Development of Al-enabled Apps by Patients
and Domain Experts Using the Punya Platform:
A Case Study for Diabetes
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Abstract. It is challenging for programmers to build a mobile health
app that is rich in AI features, and near impossible for non-technical
users such as domain experts and patients. However, it is exactly these
users that possess the domain knowledge and experience on how to best
manage health conditions, and how Al features can help achieve that
goal. End-user development environments, such as MIT Punya, can help
lay users to better collaborate on mobile health apps; and even open the
door for these users, given some training, to prototype their own mobile
health apps. As a subfield of AI, Semantic Web technology can help with
integrating online data sources with patient health data, and reasoning
over the integrated data to issue smart health recommendations.
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1 Introduction

The Punya platform [9] provides a visual programming environment for non-
technical end-users to build Al-enabled Android apps—i.e., apps enhanced with
Artificial Intelligence (AT) featuresﬂ Punya natively supports Semantic Web and
Linked Data concepts, such as querying and manipulating Knowledge Graphs
(KGs), rule-based reasoning, and integrating data from Internet of Things (IoT)
devices as part of the Semantic Web of Things (SWoT). Additionally, Punya in-
cludes extensions that can embed Machine Learning (ML) models within mobile
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apps. The Punya platform is currently used by 400 active users per year and is
built on the more widely known MIT App Inventor, which is used by roughly 1
million users per year and offers a rich communityEl

2 App Description

We will demonstrate the usage of the Punya platform in developing an Al-
enabled health app for the self-management of diabetes. This demo paper, to-
gether with our online video, will illustrate that Punya allows non-technical
stakeholders, such as patients and clinical experts, to be actively involved in the
app’s development. The app includes multiple AI features, such as KG and ML
models and rule-based reasoning, as well as integration with IoT devices.

Part 1. Building the User Interface. Figure [I]shows a low-fidelity prototype UI
to report food intake, developed using an intuitive drag-and-drop environment
within Punya. By associating the UI elements with ontology terms (e.g., Food
Ontology [A]), the form can generate a KG that semantically annotates the user’s
food intake data, as shown in Figure [I Moreover, by integrating with online
KG, such as the FoodKG [6], the user-produced personal KG can be enriched
with additional knowledge (e.g., food type). Aside from manual entry, form data
can come from a variety of sources, such as images processed from the phone’s
camera, or from sensors such as Bluetooth-enabled food scales.
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Fig. 1. Overview of the meal import screen and the corresponding KG in RDF.
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Fig. 2. Blocks used to classify and respond to the neural network.

By producing a KG that is structured using domain ontologies (Food On-
tology) and integrated with the FoodKG, other applications familiar with these
concepts may consume the KG produced by this app. Likewise, this app can
consume data from others apps using the same terminologies.

Part 2. Machine Recognition of Foods. The Punya platform includes the Person-
allmageClassifier [I4] component, which enables one to easily deploy domain-
specific computer vision models on the device, which were pre-trained on Mo-
bileNet [I0]. For this demonstration app, we manually trained a neural network
on a handful of different foods. The application “code” needed to implement
computer vision is shown in Figure[2] As seen in the figure, Punya uses a " puzzle-
piece” paradigm to program application logic. After the user picked an image,
the PersonallmageClassifier! component is called to classify the selection. After
classification (GotClassification), the result is a list of tuples constituting classi-
fication results, sorted by confidence. Then, the UI (Labell) is updated with the
label of the first result (first element of the nested list). Moreover, the unique ID
of the result is utilized to issue a query (not shown) to an online KG to retrieve
additional data, which allows auto-populating parts of the form in Fig. [I]

Part 3. Retrieving Physical Measurements and Reporting to the Diabetologist.
Punya supports Bluetooth Low Energy (BLE) for retrieving physical measure-
ments related to health by means of the MIT App Inventor BluetoothLE exten-
sion [8]. For many popular device categories, specific application profiles have
been standardized by the Bluetooth Special Interest Group (SIG) [4]. The dia-
betes management demo app can communicate with glucometers and with glu-
cose monitors via the Glucose Profile [2] and Continuous Glucose Monitoring
Profile [1], respectively. Similarly, data from scales for measuring food or body
weight can be retrieved via the Weight Scale Profile [3].

In general, semantically annotated information can be shared in Semantic
Web of Things scenarios, using Punya’s client and server components for the
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Fig. 3. A semantic rule that determines if a given food item is suitable for a vegan
individual

Linked Data Platform over Constrained Application Protocol (LDP-CoAP) [7].
The LDP World Wide Web Consortium (W3C) standard [13] allows organiz-
ing collections of RDF and non-RDF resources hierarchically and expose them
to clients through a RESTful HTTP-based interface. LDP-CoAP adapts the
LDP to CoAP protocol, an HTTP-like protocol for machine-to-machine (M2M)
communications in resource-constrained environments [12]. Using all the afore-
mentioned features, the diabetes patient’s app can construct a personal health
KG [11] to be shared using the LdpCoapServer component as a report for the
physician; who may access it through a counterpart application exploiting the
LdpCoapClient Punya component or another compatible implementation.

Part 4: Applying Rules €& Knowledge Graphs. The built-in rules engine in Punya
allows developers to author expert medical knowledge in terms of intuitive if-
then rules, which can issue health-related recommendations by referring to the
patient’s Personal Health KG as well as other online KG. For example, Figure [3]
shows a rule that checks whether the patient’s food preference is vegan; if so,
and in case the patient’s food, as recognized by the image classifier, includes any
ingredients of animal origin, the rule will issue a warning.

3 Summary

Addressing disparities in healthcare access will require reaching more people
using the technology they are most accustomed to—mobile apps and smart-
phones. The MIT Punya platform works to address this by making Al-enabled
health apps, tailored to particular chronic illnesses, cognitive abilities, and per-
sonal needs, easier to develop and/or customize by non-technical stakeholders
including patients and health experts. To support this claim, we aim to per-
form user evaluations with these stakeholders to gauge their ability and comfort
in utilizing the Punya platform; with tasks ranging from customizing existing
Al-enabled health apps, to prototyping simple apps from scratch, given some
initial training. The diabetes app illustrated in this demo is available online
https://punya.mit.edu/#diabetes-usecase along with a video demonstration; it
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will also be available for AIME attendees to try out and customize in real-time
during the demo sessionﬂ

References

10.

11.

12.

13.

14.

Bluetooth SIG: Glucose Profile 1.0 Specification. https://www.bluetooth.com/
specifications/specs/glucose-profile-1-0/ (2012), online; accessed Mar 28, 2022
Bluetooth SIG: Continuous Glucose Monitoring Profile 1.0.1
Specification. https: //www.bluetooth.com /specifications/specs/
continuous-glucose-monitoring-profile-1-0-1/|  (2015), online; accessed Mar
28, 2022

Bluetooth SIG: Weight Scale Profile 1.0 Specification. https://www.bluetooth.
com/specifications/specs/weight-scale-profile/| (2015), online; accessed Mar 28,
2022

Bluetooth SIG: Bluetooth Core Specification 5.3. |https://www.bluetooth.com/
specifications/specs/core-specification-5-3/ (2021), online; accessed Mar 28, 2022
Dooley et al.: Foodon: a harmonized food ontology to increase global food trace-
ability, quality control and data integration. NPJ Science of Food 2(1), 1-10 (2018)
Haussmann, S., Seneviratne, O., Chen, Y., Ne’eman, Y., Codella, J., Chen, C.H.,
McGuinness, D.L., Zaki, M.J.: Foodkg: a semantics-driven knowledge graph for
food recommendation. In: International Semantic Web Conference. pp. 146-162.
Springer (2019)

Loseto, G., Ieva, S., Gramegna, F., Ruta, M., Scioscia, F., Di Sciascio, E.: Linked
Data (in low-resource) Platforms: a mapping for Constrained Application Protocol.
In: International Semantic Web Conference. pp. 131-139. Springer (2016)
Patton, E.W.: MIT App Inventor BluetoothLE Extension. https://iot.appinventor.
mit.edu/# /bluetoothle/bluetoothleintro| (Aug 2020), online; accessed Mar 29, 2022
Patton, E.W., Van Woensel, W., Seneviratne, O., Loseto, G., Scioscia, F., Kagal, L.:
The punya platform: Building mobile research apps with linked data and semantic
features. In: Proceedings of the 20th International Semantic Web Conference (2021)
Sandler, M., Howard, A., Zhu, M., Zhmoginov, A., Chen, L.C.: Mobilenetv2: In-
verted residuals and linear bottlenecks. In: Proceedings of the 2018 IEEE/CVF
Conference on Computer Vision and Pattern Recognition (2018)

Seneviratne, O., Harris, J., Chen, C.H., McGuinness, D.L.: Personal health
knowledge graph for clinically relevant diet recommendations. arXiv preprint
arXiv:2110.10131 (2021)

Shelby, Z., Hartke, K., Bormann, C.: The Constrained Application Protocol
(CoAP). http://www.ietf.org/rfc/rfc7252.txt| (Jun 2014), online; accessed Mar 28,
2022

Speicher, S., Arwe, J., Malhotra, A.: Linked Data Platform 1.0. http://www.w3.
org/TR/1dp/ (Feb 2015), online; accessed Mar 28, 2022

Tang, D.: Empowering novices to understand and use machine learning with per-
sonalized image classification models, intuitive analysis tools, and MIT App Inven-
tor. Master’s thesis, Massachusetts Institute of Technology (2019)

3 A video of a portion of the demo is available at https://www.youtube.com/watch?

v={Fv-sPmd_G4.


https://www.bluetooth.com/specifications/specs/glucose-profile-1-0/
https://www.bluetooth.com/specifications/specs/glucose-profile-1-0/
https://www.bluetooth.com/specifications/specs/continuous-glucose-monitoring-profile-1-0-1/
https://www.bluetooth.com/specifications/specs/continuous-glucose-monitoring-profile-1-0-1/
https://www.bluetooth.com/specifications/specs/weight-scale-profile/
https://www.bluetooth.com/specifications/specs/weight-scale-profile/
https://www.bluetooth.com/specifications/specs/core-specification-5-3/
https://www.bluetooth.com/specifications/specs/core-specification-5-3/
https://iot.appinventor.mit.edu/#/bluetoothle/bluetoothleintro
https://iot.appinventor.mit.edu/#/bluetoothle/bluetoothleintro
http://www.ietf.org/rfc/rfc7252.txt
http://www.w3.org/TR/ldp/
http://www.w3.org/TR/ldp/
https://www.youtube.com/watch?v=fFv-sPmd_G4
https://www.youtube.com/watch?v=fFv-sPmd_G4

	Development of AI-enabled Apps by Patients and Domain Experts Using the Punya Platform: A Case Study for Diabetes

