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ABSTRACT
With the advent of improved speech recognition and information
retrieval systems, more and more users are increasingly relying on
digital assistants to solve their information needs. Intelligent digital
assistants on mobile devices and computers, such as Windows
Cortana and Apple Siri, provide users with more functionalities
than was possible in the traditional web search paradigm. While
most user interaction studies have focused on the traditional web
search se�ing; in this work, we instead consider user interactions
with digital assistants (e.g. Cortana, Siri) and aim at identifying
the di�erences in user interactions, session characteristics and use
cases. To our knowledge, this is one of the �rst studies investigating
the di�erent use cases of user interactions with a desktop based
digital assistant. Our analysis reveals that given the conversational
nature of user interactions, longer sessions (i.e. sessions with a
large number of queries) are more common than they were in
the traditional web search paradigm. Exploring the di�erent use
cases, we observe that users go beyond general search and use a
digital assistant to issue commands, seek instant answers and �nd
local information. Our analysis could inform the design of future
support systems capable of proactively understanding user needs
and developing enhanced evaluation techniques for developing
appropriate metrics for the evaluation of digital assistants.
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1 INTRODUCTION
Intelligent digital assistants on mobile devices and computers, such
as Cortana and Siri, have recently gained considerable a�ention
as increasing number of users interact with them to ful�l their
information needs and complete their tasks. Unlike traditional
search engines, desktop based digital assistants provide plethora of
avenues for users to verbally and textually interact with the system
to perform a number of tasks like searching �les, se�ing reminders,
sur�ng the web or even cha�ing with the assistant. �e increased
adoption of such novel communication interfaces could partly be
a�ributed to the improved quality of speech recognition as well
as the added value users perceive: the spoken dialogue mode of
interaction is a more natural way for people to communicate and is
o�en faster than typing. While these novel applications are useful
and a�ractive for users, it is challenging for system designers to
understand user interactions with such new interfaces and develop
evaluation metrics.

Developing concrete understanding of how the users interact
with a digital assistant and the di�erent use cases which help users
accomplish their search task provides useful insights in developing
user interest models, developing metrics for e�cient evaluation
of current services for for envisioning future use cases. While
studies on traditional information �nding tasks on web search
abound [TODO: cite], li�le work has been done to understand user
interactions with a digital assistant.

In this work, we present the �rst use case analysis of a desktop
based digital assistant (Windows Cortana) based on large scale logs
comprising of over 20 million impressions and 3 million users. We
begin by taking a bird’s eye view of user interactions by focusing
on session level analysis and highlight di�erences in session bound-
aries and session characteristics between traditional web search
and digital assistant interactions. We then proceed to a more �ne
grained analysis of user interaction and present four di�erent cate-
gories of activity users perform when interacting with Windows
Cortana. We present di�erences in the way users interact with
a digital assistant as compared to traditional web search across
input methods, use cases, queries and tasks. �e analysis presented
could help guide development of future user support systems and
improve evaluation of current assistants.

2 RELATEDWORK
Intelligent assistants possess a unique characteristic as an object of
dialogue study. Many dialogue studies have explored the issue of
detecting user engagement as well as related a�ects such as interest
and uncertainty [8, 11]. Recently, user satisfaction for intelligent as-
sistants gain a�ention [2–4]. Jiang et al. [2] proposed an automatic
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Figure 1: Analyzing session characteristics

method of assessing user satisfaction with intelligent assistants by
focusing on simulated tasks for device control, as well as chat and
web search, and identifying satisfactory and unsatisfactory sessions
based on features used in predicting satisfaction on the web, as
well as acoustic features of the spoken request. Kiseleva et al. ex-
tended the study of Jiang et al. for detailed understanding [4] and
predictio [3] of user satisfaction with intelligent assistants. More
broadly, intelligent assistants are o�en used for longer sessions
and tasks that involve sub-tasks and complex interactions, and task
complexity has been studied in many user studies. Wildemuth et
al. [9] reviewed over a hundred interactive information retrieval
studies in terms of task complexity and di�culty, and found that the
number of sub-tasks, the number of facets, and the indeterminably
were the main dimensions of task complexity. Kobayashi et al. [5]
investigated how games played with intelligent assistants a�ect
prospective user engagement. Finally, Shiga et al. [10] describe the
creation and examination of over 32K spoken u�erances collected
during approximately 34 hours of a collaborative search task, based
on two dimensions: uncertainty level and need category.

3 ANALYZING USER INTERACTIONS
To be�er understand the myriad ways in which users interact with
a digital assistant, we perform large scale log analysis aimed at
extracting insights about user sessions, queries and use cases. In this
section, we describe the data context, characterize user sessions and
investigate input modularity, query categories and non-traditional
use cases.

3.1 Data Context
We analyze a random sample of two weeks of Windows 10 Cortana
app logs from June 2016, which contained user interaction data
from over 3.6 million users, 21 million impressions and 6 million
distinct queries. Each impression referred to one user initiating
an interaction with Cortana and was tagged with a user ID and
timestamp.

3.2 Session Characteristics
Search sessions have traditionally been considered the focal unit
of analysis for seeking behavioral insights from user interactions.
In tradition web search se�ing, it has been reported [1] that more
than 79% of the sessions were three or fewer queries with the mean
session length being 2.85 queries, with an standard deviation of
4.43. To understand the di�erence in user interaction between a
digital assistant and tradition web search, we begin by investigating
session characteristics.

Figures 1a and 1b compare the percentages of sessions and per-
centage of impressions based on the di�erent session length. We
observe that over 80% of sessions have 1-5 queries, which suggests
that similar to web search, desktop based digital assistants have
a similar length based distribution of sessions. However, as can
be observed by looking at impression level aggregates in Fig. 1b
unlike traditional web search, longer sessions bring in almost 50%
of tra�c. Such a signi�cant shi� towards longer sessions brining
more tra�c hints at more conversational nature of user interactions.
In traditional web search se�ing, long sessions have been seen as
occurring when when searchers are exploring or learning a new
area, or when they are struggling to �nd relevant information [7].
�e prevalence of longer sessions in digital assistant interactions
motivates the need for detailed �ne-grained analysis on such ses-
sions for be�er user modelling and metric development.

Session Identi�cation:
�e analysis so far assumes session demarcation based on tradi-
tional 30 minute activity threshold. However, most prior work has
focused on user activity on search engines, insights from which
may not be applicable to more novel interfaces like digital assis-
tants. In a recent study [6], we considered the temporal pa�erns
in user initiated interactions and adopted an approach based on
Gaussian mixture models to identify session boundary cut-o� for
user interactions with a digital assistant. We identi�ed an opti-
mal inter-activity threshold for identifying sessions by �nding the
point where inter-activity time is equally likely to be within the
�rst gaussians �t (within-session) and the second gaussians �t
(between-session). �e two mixture components ��ed correspond
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Figure 2: Modality: Speech vs Text

to the within-session interactivity times and the between-session
inter-activity times. Our results suggest a smaller threshold(≤2
minutes) for session boundary cut-o� in digital assistants than the
traditionally used 30 minutes threshold for web search engines.

3.3 Characteristic Use-cases &�eries
We next analyze the di�erent use cases and tasks which users
perform when interacting with the digital assistant.

3.3.1 Input Modality. While traditional web based retrieval sys-
tems are inherently text driven, digital assistants allow users to
interact with voice. We analyze di�erences in query length across
the text and speech input modality and present the results in Figure
2. We observe that the query length is more for queries issued via
speech commands, and less for manually entered text. �e aver-
age number of words in a speech query is 2.06, and 1.90 for a text
query, with a statistically signi�cant di�erence of about 10% in
the query length in terms of number of words. Similar results are
obtained for query length measured in terms of number of charac-
ters, with speech queries averaging 11.6 characters, and text based
queries averaging 10.3 characters. Further analysis on the query
length and session length suggested that longer sessions are mostly
speech driven, which hints at the fact that conversational queries
are usually longer.

3.3.2 Common Use Case Scenarios. Traditional web search has
been about helping users in �nding information online and solving
their web-based information needs. Novel interfaces of �nding
information have increasingly made deeper penetration into the
market, there by allowing many di�erent non-traditional use cases.
In this section, we analyze how di�erent users interact with Win-
dows Cortana to solve di�erent tasks. We categorize user queries
into four broad categories:

(1) General Search: �e queries falling under this category
refer to the traditional web search queries for �nding in-
formation, e.g. corporation tax us.

(2) Commands: In addition to general search queries, users
interact with Windows Cortana to issue a number of com-
mands, most of which are system speci�c commands like
alarms, camera, system se�ings.
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Figure 3: Di�erent Use Cases
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Figure 5: Beyond traditional search: Di�erent types of commands (le�) and answers (right) sought by users via interactions
with a desktop based digital assistant.

(3) Answers: Given the conversational nature of interactions
with digital assistants, o�en users interact with the aim of
�nding instant answers. Such interactions and queries fall
under this category, e.g. sea�le weather, london time right
now.

(4) MyStu�: A desktop based digital assistant provides a com-
mon entry point for users to not only �nd information over
the internet, but also search their local �les and folders.
Such local information �nding queries get categorized into
MyStu�.

In Figure 3, we show how the user interaction is spread across
the above mentioned categories. Indeed, we observe that Cortana
desktop is being used for many non-traditional information needs
since < 35% of queries belong to the traditional general search
paradigm. MyStu� dominates the search landscape with over 40% of
queries resulting from local information needs. Beyond local search,
issuing commands to operate the system received less than 10% of
queries. Finally, �nding instant answers to queries is increasingly
ge�ing more popular, with over 20% of queries resulting in instant
answers.

Figure 4 analyzes proportion of user sessions consisting of the
above four categories based on the session length. We observe
that over 70% single query sessions originate from a local system
speci�c information need (MyStu�). �e proportion of search ses-
sions concerning local system level information �nding steadily
decreases as the session length increases. �is suggests that �nding
local machine �les and folders are short interactions with the user
needing to issue a small number of queries before �nding relevant
information; unlike web search, wherein user interactions result
in longer sessions and more queries. With regard to general web
search, we observe a steady spread of sessions across the di�erent
session lengths; with similar results holding for Commands. �e
Answers category present an interesting case, with an increasing
proportion of sessions resulting from instant answer �nding queries
as the session length increases. Indeed, longer sessions are hypoth-
esized to result from conversational interactions wherein users are
trying to �nd answers in an interactive manner. As conversational
systems advance and become be�er adept at holding conversations,

we believe that more users would rely on such assistants to provide
instant answers, thereby increasing the proportion of user queries
resulting in instant answers.

3.3.3 Beyond Traditional Search. As shown in the previous sec-
tion, users use digital assistants in many ways beyond the tradi-
tional web search use cases. We next take a deeper look at two
speci�c categories: Commands and Answers and investigate the
di�erent use cases. Figure � presents a �ne-grained split up of the
two categories and shows the top 8 use cases in each. Reminders,
alarms and music control are among the most popular commands
issued by the users. Given the fact that some users use the digi-
tal assistant on their tablet, text messaging and calling also �gure
among the popular commands. Exploring system se�ings, taking
notes and using the camera constitute other popular commands per-
formed by the assistant. �is list highlights the tendency of users
in increasingly being more dependent on the digital assistant in
performing di�erent functionalities on their device and motivates
the need for deeper investigation in understanding and classifying
local vs web based information needs.

Figure � presents the top-8 instant answers sought by users
when interacting with the assistant. Weather related answers and
How Tos top the list. Similar to traditional web search, Math ques-
tions and dictionary usage is common in such assistant usage as
well. Finally, quite a few users use the assistant to �nd news and
information about entities of interest. Entities and their accompany-
ing entity panels provide users with concise information which is
easily consumed. We envision appropriate changes in these answer
categories as the assistant becomes more advanced in tackling more
complex scenarios and providing be�er answers.

4 IMPLICATIONS
�e observed di�erences in the way users interact with a digital
assistant compared with traditional web search se�ing present
a number of interesting points for future investigation. First, the
prevalence of longer sessions, especially speech based sessions, calls
for advancements in interactive and conversational approaches for
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information retrieval wherein the system should not only be ca-
pable of �nding the right information but should also be adept at
presenting the user a short verbal summary of results, in order to
engage the user in coherent meaningful conversation. Second, as
digital assistants become be�er at more complex tasks, the nature
of user interactions and the corresponding sessions characteristics
would change. As a result, the session cut-o� thresholds would need
to be revalidated and the ways session information is used by the
assistant would need to be revisited. �ird, given the fact that �nd-
ing instant answers to queries is increasingly ge�ing more popular,
with over 20% of queries resulting in instant answers, we envision
an increasing tendency of users in being more dependent on the
digital assistant in �nding precise to-the-point answers. Finally,
given the multiple roles these assistants perform in helping users
not only do local device speci�c tasks but also search the web for in-
formation, there needs to be deeper investigation in understanding
and classifying local vs web based information needs.
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