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[ “translate English to German: That is good."

 Why not process this data with language s

course is jumping well."

? "stsb sentencel: The rhino grazed
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e Quick and high-level insights

* Add context to prior work, find gaps In
research.

 Complementary to existing methods.
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Abstract—Integrating user feedback is one of the pillars for
building successful products. However, this feedback is generally
collected in an unstructured free-text form, which is challenging
to understand at scale. This is particularly demanding in the
privacy domain due to the nuances associated with the concept
and the limited existing solutions. In this work, we present
Hark', a system for discovering and summarizing privacy-
related feedback at scale. Hark automates the entire process of
summarizing privacy feedback, starting from unstructured text
and resulting in a hierarchy of high-level privacy themes and
fine-grained issues within each theme, along with representative
reviews for each issue. At the core of Hark is a set of new
deep learning models trained on different tasks, such as privacy
feedback classification, privacy issues generation, and high-level
theme creation. We illustrate Hark’s efficacy on a corpus of 626 M
Google Play reviews. Out of this corpus, our privacy feedback
classifier extracts 6 M privacy-related reviews (with an AUC-ROC
of 0.92). With three annotation studies, we show that Hark’s
generated issues are of high accuracy and coverage and that the
theme titles are of high quality. We illustrate Hark’s capabilities
by presenting high-level insights from 1.3M Android apps.

Previous attempts at analyzing privacy reviews [5, 7, 32,
34| have not built classifiers with topical diversity as a goal.
They primarily relied on keyword-based sampling of training
data, thus restricting the privacy issues users discuss to a set
of predefined wordings. Moreover, these approaches did not
go further beyond the classification step. Hence, they fail at
creating a structure out of the reviews. Even when considering
the broader work on analyzing app reviews [11, 18, 36], we
notice that these fall short at providing glanceable summaries
of the topics users raise. They are often restricted to extracting
verbatim keywords or phrases from users’ reviews [11]. The
ultimate result achieved there is a set of clustered reviews,
without an explainable common theme for each cluster. This
results in a lot of manual work for navigating through reviews
by reading them, finding issues users discuss, and understanding
the high-level themes summarizing users’ privacy feedback.

Despite these shortcomings, previous works have shown
that, when developers are made aware of privacy reviews,
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