· What is the impact on the development of the principal discipline(s) of the project?
The theorem developed to predict whether quantum machine learning (QML) can provide a benefit on specific data is a fundamental advance. It has been validated on a wide range of data sets, including real-world biomedical data. Nothing like this has existed before, leading to a vast amount of contradictory literature being published. It is our hope this theorem will be widely accepted as an important benchmark to guide the application of quantum computing systems.
· What is the impact on other disciplines?
This work has implications well beyond quantum machine learning by establishing a data-driven framework for determining when emerging computational methods are likely to provide meaningful benefits. The controlled benchmarking methodology and emphasis on matching model architectures to the intrinsic structure of data can inform research in machine learning, biomedical signal processing, computer vision, and artificial intelligence more broadly. In particular, the study demonstrates this principle in two distinct biomedical domains: EEG seizure detection and digital pathology. This demonstrates how quantum models can be evaluated as components within established classical pipelines rather than as isolated algorithms. The finding that performance depends strongly on the relationship between data structure and model representation provides a general methodological framework for evaluating new learning technologies and avoiding misleading comparisons based on weak or narrowly selected baselines. More broadly, the work encourages researchers in diverse disciplines to characterize their data before adopting emerging computational approaches, potentially improving the rigor, reproducibility, and efficiency of research involving machine learning and other advanced computational methods.
· What is the impact on the development of human resources?
Several graduate students are mentored and trained to be the leaders in the field. We continue to train a significant number of undergraduates and high school students who would not normally get these opportunities. Undergraduates learn how to develop software that can be run through quantum simulators, and how to run small-scale experiments on actual quantum hardware.
· What was the impact on teaching and educational experiences?
This year we hosted our first quantum machine learning workshop. We had 251 people register and 35 people attend the in-person workshop. Many of these people were new to the field and appreciated the opportunity to quickly come up to speed on machine learning applications of the technology. The conference web site contains all the materials developed for the workshop, including videos of the sessions. A large community of people are making use of these resources. We will also incorporate these resources into our graduate-level machine learning course.
· What is the impact on physical resources that form infrastructure?
Nothing to report.
· What is the impact on institutional resources that form infrastructure? 
Nothing to report.
· What is the impact on information resources that form infrastructure? 
The publicly available web-based version of our machine learning tool, IMLD, is an excellent teaching tool that allows user to easily experiment with QML without needing to install software, construct complex simulations, or run on actual quantum computing hardware (which can be expensive). Tools such as this are increasing access to the science and technology for under-resourced research groups.
· What is the impact on technology transfer? 
The open source tool that was developed, HilbertBench, is an extremely powerful tool for developing diagnostics and doing analysis of quantum systems. It has been fully integrated into the Qiskit SDK, making it easy to use across a very wide range of quantum applications. Software testing was conducted that demonstrated new users can effectively use this tool to diagnose problems with their systems.
· What is the impact on society beyond science and technology? 
Nothing to report.
· What percentage of the award's budget was spent in a foreign country?
None.
