

algorithm will be used to cover the disadvantage from 

each algorithm where the Content Based Filtering will 

cover the data sparsity of the Collaborative Filtering 

Algorithm and the Collaborative Filtering Algorithm 

will cover the overspecialization problem.  

In this study, a word recommendation system will be 

built by combining two types of algorithms, namely 
Content-Based Filtering and Collaborative filtering or 

Hybrid which are used to process and recommend 

words that are difficult to type by users in the hope that 

they can be used as training material for users to reduce 

weaknesses in typing. 

2 Research Method 

This study uses the Algorithm method of User-Based 

Collaborative Filtering and Content-Based Filtering to 

recommend words that are difficult for users to type, 

while the stages of this study can be seen in the 

following  . 

 
Figure 1. Research process 

Based on Figure 1, this proposed study started by 

collecting the data necessary for the next process which 

is data processing, the data processing is the step where 

the algorithm will be used to train model from the 

collected data, and the trained model will be used to 

create filtering system to filter the upcoming new data. 

The filtering system will be used in the backend part of 

the website in the “building the website” step and also 

the step where the Web UI created for the user to 

interact with the system. The finished website will be 

tested and analyzed to check its performance. The 
detailed method of this study can be seen in the 

following. 

2.1 Data Collection 

The study begins with collecting data used in the study, 

there are two types of data used in this study, namely a 

collection of Indonesian words that will be 

recommended by the system and also user typing 

performance data. 

The collection of Indonesian words was collected from 

sources such as the Electrical Engineering department 

of Syiah Kuala University final research report 

collection and the adjective dataset obtained from the 

Kaggle website [17]. Word retrieval is carried out using 

a Python program that traces all non-scientific and 

Indonesian words on each page of the research report 

file. 

Typing performance data is the result of a typing speed 

test conducted by users which is collected using a fast 
typing test website application [18]. The data stored is 

the rhythm data of a user in typing a word, where this 

rhythm is a collection of time needed to type the right 

letter to the next right letter which is calculated in 

milliseconds. The form of the typing rhythm data can 

be seen in the following illustration. 

 

Figure 2. Illustration Rhythm Typing words from a user 

2.2 Data Processing 

This stage is data processing from data that has been 

collected previously. The data processing of the typing 
test results aims to change the data from Figure 2 into a 

single numeric data that has a value range between 1 to 

5, where this value is the basis for determining how 

difficult it is for a user to type a word. The data 

processing is done by calculating the Standard 

Deviation from the rhythm data that has been collected 

[19], [20]. 

𝑠 = √
∑ (𝑥𝑖−𝑥̅)2𝑛

𝑖=1

𝑛−1
 (1) 

The results obtained from Equation (1) will be 

calculated again using the equation 2. 

𝑠𝑐𝑜𝑟𝑒 = (
𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝐷𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛

70
× 4) + 1 (2) 

From equation (1),  𝑥̅  is the average, 𝑥𝑖 is the value x to 

i, n sample size and s is the standard deviation, while in 

Equation (2) value “70” is the maximum standard 

deviation value that is allowed on the system created, if 

a standard deviation is obtained which has a maximum 

limit, the system will immediately give the highest 

score of 5, the value "4" is a number that changes the 

results of the previous division to 0 - 4, and the sum the 

number 1 makes the data range change to 1 – 5. 

Indonesian word collection data processing is done by 

extracting attributes from each word, the attributes in 

question are all possible letter arrangement patterns that 

make the characteristics of a word, such as the word 

"abadi" will have a collection of attributes, namely "aai 

aa ai abadi abad aba ab badi bad ba adi ad di". Each 

attribute that has been extracted from each word will be 
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weighted using Term Frequency and Inverse Document 

Frequency [21]–[23]. 

𝑇𝐹𝑖,𝑗 = 
𝑛𝑖,𝑗

∑ 𝑛𝑖,𝑗𝑘
 (3) 

𝑖𝑑𝑓𝑗 = log [
𝑛

𝑑𝑓𝑗
] (4) 

On  equation (3) 𝑛𝑖,𝑗  is the number of equal attributes 

that appear in a word, and ∑ 𝑛𝑖,𝑗𝑘  is the number of 

attributes contained in a word. In the Equation (4), n is 

the sum of all documents and dfj is the number of times 

a word appears in a set of documents. The weighting 

will produce a matrix containing the weight of each 

attribute for each word as shown in the following table. 

Table 1. Score Matrix TF-IDF 

 Attribute 1 Attribute 2 ... 

Word A 0.04 0.04 ... 

Word B 0.043 0.043 ... 

Word C 0.001 0.02 .... 

... ... ... ... 

2.3 Data Filtering 

At this stage, the words that will be recommended to 

users are filtered, where the words to be recommended 

are words that are difficult for users to type. filtering is 

done using the Content Based Filtering algorithm which 

will use a data collection of attribute weights from 

Indonesian words such as Table 1 and the Collaborative 

Filtering algorithm that uses data on the value of how 

difficult it is for users to type a word. 

In the Content-Based Filtering algorithm, the filtering 

process is carried out to determine what words have 
similar attributes determined by using the Cosine 

Similarity equation (5) as follows [11]. 

cos𝜃(𝑞𝑡⃗⃗  ⃗𝑑𝑡
⃗⃗  ⃗) =

𝑞𝑡⃗⃗⃗⃗  ∙ 𝑑𝑡⃗⃗ ⃗⃗   

|𝑞𝑡⃗⃗⃗⃗ |× |𝑑𝑡⃗⃗ ⃗⃗  |
  (5) 

Where 𝑞𝑡⃗⃗  ⃗ and 𝑑𝑡
⃗⃗  ⃗ is the vector to which the similarity 

will be compared, |𝑞𝑡⃗⃗  ⃗| and |𝑑𝑡
⃗⃗  ⃗| is the length of the two 

vectors. The filtering results will produce a collection 

of words that have the highest similarity value. 

In the Collaborative Filtering algorithm, the filtering is 

done by predicting the score of how difficult it is for a 

user to type a word, and the word that has the highest 

prediction score will be recommended to the user. The 

score prediction process is carried out using the 

following equation: [24] . 

𝑝𝑟𝑒𝑑𝑖𝑐𝑡𝑖𝑜𝑛𝑢,𝑖 =
∑ 𝜔𝑖,𝑛∗𝑟𝑢,𝑛𝑛

∑ |𝜔𝑖,𝑛|𝑛
 (6) 

From  equation (6), 𝜔𝑖,𝑛 is the similarity value of word 

i to other words and 𝑟𝑢,𝑛 is the value given by the user 

to the word whose score will be predicted. 

2.4 Building the Website 

At this stage, a website is developed that can detect 

words that are difficult for the user to type and 

recommend relevant words. This stage is the stage of 

implementation and merging of all systems and 

algorithms that have been made in the previous stage. 

The website page created consists of two types, namely 

the Practice page and the Double (Compete) Player 

page where both pages require an authentication 

process from the user. 

On the Practice Page, it is useful to practice the user's 

typing skills by providing words that are predicted to be 

difficult for the user to type. The workflow of this page 

starts from the user accessing the page and starting a 

typing test. The scoring system that has been integrated 

on the page will rate every word that is typed by the 

user. The results of the typing test will be stored in the 

database. When the user performs a retest, the server 

will read the Database containing the recorded user's 

typing results and by using the Collaborative Filtering 

and Content Based Filtering algorithms will filter out 
words that are thought to be difficult for the user to type, 

which will be displayed on the Exercise page for use by 

the user as practice. 

On the Dual Player page, users can interact with other 

users by trying to beat other players in typing all the 

words as quickly as possible where both users will type 

the same set of words. The workflow of this page starts 

with a player looking for a second player who is also 

looking for a player partner. When the two players are 

connected, the server will collect the word randomly 

and display the word set to both users, where the word 

typed by the user is the same set of words to avoid 
injustice, and both will type all the words displayed to 

completion. While the user is typing the displayed 

word, the word scoring system is also automatically 

executed. This system will assess how difficult it is for 

a user to type a word, which will later be sent to the 

main server for reprocessing on the practice page. The 

game will be finished when both users finish typing all 

the words displayed and the player who finishes it first 

will be the winner. Both players can leave the page and 

restart the game. 

2.5 Testing 

This stage will test all the systems that have been 

created. Testing tests the Collaborative Filtering 

algorithm, carried out by dividing the set of user scores 

into training data and also test data, where the test data 

is used as a reference whether the training data is 

accurate or not. Predicted and tested data is the word 

score that has been typed by the user. 

While the Content Based Filtering algorithm is tested 

by giving an input in the form of words to be processed 

by the algorithm to see the output of the input, to see the 

similarity of the words entered with the output words of 
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the algorithm. Another test carried out on this algorithm 

is to calculate how many words that are output from the 

algorithm are words that are difficult for users to type. 

Where it is determined by counting how many words 

have a score greater than a predetermined limit. 

Website testing that has been created is done by testing 

directly using a computer or laptop device by typing all 

the words displayed on the website page. Where the 

word already has the three algorithms that have been 

made previously. The tests carried out on the three 
algorithms will be tested for the accuracy of the 

predictions that have been made to determine whether 

the algorithm is successful in recommending the desired 

word. 

2.6 Result and Analysis 

At this stage, the results of the tests that have been 

carried out previously will be analyzed. In the Content-

Based Filtering algorithm, the analysis is carried out by 

comparing the entered words with a collection of words 

that are the result of processing the algorithm whether 

the resulting word collection has a wording similar to 
the input word, and counting the total words that have a 

higher score than the threshold. a predetermined score 

using the following equation. 

𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 =  
𝑠

𝑛
× 100%. (7) 

in equation (7), s is the total word that has a score of 
more than 1.5 while n is the total word recommended to 

users. In the Collaborative Filtering algorithm, the 

analysis is carried out by comparing the predicted value 

results with the actual value and calculating the error 

value of the difference between the two values using the 

Root Mean Square Error and Root Mean Square 

Percentage Error equations. 

𝑅𝑀𝑆𝐸 = √
∑(𝑓−𝑜)2̅̅ ̅̅ ̅̅ ̅̅ ̅̅

𝑛
  (8) 

𝑅𝑀𝑆𝑃𝐸 = √
∑(

𝑓−𝑜

𝑓
)
2̅̅ ̅̅ ̅̅ ̅̅ ̅̅

𝑛
 (9) 

In equation (8) (9) f is the predicted value, o is the actual 

value and n is the total value compared. 

On the typing website that has been made, the analysis 

is carried out by calculating how many words are 

displayed and have been typed have a score exceeding 

the limit that determines whether a user is difficult or 

not to type the word. Where the total calculation will be 

compared with the total words that have been typed to 

calculate the percentage of how many words are 

difficult for users to type. 

2.7 Conclusion 

At this stage, conclusions are made from the studies that 

have been carried out, where the results from the 

previous stages serve as a reference for making 

conclusions. 

3 Results and Discussion 

3.1 Word Rating System 

The results obtained from the analysis of the word 

scoring system are a pattern of the user's typing rhythm. 

When a user manages to type a word smoothly, the 

rhythm graph obtained is relatively stable, such as 

Figure 3 and has a relatively low standard deviation. 

Meanwhile, when the rhythm of a user when typing is 
disturbed or chaotic, the graph will become unstable 

like Figure 4 and results in relatively higher standard 

deviations and scores than when typing fluently. An 

unstable rhythm can be caused by the user incorrectly 

typing the next letter or stopping because they don't 

know where the next letter key is located. Therefore, in 

this study, it can be concluded that the standard 

deviation of the user's typing rhythm can be used as the 

basis for a scoring system where the value is converted 

back into a narrower range using equations. 

 

Figure 3. User Rhythm Chart When Fluently Typing on the word 

“CEKAT” 

 

Figure 4. User Rhythm Chart When User Fails Typing the word 

“TERBEBAS” smoothly 

3.2 Collaborative Filtering Algorithm 

The result from testing this algorithm shows the RMSE 

result with the value of 0.82 calculated hausing the 

Equation (8) and RMSPE with the value of 30% 

calculated using the Equation (9). The calculation of 

RMSE and RMSPE is done by which collecting first all
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the real scores gathered from user typing a given word 

and all the predicted scores from the algorithm of the 

same word, by using the Equation (8) and (9) each score 

from each word will be compared between its real value 

and the predicted value which returns both RMSE value 

and RMSPE value. Based on the results of the test the 

RMSE and RMSPE value have a relatively high value, 

this is due to the lack of dataset or users scores to use as 

a base for predicting the users score when typing a 

word. 

 

Figure 5. Graph Comparison between Predicted Value and Actual 

Figure 5 shows a graphic comparison between the 

predicted value and the actual value shows that even 

though they have different values, the pattern from the 

predicted value tries to follow the graphic pattern of the 

actual value, for example from Figure 5 the word with 

Item ID 3, 6 and 10 has a higher value on both 

prediction and real value other than other ID, although 
for some ID the value does not match where the 

predicted value resulting higher value when it supposed 

to be lower for example Item ID 12, 19, 48, etc. due to 

lack of data . this pattern is useful for filtering which 

words are prioritized to be recommended and which are 

not by recommending the word that has the highest 

score first 

3.3 Content-Based Filtering Algorithm 

The test results of this algorithm show that the word 

output from the algorithm has a similar word structure, 

which can be seen in 2. 

Table 2. Testing Result of Content Based Filtering Algorithm 

Word Input Word Output Total > 1,5 

 Word Score  

humanistis 

humanistis 1,19 

5 

manise 1,17 

mistis 1,20 

semanis 1,52 

komunistis 2,27 

tuman 3,49 

sauvinistis 2,02 

statistis 2,18 

sadistis 1,35 

humoristis 1,26 

... ... ... ... 

Total Average   4.92 

 

 

Table 3. Content-Based Filtering Output 

Word Input Word Output 

anggak panggak 

anggara 

manggah 

ganggang 

menunggak 

mengganggu pengganggu 

lenggang 

benggang 

senggang 

unjukkan menunjukkan 

ditunjukkan 

unjuk 

menunjuk 

The results of other tests carried out on this algorithm are measuring 

the score given by the user to the word that has been recommended 

which can be seen in  

 

 

Table 3. The test results show that 49.2% of the total 

recommended words have a score exceeding the 

threshold which indicates that the user has difficulty 

typing the word, where the threshold has the value of 

1.5 from the maximum value of 5, this value is 

determined by observing users hand while typing the 

word for example at what moment does the users hand 

start to struggle to type the correct letter, although this 

method is not the best way to decide a threshold value, 

the value itself has no effect on performance of the 
algorithm, its purpose only as based to know the ratio 

between the word that are hard to type by the user and 

not, since the algorithm only checking some of the 

highest score as a base to  gather list  of word that are 

hard to type by the user. From the result of the second 

test, less than half of the word that are recommended are 

the word that are hard to type by the user which is low, 

this happens due to the inaccuracy of deciding the 

threshold and also the lack of the words that has the 

same structure or patterns  

3.4 Fast Typing Game Website Interface Design 

One of the page from Website is the practice page where 
the user is asked to type the word that is displayed as 

well as possible as shown in Figure 6. The graph next 

to the word collection is a graph that shows the rhythm 

of a user typing a word, and on the Figure 7 is a typed 

result that shows the user's typing speed and displays 

the words that the system considers difficult to type for 

the user. 

The multiplayer mode page as shown in Figure 8 is 

where users can test their typing skills with other users. 

From Figure 8 the user is able to see the progress on 

how far has the other player has typed using the 

percentage above the word collection.  
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Figure 6. Exercise Page View 

 

 

Figure 7. Typing Result Display 

 

Figure 8. Dual Player Mode Page 

The detail page of user typing speed as shown in Figure 

9 is where the users can see the progress of typing speed 

in the form of graphs as well as other data such as 

highest, lowest and average typing speed that has been 

done.  

Authentication page as shown in Figure 10 is a page 
where users authenticate themselves using a username 

and password so that users can use features such as 

doubles players and practice pages because these 

features require user data to work. 

Register page as shown in Figure 11, aims to register if 

the user does not have a registered account, where on 

this page the user will be asked to fill in data such as 

username, password and password confirmation 

 

Figure 9. Users Typing Speed Details Page 

 
Figure 10. Authentication Page 

 
Figure 11. Register Page 

3.5 Evaluation of Recommendation System on Fast 

Typing Website 

The results of the merging test of the entire system on 

the fast-typing website show that for users who have a 

typing speed of 103 KPM, an average of 29.4% of the 

total words recommended to users are words that are 

difficult for users to type, which can be seen in Table 4. 

Table 4. Test Results of Website Word Recommendation System 

with users who have a speed of 103 KPM 

Words Total Total Typo 

Word 

Percentage 

90 26 28% 

90 21 23% 

90 35 38% 

90 30 33% 

90 23 25% 

Average  29.4% 

As for users who have a typing speed of 39 KPM, an 

average of 73.2% of the total recommended words, 

which can be seen in Table 5. 
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Table 5. Test Results of Website Word Recommendation System 

with users who have a speed of 39 KPM 

Words Total Total Typo 

Word 

Percentage 

90 69 76% 

90 62 68% 

90 66 73% 

90 68 75% 

90 74 80% 

Average  73% 

The results obtained from the two different users have 

different averages. This could be due to the different 

experiences of the two users who have different speeds, 

where users who have a higher average typing speed 

will have fewer words that are difficult to type. 

Meanwhile, users who have a lower average typing 

speed will have more words that are difficult to type. 

4 Conclusion 

The results of the studies that have been carried out 

show that the application of Collaborative Filtering and 

Content-Based Filtering algorithms has the potential to 

be applied not only to determining preferences but also 

to the opposite, namely determining user weaknesses. 

The test results show that combining the Collaborative 

Filtering and Content-Based Filtering algorithms, 28% 

of the total recommended words for users are words that 

are difficult to type for users who have a typing speed 

of 103 KPM and 72.3% for users who have a typing 

speed of 39 KPM. 

Related research that uses the same method but uses a 

different object shows better results with a precision 

value of 96%. This is because the study uses a much 

larger amount of data of 1 million rows of data due to 

the easy access to get this type of data. While in this 

study, it only had about 8 thousand more rows of data 

due to unusual types of data and requiring data retrieval 

from the beginning. Therefore, it is necessary to retrieve 

data with more users and input data from more users to 

improve the accuracy of predicting words that are 

difficult for users to type.  
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