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Predicting Ireland House Prices with Deep Learning
Techniques - A Comparative Study

Nithish Christopher
x23116099

Abstract

The Republic of Ireland is one of the developed countries in the world. The
rapid growth of the housing market is a significant factor in Ireland’s economic
development. In recent years, the housing crisis and the increasing house prices have
become prominent issues in Ireland, as reported by the Irish Central Newsletter.
This research aims at developing a predictive model for the gradual increase in
house prices in the Republic of Ireland using deep learning, focusing on historical
data analysis from recent years. The data for this study was collected from the
Property Price Register Ireland dataset, covering the period from 2010 to 2021. The
research focuses on developing and comparing deep learning models, which includes
Convolutional Neural Networks (CNN), Artificial Neural Networks (ANN), Long
Short-Term Memory Networks (LSTM) and Recurrent Neural Networks (RNN),
to identify the best model for predicting house prices. Among these models, the
Artificial Neural Networks (ANN) performed the best, based on the RMSE value.

1 Introduction

The republic of Ireland, facing biggest challenge in the form of a housing crisis and
rising house prices over the past few years. One of the reasons for this is the increasing
population because of development in technology and healthcare with more features and
upgrades. According to the Social Justice Ireland census report, house prices have been
rising not only in Dublin but also in other counties. Based on the mentioned details
affecting various groups, including new immigrants and students, who are struggling with
high rental costs. Additionally, citizens of Ireland are also experiencing disturbances in
their peaceful life due to the housing crisis and increase in price issue. These mentioned
factors were the reasons that motivated this research.

The research focuses on complete Ireland house price prediction. This research in-
cludes fluctuation of prices in past years, seasonal trends of prices, category of price
ranges. This analysis also helps in better understanding of Ireland housing market and
provides knowledge about price fluctuation. This research will be effective for Ireland
house price prediction. This research is based on Property Price Register Ireland dataset
on Kaggle, containing 2010 to 2021 data. Advanced techniques are implemented in this
research for better feasible prediction.



1.1 Research question

How can different deep learning models, including ANN, RNN, CNN, LSTM be optimized
for accurate and scalable house price predictions in Republic of Ireland?

+ Sub- RQ: How does the predicted house price value from optimized neural network
models compare to the actual values in Ireland’s housing market?

A recent work which utilized the same concept, implemented machine learning and
Deep learning techniques, particularly ANN and Auto ML techniques, this research was
conducted by Aditiya Ravindra Ved ed.al (2024). Here, they mentioned to do future
work on improving models by exploring advanced deep learning techniques with detailed
data preprocessing, addressing time-based trends. The above-mentioned suggestions in
the existing works were taken into account in this study.

1.2 Document Structure

This research was performed in a well structure format and documented in detail. The
beginning of the abstract gives complete overview of the research objective, introduction
mentioning detailed overview of the purpose to do this research for republic of Ireland,
mentioned strongly on base study of this research and detailed related work, research
methodology of the study, Implementation process, in the implementation, data cleaning,
data preprocessing and feature engineering, model implementation and evaluation metrics
like RMSE, MAE, MSE were validated, provided the predicted value for suitable model
and concluded the research.

2 Related Work

2.1 Advanced Data Preprocessing and Insightful Analysis for
Optimizing House Price Predictions

This research conducted by (Ved and Gupta; 2024) strongly discussed data preprocessing
such as handling missing values, dealing with outliers in detail, encoding of categorical
data on Ames city in the United Staes. The authors applied AutoML technologies and
ANN, those preprocessing are effectively used on applying these models. It mainly com-
pares traditional models like Ridge Regression with advanced techniques such as Artificial
Neural Networks (ANN) and AutoML technologies. At the same time, the writers focused
on limited sequential technique. The paper not only focused on handling sequential data,
but it compares traditional and advanced models. It doesn’t explain in detail why some
models performed better than others in certain situations, especially for neural network
(ANN). This research is more helpful for my research in Ireland house price prediction
because it provides detailed essential data preprocessing techniques and EDA. These are
much important for implementing large data with advanced techniques are ANN, RNN,
CNN, LSTM. Additionally, the comparison of traditional machine learning models with
advanced approaches like ANN gave me a clearer understanding on how different meth-
ods can be implemented, assisting me with a design on balanced and effective predictive
value.



2.2 Discussing House Price Prediction on Advanced Deep Learn-
ing

In this research aim to develop accurate and effective models for predict house price by
analyzing with valuable insights. In this analysis they used Multiple Linear Regression,
SVR, ANN, XGBoost. Implementing of those techniques to they identified key factors of
influencing house prices. Compared with those models to be identified Gradient Boosting
(XGBoost) gave superior accuracy. Disadvantage of the analysis is limited dataset scope,
minimal interpretability for ANN and XGBoost. some feature selection also identified
these are challenges on model performance and research focused on single location. This
complete research was done by (Saini et al.; 2023).

This study aims at comparing the performance of Na“ive Base, Random Forest and
ANN to predict the house price prediction based various collected data. In this research
they focused on detailed comparative performance analysis. In this research ANN got
top accuracy, they had detailed preprocessing as well. In this research also they covered
smaller datasets, lacking evaluation metrics like MAE and RMSE. This research was
conducted by (V et al.; 2024).

In this study aims to predict real time house price using of XgBoost algorithm, Lin-
ear regression. In this analysis they finalized performance based on RMSE values to
concluded with XG-boost is the high performance. But in this research if they proceed
with smaller data and for one small region. The study done by (Joseph et al.; 2024)
requires regression comparison with multiple regression model.

This study extends the methodological of the previous study by addressing sequence-
based challenges, because previous study focused on improving ML models like Random
Forest and XGBoost but in this study focused on temporal and spatial dependencies
using LSTM with attention. LSTM with attention is the mechanisms has even higher
computational complexity. Advanced feature engineering with spatial sequences, but the
methodology might not suit all datasets. It is done by (Ma et al.; 2021).

In this study we create a hybrid model which leverages of both sequence handling and
feature importance. And this study focusing on once particular city and used XGBoost to
achieve high accuracy. Its fully focused on ensemble learning offering a unified framework
for tackling diverse prediction challenges. But in these lacks feature engineering for
advanced temporal or spatial analysis. This study is done (Ahtesham et al.; 2020).

This study aims to evaluate ANN based deep learning methods against classical meth-
ods like SVM, Random Forest and linear regression. ANN is performing well against all
traditional models. In this study focused on all kind of metrics as well. But in this study
exploring the ANN architectures with dense layer, showcasing their flexibility in handling
the complex connectivity. Demonstrates ANN’s potential for scaling up to larger datasets
with more features. This study also focused on region but not detailed of correlation and
feature engineering. Combine of previous study this study performed lack comparison
with neural network. It is done by (Xu; 2021).

This study performed on stochastic gradient descent (SGD) and neural networks to
improve prediction accuracy. Accuracy and precision metrics, along with graphical com-
parison of actual vs. predicted prices. In this research faces overfitting and suboptimal
performance for high-priced houses due to limited training data. Focuses heavily on
numerical features; no discussion of incorporating categorical or derived features. SGD-
based training is computationally efficient but may oversimplify relationships for complex
data. Research done by (Ni; 2022).



This study aims to use traditional machine learning, deep learning and hybrid model
for time-series forecasting. In this research mainly focusing on proposed of hybrid model
and deep learning. In this they performed well on normalizing the data and more into
preprocessing. In this analysis they used small data so feature diversity bit lacked. This
study was done by (Nunna et al.; 2023).

This study aims to perform data augmentation techniques. Here they implemented
XGBoost, LSTM, CNN, RNN with data augmentation techniques like clustering and
box-cox transformation, but in this mostly focusing on techniques performs. LSTM
outperformed other models, for this study they used smaller dataset and limit scalability,
(Shen et al.; 2023).

This study motivates us to address the data limitations and instability by data aug-
mentation and predictive of LSTM with augmented data. Achieves 30% error reduction
in LSTM with data augmentation. These are highly effectiveness for improving model
performance. This research is slightly different from other research, focusing on address-
ing small dataset issues expands applicability to resource-limited scenarios, this study as
well facing tackling issues like nonlinearity and dataset limitations. It is done by (Guang
and Zubao; 2023).

This study Focuses on leveraging deep learning models, specifically CNN, for capturing
non-linear relationships in housing price predictions. Effectively utilizes CNN, which
got high accuracy. But in this study Only compares CNN with BPNN, leaving out
comparisons with advanced models like GRU or LSTM and Lack of exploration of other
advanced models like GRU and LSTM. This research was done by (Zhan et al.; 2020).

In this research detailed about ANN, CNN, RNN and KNN model performance using
house price prediction. Based on lower RMSE value to comparing with traditional al-
gorithms such as random forest and gradient boosting. But ANN is performed with high
values. But this study needed more data variables, this research did with less volume of
data variables. This study was done by (Karthika et al.; 2024).

This research aims at developing a hybrid deep learning model (CNN+LSTM+FCL)
for capturing non-linear relationships in housing data and improve prediction accuracy
compared to traditional methods. Effectively integrates CNN for feature extraction,
LSTM for temporal trends, and FCL for final predictions, reduced error in RMSE and
MAE. At the same time Focuses only on CNN, LSTM, and FCL, excluding exploration
of other advanced deep learning models, limited analysis of external variables. But still
more concentrated needed in data preprocessing, it relies heavily on structured and com-
prehensive datasets; missing or noisy data can significantly degrade the performance. In
this study discussed more about implementing deep learning in effective manner, this
research done by (Sakri et al.; 2024).

This research motivates us to do accurate price prediction assist with valuable vari-
ables to using of advanced deep earning model of CNN and ensemble methods of XGBoost,
Random Forest, AdaBoost to enhance accuracy. They accurately combining of structed
and unstructured data like housing attributes and images. So, they proposed a stacking
ensemble approach. In this research CNN achieved more accuracy compared with other
models. Balancing of complexity of model is one disadvantage on this research and its
performing second-hand single houses so images and details are not good and needed to
perform more in Data preprocessing this complete study done by (Srirutchataboon et al.;
2021).

This research aims to addresses the lack of comprehensive comparison among popu-
lar machine learning and deep learning methods for housing price prediction, here ML



models of SVM, Baysian, Linear Regression, DNN are used and SVM performed well in
prediction. In this data preprocessing worked very well and ensured data quality as well.
In this analysis linear regression and DNN are performed worst because of its smaller
data. This research was done by (Chen et al.; 2021).

In this research aims to predicting house prices implementing of DNN in detail. In
this they well detailed in data preprocessing to normalize the numerical features to ensure
consistent scaling and detailed EDA. Well, detailed of hyper parameter optimization so
got more remarkable accuracy and considered multiple evaluation metrices. As they
used not a larger dataset and using multiple optimization techniques increases training
overhead, which might not be practical for applications requiring quick predictions, this
research done by (Vijava et al.; 2023).

2.3 Discussing House Price Prediction on Machine Learning

This research aims to use predict house prices in Malaysia. They applied ML and ANN as
well. Here, Al and ML techniques enhance predictive capabilities. And in this analysis,
They faced issue is limited data updates, not having a unique property factor. In this
research they missed collecting proper data and not into detailed data preprocessing.
This research was done by (Chee Kin et al.; 2022).

This research mainly focusing based on location on house prices fluctuation, in this re-
search they implemented all regression model, but the ensample model of Random Forest
and XGBoost performed well based on evaluation matrices of MAE. In this research they
not properly handled categorical data and showing not into proper data preprocessing
these all done by (Hamami and Dahlan; 2024).

2.4 Related work Outcomes

The review of all the above literature highlighted the various approaches for methodology,
choosing larger data for advanced deep learning techniques. Mainly, the challenges dur-
ing implementation of deep learning techniques, gave more solutions and suggestions. At
the same time, detailed the importance of data preprocessing for implementing models.
All kinds of variables handling methods were explained in the works. These studies also
emphasize the importance of visualization, how the visuals helped in making decisions.
However, challenges persist, including dataset limitations, overfitting in deep learning
models, and the need for advanced preprocessing techniques. And for detailed know-
ledge on implementing deep learning techniques and comparative Machine learning, deep
learning is required. For my research, these studies provided a complete foundational
framework for developing deep learning techniques. By optimization of models, extens-
ive preprocessing, evaluation metrics. Finally, these studies more gave more insights on
implementing deep learning techniques on Ireland House Price Prediction.

2.5 Research Gap and Research Niche

The proposed research question aims to explore how advanced neural networks like ANN,
RNN, CNN, and LSTM, combined with better data preparation and regression models,
can improve house price prediction at the similar time this research focused on country
of Ireland house price prediction. It focuses on making these models work well with large



datasets, across different housing markets, and in real-time applications, addressing gaps
in current research.

3 Methodology

The main motive of this research is to predict the Ireland house price, which is different
from common data analysis approaches. This study looks at existing research to un-
derstand the following methods as shown in as shown in figurel. The methodology is
designed specifically for the dataset used in this research and follows this systematic and
structured methodology.

This research is particularly based on KDD. The project begins with knowledge from
data. Predicting the Ireland house prices based on various features like location, year,
etc. And the complete cycle of KDD started like data collection, data preprocessing,
model implementation and model evaluation and results.

Model
Data Selection &
Preprocess Model
evaluation

Figure 1: Flow of Methodology adopted to for our research study

3.1 Data Collection

Data collection is a major part of the research, because collection of data makes it more
effective through research objective. The dataset used for this study is collected from
Kaggle, a open-source data community called Property Price Register Ireland Dataset.
It is publicly available data, and it maintains ethical standards. It contains main cities
as well as important county data. This dataset is one of the main sources of the Ireland
house prices details. This dataset contains data from 2010 to 2021 with 476745 rows X

9 columns of data as a CSV file.

3.2 Data Understanding and Data cleaning

Collected detailed Ireland house price data columns has its own dataset format, datatypes,
noises of data, null values, error values were found based on research objective. Once
errors were found; the complete dataset is processed for preprocessing. In this step, all the
data are arranged for further processing. Each variable was checked in a detailed manner,
focusing mainly on price columns. And the identified null values were removed from the
columns. After these steps, basic cleaning was started in detail to identify outliers in the
Ireland house price data, those were removed in proper manner. Finally, the data quality
was ensured for further process. All these steps very clearly explained in implementation
part.



3.3 Data preprocessing

Once the interpretation of the data and cleared all errors based on data cleaning method
data into preprocess method. In the preprocess part, data was completely prepared for
implementation model. A column is changed to numerical values. In this part, data were
normalized through feature engineering methods. All the columns and variables were
normalized in this part. These methods were helpful in balancing the complete data-
set. Working on complex price data, cleaning and normalization and balancing complete
datasets majorly helped in further process of model selection and model implementation.
the preprocessing step made sure that the complete dataset was ready for implementing
models.

3.4 Data Exploration/ Visualization

In general data, exploration and visualization is the critical part in understanding the full
dataset and identifying price patterns, seasonal trends based on year and areas, relation-
ship between each variable. So, this part completely works on Exploratory Data Analysis
(EDA) and typically involves summarizing the data and generated needful insights. In
this stage, pre-processed data is fed into EDA, were all the results were explained through
visuals as charts and plots. The research majorly focused on target variables. Sales price
of house is the target variable in this research. The data is used to identify distribution
of price in every county, yearly or monthly average prices ranges in past years, correlation
of the numerical features and seasonal trends. These all steps are detailly explained in
implementation part.

3.5 Data Modelling

In data modelling, for the further process of feature engineering, preprocessed data was
used during the implementation model. Before implementing the model, data is split into
test and train. So, implementation of ANN, CNN, RNN, LSTM models were preparing
from here. Whatever models are implemented, performances were also calculated. Based
on target variables and test- train data, deep learning techniques were applied and fol-
lowed by performance evaluation as well. For improved performance, Hyperparameter
was applied along with early stopping, random and hyper tuning. All the techniques were
implemented to identify model performances.

3.6 Model Evaluation and Predictions

Implementation of ANN, CNN, RNN, LSTM models were evaluated on the training and
validation loss, which was not done in the training part. These are detailly explained
along with evaluation of performance of the models. These evaluations followed some
statistical metrics, based on those values to finalize the model performance. The metrices
are RMSE, MSE, MAE which are determined to find the accuracy of the research. Hyper
tuning assisted to increased models’ performances. Once evaluation stage is completed,
the high-performance model is used to compare predicted values and actual values which
will be explained in the final part.



4 Design Specification

This research aims to predict the Ireland house prices across the complete country, so
dataset was collected from a valuable source. The dataset is mixed with all counties and
cities. The data used for analysis was in CSV format. The dataset imported into python
to start the analysis. Beginning with data cleaning to extract data in detail, detailed
cleaning process was undergone, missing values, columns transformation, outliers iden-
tified and removed, based on research objective. Further process of normalization also
applied for model implementation. By Feature engineering based on research perspective,
categorical variables are handled. Exploratory Data Analysis was applied on prepared
data. In all the perspective, EDA was applied to visualize the data for better understand-
ing. Once the data was prepared, the data is ready for implementation models based on
research objective. After splitting the data as test and train, all four deep learning models
are implemented. All hyper parameters and hyper tuning were used for improving model
performance. Followed by evaluating model based on RMSE, MAE, MSE values. Finally,
the models were compared based on evaluation metrics as shown in figure2.
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Figure 2: Design architecture of the research



5 Implementation

The section briefs step-by step implementation of deep learning model along with the
modifications made during the implementation process. It includes data cleaning, data
preprocessing, EDA, feature selections, applying of models and evaluation. The overview
of methodology and implementation is provided below.

5.1 Data Collection

The Property Price Register Ireland dataset is collected from Kaggle, an open-source
data community which covers the period from 2010 to 2021. The dataset contains 476745
records with multiple valid columns. Due to the huge volume of information, data pre-
paration stage faced several challenges during this research. Figure3 shows the processed
information data.

data.info()

<class ‘'pandas.core.frame.DataFrame’>
RangeIndex: 476745 entries, @ to 476744

Data columns (total 9 columns):

# Column Non-Null Count Dtype

=] SALE_DATE 476745 non-null datetimeé64[ns]
1 COUNTY 476745 non-null object

2 SALE_PRICE 476745 non-null floatée4d

3 IF_MARKET_PRICE 476745 non-null inté4

B IF_VAT_EXCLUDED 476745 non-null inte4

5 PROPERTY_DESC 476745 non-null object

6 DAY 476745 non-null int32

7 MONTH 476745 non-null int32

8 YEAR 476745 non-null int32

Figure 3: Information of preprocessed data

5.2 Data Cleaning

As mentioned earlier during the methodology section, the preprocessing of data including
data cleaning is clearly detailed in this section. This stage involves identification and
removal of missing values, finding outliers and a suitable method to remove outliers from
the dataset. These processes are more helpful in improving the predictions.

+ Handling of Missing values: From the data postal code and property size de-
scription, the missing values columns are unnecessary for the research objective,
hence these columns were completely removed from the dataset. These two columns
contained approximately 50% of missing values, which were removed during the re-
search.

+ Handling of Outliers: Further, Interquartile Range (IQR) method was used in
identifying and removing outliers from the dataset (2023). In this method, lower
bound and upper bound were defined to find the range within which most of the data
should lie, assuming a normal distribution. Applying this method, 5340 outliers
were found from the data and those were removed in proper manner as shown in
figured. Sales price was set as the target variable during the research.
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Figure 4: Outliers Visualization

5.3 Data Preprocessing and Feature Engineering

In this preprocessing stage, the cleaned data from data cleaning is used. In this process,
data is gone through detailed analysis based on the research objective. So, column trans-
formations are performed on this data, applying some feature engineering techniques for
preparing data into implementing models.

5.3.1 Columns Transformations:

In sales data, columns are separated into date, month, year as three extra columns and
sales data columns are dropped as well, because the research is focused on year wise
change in Ireland house price prediction. So, these created columns are well used in this
analysis.

5.3.2 Details of columns:

Once done with preprocessing, check all the columns data types and column names and
verify if any changes are needed. This stage mainly focusses on categorical columns.
5.3.3 Handling unnecessary variables:

In the process, from the description column, nearly 35 variables are meaningless for this
research, so these unwanted values were removed from the data.

5.3.4 Label Encoding:

Based on the target variable, one price category column is created in this data. This
label-encoding is one of the most effective techniques for converting categorical variables
into numerical values. Based on the highest and lowest price to categorize the data.
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5.3.5 Encoding of Categorical Variables:

Using One-hot encoding, all categorical variables were transformed into numeric format,
for ensuring the data to be suitable for modeling.

5.3.6 Feature Scaling:

Standard scaler method was used to standardize the numeric features by scaling into
distribution to ensure that they contribute equally to the implementation of deep learning
models. This step is a critical preprocessing stage for many models but is more relevant.

5.4 Exploratory Data Analysis

The exploratory data analysis was performed on Ireland house price dataset, providing
important insights into trends, distribution, and relationships of key variables. The men-
tioned visuals impact the preprocessing methods. The primary goal of this analysis is to
understand the house prices distributions, seasonal trends for the year and the relation-
ship between year and county wise.

- Trends of sales price: Figure5 shows the complete details of sales price averages
over the years. Initially from 2010 to 2013, the values were significantly dropping
which can be seen from the graph. In those periods, the real estate markets were
greatly decreased and demand for house prices also reduced. From 2013, there was
an average sale price steady recovery, price range is mentioned over here. From 2016
to 2012, there was a rapid growth of sales phase in Ireland due to huge urbanization
and housing demand.

Sale Price Trends (2010-2021)

—8— Average Sale Price
240000

230000

220000

210000 -

200000

Average Sale Price

190000 A

180000

170000 +

T T T T T T T U T T T T
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Year

Figure 5: Trends of sales price over the year (2010 to 2021)

+ Distribution of price: Figure6 shows that the density curve is smooth in histo-
gram, providing a clear view of the general trend. The graph is positively skewed,
with most houses with higher prices dominant, while fewer houses have significantly
higher prices.
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Figure 6: Sales Price distribution

- Sale Prices by county: Figure7 shows variation in house prices across the
locations. Here, Dublin leads with the highest average sale price followed by Wick-
low, Kildare, and Meath. Counties like Leitrim, Longford, and Roscommon have
the lowest average sale prices. Counties like Cork, Galway, and Limerick are in
the mid-range, indicating moderately high average sale prices. So, based on the
geographic disparities prices are differing.

+ Correlation:

County

Average Sale Price by County

Dublin
wicklow
Kildare
Meath
cork
Galway
Kilkenny
Louth
Limerick
wexford
Kerry
Waterford
Clare
Westmeath
Carlow
Laois

Offaly
Tipperary
sligo
Monaghan
Mayo
Cavan
Donegal
Rascommon
Leitrim
Longford

] 50000 100000 150000 200000 250000 300000
Average Sale Price

Figure 7: County-Wise Sale Price Analysis

The correlation analysis details the relationship between variables

and highlights which features significantly impact the target variable. This correl-
ation helps to detail data interpretation and insights. Figure8 shows correlation is
more feasible.
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Correlation Heatmap of Numerical Features
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Figure 8: Correlation Analysis

+ Price Category: Figure9 clearly explains average sales price based on their de-
scription i.e. Low, Moderate, High, Very High, Luxury. Properties are classified as
high which exceeds 500,000, those are high-end properties on the market, along with
moderate and low as well differencing. Pricing highlights clear market segmentation

by property type.

Average Sale Price by Property Description

Luxury

Very High

High

Property Description

Moderate

Low

0 100000 200000 300000 400000 500000
Average Sale Price

Figure 9: Property Description Analysis

5.5 Model Development

In this section, Deep learning models such as Artificial Neural Networks (ANNs), Convo-
lutional Neural Networks (CNNs), Recurrent Neural Networks (RNNs), and Long Short-
Term Memory Networks (LSTMs) were implemented. These models were selected from
the literature review approaches. The literature review of general house price prediction
gave a clear idea of the above-mentioned deep learning models. The research gap and
research niche provided a detailed idea undertaking this research using these four deep
learning models. The implementation and performance of these four models are explained
below.
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+ Artificial Neural Networks (ANNs): ANNs are designed to model complex
relationships in data through layers of interconnected neurons. In this study, a
three-layer ANN was employed using RelLU activation and dropout to prevent over-
fitting. The model was optimized with the Adam optimizer and evaluated using
metrics such as RMSE, MAE, and MSE, achieving the best performance among all
models.

- Recurrent Neural Networks (RNNs): RNNs are suited for sequential data
by retaining infonnation across time steps. A simple RNN was implemented with
RelLU activation and dropout, focusing on capturing temporal dependencies. While
effective for short-term sequences, it underperformed compared to other models due
to limited long-term memory handling.

+ Convolutional Neural Networks (CNNs): CNNs, typ ically used for spatial
data, were adapted for this study with convolutional layers and dropout to identify
patterns in the dataset. Despite their robustness, CNNs showed limited perform-
ance for this regression task, as they are better suited for image-related data.

+ Long Short-Term Memory (LSTM): LSTMs extend RNNs by incorporating
memory cells to capture long term dependencies. This model leveraged dropout
and RelLU activation to process time-series data effectively, performing better than
RNN but slightly below ANN in terms of prediction accuracy.

In the above-mentioned implementations, hyper parameters are layer configuration of
neurons and are adjusted based on models, dropout rates were adjusted, batch size ,
adam optimizer, Epoch and Early stopping were performed as well. Here, all models
were run with epoch and early stopping, which lead to better performance.

6 Evaluation

This section provides an overview of evaluation metrics of the four techniques. The three
metrics used in the evaluation of the four models are: RMSE (Root Mean Square Error),
MAE (Mean Absolute Error) and MSE (Mean squared Error). The four techniques
evaluated are as follows.

+ Artificial Neural Network (ANN): The ANN model performed the best, with
minimal error metrics (MSE, RMSE, and MAE). Its predictions were highly accur-
ate, making ANN the most suitable model for this regression task.

+ Recurrent Neural Network (RNN): The RNN model shows a significant in-
crease in error compared to ANN, it’s higher RMSE and MAE values suggest that
it struggles to make precise predictions, due to the lack of long-term memory cap-
abilities inherent in RNNs.

+ Convolutional Neural Network (CNN): The CNN model has the highest error
metrics (MSE, RMSE, and MAE), performing the least compared to other mod-
els. CNNs are better suited for spatial data (like images) rather than sequential
regression tasks, explaining its lower performance.
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+ Long Short-Term Memory (LSTM): The LSTM model performed better than
RNN, benefiting from its ability to retain long-term dependencies in sequential data.
Although its error metrics are higher than ANN’s, they are significantly lower than
RNN'’s, making LSTM a strong contender for this regression task.

Table 1 provides a detailed explanation of the result. Based on minimal error metrics
Artificial Neural Network (ANN) performed well in comparison to other deep learning
techniques, offering a more accurate and reliable model for predicting Ireland house
prices. In general, ANN is the most effective and optimal choice for these kinds of
regression problems.

Models Root Mean Square Error Mean Absolute Mean Squared
(RMSE) Error (MAE) Error (MSE)
ANN 2510.298456 1682.450483 6301598.3393
RNN 11380.7728 9099.2021 129521990.2486
CNN 13297.9670 8534.6090 176835927.6497
LSTM 6181.7690 4060.1167 38214268.5791

Table 1: Evaluation Metrics

Actual Value Predicted Value
130000.0 129859.4765
505000.0 510841.0000
248000.0 248782.8281
245000.0 244364.4531
236000.0 237058.1093

Table 2: Prices Actual s vs Predicted

Above mentioned Table 2 validates the actual price in comparison to Ireland
predicted prices based on high performance model. Since Artificial Neural Network
(ANN) performed well with lower error metrics, ANN model was used to predict the
prices and compared with actual price. Both predicted and actual prices were
consistently similar, i.e., predicted prices from Table 2 resemble the value in figurelO.
Figurel0 shows the scatter plot of actual and predicted values under ANN techniques.
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Scatter Plot of Actual vs Predicted Values (ANN)
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Figure 10: Actual values vs Predicted values

6.1 Discussions of result

This research implemented four advanced deep learning models of ANN, RNN, CNN, and
LSTM to predict house prices in Ireland. Amongst the four models, ANN performed the
best with the lower error metrics (RMSE: 2510.30, MAE: 1682.45, MSE: 6,301,598.34).
LSTM showed moderate performance due to its capability in retaining long-term de-
pendencies, while RNN and CNN struggled with sequential and regression tasks. Finally,
ANN superior ability to model non-linear relationships, making it the most reliable pre-
dictor for Ireland’s house prices. In this research, the above-mentioned techniques were
effectively implemented. If an additional economic related vasriable could be added, the
preprocessing could have been more effective with advanced hyper parameters. To im-
prove the experiments, further variables need to be added like economic factors or house
feature related columns. That would provide better ways for some advanced tuning. In
accordance with previous research, advanced deep learning techniques for house price
prediction were implemented, emphasizing the importance of ANN and preprocessing
techniques in this prediction. This study extends earlier work by implementing multiple
deep learning models, proving Artificial Neural Networks (ANN) dominance. Addition-
ally, regional and temporal factors, as house prices change based on location and economic
trends. Including details like county-wise economy, population growth, seasonal trends,
and inflation rates can make predictions more accurate.

The ANN model performed better than other models because it could learn complex
patterns in the house price pediction more effectively. Unlike RNN, which is works best
for time-based sequences, or CNN, which is good for images, ANN is the well-suited for
structured data like house prices. It used multiple hidden layers (128, 64, 32 neurons)
with RelU activation, allowing it to find important patterns in the data. Feature scaling
and categorical encoding helped to ensure that all inputs were treated well, preventing
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any one factor from dominating the predictions. The Adam optimizer made training
faster and more accurate, while dropout regularization helped to prevent overfitting.
Additionally, early stopping (after 150 epochs) ensured that training stopped when no
further improvement was happened. These improvements are more helped ANN achieve
much lower RMSE, MSE, and MAE values, created the best model for predicting Ire-
land’s house prices compared to RNN, CNN, and LSTM, which struggled with capturing
complex data relationships.

7 Conclusion and Future Work

The research processed advanced deep learning techniques such as ANN, RNN, CNN
and LSTM. The primary goal was to identify the best-performing model and provide
insights for Ireland housing price data from 2010 to 2021. Specifically, ANN emerged as
the most effective model, with lower error metrics and created high reliability for Ireland
house price prediction. Collecting this huge data of 476745 and increasing performance
of model is the challenging part of this research. In the preprocessing stage, Exploratory
data analysis was carried out with multiple variables like county, prices range and category
wise changes. The study also highlighted important housing trends, such as regional
price differences in past years as shown in figure5. The research successfully fulfilled
the objectives. Future work can focus on incorporating regional and time-based factors
to improve predictions, as house prices vary across locations and economic conditions.
Adding the county-wise economic indicators, population growth, seasonal trends, and
inflation rates can make the model more precise. ANN can also be optimized by combining
it with LSTM to capture long-term trends and using separate models for different regions
to improve location-specific accuracy. Additionally, integrating geospatial data, such as
proximity to schools, transport, and amenities, can provide more realistic price estimates.
These enhancements will make the model more reliable, region-aware, and time-sensitive,
leading to better forecasting of Ireland’s housing market trends.
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