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Deep learning approach to analyze Sleep & Apps 
usage pattern to predict Problematic Smartphone 

Usage (PSU) – Configuration Manual 
 

Ashok Kumar Ghunalan 
X22193561 

 
 

1 Introduction 
 
This configuration manual outlines the research to predict Problematic Smartphone Usage 
(PSU) by analysing the sleep and apps usage pattern by employing deep learning techniques. 
The report contains the detailed information on the system configuration, instruction on how 
to download the dataset and sleep & apps usage analysis methodology followed in the research. 
 

2 System Configuration 
 
In this section the system configuration used for this research has been listed such as hardware, 
software and packages employed. This provides a clear view of the configuration requirement 
needed for research analysis. 

2.1 Hardware configuration 
 
For this research the author has used a basic hardware system containing 11th Generation Intel 
I3 processor with 8GB RAM and storage of 20GB. This simple configuration was selected due 
to cost effective and widely accessible environment to conduct the research. 

2.2 Software configuration 
 
The software’s used for this research are Anaconda Navigator 2.5.0 installed in the local system 
to access Jupyter notebook and it efficiently handles the packages & libraries needed. Jupyter 
Notebook is used as the developing environment which known for interactive coding and data 
analysis. The primary programming language used for the research is Python 3.11.5 which is 
suitable for build machine learning models. 

2.3 Packages used 
 
Figure 1. shows the list of packages used in the research for model implementation. 

 
 

Figure 1: Packages Used 
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3 Dataset 
 
In this research the author has used two open-source datasets to analyze the sleep and apps 
usage pattern to predict PSU. 

3.1 Sleep Dataset 
 
The dataset used to analyze sleep pattern was downloaded from Kaggle, the dataset name is 
‘SleepQual and B.Health’ (PSU_Dataset.csv) Arora et al. (2022) has collected the dataset 
using the wearable devices such as smartwatches. The dataset contains the information on 
physical activity, sleep duration pattern and smartphone usage metrics from 24 undergraduate 
students. 

3.2 Apps Usage Dataset 
 
The dataset used to analyze the apps usage pattern was downloaded from Denmark Technical 
University website (PSU_Apps.csv), Sapienza et al. (2023) collected the data from global 
smartphone and electronics company, it has 464,455 individual’s smartphone apps usage 
details collected for 20 days.  
 

4 Project Development for Sleep Data Analysis 
 
The research has been developed in 2 parts due to dataset constraints, one set of the deep 
learning models has been developed to analyze the sleep data and other set of models has been 
developed to analyze the apps usage data. 

4.1 Importing Libraries 
 
Figure 2. shows the list of libraries used for building the deep learning models to analyze the 
sleep data.   
 

 
 

Figure 2: Libraries used - Sleep data analysis 
 

4.2 Preprocessing 
 
In this section the preprocessing steps shown in figure 3. such as selecting the features, 
employing feature engineering on night phone usage and phone unlock count. The code shows 
the list of selected variables, and the target variable is label, then the data is split into train and 
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test with test size 0.2 and random state is set for reproducibility. To balance the data, SMOTE 
has been applied and normalization to make the scales even for the all the variables used in the 
research. 
 

 
 

Figure 3: Preprocessing Sleep Data 
 

4.3 Modelling 
In the first part of the deep learning models shown below are developed to analyze the sleep 
data to find the hidden patterns based on smartphone usage and predict PSU. 

4.3.1 Feedforward Neural Networks (FNN) 
The figure 4. shows the implementation of FNN model where the balanced data is transformed 
to a format understandable by the neural network is sent to the model for training. During the 
training 5-fold cross validation with callbacks has been employed to get the highest accuracy. 
 
The FNN model has been rebuilt with hyperparameter tuning as shown in figure 5. keras tuner 
is used to build the model and number of layers are set dynamically during the model building. 
Hyperband tuner will run for the various input and model is trained until it reaches highest 
accuracy, which is consider as the best model. 
 
The figure 6. shows the code for evaluating the model's performance based on the accuracy, 
precision, recall and F1-score. 
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Figure 4: FNN Model for Sleep Data 

 
 

Figure 5: FNN model for Sleep data – Hyperparameter Tuning  
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Figure 6: Evaluation Metrics - Sleep Data 

4.3.2 Convolutional Neural Networks (CNN) 
 

 
 

Figure 7: CNN model for Sleep data 
 

The figure 7. shows the code used for building CNN model for sleep data it has different layers 
and functions used in extracting the sleep pattern. The output from these layers is flatted and 
sent to the dense layer to get the hidden patterns present in the data. In this model various 
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callback function and 5-fold cross validation has been added to train the model to get more 
accuracy, and the test data will be evaluated on the best trained model. 
 

 
 

Figure 8: CNN model for Sleep data – Hyperparameter Tuning 
 

The figure 8. Shows the code used for building the CNN model with hyperparameter tuning. 
This process helps in the finding the best hyperparameter to build the model with higher 
accuracy. 

4.3.3 Recurrent Neural Networks Long-Short Term Memory (RNN-LSTM) 
 
The figure 9. shows the code used for building the RNN-LSTM model, it is the advanced 
version of RNN. This model is used for analysing the long-term dependencies in the sequential 
data. In the input layer the data is transformed to a format which is understandable by the RNN-
LSTM model. Then the data is passed through 3 LSTM layers where the return_sequences is 
set true to in the first 2 layers to make sequential data to be passed for the consecutive layers, 
each LSTM layer is followed by batch normalization and dropout layers. Then this data will 
be sent to dense layer to convert the data into classification output. Various callback and 5-fold 
cross validation techniques are employed to build a model with higher accuracy. 
 
The figure 10. shows the code used for building the RNN-LSTM model with hyperparameter 
tuning, in this model the parameters are set to pass dynamically during the model training by 
the tuner search and the best model with higher accuracy will be saved. Finally, the model is 
built using the best hyperparameter. This process helps in finding the optimal hyperparameter 
which helps to increase the model’s accuracy. 
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Figure 9: RNN-LSTM model for Sleep data 
 

 
 

Figure 10: RNN-LSTM model for Sleep data – Hyperparameter Tuning 
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4.3.4 Prediction for Sleep Data 
To check the model’s ability to classify the sleep quality a function has been written as shown 
in figure 11. It accepts the input as subject id and provides the output in the form of ‘Good’, 
‘Moderate’ and ‘Poor’ as the sleep quality based on the smartphone usage. 
 

 
 

Figure 11: Prediction function - Sleep data 
 

5 Project Development for Apps Usage analysis 
 
This is the second set of deep learning models built to analyze the apps usage pattern to 
predict PSU. In this section, the author has explained the libraries used, preprocessing, 
modelling, evaluation and predictions techniques used in this research. 

5.1 Importing Libraries  
 
The figure 12. shows the list of libraries used in this research to analyze the apps usage 
pattern using the deep learning techniques like FNN, CNN and RNN-LSTM. 
 

 
 

Figure 12: Libraries used – Apps Usage analysis 

5.2 Preprocessing 
In this section the preprocessing steps carried out shown in figure 13. which includes heuristic 
feature selection to find a user is affected by PSU or not, here the author created a list which 
contains the apps categories which are the major contributor of PSU and set the sum of app 
usage value goes beyond 30% the user is affected by PSU. The target variable has used binary 
conversion to give output in the form of 0 (Not affected by PSU) or 1 (affected by PSU) using 
one hot encoding. The data has been split into train and test for further processing and SMOTE 
technique has been used to overcome the imbalance.  
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Figure 13: Preprocessing Apps usage data 

5.3 Modelling 
In this phase deep learning models has been built for analysing the apps usage data to find the 
hidden patterns present in the data and predicts the PSU. 

5.3.1 Feedforward Neural Networks (FNN) 

 
Figure 14: FNN Model for Apps usage data 
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For analysing the apps usage data same model building techniques has been used same as sleep 
data. figure 14. shows the code used for building the FNN model. 

5.3.2 Convolutional Neural Networks (CNN) 
 
Figure 15. shows the code used for building the CNN model for analysing the apps usage 
data, here also the same parameters used for sleep data analysis is used. 
 

 
 

Figure 15: CNN Model for Apps usage data 
 

5.3.3 Recurrent Neural Networks Long-Short Term Memory (RNN-LSTM) 
 
Figure 16. shows the code used for building the RNN-LSTM model for analysing the apps 
usage data, here also the same parameters used for sleep data analysis is used. 
 

 
 

Figure 16: RNN-LSTM Model for Apps usage data 
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Figure 17. shows the code used for evaluating the performance metrics of the models built for 
analysing the apps usage data. 
 

 
 

Figure 17: Evaluation Metrics - Apps usage data 

5.3.4 Predictions for Apps Usage Data 
 
The below function has been written to predict model’s ability to classify the data as shown 
in figure 18. Here some random samples from the dataset are passed to the function to 
evaluate the model and provides the output in the form of ‘Affected by PSU’ or ‘Not affected 
by PSU’ based on the smartphone usage. 
 

 
 

Figure 18: Prediction function – Apps Usage data 
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