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Abstract. Abalone is one of the most delicious and highly-prized seafood around the world, its 
deliciousness also makes the abalone industry a non-negligible part of the global economic circle, a 
lot of people and countries rely on abalone for their lives and economy. Therefore, it means a lot for 
us to study about abalone and it’s population. However, as a necessary step when studying about 
abalone, getting the age of abalone is a very complicated and time-consuming task. That’s why we 
need a model to help us predict the age of abalone according to it’s physical measurements which 
are easy to acquire. The project considered three models, linear regression model, polynomial 
regression model and Random Forest. 10-fold cross validation is used to compute the mean square 
error, multiple R square is also considered when evaluating the models. In the results, the polynomial 
model is the best model among three models, with lowest mean square error and largest R-square. 
The research provides us with a model to get the age of abalone in an easy and convenient way, 
which makes the study about abalone more convenient and thus be beneficial for the development 
of abalone industry. 

Keywords: Abalone, Linear Regression, Polynomial Regression.  

1. Introduction 

1.1. Background 

According to a research conducted by Peter A. Cook(2014), Global fish production has increased 

a lot in the past 20 years, and it continues to outpace world population growth [1]. As one of the most 

famous and highly prized seafood delicacies, the total volume of worldwide abalone market has also 

increased significantly especially in the past few years, and abalone industry has became an important 

part in world’s economy. However, in the last century, abalone fisheries suffered a huge decline. 

According to the research conducted by Warwick J. Nash, Tracy L. Sellers, Simon R. Talbot, Andrew 

J. Cawthorn and Wes B. Ford (1994), the decline in abalone catches has had a huge impact on people 

in related industries, many people lost their incomes because of the decline of abalone [2]. After that, 

artificial farming of abalone became more and more important, according to a research about abalone 

industry conducted by Ke(2013), “In modern times, due to the intensification of natural 

environmental changes, abalone's natural resources are decreasing day by day, and the market is in 

short supply, resulting in rising prices, so abalone artificial farming came into being. Among the 66 

species of abalone in the world, more than 10 species have been cultivated in captivity” [3].  

Therefore, it’s important for us to learn more about abalone and its population in order to keep the 

stable development of abalone industry. When we wants to learn about abalone, getting the age of it 

is a necessary step. However, getting the age of abalone is a complicated and time-consuming task, 

that’s why we need a model to help us predict the age of abalone. 

1.2. Related research 

In a research conducted by Liu and Hou(2016), they chose the same data set with this research to 

do discriminant analysis and cluster analysis, and as the result, they found that there are significant 

difference between these 8 variables[4], which means the variables contained in the data set are 

reasonable and suitable to fit the model. 
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1.3. Objection 

In this research, the goal is using eight physical measurements of abalone, the Sex, Length, Height, 

Diamater, Wholoe weight, shucked weight, viscera weight and shell weight to to construct a 

regression model to help us make a prediction of the abalone’s age. If an accurate model can be 

constructed, scientist can save a lot of time and resource when they are studying about abalone. 

2. Methodology 

2.1. Source of Data 

The data comes from UCI, they are collected and donated on 1995-12-01. The data consists 

of 4177 instances with 9 variables, for the first 8 variables, they each represents a physical 

measurement of abalone. The last variable is the rings, which equals to the age of abalone minus 

1.5 according to the definition of abalone’s age.  

2.1.1 Dependent Variable 

The dependent variable which we are going to make prediction is the age of abalone, it’s a 

newly constructed variable which is formed by adding 1.5 to the Rings of abalone  

2.1.2 Independent Variables 

There are eight independent variables. First is the Sex, abalone has three types of sex - Male, 

Female and Infant. The second one is the length, which is the longest shell measurement of 

abalone. The third one is the Diameter, and it is perpendicular to the length. The fourth one is 

the height, it is measured with meat in the shell. Then it is the whole weight of abalone. The next 

one is the shucked weight, which is the weight of the meat. Then the viscera weight, which is 

the gut weight after bleeding. The last independent variable is the shell weight after being dried. 

2.2. Data processing 

First, constructing a new variable to represent the age of abalone, the new variable age is 

constructed by rings plus 1.5, after this step, the rings can be deleted. Then divides the dataset 

into two parts randomly, the first part is training part, which contains 80% of the data. The second 

part is testing part, it contains the rest 20% of the data. The training data is used to build and 

select the model, and the testing data is used to evaluate the effectiveness of the chosen model. 

2.3. Machine learning method 

R studio is used to construct the model. 

The first model considered is the linear regression model. It’s the most basic and common 

regression model, but it’s reliable in reality according to a research conducted by Xing(2007)[5]. 

By using the functions “glm()” and “lm()”, p-values of variables and the covariance table are 

checked and being used to adjust the model. New variables may be necessary to construct in 

order to deal with the correlation problem between variables. As for the variables whose p-value 

are significantly large, they may be removed to improve the accuracy of the model. The mean 

square error will decrease first and then increase as we remove those variables with large p-value, 

so when the mse reaches the lowest point, variables would remain unchanged. 

The second model considered is the polynomial regression model. It should be better than 

linear regression model. According to a research about polynomial regression conducted by 

Wang and Fu (2004), polynomial regression model is more suitable for a real life problem 

because for most variables, there is a power multiplication relationship between them[6]. 

Therefore, polynomial regression model was expected to get a better result in the research. the 

functions used are also glm() and lm(), some variables are turned to the second or third or even 

fourth power to decrease the mean square error. Same as the linear regression, new variables will 

be constructed base on the covariance table and variables may be removed if they have large p-
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value. Adjust the variables until the mean square error reaches the lowest point, and record the 

multiple R square. 

The last model considered is random forest, random forest model has its unique advantage, 

according to Li(2013), “Random forest does not need to worry about the multivariate collinearity 

problem faced by general regression analysis, and does not need to make variable selection. 

Existing random forest packages give the importance of all variables. In addition, random forests 

facilitate the calculation of nonlinear effects of variables and can reflect the interaction between 

variables”[7]. Randomforest package is used to construct the model, with ntree equals to 500 

and mtry equals to 3. Adjusting the variables according to the importance plot. 

2.4. Evaluation metric 

For the linear regression model and polynomial model, multiple R square and 10-fold cross 

validation mean square error are used to evaluate the model. As for the random forest model, 

only mean square error is considered. According to Miles(2005), “R square represents the 

proportion of variance in the outcome variable which is explained by the predictor variables in 

the sample”[8]. The mean square error measures the error of using the model to make a prediction, 

according to Allen(1971), “Mean square error is believed to be more meaningful than the 

commonly used criterion, the residual sum of squares.”[9]. Using k-fold cross validation can 

decrease the randomness of the MSE, according to Berrar(2018), “Cross-validation is one of the 

most widely used data resampling methods to estimate the true prediction error of models and 

to tune model parameters. Ten-fold stratified cross-validation is often applied in practice. ”[10] . 

Therefore, 10-fold cross validation is chosen for the research. 

In conclusion, the larger the R square, the smaller the MSE, indicating the better the model.  

3. Results and Discussion 

3.1. Data Visualization 

Table 1. Summary of the Variables 

Name Type Unit Description 

Sex nominal -- M, F, and I (infant) 

Length continuous mm Longest shell measurement 

Diameter continuous mm perpendicular to length 

Height continuous mm with meat in shell 

Whole weight continuous grams whole abalone 

Shucked weight continuous grams weight of meat 

Viscera weight continuous grams gut weight (after bleeding) 

Shell weight continuous grams after being dried 
 

 

Fig. 1 Basic distribution of the data (Photo credit: Original) 

As shown in the Table 1 and Fig. 1, the summary of the data gives tells us the basic distribution of 

variables. 
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3.2. Variable Selection and correlation analysis 

 

Fig. 2 Result of the initial linear regression (Photo credit: Original) 

First, as shown in the Fig. 2, fit the model with its original variables in order to do a basic variable 

selection. According to the result, sex Male has a significantly large p-value, which means male is 

basically the same as female when making a prediction of the age. Therefore, Male and Female can 

be treated as the same in the model. To make it convenient, replace all the Male in the data with 

Female.  

Then check the covariance table, and we found there are significant correlation between some 

variables such as length and diameter, height and diameter, viscera weight and whole weight and so 

on. To deal with the correlation problem, new variables such as length*diameter and viscera weight* 

whole weight should be constructed to make the model more accurate. 

3.3. Model training and evaluation 

3.3.1 Linear regression model 

The first model considered is Linear Regression Model, which is one of the most basic one. 

First, directly fit the linear model, and use 10-fold cross validation to calculate the mean square 

error. 

 

Fig. 3 The mean square error of the initial fit (Photo credit: Original) 
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As shown in the Fig. 3, the Sex male has a very large p value just like discussed in 3.2. Then 

checked the covariance table, and it’s found that there are correlation between variables, so then 

construct new variables by multiplying those correlated variables to solve the problem.  

 

Fig. 4 Constructing new variables for correlation problem (Photo credit: Original) 

As shown in the Fig. 4, 13 new variables have been constructed for possible correlation. After the 

construction of new variables, fit the linear regression model again. 

 

Fig. 5 The mse after adding the variables (Photo credit: Original) 

As shown in the Fig. 5, the mean square error has decreased significantly, but there are some newly 

constructed variables that have large p-value. Then remove the variables with significantly large p-

value. The first one chosen to remove is the SexM, like the discussion before, replace all male with 

female. 
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Fig. 6 Result of the model after replacing male with female (Photo credit: Original) 

As shown in the Fig. 6, it can be seen that the mean square error decreased slightly, but there are 

still many variables with p-value larger than 0.05. Next, remove the variable with the largest p-value 

one at a time, and check the 10-fold cross validation mean square error every time a variable is 

removed, stop removing variable until the mean square error begin to increase, and that should be the 

final linear regression model.  

 

Fig. 7 Final version of linear model (Photo credit: Original) 
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The final version of linear regression is shown in the Fig. 7. Therefore, for the linear regression 

model, the lowest mean square error is 4.480284, and after getting the final model, use the function 

“lm()” to refit the model in order to get the multiple R square. 

 

Fig. 8 Result of the lm() function (Photo credit: Original) 

The result of lm() is shown in the Fig. 8, and the multiple R square for the best linear model is 

0.5741, which is not a bad result for a real life problem.  

In conclusion, for the linear regression model, the mean square error is 4.480284, multiple R square 

is 0.5741, and the equation of the model is Age= -0.65*Sex(equals to 1 if it’s Infant) - 7.42*Length 

+ 13.24*Diameter + 44.01*Height + 4.72*Wholeweight - 15.80*shuckedweight + 

34.94*shellweight + 10.78*whole*shucked - 25.02*shucked*viscera - 49.96*shucked*shell + 

79.21*shell*shucked*viscera - 20.49*whole*shell*viscera - 72.45*Height*Diameter + 4.28 . 

3.3.2 Polynomial regression model  

Second model considered is the polynomial mode, it’s similar to the linear regression model 

but it’s more practical in the real world. First, use glm function to fit the model, turn all variables 

to second power, and calculate the 10-fold cross validation mean square error. 

 

Fig. 9 Initial polynomial regression (Photo credit: Original) 

According to the result in Fig. 9, the mean square error of this basic polynomial model is 4.472435, 

which is already lower than the best version of linear model, thus polynomial model definitely is 
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better than linear model in this regression problem. Just like the linear model, the p-value of the SexM 

is still large in the polynomial model, thus replace all male with female. 

 

Fig. 10 Result after replacing male with female (Photo credit: Original) 

As shown in the Fig. 10, after replacing male with female, the mean square also decrease slightly 

like the linear model. Then check the covariance table, and adjust the power of each variables, remove 

those with large p-value, stop until the mean square error reaches the lowest point. Considering in the 

polynomial model, there will be much more combination between variables, thus we construct new 

variable according to the covariance table one at a time in order to make the model less complicated. 

 

Fig. 11 Model after adjusting (Photo credit: Original) 

Final version is shown in the Fig. 11, the mean square error is 4.35839, and when trying to 

construct another new variables, no matter what variable is being constructed, the mean square error 

can not be decreased. Therefore, this would be the best version of polynomial model. Using the 

function lm(), 
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Fig. 12 result of lm() function (Photo credit: Original) 

In the Fig. 12, the multiple R square of the polynomial model is shown, which is 0.586, and it’s 

larger than the linear regression model. 

In conclusion, the best version of polynomial model has mean square error 4.35839 and multiple 

R square 0.586, which is more accurate than the linear model. The polynomial model is 

 Age=11.64 - 0.66*Sex(equals to 1 if it’s Infant) - 33.95*Length - 19.65*Length^2 + 

25.68*Diameter + 28.76*Height - 6.78*Height^2 + 749.56*whole weight + 79.58*whole weight^2 

+ 187.48*shucked weight + 228.16*shucked weight^2 - 2.63*shucked weight^3 - 8.28*shucked 

weight^2 - 60.10*viscera weight + 17.76*viscera weight^2 + 102.56*shell weight - 16.47*shell 

weight^2 - 942.57*whole weight *shell weight . 

3.3.3 Random Forest 

The last model considered is random forest, with ntree equals to 500 and mtry equals to 3. Using 

the randomforest package, fit the model. 

 

Fig. 13 Initial random forest model (Photo credit: Original) 
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The mean square error in Fig. 13 shows it’s not a bad result, and then check the importance plot. 

Replace all male with female just like the first two models 

 

Fig. 14 The importance plot (Photo credit: Original) 

As shown in Fig. 14, after the replacement, the mean square error do decrease slightly, then when 

trying to remove variable with large p-value or add new variables constructed by correlated variable, 

the mean square error do not decrease anymore.  

In conclusion, the final version of random forest has mean square error 4.466598, which is lower 

than linear model and larger than polynomial model. The data set has some limitations that may affect 

the research. First, the data is collected in 27 years ago, as the change of environment, the data may 

not be the best option to fit the model today. What’s more, there are different kinds of abalone in the 

whole world, and the dataset didn’t only contains 4177 instances, which may be not enough to cover 

all kinds of abalone, thus may affect the accuracy of the model. 

3.4. Limitation 

The data set has some limitations that may affect the research. First, the data is collected in 27 

years ago, as the development of environment, the data may not be the best option to fit the model 

today. What’s more, there are different varieties of abalone in the whole world, and different kind of 

abalone has different physical characters. However, the data only contains 4177 instances and does 

not categorized abalone according to its varieties, thus the model may be not accurate for some other 

species of abalone.  

As for the model training process, limitations also exist. For the polynomial model and the random 

forest model, there may be better combination of independent variables, however, the number is too 

large and we can’t try all of them. Moreover, running the random forest model in a regular computer 

is really a time-consuming process, which makes it difficult to adjust the model and try new 

possibilities. The correlation problem may be able to solve in a better way with different combinations 

of independent variables for all three models. 

Finally, the criteria for model evaluation are relatively simple, more complete evaluation of the 

models are possible. 
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4. Conclusion 

In conclusion, studying about abalone is a meaningful and beneficial work for many people and 

countries whose lives and economy rely on it, and constructing a model to predict its age can save 

researchers a lot of time and work. In this research, three models are considered to predict the age of 

abalone, the linear regression model, polynomial regression model and the random forest, R-squares 

and mean square error are used to evaluate the model. Moreover, 10-fold cross validation is used to 

calculate the mean square error in order to decrease the randomness. After processing the data, 

analyzing the variables, constructing new variables for the correlation problem and variables selection, 

polynomial model appears to be the best model among three, it has the lowest 10-fold mean square 

error and largest multiple R-square. Though random forest has a higher mean square error, it has 

shown great potential in making the predictions. However, because of the limitation of computer, 

further development in random forest is difficult, but it would not be a surprise if an updated random 

forest model has lower mean square error. This research provide a new model to predict the age of 

abalone according to its physical measurements and a direction to do further research, it is making 

the research about abalone more convenient and thus making contribution to the development of 

abalone industry. 
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