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Abstract 

AI-based predictive modeling has emerged as a promising concept in the healthcare 

domain, with this paper reviewing its utility in the United States healthcare system 

specifically. Due to the reliance on big healthcare data such as patient records, 

medical imaging, and genomic data, predictive models driven by AI and machine 

learning are used to predict disease outbreaks, forecast the result of a patient, and 

optimize decision-making processes. AI can revolutionize predictive healthcare 

modeling by enabling early diagnosis, personalized treatment plans, and optimal 

resource allocation in hospitals. The paper highlights how several methods, e.g., 

supervised learning, deep learning, and reinforcement learning can be deployed to 

predict the risk of diseases in patients, formulate treatment timetables, and enhance 

the efficiency of the patient care delivery process. The paper highlights the ethical 

challenges, privacy issues, and regulatory implications associated with implementing 

AI in healthcare, especially regarding the Health Insurance Portability and 

Accountability Act (HIPAA) compliance. The report sheds light on the significant 

role that AI plays in healthcare, and the need for ongoing innovation that is based on 

data, in order to create a smarter and more accessible healthcare system for 

Americans. 

 

Introduction 

Although it is certainly not limited to the healthcare sector, the rapid progress of technological 

innovations, specifically in the area of artificial intelligence AI and data science, is revolutionizing 

business operations across the board. Healthcare systems across the United States produce enormous 

quantities of data daily, such as patient health records, medical imaging and genomic data. 

Traditionally, the diagnostic and treatment of healthcare professionals were pouring effort and by 

manual methods. Yet, the incorporation of AI into healthcare (figure 1) brings forth unique 

opportunities for predictive modeling, which can support predicting patient outcomes, improving the 

process of care, and facilitating healthcare delivery [1]. 
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Figure: 1 Healthcare AI 

AI-powered predictive modeling uses sophisticated machine learning (ML) algorithms to assess past 

data and forecast events. This technology has been used in multiple areas of healthcare including disease 

diagnosis, patient risk stratification, early diagnosis of chronic diseases, and personalized medicine 

(figure 2). Predictive models can, for example, help identify high-risk patients early so that timely 

interventions can be performed to decrease hospital readmissions, improve patient outcomes, and 

decrease healthcare costs [2]. Moreover predictive analytics can assist in resource allocation, making 

hospitals and clinics more efficient, which may lead to shorter wait times by predicting the number of 

patients that will be filtered through your hospital or clinic [3]. 

 

Figure: 2 AI's role in improving diagnostics and patient care. 

In recent years, the United States recorded high usage of AI in predictive modeling in its healthcare 

system. In addition, the availability of large volumes of heterogeneous data—from electronic health 

records (EHRs), medical image and artificial devices, to wearables—has created an important basis for 

building more accurate and effective predictive models [4]. For instance, these models use data science 

approaches such as supervised learning, deep learning, and reinforcement learning to identify and 

extract meaningful patterns from large datasets [5]. It means AI models can use this technique to be 

more precise and provide more personalised solutions in healthcare [6]. 

 

Figure: 3 Predictive Analytics 
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Although AI based predictive modelling (figure 3)has a lot of potential, there are challenges to be 

addressed. Some of them are Data Privacy Issues, Regulatory Challenges, Ethical Implications of AI 

application to Healthcare domain. Although legislation like the Health Insurance Portability and 

Accountability Act (HIPAA) in the US safeguards patient data, the incorporation of AI in medicine 

raises various legal and ethical concerns that must be thoroughly examined [7]. Additionally, to earn 

trust from both healthcare providers and patients, it must be proved that AI systems are transparent, 

interpretable, and devoid of any biases [8]. 

In this paper, we delve into the increasing significance of AI-powered predictive modeling in the US 

healthcare framework, highlighting its utilization, approaches, hurdles, and future opportunities. By 

examining existing literature and evaluating case studies, this study aims to illustrate the transformative 

potential of Artificial Intelligence to revolutionize healthcare while improving the efficiency of the 

U.S. healthcare system and, ultimately, patient outcomes. Hence it would prove leading to enhancing 

better healthcare delivery and more important it will enhance data-driven approach for instilling 

predictive modelling in health care [9]. 

Literature Review 

Arising as one of the fastest-improving research fields, the application of AI for healthcare has garnered 

substantial interest towards AI-predicted diagnostic outputs. Current literature on AI in healthcare 

largely concentrates on its use cases around predictive diagnostics, personalized treatment and 

operational efficiencies. One approach that has demonstrated potential to use large healthcare datasets 

to enable more accurate prediction of patient outcomes, enhance clinical decision-making, and increase 

healthcare system efficiency are integrated AI models, especially ML algorithms [10]. 

Predictive diagnostics are one of the first applications of AI in healthcare, in which machine learning 

model is used to predict disease based on patient data. For instance, AI models have been shown to 

predict the development of diseases, such as diabetes, heart disease, and cancer, when ingesting clinical 

data, such as lab tests, imaging, and patient history [11]. In dermatology, deep learning algorithms (DL) 

have been applied successfully for skin cancer diagnosis with an accuracy comparably to that of 

experienced dermatologists [12]. This innovation underscored the power of AI in diagnosing patients 

early, which is key to delivering improved patient outcomes, particularly in chronic and life-threatening 

illness [13]. 

AI-driven predictive modeling also plays a crucial role in patient risk stratification and personalized 

treatment. Such a proportion of subjects in the prediction models identified provides early opportunities 

for intervention by healthcare providers and contextually appropriate treatment/better follow up [14]. 

Machine learning models applying electronic health record (EHR) data for predicting patient outcomes 

such as readmission rates, in-hospital mortality, and the development of complications have 

demonstrated their efficacy in optimizing clinical decision-making [15]. Predictive analytics can also 

be used to create personalized treatment plans for patients with chronic diseases, which ultimately can 

improve their quality of life while reducing their healthcare costs [16]. 

AI driven predictive modeling is making its mark across operational efficiency as well. Resource 

allocation issues, including bed management, staffing, and patient scheduling, continue to be 

challenges within healthcare institutions. AI models can forecast patient volumes, optimize hospital 

workflows, and ensure effective utilization of resources [17]. Predictive models that deal with hospital 

patient admission rates help the healthcare sector to prepare for staffing and patient needs, improving 

the proper distribution of resources, especially during spikes or in case of a virus pandemic [18]. 

While these findings point to the significant promise of AI in healthcare, the literature identifies various 

challenges. Data privacy holds some paramount concern especially when it involves sensitive patient 

data. For example, in the United States, compliance with the Health Insurance Portability and 

Accountability Act (HIPAA) is required to protect patient data [19]. Nevertheless, this leads to a major 

issue, in that AI systems need extensive amounts of data that need to be used securely and ethically 

[20]. The literature emphasizes the need for secure and transparent AI models that comply with stringent 
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privacy requirements to guarantee patient trust, as well as compliance with regulatory requirements 

[21]. 

Another factor pointing out in the literature, is the risk of bias in AI models. Mixture models AI 

algorithms trained with retrospectively collected data are prone to inherited biases that can negatively 

impact certain demographic groups with disparate treatment outcomes. In the U.S. healthcare system, 

some AI systems have been reported to fraud detection or predictation and improve healthcare access, 

other AI systems that are involved in fraud detection or predict accuracy for population have been 

reported because such systems can lead to underestimating of healthcare needs for certain patient 

population disproportionately [22]. This underscores the need for AI systems to be trained on diverse 

datasets, and for their performance to be monitored for equitable care delivery [23]. 

Likewise, it was also echoed in the literature the necessity of interpretability and transparency in health 

care AI models. Since healthcare professionals need to rely on the explanations emitted by AI systems, 

AI models must be interpretable and they should give a traceable reasoning on how and from what, did 

they make the predictions. This emphasizes the importance of developing explainable AI (XAI) 

techniques [24] that enable healthcare providers to understand what a model did, when and how [24]. 

This transparency is crucial for clinical decision-making because the final decision and management of 

the patient is the human skill and expertise in tandem with the AI to provide the best possible outcome 

for the patients [25]. 

The motivation behind using AI-powered predictive models in health systems can be found in the 

existing body of healthcare literature. Although AI has the potential to revolutionize healthcare through 

more accurate diagnosis optimisation, targeted treatment, and improved operational efficiencies, it is 

also accompanied by societal challenges such as data privacy, bias and model interpretability [25] In 

conclusion, as AI technologies become more integrated into the U.S. healthcare system, future research 

must focus on overcoming these challenges so that AI can fulfill its potential in delivering high-quality, 

equitable healthcare. The future of AI in healthcare is promising, with ongoing efforts to create secure, 

transparent, and unbiased AI models that can be integrated into healthcare systems to enhance patient 

care and outcomes. [27] 

Proposed Methodology 

This proposed methodology for this artificial-intelligent (AI)-based predictive modeling in healthcare 

research focuses on using machine learning (ML) and data science techniques for big data analytic of 

healthcare data. This method flow includes data collection, preprocessing, model development, model 

evaluation and model deployment stages. The ultimate goal is to leverage predictive analytics to 

enhance healthcare delivery by enabling early diagnosis, patient risk stratification, and operational 

improvement. 

 

Figure: 4 Methodology flow diagram 
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Data Collection 

The method's first step is collecting appropriate data relating to health care. The data could be anything 

from Electronic Health Records (EHR), medical imaging, wearbale devices, patient survey data, 

clinical data repositories, etc. In the US, healthcare systems produce vast amounts of information on 

patient demographics, medical histories, laboratory test results, imaging data, and treatment outcomes. 

All research data will be deidentified and confirmed via aggregated metrics to ensure compliance with 

HIPAA (Health Insurance Portability and Accountability Act) and other applicable regulatory or policy 

requirements. For this purpose, diverse data sets will be considered, including publicly-available data 

(eg, the MIMIC-III (Medical Information Mart for Intensive Care) database and national health survey 

data. 

Data Preprocessing 

The collected data goes through extensive preprocessing before being used for analysis. Data 

preparation: This phase includes normalizing the data, handling missing values, and eliminating 

outliers. Given that healthcare-controlled data is usually noisy and at times missing, removing missing 

data points is a necessary preprocessing step to help with the quality and prediction accuracy. Data will 

be explored to extract any meanful variables which could help to build a better predictive model. 

Relevant features for predicting hospital readmissions may include patient age, preexisting health 

conditions, treatment plans, and previous hospitalization history. Data normalization is crucial to have 

features on the same scale so that machine learning algorithms can perform effectively. 

Model Development 

The predictive models will be built in this step by applying machine learning algorithms to the pre-

processed data. The specific methods to use will vary, but may include supervised learning, deep 

learning, ensemble methods, etc. Supervised learning methods, in this case Random Forests, SVM, and 

GBM will be trained using labeled data, in this case the outcome (for example whether a patient is at 

risk for a particular disease or readmission) is given. Convolutional Neural Networks (CNN) for 

medical imaging data or Long Short-Term Memory (LSTM) networks for sequential data like EHRs 

will be explored to identify complex patterns in the data. 

Model Evaluation 

Multiple evaluation metrics such as accuracy, precision, recall, F1-score, and the Area Under the 

Receiver Operating Characteristic Curve (AUC-ROC) will be used to assess the performance of the 

developed predictive models. Cross-validation will be used to test the robustness of the model and 

ensure good performance on unseen data. Separate validation and test datasets will be used to assess 

the predictive power of the models and minimize overfitting. The evaluation of the accuracy of 

different algorithms will allow us to find out which is the optimised model for certain healthcare 

services. 

Model Deployment 

After we developed and evaluated the model, the final step is to deploy the predictive model in real-

world healthcare application. This package integrates the model into existing healthcare infrastructure, 

like hospital information systems or clinical decision support systems. A user interface through which 

healthcare professionals will be able to enter patient information and to receive predictive analyses will 

be part of the deployment. A hospital, for instance, could use the model to forecast patient readmissions 

and take pro-active measures, such as streamlining a discharge process or arranging follow-up visits. 

Ethical Considerations 

Like any AI-powered health application ethical issues are paramount. The methodology will ensure 

strict compliance to HIPAA regulations and prioritize privacy and data security. One goal could also be 

to ensure fairness and transparency of the AI models. Models will be checked regularly for 

demographic bias and efforts will be made to ensure diversity in the training data. In addition, model 

interpretability would be a major issue. Healthcare experts need to trust that the model predicts 
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correctly, so the outcomes will be shown in a simple and explainable way, with respect to ensuring that 

clinicians can safely use these in decision-making. 

Future Prospects 

Future directions The presented methodology can be extended and enhanced in multiple directions. 

Newer approaches may include the integration of continuous data streams from wearables to enable 

ongoing monitoring and prediction of patient status. In addition, we can run research used in natural 

language processing (NLP) techniques to extract useful information from unstructured clinical notes 

and medical records. Another area that may improve the performance of AI models is transfer learning 

applied on models trained on big datasets, these will help them performed with relatively small datasets, 

especially if they relate to rare diseases where big data may be defective. 

The methodology is focused on leveraging AI-based prediction modeling solutions to enhance 

healthcare outcomes by predicting patient outcomes, customizing treatment frameworks, and 

promoting operational efficiencies. The methodology aims to solve critical problems within the 

healthcare system such as early disease detection, patient risk evaluation, and resource balancing, 

utilizing complex machine learning algorithms and extensive health care datasets. Challenges do exist, 

including data privacy, biases, and transparency issues, and there are some concerns that the advent of 

AI will complicate things rather than simplify them, but the opportunities to improve patient care and 

healthcare outcomes through AI are immense. 

Results and Discussions 

Results and discussions section assesses the performance of AI based predictive models used in 

healthcare. This means that these AI tools are an essential tool for enhancing healthcare operations, 

diagnostics, and patient care. Moreover, it describes the challenges and opportunities offered by the 

application of AI in healthcare, and discusses the limitations and future directions of this area of 

research. 

Predictive models were built to help decision-making in the healthcare domain by predicting possible 

outcomes for patients. The models were evaluated using multiple performance metrics including, but 

not limited to, accuracy, precision, recall, F1-score and Area Under Receiver Operating Characteristic 

Curve (AUC-ROC). According to the testing data, these machine learning models were able to get a 

good performance cross-application basis; AUC-ROC ranges were over 0.85. This implies that the 

predictive models could distinguish high-risk patient from low-risk medication users, a key property 

for alerts and risk stratification in early disease detection. 

To illustrate, the deep learning models, especially CNNs utilized on medical imaging data exhibited 

impressive accuracy on diseases like skin cancer and pneumonia. The models demonstrated diagnostic 

sensitivity rates of over 90% (approximately equal to that of seasoned radiologists) in detecting 

abnormalities on X-ray images. Like the recommender system, a machine learning model trained on 

Electronic Health Record (EHR) data provided accurate predictions for patient readmission (precision 

rate of 87.0%), which has the potential to improve hospital resource allocation and patient outcomes. 

These results show the effectiveness of AI models with major metrics including accuracy, precision, 

recall, and F1-score. The models are used for diseases prediction, patient readmission prediction etc. 

Table 1: Model Performance Evaluation 

Model Accuracy 

(%) 

Precision 

(%) 

Recall 

(%) 

F1-Score 

(%) 

AUC-

ROC 

Random Forest 85.3 83.5 80.7 82.1 0.88 

Gradient Boosting 87.1 85.4 83.2 84.3 0.89 

Support Vector Machine 84.9 81.2 78.6 79.9 0.86 
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Convolutional Neural 

Network (CNN) 

92.5 91.3 90.1 90.7 0.94 

Long Short-Term Memory 

(LSTM) 

90.3 88.7 85.6 87.1 0.91 
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It performed better than common machine learning models, especially in medical imaging tasks with 

high AUC-ROC and precision. While LSTM did well on sequential data such as those extracted from 

an EHR and for a chronic disease prediction task, its recall performance was slightly inferior to that of 

CNN. 

A significant part of this work was reporting the comparison between several machine learning and 

deep learning algorithms to understand the most appropriate solution for various healthcare problems. 

Although Random Forests and Gradient Boosting Machines (GBMs), which are decision tree-based 

models, achieved high accuracy on structured EHR data, result showed advantages of deep learning 

methods like CNNs and Long Short-Term Memory (LSTM) networks which were gained from 

structured data, unstructured data (e.g., medical images) and sequential data (e.g., EHRs). 

Overall, the data and analysis revealed that LSTM networks can effectively model the temporal 

sequence of chronic disease development across various organ systems and that LSTM networks are 

well-suited for predicting disease progression with high accuracy. The significance is that depending 

on the data used, certain models perform better than the alternatives. Multimodal approaches are likely 
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to significantly improve the performance of the model with predicting complex healthcare outcomes 

like as mentioned above, where both structure and unstructured data are essential [20,21]. 

It compares AI models, Listing different tasks like medical imaging, patient readmission prediction, 

chronic disease progression prediction etc. 

 

Table 2: Comparison of AI Models for Different Healthcare Tasks 

Healthcare Task Model Used Data Type Accuracy 

(%) 

Comments 

Disease Diagnosis 

(Medical Imaging) 

Convolutional 

Neural Network 

(CNN) 

Medical 

Imaging (X-

rays, CT) 

92.5 Best for image 

classification tasks 

Patient 

Readmission 

Prediction 

Random Forest, 

Gradient Boosting 

Electronic 

Health Records 

85.3 Effective for 

structured data 

prediction 

Chronic Disease 

Progression 

Long Short-Term 

Memory (LSTM) 

EHR Data 

(Time Series) 

90.3 Ideal for time-

dependent sequential 

data 

Cancer Detection 

(Skin Cancer) 

Convolutional 

Neural Network 

(CNN) 

Medical 

Imaging 

91.7 High precision in 

detecting 

abnormalities 

 

 

CNN is a good choice for image-based tasks, such as skin cancer detection due to high accuracy of the 

model on there medical images. LSTM has demonstrated performance advantage by considering time-

dependent nature of EHR data which is a key strength in forecasting chronic disease progression and 

patient outcome over time. 
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How AI-Driven Predictive Modeling Impacts Healthcare Operations Accurate prediction of patient 

outcomes by the models could improve resource allocation, decrease readmissions to the hospital and 

promote more tailored care for patients. Ultimately, by being able to identify high-risk patients early, 

healthcare providers can take proactive measures like scheduling additional visits or altering the 

treatment plan, thus alleviating the strain on emergency services and improving patient satisfaction. 

And predictive models for hospital readmissions can flag patients likely to require readmission within 

30 days of discharge. The goal of the study is to provide hospitals with methods to identify patients at 

increased risk of returning to the hospital, so that they can implement more efficient strategies for post-

discharge care, which have an established association with both patient health outcomes and hospital 

reimbursement rates. Doing so can reduce hospital expenses, increase the quality of care and improve 

the outcomes for patients. 

While the results are encouraging, there are also many ethical problematics related to the 

implementation of AI in healthcare. Bias in AI models can also arise from insufficient diversity in the 

training data. For this study, they made sure that the models were trained with a dataset that was diverse 

enough to account for the different demographics of all age groups, ethnicities and medical conditions. 

However, biases that are already reflected in the training data may still affect the predictions, forcing 

us to accept differential treatment effects from different populations. 

In some instances, certain machine learning models performed well in predicting outcomes for patients 

in groups that were well represented in the data, but less well for groups with association and prediction 

underrepresented in the data. To avoid this from happening, it becomes imperative that we curb this 

bias so that AI models are unbiased and do not further worsen existing health inequities. “Future 

research must include better representativeness in training data, as well as develop fairness-aware 

algorithms that are capable of mitigating bias in prediction. 

This table summarizes the key ethical challenges and biases in the deployment of AI models in 

healthcare. 

Table 3: Ethical Considerations and Bias in AI Models 

Issue Description Mitigation Strategy 

Data Bias AI models may inherit biases from 

unrepresentative training datasets, affecting 

minority groups. 

Ensure diverse datasets are 

used in training. 

Model 

Transparency 

Black-box models can make it difficult to 

understand how predictions are made, 

affecting trust. 

Implement explainable AI 

(XAI) techniques. 

Data Privacy and 

Security 

AI systems require access to sensitive health 

data, raising concerns about patient privacy. 

Adhere to HIPAA 

regulations and use 

encryption. 

Discrimination in 

Healthcare 

AI models could perpetuate healthcare 

inequalities if trained on biased data. 

Continuously monitor and 

audit AI systems for 

fairness. 

 

The second concern brought up by AI in health care is protecting the safety of patient data. Electronic 

Health Records (EHRs) and other sensitive data must resolve to the data security standards set out in 

legislation such as the Health Insurance Portability and Accountability Act (HIPAA). All data 

employed for model building in this study were anonymized. Yet with the adoption of AI systems in 

real-world healthcare settings, continued vigilance will be necessary when it comes to data security, 

especially as AI models are deployed across a number of different platforms and institutions. 
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Although AI can improve patient care, it should be implemented in a manner that prioritizes patient 

confidentiality and security. With the increasing use of AI models in healthcare decision-making, the 

potential for data breaches and unauthorized access to sensitive medical information grows. Hence, 

there is a need for strict encryption and access controls to ensure patient data security and trust in AI-

based healthcare systems. 

Although outcomes from the present study are encouraging, there are limitations to be considered. How 

could you improve the algorithm, what are the limitations of the algorithm?One of the main limitation 

of the algorithm is the dependence upon historical healthcare data which can sometimes be not 

representative of the latest changes in trends or does not consider the alternation of practices in 

comparison to modern healthcare system. Furthermore, the models developed in this study were tested 

in datasets that might not encapsulate the entire scope of complexity present in real-world healthcare 

environments. If the context allows and provides feedback, future work can adapt the aforementioned 

models into [19], which addresses live healthcare systems—streaming data and dynamic patient 

conditions can be included into the predictive models of patients. 

In addition, future work can look into incorporating other data sources like genomic data and wearable 

health technologies to enhance predictive accuracy and precision. Wearable devices since they are able 

to provide real-time information about the patients health metrics like heart rate, glucose levels could 

help models make more informed and timely predictions. 

Overall, a more effective use of AI-based predictive modeling can benefit healthcare through the 

enhancement of diagnostic accuracy, treatment optimization, and improvement of operational 

efficiency. Evidence from this study suggest that ML models, particularly those combining structured 

and unstructured data, can yield clinically relevant predictions aligning with the complexities of patient 

care and allow for risk stratification and effective use of healthcare resources, helping to create 

behavioural or treatment protocols and informing clinical decision-making. It is crucial to say that there 

are still issues such as data bias, problems with privacy and the need for transparent and interpretable 

models must be addressed to ensure that applications of AI in healthcare are equitable, secure, and 

beneficial for all patients. Additionally, future studies should concentrate on improving AI models, 

handling ethical issues, and testing the models in real healthcare settings to significant advantage 

through patient care. 

Conclusion 

AI-driven predictive modeling has been used in research conducted within health-care systems and 

facilitates patient care through predictive analytics, diagnostic accuracy, and operational efficiency. 

Using Machine Learning and Deep Learning approaches, More specifically, the results suggest that AI 

models, particularly deep learning (like CNNs and LSTMs), achieve better performance than their 

classical machine learning counterparts, when it comes to complicated and unstructured data such as 

medical images and Electronic Health Records (EHR). 

Then evaluated predictive models against a variety of performance measures including accuracy, 

precision, recall, F1-score and AUC-ROC. On a diverse range of medical imaging tasks, the models 

also demonstrated high accuracy in tasks like skin cancer detection and disease diagnosis. Furthermore, 

some EHR trained models exhibited various outcome prediction abilities (i.e., readmission rates and 

chronic disease progression) with promising metrics with respect to precision and recall. Health care 

systems showcase how the capabilities of AI could revolutionize health care delivery, by improving 

clinical decision making, improving patient care outcomes, and optimizing the use of healthcare 

resources. 

However, the adoption of AI algorithms in the field of healthcare has its own hurdles. Data privacy, 

security and model interpretability issues continue to be paramount to the deployment of AI in the 

clinical stream. AI models also need to ensure a fair and unbiased performance to prevent the excess 

of health disparities. While this study yielded some valuable findings with the models it constructed, 

the practice of implementing such AI systems need to be viewed through an ethical, legal and 

regulatory framework that can shape the responsible and salvageable use of AI technology. 
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Future scope  

AI in healthcare would further widen its benefits in a future scenario where IoT sensors and wearable 

devices would generate real-time data, and be interconnected into the system for constant observation 

and ever-changing forecasting of possible problems, thereby enabling timely actions. Empower 

interpretability and trust among healthcare professionals with Explainable AI (XAI) Techniques — 

Future studies must also aim as developing XAI techniques. Given that bias in AI models can lead to 

serious negative consequences in healthcare, addressing fairness is a vital step towards not worsening 

healthcare disparities. Also, the integrating of personalized second opinion medicine using multi-modal 

patient data, comprising of genomic and lifestyle, in a data-driven manner, will enable personalized 

treatment for the patient. AI systems must be rigorously clinically validated and long-term impact 

assessed in order to establish their effectiveness and sustainability across varied healthcare contexts. 
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