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As seen at: 
https://helpx.adobe.com/photoshop/using/search.html

Adobe Photoshop Microsoft Office (TellMe)
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Research Questions @horatiubota

1. Describe search activity in Office
1. 1 What types of search do people engage in?
1.2 How do they perform these search activities?

2. Describe abandonment in Office command search
2. 1  Effect of chevroned results

3. Evaluate re-ranking strategies



Data Sample @horatiubota

User location:
User type:

App Version:
Apps: 

Start/End Date:

Random sample of 1 million 
unique users and their 
millions of searches.

U.S.
Desktop only
Office 16+
Word, Excel, PowerPoint
29/05 – 02/07/2017 (5 weeks)
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Figure 3: Distribution of queries and commands executed via search functionality

by their relevance to the user query, and need not be lexically
similar to command names.

Command results returned by the search system can be of three
sub-types : (i) action commands that initiate a process (for example,
the “Print” command opens an additional dialog that users need
to navigate in order to complete their task); (ii) �ag commands
which toggle a binary feature (such as the “Bold” command) without
requiring any additional action from the user; (iii)menu commands
which, on user click, open an additional side menu containing
related sub-commands that the user can browse and click – in
Figure 1, menu commands are displayed with a chevron icon on
the right of their label. In addition, commands returned to users
are disabled (greyed-out, not clickable) if the active system state
is incompatible with their execution (e.g., the Group command is
greyed-out when no items are selected for grouping).We investigate
the role these command types serve in in�uencing search behavior
in §5.5.

Help Results. O�ce search allows users to quickly retrieve help
documentation using free-form text queries. Unlike commands,
help results are not displayed directly beneath the search bar, but
in a side panel where the user can re�ne their query and navigate
returned documents. To activate the help search side panel, users
need to click on the “Get Help” button shown below the command
results list, as shown in Figure 1. Figure 2a shows an example of
the help search side panel for the query “freeze” in Microsoft Excel.

Web Results. Users can also retrieve and display web documents
directly in the application interface through O�ce search. The
interaction pattern is similar to accessing help documents, in that
web results are displayed in a side panel, where the user can explore
returned documents. The web search side panel is activated by
clicking on the “Smart Lookup” button below the command results
list. Figure 2b shows an example of web documents returned for
the query “slide master tutorial” in Microsoft PowerPoint.

3.2 Zero-query Interactions
After activating the search box, but before any query input, the
search results area is populated with query suggestions (Figure 2c,
bottom), and up to 5 of the most recent commands previously found
and executed through search (Figure 2c, top).

3.3 Abandoned Search
Search sessions are regularly abandoned, with the user deactivating
the search box (e.g., by clicking outside the search interface) without
interacting with any of the results returned by the system. We
explore abandonment in the context of in-application search in
section 5.5 in more detail, but we highlight here the two types of
search abandonment we observed in our analysis: (i) abandoned
(query): search sessions in which the user explicitly types a query
in the search box and decides not to interact with any of the results
returned by the system; and (ii) abandoned (zero-query): search
sessions in which the user activates the search area, but does not
issue a query or interact with the search interface (e.g., recently
used commands) before deactivating the search menu. We highlight
these two types of abandonment (with and without query) because
they are driven by di�erent underlying user expectations with
regard to system functionality.

4 DATA
To understand search in productivity software and address our
speci�c research goals, we make use of O�ce instrumentation logs,
which include: (i) information about the user: anonymized user
identi�er; (ii) information regarding application context: application
version number, users’ system locale and language settings; (iii)
information about search sessions: timestamps, user-typed queries,
result rankings shown to user, and clicks.

From the instrumentation logs, we extracted English-language
queries performed by Microsoft O�ce users who reside in the
United States. Although search functionality is available in most
O�ce products2, we focus our analysis on three of the most popular
applications in the suite: Word, Excel and PowerPoint. In addition,
our data was obtained from a single O�ce build version, to en-
sure consistency of features available to users over incremental
releases of Microsoft O�ce. Our data covers search events over a
four week period, from the 29th of May to the 25th of June 2017.
Finally, from these data, we randomly sampled one million users
and their millions of queries.

5 RESULTS
We begin this section by describing the properties of query, com-
mand and user distributions in O�ce search (§5.1). We structure

2Version 16 and higher.

~50% of users account 
for ~80% of searches 
with a typed query.

~20% of queries account 
for ~80% of searches 
with a typed query.

~90% of searches used 
to access ~25% of 
commands executed 
through search.
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by their relevance to the user query, and need not be lexically
similar to command names.

Command results returned by the search system can be of three
sub-types : (i) action commands that initiate a process (for example,
the “Print” command opens an additional dialog that users need
to navigate in order to complete their task); (ii) �ag commands
which toggle a binary feature (such as the “Bold” command) without
requiring any additional action from the user; (iii)menu commands
which, on user click, open an additional side menu containing
related sub-commands that the user can browse and click – in
Figure 1, menu commands are displayed with a chevron icon on
the right of their label. In addition, commands returned to users
are disabled (greyed-out, not clickable) if the active system state
is incompatible with their execution (e.g., the Group command is
greyed-out when no items are selected for grouping).We investigate
the role these command types serve in in�uencing search behavior
in §5.5.

Help Results. O�ce search allows users to quickly retrieve help
documentation using free-form text queries. Unlike commands,
help results are not displayed directly beneath the search bar, but
in a side panel where the user can re�ne their query and navigate
returned documents. To activate the help search side panel, users
need to click on the “Get Help” button shown below the command
results list, as shown in Figure 1. Figure 2a shows an example of
the help search side panel for the query “freeze” in Microsoft Excel.

Web Results. Users can also retrieve and display web documents
directly in the application interface through O�ce search. The
interaction pattern is similar to accessing help documents, in that
web results are displayed in a side panel, where the user can explore
returned documents. The web search side panel is activated by
clicking on the “Smart Lookup” button below the command results
list. Figure 2b shows an example of web documents returned for
the query “slide master tutorial” in Microsoft PowerPoint.

3.2 Zero-query Interactions
After activating the search box, but before any query input, the
search results area is populated with query suggestions (Figure 2c,
bottom), and up to 5 of the most recent commands previously found
and executed through search (Figure 2c, top).

3.3 Abandoned Search
Search sessions are regularly abandoned, with the user deactivating
the search box (e.g., by clicking outside the search interface) without
interacting with any of the results returned by the system. We
explore abandonment in the context of in-application search in
section 5.5 in more detail, but we highlight here the two types of
search abandonment we observed in our analysis: (i) abandoned
(query): search sessions in which the user explicitly types a query
in the search box and decides not to interact with any of the results
returned by the system; and (ii) abandoned (zero-query): search
sessions in which the user activates the search area, but does not
issue a query or interact with the search interface (e.g., recently
used commands) before deactivating the search menu. We highlight
these two types of abandonment (with and without query) because
they are driven by di�erent underlying user expectations with
regard to system functionality.

4 DATA
To understand search in productivity software and address our
speci�c research goals, we make use of O�ce instrumentation logs,
which include: (i) information about the user: anonymized user
identi�er; (ii) information regarding application context: application
version number, users’ system locale and language settings; (iii)
information about search sessions: timestamps, user-typed queries,
result rankings shown to user, and clicks.

From the instrumentation logs, we extracted English-language
queries performed by Microsoft O�ce users who reside in the
United States. Although search functionality is available in most
O�ce products2, we focus our analysis on three of the most popular
applications in the suite: Word, Excel and PowerPoint. In addition,
our data was obtained from a single O�ce build version, to en-
sure consistency of features available to users over incremental
releases of Microsoft O�ce. Our data covers search events over a
four week period, from the 29th of May to the 25th of June 2017.
Finally, from these data, we randomly sampled one million users
and their millions of queries.

5 RESULTS
We begin this section by describing the properties of query, com-
mand and user distributions in O�ce search (§5.1). We structure
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Figure 3: Distribution of queries and commands executed via search functionality

by their relevance to the user query, and need not be lexically
similar to command names.

Command results returned by the search system can be of three
sub-types : (i) action commands that initiate a process (for example,
the “Print” command opens an additional dialog that users need
to navigate in order to complete their task); (ii) �ag commands
which toggle a binary feature (such as the “Bold” command) without
requiring any additional action from the user; (iii)menu commands
which, on user click, open an additional side menu containing
related sub-commands that the user can browse and click – in
Figure 1, menu commands are displayed with a chevron icon on
the right of their label. In addition, commands returned to users
are disabled (greyed-out, not clickable) if the active system state
is incompatible with their execution (e.g., the Group command is
greyed-out when no items are selected for grouping).We investigate
the role these command types serve in in�uencing search behavior
in §5.5.

Help Results. O�ce search allows users to quickly retrieve help
documentation using free-form text queries. Unlike commands,
help results are not displayed directly beneath the search bar, but
in a side panel where the user can re�ne their query and navigate
returned documents. To activate the help search side panel, users
need to click on the “Get Help” button shown below the command
results list, as shown in Figure 1. Figure 2a shows an example of
the help search side panel for the query “freeze” in Microsoft Excel.

Web Results. Users can also retrieve and display web documents
directly in the application interface through O�ce search. The
interaction pattern is similar to accessing help documents, in that
web results are displayed in a side panel, where the user can explore
returned documents. The web search side panel is activated by
clicking on the “Smart Lookup” button below the command results
list. Figure 2b shows an example of web documents returned for
the query “slide master tutorial” in Microsoft PowerPoint.

3.2 Zero-query Interactions
After activating the search box, but before any query input, the
search results area is populated with query suggestions (Figure 2c,
bottom), and up to 5 of the most recent commands previously found
and executed through search (Figure 2c, top).

3.3 Abandoned Search
Search sessions are regularly abandoned, with the user deactivating
the search box (e.g., by clicking outside the search interface) without
interacting with any of the results returned by the system. We
explore abandonment in the context of in-application search in
section 5.5 in more detail, but we highlight here the two types of
search abandonment we observed in our analysis: (i) abandoned
(query): search sessions in which the user explicitly types a query
in the search box and decides not to interact with any of the results
returned by the system; and (ii) abandoned (zero-query): search
sessions in which the user activates the search area, but does not
issue a query or interact with the search interface (e.g., recently
used commands) before deactivating the search menu. We highlight
these two types of abandonment (with and without query) because
they are driven by di�erent underlying user expectations with
regard to system functionality.

4 DATA
To understand search in productivity software and address our
speci�c research goals, we make use of O�ce instrumentation logs,
which include: (i) information about the user: anonymized user
identi�er; (ii) information regarding application context: application
version number, users’ system locale and language settings; (iii)
information about search sessions: timestamps, user-typed queries,
result rankings shown to user, and clicks.

From the instrumentation logs, we extracted English-language
queries performed by Microsoft O�ce users who reside in the
United States. Although search functionality is available in most
O�ce products2, we focus our analysis on three of the most popular
applications in the suite: Word, Excel and PowerPoint. In addition,
our data was obtained from a single O�ce build version, to en-
sure consistency of features available to users over incremental
releases of Microsoft O�ce. Our data covers search events over a
four week period, from the 29th of May to the 25th of June 2017.
Finally, from these data, we randomly sampled one million users
and their millions of queries.

5 RESULTS
We begin this section by describing the properties of query, com-
mand and user distributions in O�ce search (§5.1). We structure
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by their relevance to the user query, and need not be lexically
similar to command names.

Command results returned by the search system can be of three
sub-types : (i) action commands that initiate a process (for example,
the “Print” command opens an additional dialog that users need
to navigate in order to complete their task); (ii) �ag commands
which toggle a binary feature (such as the “Bold” command) without
requiring any additional action from the user; (iii)menu commands
which, on user click, open an additional side menu containing
related sub-commands that the user can browse and click – in
Figure 1, menu commands are displayed with a chevron icon on
the right of their label. In addition, commands returned to users
are disabled (greyed-out, not clickable) if the active system state
is incompatible with their execution (e.g., the Group command is
greyed-out when no items are selected for grouping).We investigate
the role these command types serve in in�uencing search behavior
in §5.5.

Help Results. O�ce search allows users to quickly retrieve help
documentation using free-form text queries. Unlike commands,
help results are not displayed directly beneath the search bar, but
in a side panel where the user can re�ne their query and navigate
returned documents. To activate the help search side panel, users
need to click on the “Get Help” button shown below the command
results list, as shown in Figure 1. Figure 2a shows an example of
the help search side panel for the query “freeze” in Microsoft Excel.

Web Results. Users can also retrieve and display web documents
directly in the application interface through O�ce search. The
interaction pattern is similar to accessing help documents, in that
web results are displayed in a side panel, where the user can explore
returned documents. The web search side panel is activated by
clicking on the “Smart Lookup” button below the command results
list. Figure 2b shows an example of web documents returned for
the query “slide master tutorial” in Microsoft PowerPoint.

3.2 Zero-query Interactions
After activating the search box, but before any query input, the
search results area is populated with query suggestions (Figure 2c,
bottom), and up to 5 of the most recent commands previously found
and executed through search (Figure 2c, top).

3.3 Abandoned Search
Search sessions are regularly abandoned, with the user deactivating
the search box (e.g., by clicking outside the search interface) without
interacting with any of the results returned by the system. We
explore abandonment in the context of in-application search in
section 5.5 in more detail, but we highlight here the two types of
search abandonment we observed in our analysis: (i) abandoned
(query): search sessions in which the user explicitly types a query
in the search box and decides not to interact with any of the results
returned by the system; and (ii) abandoned (zero-query): search
sessions in which the user activates the search area, but does not
issue a query or interact with the search interface (e.g., recently
used commands) before deactivating the search menu. We highlight
these two types of abandonment (with and without query) because
they are driven by di�erent underlying user expectations with
regard to system functionality.

4 DATA
To understand search in productivity software and address our
speci�c research goals, we make use of O�ce instrumentation logs,
which include: (i) information about the user: anonymized user
identi�er; (ii) information regarding application context: application
version number, users’ system locale and language settings; (iii)
information about search sessions: timestamps, user-typed queries,
result rankings shown to user, and clicks.

From the instrumentation logs, we extracted English-language
queries performed by Microsoft O�ce users who reside in the
United States. Although search functionality is available in most
O�ce products2, we focus our analysis on three of the most popular
applications in the suite: Word, Excel and PowerPoint. In addition,
our data was obtained from a single O�ce build version, to en-
sure consistency of features available to users over incremental
releases of Microsoft O�ce. Our data covers search events over a
four week period, from the 29th of May to the 25th of June 2017.
Finally, from these data, we randomly sampled one million users
and their millions of queries.

5 RESULTS
We begin this section by describing the properties of query, com-
mand and user distributions in O�ce search (§5.1). We structure
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@horatiubota(RQ1.2) How do they perform these search activities?

Query
Most
Popular
Command

%
Search
Volume

%
App
Sessions

%
Users

%
Aban-
doned

%
Requery

#
Query
Rank

#
App
Rank

#
Users
Rank

Microsoft Word

print† PrintDefault 4.06% 5.95% 7.21% 71.99% 27.20% 1 1 1
write an essay† Researcher 1.48% 2.36% 3.14% 99.48% 12.98% 2 2 2
word WordCount 1.20% 1.12% 1.22% 2.86% 58.14% 3 5 6
spell Proo�ng 1.00% 1.54% 1.77% 2.49% 27.78% 4 3 4
undo Undo 0.88% 0.81% 0.85% 3.26% 60.22% 5 12 15
share my document† Collaborate 0.84% 1.43% 1.96% 99.90% 4.28% 6 4 3
�nd Find 0.80% 1.12% 1.17% 6.61% 40.05% 7 6 7
water Watermark 0.80% 1.05% 1.13% 5.96% 41.69% 8 8 8
sp Proo�ng 0.76% 1.10% 1.23% 2.52% 33.73% 9 7 5
page PageNum 0.60% 0.81% 0.97% 12.11% 32.90% 10 11 12

Microsoft Excel

header HeaderAndFooter 2.09% 3.04% 3.32% 6.88% 39.17% 1 1 1
free FreezePanes 1.70% 1.96% 2.11% 8.25% 52.57% 2 3 3
print PrintDefault 1.44% 2.19% 2.53% 16.21% 32.90% 3 2 2
sort Sort 1.18% 1.29% 1.44% 11.85% 53.38% 4 8 7
�nd Find 1.07% 1.35% 1.27% 7.35% 54.82% 5 5 9
insert InsertSheetRows 1.06% 1.14% 1.24% 23.88% 55.58% 6 10 10
freeze the top row† FreezePanes 0.93% 1.43% 1.92% 99.78% 20.93% 7 4 4
insert row InsertSheetRows 0.85% 0.93% 1.06% 8.62% 52.43% 8 11 12
freeze FreezePanes 0.80% 1.16% 1.41% 13.41% 32.94% 9 9 8
insert a table† InsertList 0.79% 1.34% 1.79% 99.77% 13.77% 10 7 6

Microsoft PowerPoint

crop Crop 2.76% 2.33% 2.47% 20.55% 64.18% 1 2 3
start presentation† StartSlideshow 2.17% 3.76% 4.57% 99.55% 15.55% 2 1 1
change slide background† FormatBackground 1.31% 2.19% 2.72% 99.42% 16.98% 3 3 2
portrait Orientation 1.19% 1.94% 2.41% 7.27% 18.72% 4 4 4
de DesignerPane 0.94% 1.04% 1.12% 4.15% 52.11% 5 6 7
master SlideMaster 0.84% 1.02% 0.97% 1.61% 53.58% 6 7 11
des DesignerPane 0.71% 0.82% 0.88% 2.59% 50.38% 7 12 13
design DesignerPane 0.67% 0.90% 0.97% 6.05% 41.81% 8 9 10
change layout of slide† MasterStyle 0.64% 1.09% 1.37% 99.66% 14.24% 9 5 5
group Group 0.64% 0.69% 0.77% 35.03% 51.79% 10 15 17
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spell Proo�ng 1.00% 1.54% 1.77% 2.49% 27.78% 4 3 4
undo Undo 0.88% 0.81% 0.85% 3.26% 60.22% 5 12 15
share my document† Collaborate 0.84% 1.43% 1.96% 99.90% 4.28% 6 4 3
�nd Find 0.80% 1.12% 1.17% 6.61% 40.05% 7 6 7
water Watermark 0.80% 1.05% 1.13% 5.96% 41.69% 8 8 8
sp Proo�ng 0.76% 1.10% 1.23% 2.52% 33.73% 9 7 5
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insert a table† InsertList 0.79% 1.34% 1.79% 99.77% 13.77% 10 7 6

Microsoft PowerPoint

crop Crop 2.76% 2.33% 2.47% 20.55% 64.18% 1 2 3
start presentation† StartSlideshow 2.17% 3.76% 4.57% 99.55% 15.55% 2 1 1
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undo Undo 0.88% 0.81% 0.85% 3.26% 60.22% 5 12 15
share my document† Collaborate 0.84% 1.43% 1.96% 99.90% 4.28% 6 4 3
�nd Find 0.80% 1.12% 1.17% 6.61% 40.05% 7 6 7
water Watermark 0.80% 1.05% 1.13% 5.96% 41.69% 8 8 8
sp Proo�ng 0.76% 1.10% 1.23% 2.52% 33.73% 9 7 5
page PageNum 0.60% 0.81% 0.97% 12.11% 32.90% 10 11 12

Microsoft Excel

header HeaderAndFooter 2.09% 3.04% 3.32% 6.88% 39.17% 1 1 1
free FreezePanes 1.70% 1.96% 2.11% 8.25% 52.57% 2 3 3
print PrintDefault 1.44% 2.19% 2.53% 16.21% 32.90% 3 2 2
sort Sort 1.18% 1.29% 1.44% 11.85% 53.38% 4 8 7
�nd Find 1.07% 1.35% 1.27% 7.35% 54.82% 5 5 9
insert InsertSheetRows 1.06% 1.14% 1.24% 23.88% 55.58% 6 10 10
freeze the top row† FreezePanes 0.93% 1.43% 1.92% 99.78% 20.93% 7 4 4
insert row InsertSheetRows 0.85% 0.93% 1.06% 8.62% 52.43% 8 11 12
freeze FreezePanes 0.80% 1.16% 1.41% 13.41% 32.94% 9 9 8
insert a table† InsertList 0.79% 1.34% 1.79% 99.77% 13.77% 10 7 6

Microsoft PowerPoint

crop Crop 2.76% 2.33% 2.47% 20.55% 64.18% 1 2 3
start presentation† StartSlideshow 2.17% 3.76% 4.57% 99.55% 15.55% 2 1 1
change slide background† FormatBackground 1.31% 2.19% 2.72% 99.42% 16.98% 3 3 2
portrait Orientation 1.19% 1.94% 2.41% 7.27% 18.72% 4 4 4
de DesignerPane 0.94% 1.04% 1.12% 4.15% 52.11% 5 6 7
master SlideMaster 0.84% 1.02% 0.97% 1.61% 53.58% 6 7 11
des DesignerPane 0.71% 0.82% 0.88% 2.59% 50.38% 7 12 13
design DesignerPane 0.67% 0.90% 0.97% 6.05% 41.81% 8 9 10
change layout of slide† MasterStyle 0.64% 1.09% 1.37% 99.66% 14.24% 9 5 5
group Group 0.64% 0.69% 0.77% 35.03% 51.79% 10 15 17
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sp 18.51%
spe 15.27%
spelling 6.35%
spell check 6.25%

WordCount word 42.96%
word count 20.13%
wor 12.15%
wo 4.86%
character count 4.40%

LineSpacing line 14.94%
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double 4.78%
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fr 11.82%
freez 4.34%

HeaderAndFooter header 56.65%
footer 13.71%
head 9.03%
foo 3.71%
foot 3.23%

InsertSheetRows insert row 33.72%
insert 27.15%
insert a row 5.82%
inser 4.67%
insert rows 3.64%
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Command Name Query

Orientation portrait 24.38%
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landscape 5.02%
change to portrait 3.94%
change orientation 3.20%

DesignerPane des 23.29%
design 19.80%
de 16.39%
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write an essay† Researcher 1.48% 2.36% 3.14% 99.48% 12.98% 2 2 2
word WordCount 1.20% 1.12% 1.22% 2.86% 58.14% 3 5 6
spell Proo�ng 1.00% 1.54% 1.77% 2.49% 27.78% 4 3 4
undo Undo 0.88% 0.81% 0.85% 3.26% 60.22% 5 12 15
share my document† Collaborate 0.84% 1.43% 1.96% 99.90% 4.28% 6 4 3
�nd Find 0.80% 1.12% 1.17% 6.61% 40.05% 7 6 7
water Watermark 0.80% 1.05% 1.13% 5.96% 41.69% 8 8 8
sp Proo�ng 0.76% 1.10% 1.23% 2.52% 33.73% 9 7 5
page PageNum 0.60% 0.81% 0.97% 12.11% 32.90% 10 11 12
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header HeaderAndFooter 2.09% 3.04% 3.32% 6.88% 39.17% 1 1 1
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print PrintDefault 1.44% 2.19% 2.53% 16.21% 32.90% 3 2 2
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�nd Find 1.07% 1.35% 1.27% 7.35% 54.82% 5 5 9
insert InsertSheetRows 1.06% 1.14% 1.24% 23.88% 55.58% 6 10 10
freeze the top row† FreezePanes 0.93% 1.43% 1.92% 99.78% 20.93% 7 4 4
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master SlideMaster 0.84% 1.02% 0.97% 1.61% 53.58% 6 7 11
des DesignerPane 0.71% 0.82% 0.88% 2.59% 50.38% 7 12 13
design DesignerPane 0.67% 0.90% 0.97% 6.05% 41.81% 8 9 10
change layout of slide† MasterStyle 0.64% 1.09% 1.37% 99.66% 14.24% 9 5 5
group Group 0.64% 0.69% 0.77% 35.03% 51.79% 10 15 17
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write an essay† Researcher 1.48% 2.36% 3.14% 99.48% 12.98% 2 2 2
word WordCount 1.20% 1.12% 1.22% 2.86% 58.14% 3 5 6
spell Proo�ng 1.00% 1.54% 1.77% 2.49% 27.78% 4 3 4
undo Undo 0.88% 0.81% 0.85% 3.26% 60.22% 5 12 15
share my document† Collaborate 0.84% 1.43% 1.96% 99.90% 4.28% 6 4 3
�nd Find 0.80% 1.12% 1.17% 6.61% 40.05% 7 6 7
water Watermark 0.80% 1.05% 1.13% 5.96% 41.69% 8 8 8
sp Proo�ng 0.76% 1.10% 1.23% 2.52% 33.73% 9 7 5
page PageNum 0.60% 0.81% 0.97% 12.11% 32.90% 10 11 12
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design DesignerPane 0.67% 0.90% 0.97% 6.05% 41.81% 8 9 10
change layout of slide† MasterStyle 0.64% 1.09% 1.37% 99.66% 14.24% 9 5 5
group Group 0.64% 0.69% 0.77% 35.03% 51.79% 10 15 17
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�nd Find 0.80% 1.12% 1.17% 6.61% 40.05% 7 6 7
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change slide background† FormatBackground 1.31% 2.19% 2.72% 99.42% 16.98% 3 3 2
portrait Orientation 1.19% 1.94% 2.41% 7.27% 18.72% 4 4 4
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master SlideMaster 0.84% 1.02% 0.97% 1.61% 53.58% 6 7 11
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design DesignerPane 0.67% 0.90% 0.97% 6.05% 41.81% 8 9 10
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page PageNum 0.60% 0.81% 0.97% 12.11% 32.90% 10 11 12

Microsoft Excel

header HeaderAndFooter 2.09% 3.04% 3.32% 6.88% 39.17% 1 1 1
free FreezePanes 1.70% 1.96% 2.11% 8.25% 52.57% 2 3 3
print PrintDefault 1.44% 2.19% 2.53% 16.21% 32.90% 3 2 2
sort Sort 1.18% 1.29% 1.44% 11.85% 53.38% 4 8 7
�nd Find 1.07% 1.35% 1.27% 7.35% 54.82% 5 5 9
insert InsertSheetRows 1.06% 1.14% 1.24% 23.88% 55.58% 6 10 10
freeze the top row† FreezePanes 0.93% 1.43% 1.92% 99.78% 20.93% 7 4 4
insert row InsertSheetRows 0.85% 0.93% 1.06% 8.62% 52.43% 8 11 12
freeze FreezePanes 0.80% 1.16% 1.41% 13.41% 32.94% 9 9 8
insert a table† InsertList 0.79% 1.34% 1.79% 99.77% 13.77% 10 7 6

Microsoft PowerPoint

crop Crop 2.76% 2.33% 2.47% 20.55% 64.18% 1 2 3
start presentation† StartSlideshow 2.17% 3.76% 4.57% 99.55% 15.55% 2 1 1
change slide background† FormatBackground 1.31% 2.19% 2.72% 99.42% 16.98% 3 3 2
portrait Orientation 1.19% 1.94% 2.41% 7.27% 18.72% 4 4 4
de DesignerPane 0.94% 1.04% 1.12% 4.15% 52.11% 5 6 7
master SlideMaster 0.84% 1.02% 0.97% 1.61% 53.58% 6 7 11
des DesignerPane 0.71% 0.82% 0.88% 2.59% 50.38% 7 12 13
design DesignerPane 0.67% 0.90% 0.97% 6.05% 41.81% 8 9 10
change layout of slide† MasterStyle 0.64% 1.09% 1.37% 99.66% 14.24% 9 5 5
group Group 0.64% 0.69% 0.77% 35.03% 51.79% 10 15 17

Table 1: Head queries per application. Priming queries are marked with the (†) symbol.

Microsoft Word

Command Name Query

Proo�ng spell 28.07%
sp 18.51%
spe 15.27%
spelling 6.35%
spell check 6.25%

WordCount word 42.96%
word count 20.13%
wor 12.15%
wo 4.86%
character count 4.40%

LineSpacing line 14.94%
spacing 6.80%
single space 6.61%
double space 6.19%
double 4.78%

Microsoft Excel

Command Name Query

FreezePanes free 39.69%
freeze 14.87%
fre 13.30%
fr 11.82%
freez 4.34%

HeaderAndFooter header 56.65%
footer 13.71%
head 9.03%
foo 3.71%
foot 3.23%

InsertSheetRows insert row 33.72%
insert 27.15%
insert a row 5.82%
inser 4.67%
insert rows 3.64%

Microsoft PowerPoint

Command Name Query

Orientation portrait 24.38%
orientation 6.65%
landscape 5.02%
change to portrait 3.94%
change orientation 3.20%

DesignerPane des 23.29%
design 19.80%
de 16.39%
desi 8.33%
d 6.10%

Crop crop 81.16%
cr 12.42%
crop picture 0.60%
�nish crop 0.39%
crop image 0.34%
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Microsoft Word

print† PrintDefault 4.06% 5.95% 7.21% 71.99% 27.20% 1 1 1
write an essay† Researcher 1.48% 2.36% 3.14% 99.48% 12.98% 2 2 2
word WordCount 1.20% 1.12% 1.22% 2.86% 58.14% 3 5 6
spell Proo�ng 1.00% 1.54% 1.77% 2.49% 27.78% 4 3 4
undo Undo 0.88% 0.81% 0.85% 3.26% 60.22% 5 12 15
share my document† Collaborate 0.84% 1.43% 1.96% 99.90% 4.28% 6 4 3
�nd Find 0.80% 1.12% 1.17% 6.61% 40.05% 7 6 7
water Watermark 0.80% 1.05% 1.13% 5.96% 41.69% 8 8 8
sp Proo�ng 0.76% 1.10% 1.23% 2.52% 33.73% 9 7 5
page PageNum 0.60% 0.81% 0.97% 12.11% 32.90% 10 11 12

Microsoft Excel

header HeaderAndFooter 2.09% 3.04% 3.32% 6.88% 39.17% 1 1 1
free FreezePanes 1.70% 1.96% 2.11% 8.25% 52.57% 2 3 3
print PrintDefault 1.44% 2.19% 2.53% 16.21% 32.90% 3 2 2
sort Sort 1.18% 1.29% 1.44% 11.85% 53.38% 4 8 7
�nd Find 1.07% 1.35% 1.27% 7.35% 54.82% 5 5 9
insert InsertSheetRows 1.06% 1.14% 1.24% 23.88% 55.58% 6 10 10
freeze the top row† FreezePanes 0.93% 1.43% 1.92% 99.78% 20.93% 7 4 4
insert row InsertSheetRows 0.85% 0.93% 1.06% 8.62% 52.43% 8 11 12
freeze FreezePanes 0.80% 1.16% 1.41% 13.41% 32.94% 9 9 8
insert a table† InsertList 0.79% 1.34% 1.79% 99.77% 13.77% 10 7 6

Microsoft PowerPoint

crop Crop 2.76% 2.33% 2.47% 20.55% 64.18% 1 2 3
start presentation† StartSlideshow 2.17% 3.76% 4.57% 99.55% 15.55% 2 1 1
change slide background† FormatBackground 1.31% 2.19% 2.72% 99.42% 16.98% 3 3 2
portrait Orientation 1.19% 1.94% 2.41% 7.27% 18.72% 4 4 4
de DesignerPane 0.94% 1.04% 1.12% 4.15% 52.11% 5 6 7
master SlideMaster 0.84% 1.02% 0.97% 1.61% 53.58% 6 7 11
des DesignerPane 0.71% 0.82% 0.88% 2.59% 50.38% 7 12 13
design DesignerPane 0.67% 0.90% 0.97% 6.05% 41.81% 8 9 10
change layout of slide† MasterStyle 0.64% 1.09% 1.37% 99.66% 14.24% 9 5 5
group Group 0.64% 0.69% 0.77% 35.03% 51.79% 10 15 17
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sp 18.51%
spe 15.27%
spelling 6.35%
spell check 6.25%

WordCount word 42.96%
word count 20.13%
wor 12.15%
wo 4.86%
character count 4.40%

LineSpacing line 14.94%
spacing 6.80%
single space 6.61%
double space 6.19%
double 4.78%
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FreezePanes free 39.69%
freeze 14.87%
fre 13.30%
fr 11.82%
freez 4.34%

HeaderAndFooter header 56.65%
footer 13.71%
head 9.03%
foo 3.71%
foot 3.23%

InsertSheetRows insert row 33.72%
insert 27.15%
insert a row 5.82%
inser 4.67%
insert rows 3.64%

Microsoft PowerPoint

Command Name Query

Orientation portrait 24.38%
orientation 6.65%
landscape 5.02%
change to portrait 3.94%
change orientation 3.20%

DesignerPane des 23.29%
design 19.80%
de 16.39%
desi 8.33%
d 6.10%

Crop crop 81.16%
cr 12.42%
crop picture 0.60%
�nish crop 0.39%
crop image 0.34%
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Microsoft Word

print† PrintDefault 4.06% 5.95% 7.21% 71.99% 27.20% 1 1 1
write an essay† Researcher 1.48% 2.36% 3.14% 99.48% 12.98% 2 2 2
word WordCount 1.20% 1.12% 1.22% 2.86% 58.14% 3 5 6
spell Proo�ng 1.00% 1.54% 1.77% 2.49% 27.78% 4 3 4
undo Undo 0.88% 0.81% 0.85% 3.26% 60.22% 5 12 15
share my document† Collaborate 0.84% 1.43% 1.96% 99.90% 4.28% 6 4 3
�nd Find 0.80% 1.12% 1.17% 6.61% 40.05% 7 6 7
water Watermark 0.80% 1.05% 1.13% 5.96% 41.69% 8 8 8
sp Proo�ng 0.76% 1.10% 1.23% 2.52% 33.73% 9 7 5
page PageNum 0.60% 0.81% 0.97% 12.11% 32.90% 10 11 12

Microsoft Excel

header HeaderAndFooter 2.09% 3.04% 3.32% 6.88% 39.17% 1 1 1
free FreezePanes 1.70% 1.96% 2.11% 8.25% 52.57% 2 3 3
print PrintDefault 1.44% 2.19% 2.53% 16.21% 32.90% 3 2 2
sort Sort 1.18% 1.29% 1.44% 11.85% 53.38% 4 8 7
�nd Find 1.07% 1.35% 1.27% 7.35% 54.82% 5 5 9
insert InsertSheetRows 1.06% 1.14% 1.24% 23.88% 55.58% 6 10 10
freeze the top row† FreezePanes 0.93% 1.43% 1.92% 99.78% 20.93% 7 4 4
insert row InsertSheetRows 0.85% 0.93% 1.06% 8.62% 52.43% 8 11 12
freeze FreezePanes 0.80% 1.16% 1.41% 13.41% 32.94% 9 9 8
insert a table† InsertList 0.79% 1.34% 1.79% 99.77% 13.77% 10 7 6

Microsoft PowerPoint

crop Crop 2.76% 2.33% 2.47% 20.55% 64.18% 1 2 3
start presentation† StartSlideshow 2.17% 3.76% 4.57% 99.55% 15.55% 2 1 1
change slide background† FormatBackground 1.31% 2.19% 2.72% 99.42% 16.98% 3 3 2
portrait Orientation 1.19% 1.94% 2.41% 7.27% 18.72% 4 4 4
de DesignerPane 0.94% 1.04% 1.12% 4.15% 52.11% 5 6 7
master SlideMaster 0.84% 1.02% 0.97% 1.61% 53.58% 6 7 11
des DesignerPane 0.71% 0.82% 0.88% 2.59% 50.38% 7 12 13
design DesignerPane 0.67% 0.90% 0.97% 6.05% 41.81% 8 9 10
change layout of slide† MasterStyle 0.64% 1.09% 1.37% 99.66% 14.24% 9 5 5
group Group 0.64% 0.69% 0.77% 35.03% 51.79% 10 15 17
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sp 18.51%
spe 15.27%
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spell check 6.25%
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word count 20.13%
wor 12.15%
wo 4.86%
character count 4.40%
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spacing 6.80%
single space 6.61%
double space 6.19%
double 4.78%

Microsoft Excel

Command Name Query

FreezePanes free 39.69%
freeze 14.87%
fre 13.30%
fr 11.82%
freez 4.34%

HeaderAndFooter header 56.65%
footer 13.71%
head 9.03%
foo 3.71%
foot 3.23%

InsertSheetRows insert row 33.72%
insert 27.15%
insert a row 5.82%
inser 4.67%
insert rows 3.64%

Microsoft PowerPoint

Command Name Query

Orientation portrait 24.38%
orientation 6.65%
landscape 5.02%
change to portrait 3.94%
change orientation 3.20%

DesignerPane des 23.29%
design 19.80%
de 16.39%
desi 8.33%
d 6.10%

Crop crop 81.16%
cr 12.42%
crop picture 0.60%
�nish crop 0.39%
crop image 0.34%
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Microsoft Word

print† PrintDefault 4.06% 5.95% 7.21% 71.99% 27.20% 1 1 1
write an essay† Researcher 1.48% 2.36% 3.14% 99.48% 12.98% 2 2 2
word WordCount 1.20% 1.12% 1.22% 2.86% 58.14% 3 5 6
spell Proo�ng 1.00% 1.54% 1.77% 2.49% 27.78% 4 3 4
undo Undo 0.88% 0.81% 0.85% 3.26% 60.22% 5 12 15
share my document† Collaborate 0.84% 1.43% 1.96% 99.90% 4.28% 6 4 3
�nd Find 0.80% 1.12% 1.17% 6.61% 40.05% 7 6 7
water Watermark 0.80% 1.05% 1.13% 5.96% 41.69% 8 8 8
sp Proo�ng 0.76% 1.10% 1.23% 2.52% 33.73% 9 7 5
page PageNum 0.60% 0.81% 0.97% 12.11% 32.90% 10 11 12

Microsoft Excel

header HeaderAndFooter 2.09% 3.04% 3.32% 6.88% 39.17% 1 1 1
free FreezePanes 1.70% 1.96% 2.11% 8.25% 52.57% 2 3 3
print PrintDefault 1.44% 2.19% 2.53% 16.21% 32.90% 3 2 2
sort Sort 1.18% 1.29% 1.44% 11.85% 53.38% 4 8 7
�nd Find 1.07% 1.35% 1.27% 7.35% 54.82% 5 5 9
insert InsertSheetRows 1.06% 1.14% 1.24% 23.88% 55.58% 6 10 10
freeze the top row† FreezePanes 0.93% 1.43% 1.92% 99.78% 20.93% 7 4 4
insert row InsertSheetRows 0.85% 0.93% 1.06% 8.62% 52.43% 8 11 12
freeze FreezePanes 0.80% 1.16% 1.41% 13.41% 32.94% 9 9 8
insert a table† InsertList 0.79% 1.34% 1.79% 99.77% 13.77% 10 7 6

Microsoft PowerPoint

crop Crop 2.76% 2.33% 2.47% 20.55% 64.18% 1 2 3
start presentation† StartSlideshow 2.17% 3.76% 4.57% 99.55% 15.55% 2 1 1
change slide background† FormatBackground 1.31% 2.19% 2.72% 99.42% 16.98% 3 3 2
portrait Orientation 1.19% 1.94% 2.41% 7.27% 18.72% 4 4 4
de DesignerPane 0.94% 1.04% 1.12% 4.15% 52.11% 5 6 7
master SlideMaster 0.84% 1.02% 0.97% 1.61% 53.58% 6 7 11
des DesignerPane 0.71% 0.82% 0.88% 2.59% 50.38% 7 12 13
design DesignerPane 0.67% 0.90% 0.97% 6.05% 41.81% 8 9 10
change layout of slide† MasterStyle 0.64% 1.09% 1.37% 99.66% 14.24% 9 5 5
group Group 0.64% 0.69% 0.77% 35.03% 51.79% 10 15 17

Table 1: Head queries per application. Priming queries are marked with the (†) symbol.
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Command Name Query

Proo�ng spell 28.07%
sp 18.51%
spe 15.27%
spelling 6.35%
spell check 6.25%

WordCount word 42.96%
word count 20.13%
wor 12.15%
wo 4.86%
character count 4.40%

LineSpacing line 14.94%
spacing 6.80%
single space 6.61%
double space 6.19%
double 4.78%

Microsoft Excel

Command Name Query

FreezePanes free 39.69%
freeze 14.87%
fre 13.30%
fr 11.82%
freez 4.34%

HeaderAndFooter header 56.65%
footer 13.71%
head 9.03%
foo 3.71%
foot 3.23%

InsertSheetRows insert row 33.72%
insert 27.15%
insert a row 5.82%
inser 4.67%
insert rows 3.64%

Microsoft PowerPoint

Command Name Query

Orientation portrait 24.38%
orientation 6.65%
landscape 5.02%
change to portrait 3.94%
change orientation 3.20%

DesignerPane des 23.29%
design 19.80%
de 16.39%
desi 8.33%
d 6.10%

Crop crop 81.16%
cr 12.42%
crop picture 0.60%
�nish crop 0.39%
crop image 0.34%
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Microsoft Word

print† PrintDefault 4.06% 5.95% 7.21% 71.99% 27.20% 1 1 1
write an essay† Researcher 1.48% 2.36% 3.14% 99.48% 12.98% 2 2 2
word WordCount 1.20% 1.12% 1.22% 2.86% 58.14% 3 5 6
spell Proo�ng 1.00% 1.54% 1.77% 2.49% 27.78% 4 3 4
undo Undo 0.88% 0.81% 0.85% 3.26% 60.22% 5 12 15
share my document† Collaborate 0.84% 1.43% 1.96% 99.90% 4.28% 6 4 3
�nd Find 0.80% 1.12% 1.17% 6.61% 40.05% 7 6 7
water Watermark 0.80% 1.05% 1.13% 5.96% 41.69% 8 8 8
sp Proo�ng 0.76% 1.10% 1.23% 2.52% 33.73% 9 7 5
page PageNum 0.60% 0.81% 0.97% 12.11% 32.90% 10 11 12

Microsoft Excel

header HeaderAndFooter 2.09% 3.04% 3.32% 6.88% 39.17% 1 1 1
free FreezePanes 1.70% 1.96% 2.11% 8.25% 52.57% 2 3 3
print PrintDefault 1.44% 2.19% 2.53% 16.21% 32.90% 3 2 2
sort Sort 1.18% 1.29% 1.44% 11.85% 53.38% 4 8 7
�nd Find 1.07% 1.35% 1.27% 7.35% 54.82% 5 5 9
insert InsertSheetRows 1.06% 1.14% 1.24% 23.88% 55.58% 6 10 10
freeze the top row† FreezePanes 0.93% 1.43% 1.92% 99.78% 20.93% 7 4 4
insert row InsertSheetRows 0.85% 0.93% 1.06% 8.62% 52.43% 8 11 12
freeze FreezePanes 0.80% 1.16% 1.41% 13.41% 32.94% 9 9 8
insert a table† InsertList 0.79% 1.34% 1.79% 99.77% 13.77% 10 7 6

Microsoft PowerPoint

crop Crop 2.76% 2.33% 2.47% 20.55% 64.18% 1 2 3
start presentation† StartSlideshow 2.17% 3.76% 4.57% 99.55% 15.55% 2 1 1
change slide background† FormatBackground 1.31% 2.19% 2.72% 99.42% 16.98% 3 3 2
portrait Orientation 1.19% 1.94% 2.41% 7.27% 18.72% 4 4 4
de DesignerPane 0.94% 1.04% 1.12% 4.15% 52.11% 5 6 7
master SlideMaster 0.84% 1.02% 0.97% 1.61% 53.58% 6 7 11
des DesignerPane 0.71% 0.82% 0.88% 2.59% 50.38% 7 12 13
design DesignerPane 0.67% 0.90% 0.97% 6.05% 41.81% 8 9 10
change layout of slide† MasterStyle 0.64% 1.09% 1.37% 99.66% 14.24% 9 5 5
group Group 0.64% 0.69% 0.77% 35.03% 51.79% 10 15 17
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sp 18.51%
spe 15.27%
spelling 6.35%
spell check 6.25%
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word count 20.13%
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wo 4.86%
character count 4.40%

LineSpacing line 14.94%
spacing 6.80%
single space 6.61%
double space 6.19%
double 4.78%
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Command Name Query

FreezePanes free 39.69%
freeze 14.87%
fre 13.30%
fr 11.82%
freez 4.34%

HeaderAndFooter header 56.65%
footer 13.71%
head 9.03%
foo 3.71%
foot 3.23%

InsertSheetRows insert row 33.72%
insert 27.15%
insert a row 5.82%
inser 4.67%
insert rows 3.64%

Microsoft PowerPoint

Command Name Query

Orientation portrait 24.38%
orientation 6.65%
landscape 5.02%
change to portrait 3.94%
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DesignerPane des 23.29%
design 19.80%
de 16.39%
desi 8.33%
d 6.10%

Crop crop 81.16%
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crop picture 0.60%
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crop image 0.34%
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Microsoft Word

print† PrintDefault 4.06% 5.95% 7.21% 71.99% 27.20% 1 1 1
write an essay† Researcher 1.48% 2.36% 3.14% 99.48% 12.98% 2 2 2
word WordCount 1.20% 1.12% 1.22% 2.86% 58.14% 3 5 6
spell Proo�ng 1.00% 1.54% 1.77% 2.49% 27.78% 4 3 4
undo Undo 0.88% 0.81% 0.85% 3.26% 60.22% 5 12 15
share my document† Collaborate 0.84% 1.43% 1.96% 99.90% 4.28% 6 4 3
�nd Find 0.80% 1.12% 1.17% 6.61% 40.05% 7 6 7
water Watermark 0.80% 1.05% 1.13% 5.96% 41.69% 8 8 8
sp Proo�ng 0.76% 1.10% 1.23% 2.52% 33.73% 9 7 5
page PageNum 0.60% 0.81% 0.97% 12.11% 32.90% 10 11 12

Microsoft Excel

header HeaderAndFooter 2.09% 3.04% 3.32% 6.88% 39.17% 1 1 1
free FreezePanes 1.70% 1.96% 2.11% 8.25% 52.57% 2 3 3
print PrintDefault 1.44% 2.19% 2.53% 16.21% 32.90% 3 2 2
sort Sort 1.18% 1.29% 1.44% 11.85% 53.38% 4 8 7
�nd Find 1.07% 1.35% 1.27% 7.35% 54.82% 5 5 9
insert InsertSheetRows 1.06% 1.14% 1.24% 23.88% 55.58% 6 10 10
freeze the top row† FreezePanes 0.93% 1.43% 1.92% 99.78% 20.93% 7 4 4
insert row InsertSheetRows 0.85% 0.93% 1.06% 8.62% 52.43% 8 11 12
freeze FreezePanes 0.80% 1.16% 1.41% 13.41% 32.94% 9 9 8
insert a table† InsertList 0.79% 1.34% 1.79% 99.77% 13.77% 10 7 6

Microsoft PowerPoint

crop Crop 2.76% 2.33% 2.47% 20.55% 64.18% 1 2 3
start presentation† StartSlideshow 2.17% 3.76% 4.57% 99.55% 15.55% 2 1 1
change slide background† FormatBackground 1.31% 2.19% 2.72% 99.42% 16.98% 3 3 2
portrait Orientation 1.19% 1.94% 2.41% 7.27% 18.72% 4 4 4
de DesignerPane 0.94% 1.04% 1.12% 4.15% 52.11% 5 6 7
master SlideMaster 0.84% 1.02% 0.97% 1.61% 53.58% 6 7 11
des DesignerPane 0.71% 0.82% 0.88% 2.59% 50.38% 7 12 13
design DesignerPane 0.67% 0.90% 0.97% 6.05% 41.81% 8 9 10
change layout of slide† MasterStyle 0.64% 1.09% 1.37% 99.66% 14.24% 9 5 5
group Group 0.64% 0.69% 0.77% 35.03% 51.79% 10 15 17
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freez 4.34%
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foo 3.71%
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inser 4.67%
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Microsoft PowerPoint

Command Name Query
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de 16.39%
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Microsoft Word

print† PrintDefault 4.06% 5.95% 7.21% 71.99% 27.20% 1 1 1
write an essay† Researcher 1.48% 2.36% 3.14% 99.48% 12.98% 2 2 2
word WordCount 1.20% 1.12% 1.22% 2.86% 58.14% 3 5 6
spell Proo�ng 1.00% 1.54% 1.77% 2.49% 27.78% 4 3 4
undo Undo 0.88% 0.81% 0.85% 3.26% 60.22% 5 12 15
share my document† Collaborate 0.84% 1.43% 1.96% 99.90% 4.28% 6 4 3
�nd Find 0.80% 1.12% 1.17% 6.61% 40.05% 7 6 7
water Watermark 0.80% 1.05% 1.13% 5.96% 41.69% 8 8 8
sp Proo�ng 0.76% 1.10% 1.23% 2.52% 33.73% 9 7 5
page PageNum 0.60% 0.81% 0.97% 12.11% 32.90% 10 11 12

Microsoft Excel

header HeaderAndFooter 2.09% 3.04% 3.32% 6.88% 39.17% 1 1 1
free FreezePanes 1.70% 1.96% 2.11% 8.25% 52.57% 2 3 3
print PrintDefault 1.44% 2.19% 2.53% 16.21% 32.90% 3 2 2
sort Sort 1.18% 1.29% 1.44% 11.85% 53.38% 4 8 7
�nd Find 1.07% 1.35% 1.27% 7.35% 54.82% 5 5 9
insert InsertSheetRows 1.06% 1.14% 1.24% 23.88% 55.58% 6 10 10
freeze the top row† FreezePanes 0.93% 1.43% 1.92% 99.78% 20.93% 7 4 4
insert row InsertSheetRows 0.85% 0.93% 1.06% 8.62% 52.43% 8 11 12
freeze FreezePanes 0.80% 1.16% 1.41% 13.41% 32.94% 9 9 8
insert a table† InsertList 0.79% 1.34% 1.79% 99.77% 13.77% 10 7 6

Microsoft PowerPoint

crop Crop 2.76% 2.33% 2.47% 20.55% 64.18% 1 2 3
start presentation† StartSlideshow 2.17% 3.76% 4.57% 99.55% 15.55% 2 1 1
change slide background† FormatBackground 1.31% 2.19% 2.72% 99.42% 16.98% 3 3 2
portrait Orientation 1.19% 1.94% 2.41% 7.27% 18.72% 4 4 4
de DesignerPane 0.94% 1.04% 1.12% 4.15% 52.11% 5 6 7
master SlideMaster 0.84% 1.02% 0.97% 1.61% 53.58% 6 7 11
des DesignerPane 0.71% 0.82% 0.88% 2.59% 50.38% 7 12 13
design DesignerPane 0.67% 0.90% 0.97% 6.05% 41.81% 8 9 10
change layout of slide† MasterStyle 0.64% 1.09% 1.37% 99.66% 14.24% 9 5 5
group Group 0.64% 0.69% 0.77% 35.03% 51.79% 10 15 17

Table 1: Head queries per application. Priming queries are marked with the (†) symbol.

Microsoft Word

Command Name Query

Proo�ng spell 28.07%
sp 18.51%
spe 15.27%
spelling 6.35%
spell check 6.25%

WordCount word 42.96%
word count 20.13%
wor 12.15%
wo 4.86%
character count 4.40%

LineSpacing line 14.94%
spacing 6.80%
single space 6.61%
double space 6.19%
double 4.78%

Microsoft Excel

Command Name Query

FreezePanes free 39.69%
freeze 14.87%
fre 13.30%
fr 11.82%
freez 4.34%

HeaderAndFooter header 56.65%
footer 13.71%
head 9.03%
foo 3.71%
foot 3.23%

InsertSheetRows insert row 33.72%
insert 27.15%
insert a row 5.82%
inser 4.67%
insert rows 3.64%

Microsoft PowerPoint

Command Name Query

Orientation portrait 24.38%
orientation 6.65%
landscape 5.02%
change to portrait 3.94%
change orientation 3.20%

DesignerPane des 23.29%
design 19.80%
de 16.39%
desi 8.33%
d 6.10%

Crop crop 81.16%
cr 12.42%
crop picture 0.60%
�nish crop 0.39%
crop image 0.34%

Table 2: Most frequently used queries for executing top three most frequent commands executed through search.
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Figure 5: Search recurrence.

also specify parameters of the command as part of their queries.
This behavior is informative for the development of search systems
for productivity software, where command outcomes, rather than
command descriptions are used for search (e.g., users issuing the
query “blue text” rather than “change font color”).

5.4 Re-�nding
Re-�nding is an important aspect of search. As in Web search,
where up to 39% of searches are driven by accessing previously
retrieved resources [23], re-�nding is frequent in Microsoft O�ce
search. Not only do searchers frequently make use of the recently
used commands list, they repeatedly issue the same queries. Table 1
shows, for a given query, the proportion of searches for which users
had previously issued the same query within our sampling period (%
Requery). There is variation among users and queries with respect
to their re-querying rate, but on average, the priming queries are
the least re-issued by users (and most likely to be abandoned).

The aforementioned view of re-querying is muddied by the fact
that people varied in their use of the O�ce applications in gen-
eral, and of the in-application search experience in particular (i.e.
people with more sessions or queries had more opportunities for
re-accesses). Figure 5(a) shows the proportion of re-accesses, but
partitions users into cohorts based on the total number of queries
they issued during the month we studied. We distinguish three sepa-
rate re-access types: re-executing a command found through search
(“Command” ), re-issuing a query to the search system (“Query” )
or re-issuing a pre�x or an extension of a previously issued query
– for instance, the queries “pr” and “prin” – (“ApproxQuery” ). For
each of these types of search engagement, Figure 5(a) shows the
distribution of re-access over repeated use of the search system. It
is interesting to note that, for users with three distinct searches in
our sample, the proportion of repeated queries is 9%, but the pro-
portion of repeated commands is 17%, and that of approximately
repeated queries is 26%. This suggests that users learn approxi-
mately equivalent queries (e.g., a set of pre�xes) for accessing the
same commands.

We also examine the distance (i.e. the number of search activa-
tions) between re-access instances. In this view, we include only
search sessions that are indeed instances of re-access for a given
user. As seen in Figure 5(b), 30% to 35% of repeated queries are
identical to, or are approximations of, the previous query issued by
the user. Moreover, a history window of 5 queries is su�cient to

explain 70% of approximate query re-issues. Conversely, command
re-access is distributed more evenly across the �ve most recently
executed commands, primarily because the recently used command
list provides easy access to these commands. Even so, almost 20% of
the commands that are re-executed through search are repeats of
the most recently executed command, and the top �ve most recent
commands account for roughly 45% of command repeats. We now
take a closer look at factors in�uencing search abandonment.

5.5 Search Abandonment
Like in web search [22], searches in O�ce are frequently aban-
doned. Abandonment can occur when a user inputs a query and
elects not to click a result, or when a user activates the search bar
without issuing a query and elects not to click on a recently used
command or suggestion. In either case, a user may fail to click
on a result either because the intended command is not listed, or,
importantly, because it is present but the active system state is
incompatible with its execution (i.e. the command is greyed-out).
For example, in PowerPoint an object must be selected for the Crop
and Group commands to be enabled, and thus the corresponding
queries “crop” and “group” have high abandonment rates compared
to similar queries (20.55% and 35.03% respectively, as seen in Table
1). We return to these system state errors, and their role in search
abandonment, later.
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Figure 6: Distribution of search abandonment over user
groups partitioned by the number of search instances.

In our data, abandonment is twice as common in the zero-query
condition than in cases when users type at least one character into
the search box. Users just exploring the search bar as a novelty item
or mistakenly activating the search bar through click or keyboard
shortcut might partially explain abandonment without query input.
Figure 6 shows the distribution of search outcomes over groups
of users with repeated search access, sorted from users who have
used search functionality a single time (left) to users who have used
search functionality exactly 20 times (right) over the time period
we observed in our sample. It is interesting to note that the relative
proportion of abandoned search decreases with repeated system
use, as users either populate their recently used command list with
relevant or frequently accessed commands, or they learn and adapt
to the capabilities of the search system. We now take a closer look
at search abandonment after query input.
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Figure 7: Di�erences between command search and aban-
doned (query) search.

5.5.1 Di�erences between command and abandoned search. Un-
derstanding the characteristics of abandoned search in contrast
to successful command search is critical to developing rich search
functionality that meet users’ expectations and needs. Figure 7
shows di�erences between command and abandoned search with
respect to query length (7a), search session duration (7b), number
of menu results shown in the search ranking, (7c) and number of
disabled results shown in the search ranking (7d). The �rst row
in Figure 7 shows di�erences in search session properties, such as
query length and duration. Overall, for abandoned search sessions
we observe longer queries (median query length 10 characters) and
longer search duration (median duration 14 seconds) than for com-
mand search. This suggests that, in the case of abandoned sessions,
users express more complex needs to the system, and that search
properties, such as query length and duration, can be used to iden-
tify searches in which users are struggling and perhaps pre-empt
abandonment by o�ering additional support.

The second row of Figure 7 shows di�erences based on the num-
ber of menu type results shown in the ranked list of commands,
and the number of disabled results in the ranking. In both cases,
abandoned search sessions typically display more menu type re-
sults and more disabled items – almost 8% of abandoned searches
do not lead to a command execution simply because all items re-
turned to the user are disabled due to system state (e.g., searching
for “crop” when no items that can be cropped are selected). It is
worth noting that showing a disabled command is arguably better
than not showing it at all, which might leave the user uncertain
about whether the command exists, or if the system understood
the intent of the query. Overall, these �ndings suggest that the
types of commands returned to the user have an e�ect on search
behavior and we further investigate the role of result type in search
abandonment.

5.5.2 Command types and search abandonment. Command re-
sults returned by the search system in Microsoft O�ce are not
uniform with respect to their user interaction patterns. Section 3.1
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controlling for how often each command type is displayed at top
rank.

reviews the di�erent types of command results returned to users:
action, �ag or menu commands. Given that, overall, a majority of
user clicks on command results are issued on the top-ranked result,
in this section we inspect the e�ects of top-ranked command type
on user search behavior.

The type of command displayed at top rank in the search results
returned varies with both user intent and with the distribution of
command types available in each of the applications we explored.
Table 3 shows the distribution of command types shown at top
rank. Although there is some variation across applications, the most
common types of results returned at top rank are action commands
and menu commands.

Action Flag Menu

Word 49.88% 10.88% 39.24%
Excel 44.45% 13.16% 42.40%
PowerPoint 34.89% 21.29% 43.82%

Table 3: Distribution of command types displayed at top-rank.

Figure 8 shows the distribution of search outcomes over com-
mand types, normalized by the relative frequency of command
types at the top rank for each application. Given this normalization,
in a uniform setting, each command type (i.e. bar color) should ac-
count for 1/3rd of the search outcomes. However, our results show
that menu commands are more frequent at top rank in the case of
abandoned and informational search. This �nding suggests that
the menu command type might in�uence users decision to aban-
don their searches or seek additional support. One hypothesis that
may explain this behavior is that relevant command results may
not be readily apparent to the user until they take the additional
action of opening the sub-menu, and that not all users will take
this additional step. Another hypothesis is that menu commands
re�ect more complex or obscure tasks, which may pose challenges
in both query formulation and task execution. As such, it is not
the menu result that leads to abandonment, but rather the more
complex task the user is engaged in. Even so, our �ndings suggests
that extracting sub-commands from deeper menu hierarchies and
displaying sub-commands directly in the search results list might
bene�t users trying to complete multi-step actions through search.
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we observe longer queries (median query length 10 characters) and
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properties, such as query length and duration, can be used to iden-
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user clicks on command results are issued on the top-ranked result,
in this section we inspect the e�ects of top-ranked command type
on user search behavior.
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command types available in each of the applications we explored.
Table 3 shows the distribution of command types shown at top
rank. Although there is some variation across applications, the most
common types of results returned at top rank are action commands
and menu commands.

Action Flag Menu

Word 49.88% 10.88% 39.24%
Excel 44.45% 13.16% 42.40%
PowerPoint 34.89% 21.29% 43.82%

Table 3: Distribution of command types displayed at top-rank.

Figure 8 shows the distribution of search outcomes over com-
mand types, normalized by the relative frequency of command
types at the top rank for each application. Given this normalization,
in a uniform setting, each command type (i.e. bar color) should ac-
count for 1/3rd of the search outcomes. However, our results show
that menu commands are more frequent at top rank in the case of
abandoned and informational search. This �nding suggests that
the menu command type might in�uence users decision to aban-
don their searches or seek additional support. One hypothesis that
may explain this behavior is that relevant command results may
not be readily apparent to the user until they take the additional
action of opening the sub-menu, and that not all users will take
this additional step. Another hypothesis is that menu commands
re�ect more complex or obscure tasks, which may pose challenges
in both query formulation and task execution. As such, it is not
the menu result that leads to abandonment, but rather the more
complex task the user is engaged in. Even so, our �ndings suggests
that extracting sub-commands from deeper menu hierarchies and
displaying sub-commands directly in the search results list might
bene�t users trying to complete multi-step actions through search.
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5.5.1 Di�erences between command and abandoned search. Un-
derstanding the characteristics of abandoned search in contrast
to successful command search is critical to developing rich search
functionality that meet users’ expectations and needs. Figure 7
shows di�erences between command and abandoned search with
respect to query length (7a), search session duration (7b), number
of menu results shown in the search ranking, (7c) and number of
disabled results shown in the search ranking (7d). The �rst row
in Figure 7 shows di�erences in search session properties, such as
query length and duration. Overall, for abandoned search sessions
we observe longer queries (median query length 10 characters) and
longer search duration (median duration 14 seconds) than for com-
mand search. This suggests that, in the case of abandoned sessions,
users express more complex needs to the system, and that search
properties, such as query length and duration, can be used to iden-
tify searches in which users are struggling and perhaps pre-empt
abandonment by o�ering additional support.

The second row of Figure 7 shows di�erences based on the num-
ber of menu type results shown in the ranked list of commands,
and the number of disabled results in the ranking. In both cases,
abandoned search sessions typically display more menu type re-
sults and more disabled items – almost 8% of abandoned searches
do not lead to a command execution simply because all items re-
turned to the user are disabled due to system state (e.g., searching
for “crop” when no items that can be cropped are selected). It is
worth noting that showing a disabled command is arguably better
than not showing it at all, which might leave the user uncertain
about whether the command exists, or if the system understood
the intent of the query. Overall, these �ndings suggest that the
types of commands returned to the user have an e�ect on search
behavior and we further investigate the role of result type in search
abandonment.

5.5.2 Command types and search abandonment. Command re-
sults returned by the search system in Microsoft O�ce are not
uniform with respect to their user interaction patterns. Section 3.1
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reviews the di�erent types of command results returned to users:
action, �ag or menu commands. Given that, overall, a majority of
user clicks on command results are issued on the top-ranked result,
in this section we inspect the e�ects of top-ranked command type
on user search behavior.

The type of command displayed at top rank in the search results
returned varies with both user intent and with the distribution of
command types available in each of the applications we explored.
Table 3 shows the distribution of command types shown at top
rank. Although there is some variation across applications, the most
common types of results returned at top rank are action commands
and menu commands.

Action Flag Menu

Word 49.88% 10.88% 39.24%
Excel 44.45% 13.16% 42.40%
PowerPoint 34.89% 21.29% 43.82%

Table 3: Distribution of command types displayed at top-rank.

Figure 8 shows the distribution of search outcomes over com-
mand types, normalized by the relative frequency of command
types at the top rank for each application. Given this normalization,
in a uniform setting, each command type (i.e. bar color) should ac-
count for 1/3rd of the search outcomes. However, our results show
that menu commands are more frequent at top rank in the case of
abandoned and informational search. This �nding suggests that
the menu command type might in�uence users decision to aban-
don their searches or seek additional support. One hypothesis that
may explain this behavior is that relevant command results may
not be readily apparent to the user until they take the additional
action of opening the sub-menu, and that not all users will take
this additional step. Another hypothesis is that menu commands
re�ect more complex or obscure tasks, which may pose challenges
in both query formulation and task execution. As such, it is not
the menu result that leads to abandonment, but rather the more
complex task the user is engaged in. Even so, our �ndings suggests
that extracting sub-commands from deeper menu hierarchies and
displaying sub-commands directly in the search results list might
bene�t users trying to complete multi-step actions through search.
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Figure 5: Search recurrence.

also specify parameters of the command as part of their queries.
This behavior is informative for the development of search systems
for productivity software, where command outcomes, rather than
command descriptions are used for search (e.g., users issuing the
query “blue text” rather than “change font color”).

5.4 Re-�nding
Re-�nding is an important aspect of search. As in Web search,
where up to 39% of searches are driven by accessing previously
retrieved resources [23], re-�nding is frequent in Microsoft O�ce
search. Not only do searchers frequently make use of the recently
used commands list, they repeatedly issue the same queries. Table 1
shows, for a given query, the proportion of searches for which users
had previously issued the same query within our sampling period (%
Requery). There is variation among users and queries with respect
to their re-querying rate, but on average, the priming queries are
the least re-issued by users (and most likely to be abandoned).

The aforementioned view of re-querying is muddied by the fact
that people varied in their use of the O�ce applications in gen-
eral, and of the in-application search experience in particular (i.e.
people with more sessions or queries had more opportunities for
re-accesses). Figure 5(a) shows the proportion of re-accesses, but
partitions users into cohorts based on the total number of queries
they issued during the month we studied. We distinguish three sepa-
rate re-access types: re-executing a command found through search
(“Command” ), re-issuing a query to the search system (“Query” )
or re-issuing a pre�x or an extension of a previously issued query
– for instance, the queries “pr” and “prin” – (“ApproxQuery” ). For
each of these types of search engagement, Figure 5(a) shows the
distribution of re-access over repeated use of the search system. It
is interesting to note that, for users with three distinct searches in
our sample, the proportion of repeated queries is 9%, but the pro-
portion of repeated commands is 17%, and that of approximately
repeated queries is 26%. This suggests that users learn approxi-
mately equivalent queries (e.g., a set of pre�xes) for accessing the
same commands.

We also examine the distance (i.e. the number of search activa-
tions) between re-access instances. In this view, we include only
search sessions that are indeed instances of re-access for a given
user. As seen in Figure 5(b), 30% to 35% of repeated queries are
identical to, or are approximations of, the previous query issued by
the user. Moreover, a history window of 5 queries is su�cient to

explain 70% of approximate query re-issues. Conversely, command
re-access is distributed more evenly across the �ve most recently
executed commands, primarily because the recently used command
list provides easy access to these commands. Even so, almost 20% of
the commands that are re-executed through search are repeats of
the most recently executed command, and the top �ve most recent
commands account for roughly 45% of command repeats. We now
take a closer look at factors in�uencing search abandonment.

5.5 Search Abandonment
Like in web search [22], searches in O�ce are frequently aban-
doned. Abandonment can occur when a user inputs a query and
elects not to click a result, or when a user activates the search bar
without issuing a query and elects not to click on a recently used
command or suggestion. In either case, a user may fail to click
on a result either because the intended command is not listed, or,
importantly, because it is present but the active system state is
incompatible with its execution (i.e. the command is greyed-out).
For example, in PowerPoint an object must be selected for the Crop
and Group commands to be enabled, and thus the corresponding
queries “crop” and “group” have high abandonment rates compared
to similar queries (20.55% and 35.03% respectively, as seen in Table
1). We return to these system state errors, and their role in search
abandonment, later.
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Figure 6: Distribution of search abandonment over user
groups partitioned by the number of search instances.

In our data, abandonment is twice as common in the zero-query
condition than in cases when users type at least one character into
the search box. Users just exploring the search bar as a novelty item
or mistakenly activating the search bar through click or keyboard
shortcut might partially explain abandonment without query input.
Figure 6 shows the distribution of search outcomes over groups
of users with repeated search access, sorted from users who have
used search functionality a single time (left) to users who have used
search functionality exactly 20 times (right) over the time period
we observed in our sample. It is interesting to note that the relative
proportion of abandoned search decreases with repeated system
use, as users either populate their recently used command list with
relevant or frequently accessed commands, or they learn and adapt
to the capabilities of the search system. We now take a closer look
at search abandonment after query input.

0 5 10 15 20 25 30
Number of characters in query

0.00

0.05

0.10

0.15

0.20

Pr
op

or
tio

n
of

se
ar
ch
es (a) Search Outcome

Command
Abandoned

0 5 10 15 20 25 30
Search duration in seconds

0.00

0.05

0.10

0.15

0.20
(b) Search Outcome

Command
Abandoned

0 1 2 3 4 5
Number of menu commands

in results ranking

0.00
0.10
0.20
0.30
0.40
0.50
0.60
0.70
0.80

Pr
op

or
tio

n
of

se
ar
ch
es (c) Search Outcome

Command
Abandoned

0 1 2 3 4 5
Number of disabled

commands in results ranking

0.00
0.10
0.20
0.30
0.40
0.50
0.60
0.70
0.80

(d) Search Outcome
Command
Abandoned

Figure 7: Di�erences between command search and aban-
doned (query) search.

5.5.1 Di�erences between command and abandoned search. Un-
derstanding the characteristics of abandoned search in contrast
to successful command search is critical to developing rich search
functionality that meet users’ expectations and needs. Figure 7
shows di�erences between command and abandoned search with
respect to query length (7a), search session duration (7b), number
of menu results shown in the search ranking, (7c) and number of
disabled results shown in the search ranking (7d). The �rst row
in Figure 7 shows di�erences in search session properties, such as
query length and duration. Overall, for abandoned search sessions
we observe longer queries (median query length 10 characters) and
longer search duration (median duration 14 seconds) than for com-
mand search. This suggests that, in the case of abandoned sessions,
users express more complex needs to the system, and that search
properties, such as query length and duration, can be used to iden-
tify searches in which users are struggling and perhaps pre-empt
abandonment by o�ering additional support.

The second row of Figure 7 shows di�erences based on the num-
ber of menu type results shown in the ranked list of commands,
and the number of disabled results in the ranking. In both cases,
abandoned search sessions typically display more menu type re-
sults and more disabled items – almost 8% of abandoned searches
do not lead to a command execution simply because all items re-
turned to the user are disabled due to system state (e.g., searching
for “crop” when no items that can be cropped are selected). It is
worth noting that showing a disabled command is arguably better
than not showing it at all, which might leave the user uncertain
about whether the command exists, or if the system understood
the intent of the query. Overall, these �ndings suggest that the
types of commands returned to the user have an e�ect on search
behavior and we further investigate the role of result type in search
abandonment.

5.5.2 Command types and search abandonment. Command re-
sults returned by the search system in Microsoft O�ce are not
uniform with respect to their user interaction patterns. Section 3.1
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reviews the di�erent types of command results returned to users:
action, �ag or menu commands. Given that, overall, a majority of
user clicks on command results are issued on the top-ranked result,
in this section we inspect the e�ects of top-ranked command type
on user search behavior.

The type of command displayed at top rank in the search results
returned varies with both user intent and with the distribution of
command types available in each of the applications we explored.
Table 3 shows the distribution of command types shown at top
rank. Although there is some variation across applications, the most
common types of results returned at top rank are action commands
and menu commands.

Action Flag Menu

Word 49.88% 10.88% 39.24%
Excel 44.45% 13.16% 42.40%
PowerPoint 34.89% 21.29% 43.82%

Table 3: Distribution of command types displayed at top-rank.

Figure 8 shows the distribution of search outcomes over com-
mand types, normalized by the relative frequency of command
types at the top rank for each application. Given this normalization,
in a uniform setting, each command type (i.e. bar color) should ac-
count for 1/3rd of the search outcomes. However, our results show
that menu commands are more frequent at top rank in the case of
abandoned and informational search. This �nding suggests that
the menu command type might in�uence users decision to aban-
don their searches or seek additional support. One hypothesis that
may explain this behavior is that relevant command results may
not be readily apparent to the user until they take the additional
action of opening the sub-menu, and that not all users will take
this additional step. Another hypothesis is that menu commands
re�ect more complex or obscure tasks, which may pose challenges
in both query formulation and task execution. As such, it is not
the menu result that leads to abandonment, but rather the more
complex task the user is engaged in. Even so, our �ndings suggests
that extracting sub-commands from deeper menu hierarchies and
displaying sub-commands directly in the search results list might
bene�t users trying to complete multi-step actions through search.
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5.5.1 Di�erences between command and abandoned search. Un-
derstanding the characteristics of abandoned search in contrast
to successful command search is critical to developing rich search
functionality that meet users’ expectations and needs. Figure 7
shows di�erences between command and abandoned search with
respect to query length (7a), search session duration (7b), number
of menu results shown in the search ranking, (7c) and number of
disabled results shown in the search ranking (7d). The �rst row
in Figure 7 shows di�erences in search session properties, such as
query length and duration. Overall, for abandoned search sessions
we observe longer queries (median query length 10 characters) and
longer search duration (median duration 14 seconds) than for com-
mand search. This suggests that, in the case of abandoned sessions,
users express more complex needs to the system, and that search
properties, such as query length and duration, can be used to iden-
tify searches in which users are struggling and perhaps pre-empt
abandonment by o�ering additional support.

The second row of Figure 7 shows di�erences based on the num-
ber of menu type results shown in the ranked list of commands,
and the number of disabled results in the ranking. In both cases,
abandoned search sessions typically display more menu type re-
sults and more disabled items – almost 8% of abandoned searches
do not lead to a command execution simply because all items re-
turned to the user are disabled due to system state (e.g., searching
for “crop” when no items that can be cropped are selected). It is
worth noting that showing a disabled command is arguably better
than not showing it at all, which might leave the user uncertain
about whether the command exists, or if the system understood
the intent of the query. Overall, these �ndings suggest that the
types of commands returned to the user have an e�ect on search
behavior and we further investigate the role of result type in search
abandonment.

5.5.2 Command types and search abandonment. Command re-
sults returned by the search system in Microsoft O�ce are not
uniform with respect to their user interaction patterns. Section 3.1
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reviews the di�erent types of command results returned to users:
action, �ag or menu commands. Given that, overall, a majority of
user clicks on command results are issued on the top-ranked result,
in this section we inspect the e�ects of top-ranked command type
on user search behavior.

The type of command displayed at top rank in the search results
returned varies with both user intent and with the distribution of
command types available in each of the applications we explored.
Table 3 shows the distribution of command types shown at top
rank. Although there is some variation across applications, the most
common types of results returned at top rank are action commands
and menu commands.

Action Flag Menu

Word 49.88% 10.88% 39.24%
Excel 44.45% 13.16% 42.40%
PowerPoint 34.89% 21.29% 43.82%

Table 3: Distribution of command types displayed at top-rank.

Figure 8 shows the distribution of search outcomes over com-
mand types, normalized by the relative frequency of command
types at the top rank for each application. Given this normalization,
in a uniform setting, each command type (i.e. bar color) should ac-
count for 1/3rd of the search outcomes. However, our results show
that menu commands are more frequent at top rank in the case of
abandoned and informational search. This �nding suggests that
the menu command type might in�uence users decision to aban-
don their searches or seek additional support. One hypothesis that
may explain this behavior is that relevant command results may
not be readily apparent to the user until they take the additional
action of opening the sub-menu, and that not all users will take
this additional step. Another hypothesis is that menu commands
re�ect more complex or obscure tasks, which may pose challenges
in both query formulation and task execution. As such, it is not
the menu result that leads to abandonment, but rather the more
complex task the user is engaged in. Even so, our �ndings suggests
that extracting sub-commands from deeper menu hierarchies and
displaying sub-commands directly in the search results list might
bene�t users trying to complete multi-step actions through search.
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5.5.1 Di�erences between command and abandoned search. Un-
derstanding the characteristics of abandoned search in contrast
to successful command search is critical to developing rich search
functionality that meet users’ expectations and needs. Figure 7
shows di�erences between command and abandoned search with
respect to query length (7a), search session duration (7b), number
of menu results shown in the search ranking, (7c) and number of
disabled results shown in the search ranking (7d). The �rst row
in Figure 7 shows di�erences in search session properties, such as
query length and duration. Overall, for abandoned search sessions
we observe longer queries (median query length 10 characters) and
longer search duration (median duration 14 seconds) than for com-
mand search. This suggests that, in the case of abandoned sessions,
users express more complex needs to the system, and that search
properties, such as query length and duration, can be used to iden-
tify searches in which users are struggling and perhaps pre-empt
abandonment by o�ering additional support.

The second row of Figure 7 shows di�erences based on the num-
ber of menu type results shown in the ranked list of commands,
and the number of disabled results in the ranking. In both cases,
abandoned search sessions typically display more menu type re-
sults and more disabled items – almost 8% of abandoned searches
do not lead to a command execution simply because all items re-
turned to the user are disabled due to system state (e.g., searching
for “crop” when no items that can be cropped are selected). It is
worth noting that showing a disabled command is arguably better
than not showing it at all, which might leave the user uncertain
about whether the command exists, or if the system understood
the intent of the query. Overall, these �ndings suggest that the
types of commands returned to the user have an e�ect on search
behavior and we further investigate the role of result type in search
abandonment.

5.5.2 Command types and search abandonment. Command re-
sults returned by the search system in Microsoft O�ce are not
uniform with respect to their user interaction patterns. Section 3.1
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reviews the di�erent types of command results returned to users:
action, �ag or menu commands. Given that, overall, a majority of
user clicks on command results are issued on the top-ranked result,
in this section we inspect the e�ects of top-ranked command type
on user search behavior.

The type of command displayed at top rank in the search results
returned varies with both user intent and with the distribution of
command types available in each of the applications we explored.
Table 3 shows the distribution of command types shown at top
rank. Although there is some variation across applications, the most
common types of results returned at top rank are action commands
and menu commands.

Action Flag Menu

Word 49.88% 10.88% 39.24%
Excel 44.45% 13.16% 42.40%
PowerPoint 34.89% 21.29% 43.82%

Table 3: Distribution of command types displayed at top-rank.

Figure 8 shows the distribution of search outcomes over com-
mand types, normalized by the relative frequency of command
types at the top rank for each application. Given this normalization,
in a uniform setting, each command type (i.e. bar color) should ac-
count for 1/3rd of the search outcomes. However, our results show
that menu commands are more frequent at top rank in the case of
abandoned and informational search. This �nding suggests that
the menu command type might in�uence users decision to aban-
don their searches or seek additional support. One hypothesis that
may explain this behavior is that relevant command results may
not be readily apparent to the user until they take the additional
action of opening the sub-menu, and that not all users will take
this additional step. Another hypothesis is that menu commands
re�ect more complex or obscure tasks, which may pose challenges
in both query formulation and task execution. As such, it is not
the menu result that leads to abandonment, but rather the more
complex task the user is engaged in. Even so, our �ndings suggests
that extracting sub-commands from deeper menu hierarchies and
displaying sub-commands directly in the search results list might
bene�t users trying to complete multi-step actions through search.
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Figure 5: Search recurrence.

also specify parameters of the command as part of their queries.
This behavior is informative for the development of search systems
for productivity software, where command outcomes, rather than
command descriptions are used for search (e.g., users issuing the
query “blue text” rather than “change font color”).

5.4 Re-�nding
Re-�nding is an important aspect of search. As in Web search,
where up to 39% of searches are driven by accessing previously
retrieved resources [23], re-�nding is frequent in Microsoft O�ce
search. Not only do searchers frequently make use of the recently
used commands list, they repeatedly issue the same queries. Table 1
shows, for a given query, the proportion of searches for which users
had previously issued the same query within our sampling period (%
Requery). There is variation among users and queries with respect
to their re-querying rate, but on average, the priming queries are
the least re-issued by users (and most likely to be abandoned).

The aforementioned view of re-querying is muddied by the fact
that people varied in their use of the O�ce applications in gen-
eral, and of the in-application search experience in particular (i.e.
people with more sessions or queries had more opportunities for
re-accesses). Figure 5(a) shows the proportion of re-accesses, but
partitions users into cohorts based on the total number of queries
they issued during the month we studied. We distinguish three sepa-
rate re-access types: re-executing a command found through search
(“Command” ), re-issuing a query to the search system (“Query” )
or re-issuing a pre�x or an extension of a previously issued query
– for instance, the queries “pr” and “prin” – (“ApproxQuery” ). For
each of these types of search engagement, Figure 5(a) shows the
distribution of re-access over repeated use of the search system. It
is interesting to note that, for users with three distinct searches in
our sample, the proportion of repeated queries is 9%, but the pro-
portion of repeated commands is 17%, and that of approximately
repeated queries is 26%. This suggests that users learn approxi-
mately equivalent queries (e.g., a set of pre�xes) for accessing the
same commands.

We also examine the distance (i.e. the number of search activa-
tions) between re-access instances. In this view, we include only
search sessions that are indeed instances of re-access for a given
user. As seen in Figure 5(b), 30% to 35% of repeated queries are
identical to, or are approximations of, the previous query issued by
the user. Moreover, a history window of 5 queries is su�cient to

explain 70% of approximate query re-issues. Conversely, command
re-access is distributed more evenly across the �ve most recently
executed commands, primarily because the recently used command
list provides easy access to these commands. Even so, almost 20% of
the commands that are re-executed through search are repeats of
the most recently executed command, and the top �ve most recent
commands account for roughly 45% of command repeats. We now
take a closer look at factors in�uencing search abandonment.

5.5 Search Abandonment
Like in web search [22], searches in O�ce are frequently aban-
doned. Abandonment can occur when a user inputs a query and
elects not to click a result, or when a user activates the search bar
without issuing a query and elects not to click on a recently used
command or suggestion. In either case, a user may fail to click
on a result either because the intended command is not listed, or,
importantly, because it is present but the active system state is
incompatible with its execution (i.e. the command is greyed-out).
For example, in PowerPoint an object must be selected for the Crop
and Group commands to be enabled, and thus the corresponding
queries “crop” and “group” have high abandonment rates compared
to similar queries (20.55% and 35.03% respectively, as seen in Table
1). We return to these system state errors, and their role in search
abandonment, later.
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Figure 6: Distribution of search abandonment over user
groups partitioned by the number of search instances.

In our data, abandonment is twice as common in the zero-query
condition than in cases when users type at least one character into
the search box. Users just exploring the search bar as a novelty item
or mistakenly activating the search bar through click or keyboard
shortcut might partially explain abandonment without query input.
Figure 6 shows the distribution of search outcomes over groups
of users with repeated search access, sorted from users who have
used search functionality a single time (left) to users who have used
search functionality exactly 20 times (right) over the time period
we observed in our sample. It is interesting to note that the relative
proportion of abandoned search decreases with repeated system
use, as users either populate their recently used command list with
relevant or frequently accessed commands, or they learn and adapt
to the capabilities of the search system. We now take a closer look
at search abandonment after query input.

Abandoned searches similar in 
terms of query length and search 
duration to help or web search.

our results by providing a comparison between di�erent types of
in-application search (§5.2 – §5.4), followed by a closer look at char-
acteristics of abandoned search (§5.5); lastly, we describe ways of
using behavioral data to improve command ranking quality (§5.6).

5.1 Query, Command and User Distributions
Similar to Web search [14], the distribution of queries observed in
O�ce search is long-tailed, with a small number of query strings ac-
counting for a large proportion of the search events, across applica-
tions. Figure 3a shows the cumulative distribution of distinct query
strings observed in our sample, ordered by frequency. Roughly 10%
of query strings account for 80% of searches in our sample. This
trend is consistent across O�ce applications, suggesting that pro-
ductivity search is similar across the three applications we studied.
Figure 3b shows the cumulative distribution of commands executed
via the search functionality. Similarly, the top 10% most popular
commands executed via search account for roughly 70% of all search-
issued commands – although the shapes of the two distributions
suggest a heavier tailed query distribution. Finally, Figure 3c dis-
plays the cumulative distribution of searches across users, showing
that the most active 10% of users account for roughly 50% of the
searches in our sample.

5.2 Engagement Across Result Types
When users issue search queries in O�ce, the results may include
commands, a link to O�ce help, or a link to Web search results.
Among these three, command execution is the most likely outcome;
command results are clicked 6.4 times as often as help documenta-
tion, and 32 times as often as web search. This indicates that most
searches in O�ce are transactional, and are used to access — or
re-access — commands.
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Figure 4: Search session durations and query length.

Figure 4 shows the distribution of search session duration and
query length across types of search outcomes. Search session dura-
tion is the duration in seconds between search bar activation (e.g.,
by a user click on the search bar) and search bar deactivation (e.g.,
by a user clicking on one of the results), and query length is the
number of characters in the query at search bar deactivation.

The median duration of search sessions that terminate with a
command execution is 7 seconds, whereas the median duration for
search sessions that terminate with the activation of help or web
search panels is 22 and 17 seconds respectively. Similarly, command
search queries have a median length of 6 characters, whereas help
or web search queries have median lengths of 12 and 11 charac-
ters respectively. These di�erences highlight that informational

intent (i.e., the combination of help and web results) is typically
expressed through longer queries and takes longer to formulate
than command search. However, there is only a weak positive
correlation between session duration and query length (Pearson’s
r = 0.39,p < 0.001), suggesting that the typing e�ort is not the
only factor behind the di�erences we observed. We now contrast
command search to informational search in more detail.

5.3 Command (Transactional) Search
Given that command access is the most frequent search intent in
Microsoft O�ce, we take a closer look at this activity. Table 1 shows
the top 10 most frequent queries for each of the three applications
in our dataset. Though each of these queries was explicitly typed
by the searcher, user behavior is in�uenced by queries previously
suggested via the no-query experience (as described in §3.2). These
primed queries are over-represented in our dataset, and are denoted
with †. We note that primed queries are abandoned at a much higher
rate than other queries (%Abandoned), perhaps indicating users are
exploring the system, rather than satisfying actual search needs.
We discuss abandonment in detail in §5.5.

It is interesting to note that previous work on command execu-
tion in large-scale applications has shown a strong overlap among
users in their access of themost popular commands, and low overlap
for commands in the torso or tail of the corresponding command dis-
tribution [11, 17]. In contrast, our analysis of in-application search
shows that there is low overlap in queries across users (%Users
column; similarly reported with respect to command usage in [17])
– even with respect to the top searches – even though queries often
directly match the names of commands. One possible interpreta-
tion is that users are leveraging in-application search to access
idiosyncratic commands in their command vocabularies.

In addition to frequency, we report the proportion of users who
issued each query (User Rank). This metric provides an indication
of how popular a given query is across users. We highlight two
examples: the query “undo” for Word, although it is the 5th most
popular query by number of issues, it is the 15th most popular by the
number of users who have issued the query at least once. Similarly,
the query “group”, for PowerPoint, ranks 10th most popular by
frequency of issues, but 17th most popular by number of users who
have submitted it to the search system at least once. This shows that
a smaller number of searchers make frequent use of these queries.
We discuss these re-access and re-�nding patterns in §5.4.

Finally, queries used to access commands vary widely. Table 2
presents a di�erent perspective on command access, by showing
the three most frequent commands executed through search, along
with the �ve most popular queries used to retrieve these commands,
and their relative frequency. There is less variation in the queries
used to retrieve commands such as “Print” in Word or “Crop” in
PowerPoint, where the command name also maps directly to the
query used most frequently to retrieve it – 80% of retrievals of
the “Crop” command being achieved via the query “crop”. On the
other hand, Table 2 also shows examples of commands that are
retrieved by a more varied set of queries, such as “Line Spacing”
in Word or “Orientation” in PowerPoint. Because these commands
require parameters (e.g., the amount of spacing between lines),
users, in addition to using the command name as a query, may

our results by providing a comparison between di�erent types of
in-application search (§5.2 – §5.4), followed by a closer look at char-
acteristics of abandoned search (§5.5); lastly, we describe ways of
using behavioral data to improve command ranking quality (§5.6).

5.1 Query, Command and User Distributions
Similar to Web search [14], the distribution of queries observed in
O�ce search is long-tailed, with a small number of query strings ac-
counting for a large proportion of the search events, across applica-
tions. Figure 3a shows the cumulative distribution of distinct query
strings observed in our sample, ordered by frequency. Roughly 10%
of query strings account for 80% of searches in our sample. This
trend is consistent across O�ce applications, suggesting that pro-
ductivity search is similar across the three applications we studied.
Figure 3b shows the cumulative distribution of commands executed
via the search functionality. Similarly, the top 10% most popular
commands executed via search account for roughly 70% of all search-
issued commands – although the shapes of the two distributions
suggest a heavier tailed query distribution. Finally, Figure 3c dis-
plays the cumulative distribution of searches across users, showing
that the most active 10% of users account for roughly 50% of the
searches in our sample.

5.2 Engagement Across Result Types
When users issue search queries in O�ce, the results may include
commands, a link to O�ce help, or a link to Web search results.
Among these three, command execution is the most likely outcome;
command results are clicked 6.4 times as often as help documenta-
tion, and 32 times as often as web search. This indicates that most
searches in O�ce are transactional, and are used to access — or
re-access — commands.
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Figure 4: Search session durations and query length.

Figure 4 shows the distribution of search session duration and
query length across types of search outcomes. Search session dura-
tion is the duration in seconds between search bar activation (e.g.,
by a user click on the search bar) and search bar deactivation (e.g.,
by a user clicking on one of the results), and query length is the
number of characters in the query at search bar deactivation.

The median duration of search sessions that terminate with a
command execution is 7 seconds, whereas the median duration for
search sessions that terminate with the activation of help or web
search panels is 22 and 17 seconds respectively. Similarly, command
search queries have a median length of 6 characters, whereas help
or web search queries have median lengths of 12 and 11 charac-
ters respectively. These di�erences highlight that informational

intent (i.e., the combination of help and web results) is typically
expressed through longer queries and takes longer to formulate
than command search. However, there is only a weak positive
correlation between session duration and query length (Pearson’s
r = 0.39,p < 0.001), suggesting that the typing e�ort is not the
only factor behind the di�erences we observed. We now contrast
command search to informational search in more detail.

5.3 Command (Transactional) Search
Given that command access is the most frequent search intent in
Microsoft O�ce, we take a closer look at this activity. Table 1 shows
the top 10 most frequent queries for each of the three applications
in our dataset. Though each of these queries was explicitly typed
by the searcher, user behavior is in�uenced by queries previously
suggested via the no-query experience (as described in §3.2). These
primed queries are over-represented in our dataset, and are denoted
with †. We note that primed queries are abandoned at a much higher
rate than other queries (%Abandoned), perhaps indicating users are
exploring the system, rather than satisfying actual search needs.
We discuss abandonment in detail in §5.5.

It is interesting to note that previous work on command execu-
tion in large-scale applications has shown a strong overlap among
users in their access of themost popular commands, and low overlap
for commands in the torso or tail of the corresponding command dis-
tribution [11, 17]. In contrast, our analysis of in-application search
shows that there is low overlap in queries across users (%Users
column; similarly reported with respect to command usage in [17])
– even with respect to the top searches – even though queries often
directly match the names of commands. One possible interpreta-
tion is that users are leveraging in-application search to access
idiosyncratic commands in their command vocabularies.

In addition to frequency, we report the proportion of users who
issued each query (User Rank). This metric provides an indication
of how popular a given query is across users. We highlight two
examples: the query “undo” for Word, although it is the 5th most
popular query by number of issues, it is the 15th most popular by the
number of users who have issued the query at least once. Similarly,
the query “group”, for PowerPoint, ranks 10th most popular by
frequency of issues, but 17th most popular by number of users who
have submitted it to the search system at least once. This shows that
a smaller number of searchers make frequent use of these queries.
We discuss these re-access and re-�nding patterns in §5.4.

Finally, queries used to access commands vary widely. Table 2
presents a di�erent perspective on command access, by showing
the three most frequent commands executed through search, along
with the �ve most popular queries used to retrieve these commands,
and their relative frequency. There is less variation in the queries
used to retrieve commands such as “Print” in Word or “Crop” in
PowerPoint, where the command name also maps directly to the
query used most frequently to retrieve it – 80% of retrievals of
the “Crop” command being achieved via the query “crop”. On the
other hand, Table 2 also shows examples of commands that are
retrieved by a more varied set of queries, such as “Line Spacing”
in Word or “Orientation” in PowerPoint. Because these commands
require parameters (e.g., the amount of spacing between lines),
users, in addition to using the command name as a query, may

our results by providing a comparison between di�erent types of
in-application search (§5.2 – §5.4), followed by a closer look at char-
acteristics of abandoned search (§5.5); lastly, we describe ways of
using behavioral data to improve command ranking quality (§5.6).

5.1 Query, Command and User Distributions
Similar to Web search [14], the distribution of queries observed in
O�ce search is long-tailed, with a small number of query strings ac-
counting for a large proportion of the search events, across applica-
tions. Figure 3a shows the cumulative distribution of distinct query
strings observed in our sample, ordered by frequency. Roughly 10%
of query strings account for 80% of searches in our sample. This
trend is consistent across O�ce applications, suggesting that pro-
ductivity search is similar across the three applications we studied.
Figure 3b shows the cumulative distribution of commands executed
via the search functionality. Similarly, the top 10% most popular
commands executed via search account for roughly 70% of all search-
issued commands – although the shapes of the two distributions
suggest a heavier tailed query distribution. Finally, Figure 3c dis-
plays the cumulative distribution of searches across users, showing
that the most active 10% of users account for roughly 50% of the
searches in our sample.

5.2 Engagement Across Result Types
When users issue search queries in O�ce, the results may include
commands, a link to O�ce help, or a link to Web search results.
Among these three, command execution is the most likely outcome;
command results are clicked 6.4 times as often as help documenta-
tion, and 32 times as often as web search. This indicates that most
searches in O�ce are transactional, and are used to access — or
re-access — commands.
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Figure 4: Search session durations and query length.

Figure 4 shows the distribution of search session duration and
query length across types of search outcomes. Search session dura-
tion is the duration in seconds between search bar activation (e.g.,
by a user click on the search bar) and search bar deactivation (e.g.,
by a user clicking on one of the results), and query length is the
number of characters in the query at search bar deactivation.

The median duration of search sessions that terminate with a
command execution is 7 seconds, whereas the median duration for
search sessions that terminate with the activation of help or web
search panels is 22 and 17 seconds respectively. Similarly, command
search queries have a median length of 6 characters, whereas help
or web search queries have median lengths of 12 and 11 charac-
ters respectively. These di�erences highlight that informational

intent (i.e., the combination of help and web results) is typically
expressed through longer queries and takes longer to formulate
than command search. However, there is only a weak positive
correlation between session duration and query length (Pearson’s
r = 0.39,p < 0.001), suggesting that the typing e�ort is not the
only factor behind the di�erences we observed. We now contrast
command search to informational search in more detail.

5.3 Command (Transactional) Search
Given that command access is the most frequent search intent in
Microsoft O�ce, we take a closer look at this activity. Table 1 shows
the top 10 most frequent queries for each of the three applications
in our dataset. Though each of these queries was explicitly typed
by the searcher, user behavior is in�uenced by queries previously
suggested via the no-query experience (as described in §3.2). These
primed queries are over-represented in our dataset, and are denoted
with †. We note that primed queries are abandoned at a much higher
rate than other queries (%Abandoned), perhaps indicating users are
exploring the system, rather than satisfying actual search needs.
We discuss abandonment in detail in §5.5.

It is interesting to note that previous work on command execu-
tion in large-scale applications has shown a strong overlap among
users in their access of themost popular commands, and low overlap
for commands in the torso or tail of the corresponding command dis-
tribution [11, 17]. In contrast, our analysis of in-application search
shows that there is low overlap in queries across users (%Users
column; similarly reported with respect to command usage in [17])
– even with respect to the top searches – even though queries often
directly match the names of commands. One possible interpreta-
tion is that users are leveraging in-application search to access
idiosyncratic commands in their command vocabularies.

In addition to frequency, we report the proportion of users who
issued each query (User Rank). This metric provides an indication
of how popular a given query is across users. We highlight two
examples: the query “undo” for Word, although it is the 5th most
popular query by number of issues, it is the 15th most popular by the
number of users who have issued the query at least once. Similarly,
the query “group”, for PowerPoint, ranks 10th most popular by
frequency of issues, but 17th most popular by number of users who
have submitted it to the search system at least once. This shows that
a smaller number of searchers make frequent use of these queries.
We discuss these re-access and re-�nding patterns in §5.4.

Finally, queries used to access commands vary widely. Table 2
presents a di�erent perspective on command access, by showing
the three most frequent commands executed through search, along
with the �ve most popular queries used to retrieve these commands,
and their relative frequency. There is less variation in the queries
used to retrieve commands such as “Print” in Word or “Crop” in
PowerPoint, where the command name also maps directly to the
query used most frequently to retrieve it – 80% of retrievals of
the “Crop” command being achieved via the query “crop”. On the
other hand, Table 2 also shows examples of commands that are
retrieved by a more varied set of queries, such as “Line Spacing”
in Word or “Orientation” in PowerPoint. Because these commands
require parameters (e.g., the amount of spacing between lines),
users, in addition to using the command name as a query, may

our results by providing a comparison between di�erent types of
in-application search (§5.2 – §5.4), followed by a closer look at char-
acteristics of abandoned search (§5.5); lastly, we describe ways of
using behavioral data to improve command ranking quality (§5.6).

5.1 Query, Command and User Distributions
Similar to Web search [14], the distribution of queries observed in
O�ce search is long-tailed, with a small number of query strings ac-
counting for a large proportion of the search events, across applica-
tions. Figure 3a shows the cumulative distribution of distinct query
strings observed in our sample, ordered by frequency. Roughly 10%
of query strings account for 80% of searches in our sample. This
trend is consistent across O�ce applications, suggesting that pro-
ductivity search is similar across the three applications we studied.
Figure 3b shows the cumulative distribution of commands executed
via the search functionality. Similarly, the top 10% most popular
commands executed via search account for roughly 70% of all search-
issued commands – although the shapes of the two distributions
suggest a heavier tailed query distribution. Finally, Figure 3c dis-
plays the cumulative distribution of searches across users, showing
that the most active 10% of users account for roughly 50% of the
searches in our sample.

5.2 Engagement Across Result Types
When users issue search queries in O�ce, the results may include
commands, a link to O�ce help, or a link to Web search results.
Among these three, command execution is the most likely outcome;
command results are clicked 6.4 times as often as help documenta-
tion, and 32 times as often as web search. This indicates that most
searches in O�ce are transactional, and are used to access — or
re-access — commands.
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Figure 4: Search session durations and query length.

Figure 4 shows the distribution of search session duration and
query length across types of search outcomes. Search session dura-
tion is the duration in seconds between search bar activation (e.g.,
by a user click on the search bar) and search bar deactivation (e.g.,
by a user clicking on one of the results), and query length is the
number of characters in the query at search bar deactivation.

The median duration of search sessions that terminate with a
command execution is 7 seconds, whereas the median duration for
search sessions that terminate with the activation of help or web
search panels is 22 and 17 seconds respectively. Similarly, command
search queries have a median length of 6 characters, whereas help
or web search queries have median lengths of 12 and 11 charac-
ters respectively. These di�erences highlight that informational

intent (i.e., the combination of help and web results) is typically
expressed through longer queries and takes longer to formulate
than command search. However, there is only a weak positive
correlation between session duration and query length (Pearson’s
r = 0.39,p < 0.001), suggesting that the typing e�ort is not the
only factor behind the di�erences we observed. We now contrast
command search to informational search in more detail.

5.3 Command (Transactional) Search
Given that command access is the most frequent search intent in
Microsoft O�ce, we take a closer look at this activity. Table 1 shows
the top 10 most frequent queries for each of the three applications
in our dataset. Though each of these queries was explicitly typed
by the searcher, user behavior is in�uenced by queries previously
suggested via the no-query experience (as described in §3.2). These
primed queries are over-represented in our dataset, and are denoted
with †. We note that primed queries are abandoned at a much higher
rate than other queries (%Abandoned), perhaps indicating users are
exploring the system, rather than satisfying actual search needs.
We discuss abandonment in detail in §5.5.

It is interesting to note that previous work on command execu-
tion in large-scale applications has shown a strong overlap among
users in their access of themost popular commands, and low overlap
for commands in the torso or tail of the corresponding command dis-
tribution [11, 17]. In contrast, our analysis of in-application search
shows that there is low overlap in queries across users (%Users
column; similarly reported with respect to command usage in [17])
– even with respect to the top searches – even though queries often
directly match the names of commands. One possible interpreta-
tion is that users are leveraging in-application search to access
idiosyncratic commands in their command vocabularies.

In addition to frequency, we report the proportion of users who
issued each query (User Rank). This metric provides an indication
of how popular a given query is across users. We highlight two
examples: the query “undo” for Word, although it is the 5th most
popular query by number of issues, it is the 15th most popular by the
number of users who have issued the query at least once. Similarly,
the query “group”, for PowerPoint, ranks 10th most popular by
frequency of issues, but 17th most popular by number of users who
have submitted it to the search system at least once. This shows that
a smaller number of searchers make frequent use of these queries.
We discuss these re-access and re-�nding patterns in §5.4.

Finally, queries used to access commands vary widely. Table 2
presents a di�erent perspective on command access, by showing
the three most frequent commands executed through search, along
with the �ve most popular queries used to retrieve these commands,
and their relative frequency. There is less variation in the queries
used to retrieve commands such as “Print” in Word or “Crop” in
PowerPoint, where the command name also maps directly to the
query used most frequently to retrieve it – 80% of retrievals of
the “Crop” command being achieved via the query “crop”. On the
other hand, Table 2 also shows examples of commands that are
retrieved by a more varied set of queries, such as “Line Spacing”
in Word or “Orientation” in PowerPoint. Because these commands
require parameters (e.g., the amount of spacing between lines),
users, in addition to using the command name as a query, may
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Figure 7: Di�erences between command search and aban-
doned (query) search.

5.5.1 Di�erences between command and abandoned search. Un-
derstanding the characteristics of abandoned search in contrast
to successful command search is critical to developing rich search
functionality that meet users’ expectations and needs. Figure 7
shows di�erences between command and abandoned search with
respect to query length (7a), search session duration (7b), number
of menu results shown in the search ranking, (7c) and number of
disabled results shown in the search ranking (7d). The �rst row
in Figure 7 shows di�erences in search session properties, such as
query length and duration. Overall, for abandoned search sessions
we observe longer queries (median query length 10 characters) and
longer search duration (median duration 14 seconds) than for com-
mand search. This suggests that, in the case of abandoned sessions,
users express more complex needs to the system, and that search
properties, such as query length and duration, can be used to iden-
tify searches in which users are struggling and perhaps pre-empt
abandonment by o�ering additional support.

The second row of Figure 7 shows di�erences based on the num-
ber of menu type results shown in the ranked list of commands,
and the number of disabled results in the ranking. In both cases,
abandoned search sessions typically display more menu type re-
sults and more disabled items – almost 8% of abandoned searches
do not lead to a command execution simply because all items re-
turned to the user are disabled due to system state (e.g., searching
for “crop” when no items that can be cropped are selected). It is
worth noting that showing a disabled command is arguably better
than not showing it at all, which might leave the user uncertain
about whether the command exists, or if the system understood
the intent of the query. Overall, these �ndings suggest that the
types of commands returned to the user have an e�ect on search
behavior and we further investigate the role of result type in search
abandonment.

5.5.2 Command types and search abandonment. Command re-
sults returned by the search system in Microsoft O�ce are not
uniform with respect to their user interaction patterns. Section 3.1
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reviews the di�erent types of command results returned to users:
action, �ag or menu commands. Given that, overall, a majority of
user clicks on command results are issued on the top-ranked result,
in this section we inspect the e�ects of top-ranked command type
on user search behavior.

The type of command displayed at top rank in the search results
returned varies with both user intent and with the distribution of
command types available in each of the applications we explored.
Table 3 shows the distribution of command types shown at top
rank. Although there is some variation across applications, the most
common types of results returned at top rank are action commands
and menu commands.

Action Flag Menu

Word 49.88% 10.88% 39.24%
Excel 44.45% 13.16% 42.40%
PowerPoint 34.89% 21.29% 43.82%

Table 3: Distribution of command types displayed at top-rank.

Figure 8 shows the distribution of search outcomes over com-
mand types, normalized by the relative frequency of command
types at the top rank for each application. Given this normalization,
in a uniform setting, each command type (i.e. bar color) should ac-
count for 1/3rd of the search outcomes. However, our results show
that menu commands are more frequent at top rank in the case of
abandoned and informational search. This �nding suggests that
the menu command type might in�uence users decision to aban-
don their searches or seek additional support. One hypothesis that
may explain this behavior is that relevant command results may
not be readily apparent to the user until they take the additional
action of opening the sub-menu, and that not all users will take
this additional step. Another hypothesis is that menu commands
re�ect more complex or obscure tasks, which may pose challenges
in both query formulation and task execution. As such, it is not
the menu result that leads to abandonment, but rather the more
complex task the user is engaged in. Even so, our �ndings suggests
that extracting sub-commands from deeper menu hierarchies and
displaying sub-commands directly in the search results list might
bene�t users trying to complete multi-step actions through search.
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Figure 7: Di�erences between command search and aban-
doned (query) search.

5.5.1 Di�erences between command and abandoned search. Un-
derstanding the characteristics of abandoned search in contrast
to successful command search is critical to developing rich search
functionality that meet users’ expectations and needs. Figure 7
shows di�erences between command and abandoned search with
respect to query length (7a), search session duration (7b), number
of menu results shown in the search ranking, (7c) and number of
disabled results shown in the search ranking (7d). The �rst row
in Figure 7 shows di�erences in search session properties, such as
query length and duration. Overall, for abandoned search sessions
we observe longer queries (median query length 10 characters) and
longer search duration (median duration 14 seconds) than for com-
mand search. This suggests that, in the case of abandoned sessions,
users express more complex needs to the system, and that search
properties, such as query length and duration, can be used to iden-
tify searches in which users are struggling and perhaps pre-empt
abandonment by o�ering additional support.

The second row of Figure 7 shows di�erences based on the num-
ber of menu type results shown in the ranked list of commands,
and the number of disabled results in the ranking. In both cases,
abandoned search sessions typically display more menu type re-
sults and more disabled items – almost 8% of abandoned searches
do not lead to a command execution simply because all items re-
turned to the user are disabled due to system state (e.g., searching
for “crop” when no items that can be cropped are selected). It is
worth noting that showing a disabled command is arguably better
than not showing it at all, which might leave the user uncertain
about whether the command exists, or if the system understood
the intent of the query. Overall, these �ndings suggest that the
types of commands returned to the user have an e�ect on search
behavior and we further investigate the role of result type in search
abandonment.

5.5.2 Command types and search abandonment. Command re-
sults returned by the search system in Microsoft O�ce are not
uniform with respect to their user interaction patterns. Section 3.1
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reviews the di�erent types of command results returned to users:
action, �ag or menu commands. Given that, overall, a majority of
user clicks on command results are issued on the top-ranked result,
in this section we inspect the e�ects of top-ranked command type
on user search behavior.

The type of command displayed at top rank in the search results
returned varies with both user intent and with the distribution of
command types available in each of the applications we explored.
Table 3 shows the distribution of command types shown at top
rank. Although there is some variation across applications, the most
common types of results returned at top rank are action commands
and menu commands.

Action Flag Menu

Word 49.88% 10.88% 39.24%
Excel 44.45% 13.16% 42.40%
PowerPoint 34.89% 21.29% 43.82%

Table 3: Distribution of command types displayed at top-rank.

Figure 8 shows the distribution of search outcomes over com-
mand types, normalized by the relative frequency of command
types at the top rank for each application. Given this normalization,
in a uniform setting, each command type (i.e. bar color) should ac-
count for 1/3rd of the search outcomes. However, our results show
that menu commands are more frequent at top rank in the case of
abandoned and informational search. This �nding suggests that
the menu command type might in�uence users decision to aban-
don their searches or seek additional support. One hypothesis that
may explain this behavior is that relevant command results may
not be readily apparent to the user until they take the additional
action of opening the sub-menu, and that not all users will take
this additional step. Another hypothesis is that menu commands
re�ect more complex or obscure tasks, which may pose challenges
in both query formulation and task execution. As such, it is not
the menu result that leads to abandonment, but rather the more
complex task the user is engaged in. Even so, our �ndings suggests
that extracting sub-commands from deeper menu hierarchies and
displaying sub-commands directly in the search results list might
bene�t users trying to complete multi-step actions through search.
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5.5.1 Di�erences between command and abandoned search. Un-
derstanding the characteristics of abandoned search in contrast
to successful command search is critical to developing rich search
functionality that meet users’ expectations and needs. Figure 7
shows di�erences between command and abandoned search with
respect to query length (7a), search session duration (7b), number
of menu results shown in the search ranking, (7c) and number of
disabled results shown in the search ranking (7d). The �rst row
in Figure 7 shows di�erences in search session properties, such as
query length and duration. Overall, for abandoned search sessions
we observe longer queries (median query length 10 characters) and
longer search duration (median duration 14 seconds) than for com-
mand search. This suggests that, in the case of abandoned sessions,
users express more complex needs to the system, and that search
properties, such as query length and duration, can be used to iden-
tify searches in which users are struggling and perhaps pre-empt
abandonment by o�ering additional support.

The second row of Figure 7 shows di�erences based on the num-
ber of menu type results shown in the ranked list of commands,
and the number of disabled results in the ranking. In both cases,
abandoned search sessions typically display more menu type re-
sults and more disabled items – almost 8% of abandoned searches
do not lead to a command execution simply because all items re-
turned to the user are disabled due to system state (e.g., searching
for “crop” when no items that can be cropped are selected). It is
worth noting that showing a disabled command is arguably better
than not showing it at all, which might leave the user uncertain
about whether the command exists, or if the system understood
the intent of the query. Overall, these �ndings suggest that the
types of commands returned to the user have an e�ect on search
behavior and we further investigate the role of result type in search
abandonment.

5.5.2 Command types and search abandonment. Command re-
sults returned by the search system in Microsoft O�ce are not
uniform with respect to their user interaction patterns. Section 3.1
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reviews the di�erent types of command results returned to users:
action, �ag or menu commands. Given that, overall, a majority of
user clicks on command results are issued on the top-ranked result,
in this section we inspect the e�ects of top-ranked command type
on user search behavior.

The type of command displayed at top rank in the search results
returned varies with both user intent and with the distribution of
command types available in each of the applications we explored.
Table 3 shows the distribution of command types shown at top
rank. Although there is some variation across applications, the most
common types of results returned at top rank are action commands
and menu commands.

Action Flag Menu

Word 49.88% 10.88% 39.24%
Excel 44.45% 13.16% 42.40%
PowerPoint 34.89% 21.29% 43.82%

Table 3: Distribution of command types displayed at top-rank.

Figure 8 shows the distribution of search outcomes over com-
mand types, normalized by the relative frequency of command
types at the top rank for each application. Given this normalization,
in a uniform setting, each command type (i.e. bar color) should ac-
count for 1/3rd of the search outcomes. However, our results show
that menu commands are more frequent at top rank in the case of
abandoned and informational search. This �nding suggests that
the menu command type might in�uence users decision to aban-
don their searches or seek additional support. One hypothesis that
may explain this behavior is that relevant command results may
not be readily apparent to the user until they take the additional
action of opening the sub-menu, and that not all users will take
this additional step. Another hypothesis is that menu commands
re�ect more complex or obscure tasks, which may pose challenges
in both query formulation and task execution. As such, it is not
the menu result that leads to abandonment, but rather the more
complex task the user is engaged in. Even so, our �ndings suggests
that extracting sub-commands from deeper menu hierarchies and
displaying sub-commands directly in the search results list might
bene�t users trying to complete multi-step actions through search.
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5.6 Re-ranking Results
In this section, we report on the application of command re-ranking
strategies informed by behavioral data. We evaluate our re-ranking
strategies in an o�-line setting, using log data, by interpreting
clicks as positive relevance labels. There are two aspects of result
re-ranking that we discuss here: re-ranking strategy, by which
we refer to the reordering of commands returned to users based
on simple metrics; and re-ranking selection, by which we refer to
the process of selecting queries that might bene�t from results re-
ranking. Informed by our analysis of user engagement with O�ce
search, we consider the following strategies:
Result type re-ranking. Based on our observation that searches
in which menu commands are top-ranked seem to be abandoned
at a higher rate, we re-rank results by explicitly placing menu
commands below action or �ag items in the ranking.
Per-query command click-through rate. User engagementwith
the search system allows us to observe command execution fre-
quency and click-through rate for a given query. For a query and
a list of results relevant to the query, we re-rank commands in
descending order of their per-query click-through rate.
Overall command click-through rate. Similar to the previous
strategy, we can compute global command click-through rates for
individual commands, as a measure of how useful a command is
overall. Given a list of results, we re-rank commands in descending
order of their global click-through rate.

To evaluate the strategies outlined above, we split our data into
training and test folds (each fold covering a non-overlapping pe-
riod of two weeks). We use training data for two purposes: �rstly,
to compute overall and per-query command click-through rates;
secondly, we use the training fold to select which queries (and cor-
responding rankings) potentially bene�t from re-ranking. Selecting
which result lists to re-rank is not trivial, given that more than
70% of searches retrieved optimal rankings (i.e. clicked command
returned at top rank), and as such, re-ranking these searches would
likely deteriorate the quality of their results. Thus, we compare two
di�erent methods to select instances of search in which to deploy
our re-ranking strategies.
Historical query selection. We use training data to select queries
that generated clicks on lower ranked results, on average, and we
apply our re-ranking strategies only to those queries, as observed
in our test data. Using this �ltering method, we select 16.34% of the
searches in our test fold for re-ranking.
Oracle query selection. Given that our logs contain the clicked
result rank, we can identify all searches in which clicks were not
issued on the top-ranked result, and apply re-ranking strategies
to these searches. This selection method is not feasible in a real-
world setting, where click rank is not know beforehand, but is an
informative baseline with respect to the e�ectiveness of our re-
ranking strategies. Using this �ltering method, we select 29.46% of
the searches in our test fold for re-ranking.

Table 4 shows the distribution of clicks over ranks for our re-
ranking strategies. The existing system ranker returns the clicked
result at top rank in more than 70% of searches in our test data. Even
so, all re-ranking strategies we explored increase the proportion
of clicks at top-rank. Simply placing menu type results lower in
the ranking increases the proportion of top-rank clicks by 0.6% to

Selection Strategy Clicked result rank

1 2 3 4 5

No re-ranking 70.54% 15.93% 7.18% 3.85% 2.50%

Historical Result type 71.17% 12.47% 7.21% 5.28% 3.87%
Overall click-through 74.66% 12.52% 6.47% 3.83% 2.51%
Per-query click-through 77.93% 12.29% 5.32% 2.68% 1.78%

Oracle Result type 76.77% 7.48% 5.76% 5.63% 4.36%
Overall click-through 82.65% 7.25% 5.08% 3.20% 1.82%
Per-query click-through 83.18% 9.47% 4.24% 1.99% 1.12%

Table 4: Distribution of clicks over ranking positions.

6%, in historical and oracle re-ranking query selection, respectively.
Together with our analysis of command types and their role in
abandoned search, our �ndings suggest that placing menu items
lower in the ranking does not deteriorate the quality of results
returned to the user, and might even prevent abandonment. We
hypothesize that users willing to navigate menu hierarchies to
locate their intended command will do so even when the menu
result – which collapses the relevant menu hierarchy – is at a lower
rank; the converse might not be true, with users looking for quick
access to an action (or �ag) command perhaps being less inclined
to review the sub-menu contents of top-ranked menu results in
order to locate their intended command, and maybe more likely to
abandon their search. We leave testing this hypothesis for future
work.

Overall, the most e�ective re-ranking metric we explored is
per-query command click-through rate. Re-ranking based on this
metric increased top-rank clicks by 7% to 13% over historical and
oracle query selection methods, respectively. Even though integrat-
ing behavioral signals into search results ranking is widespread
in search algorithms for the web [2, 25], their application to in-
application command search is under-explored and our work pro-
vides an overview of simple re-ranking strategies based on user
interaction data as a �rst step towards integrating behavioral sig-
nals into command and control search.

6 CONCLUSIONS
Rich search experiences have become available across a variety
of surfaces: from the web, to personal information repositories,
feature-rich applications and operating systems. These novel search
experiences transform both the way users engage with complex
applications, and their expectations of search systems in general.

Our study provides a characterization of user behavior in an
under-studied area of information access: search in productivity
software. Millions of users actively engage with productivity soft-
ware each month. As search interactions become integrated into
their work�ows, understanding search behavior is necessary for
developing systems that can e�ectively respond to users’ queries.

Users primarily engage in �nding commands through the search
interface available in Microsoft O�ce (RG1.2). The distributional
properties of observed queries are similar to other search domains,
in that a large proportion of search volume is generated by a small
proportion of queries (RG1.1). However, our results show that, un-
like command access, there is low overlap in queries across users –
even for frequently observed query strings. One possible interpre-
tation is that users are leveraging in-application search to access
idiosyncratic commands in their command vocabularies. We also

Without re-ranking, most 
command clicks occur at 
rank one. 
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5.6 Re-ranking Results
In this section, we report on the application of command re-ranking
strategies informed by behavioral data. We evaluate our re-ranking
strategies in an o�-line setting, using log data, by interpreting
clicks as positive relevance labels. There are two aspects of result
re-ranking that we discuss here: re-ranking strategy, by which
we refer to the reordering of commands returned to users based
on simple metrics; and re-ranking selection, by which we refer to
the process of selecting queries that might bene�t from results re-
ranking. Informed by our analysis of user engagement with O�ce
search, we consider the following strategies:
Result type re-ranking. Based on our observation that searches
in which menu commands are top-ranked seem to be abandoned
at a higher rate, we re-rank results by explicitly placing menu
commands below action or �ag items in the ranking.
Per-query command click-through rate. User engagementwith
the search system allows us to observe command execution fre-
quency and click-through rate for a given query. For a query and
a list of results relevant to the query, we re-rank commands in
descending order of their per-query click-through rate.
Overall command click-through rate. Similar to the previous
strategy, we can compute global command click-through rates for
individual commands, as a measure of how useful a command is
overall. Given a list of results, we re-rank commands in descending
order of their global click-through rate.

To evaluate the strategies outlined above, we split our data into
training and test folds (each fold covering a non-overlapping pe-
riod of two weeks). We use training data for two purposes: �rstly,
to compute overall and per-query command click-through rates;
secondly, we use the training fold to select which queries (and cor-
responding rankings) potentially bene�t from re-ranking. Selecting
which result lists to re-rank is not trivial, given that more than
70% of searches retrieved optimal rankings (i.e. clicked command
returned at top rank), and as such, re-ranking these searches would
likely deteriorate the quality of their results. Thus, we compare two
di�erent methods to select instances of search in which to deploy
our re-ranking strategies.
Historical query selection. We use training data to select queries
that generated clicks on lower ranked results, on average, and we
apply our re-ranking strategies only to those queries, as observed
in our test data. Using this �ltering method, we select 16.34% of the
searches in our test fold for re-ranking.
Oracle query selection. Given that our logs contain the clicked
result rank, we can identify all searches in which clicks were not
issued on the top-ranked result, and apply re-ranking strategies
to these searches. This selection method is not feasible in a real-
world setting, where click rank is not know beforehand, but is an
informative baseline with respect to the e�ectiveness of our re-
ranking strategies. Using this �ltering method, we select 29.46% of
the searches in our test fold for re-ranking.

Table 4 shows the distribution of clicks over ranks for our re-
ranking strategies. The existing system ranker returns the clicked
result at top rank in more than 70% of searches in our test data. Even
so, all re-ranking strategies we explored increase the proportion
of clicks at top-rank. Simply placing menu type results lower in
the ranking increases the proportion of top-rank clicks by 0.6% to

Selection Strategy Clicked result rank

1 2 3 4 5

No re-ranking 70.54% 15.93% 7.18% 3.85% 2.50%

Historical Result type 71.17% 12.47% 7.21% 5.28% 3.87%
Overall click-through 74.66% 12.52% 6.47% 3.83% 2.51%
Per-query click-through 77.93% 12.29% 5.32% 2.68% 1.78%

Oracle Result type 76.77% 7.48% 5.76% 5.63% 4.36%
Overall click-through 82.65% 7.25% 5.08% 3.20% 1.82%
Per-query click-through 83.18% 9.47% 4.24% 1.99% 1.12%

Table 4: Distribution of clicks over ranking positions.

6%, in historical and oracle re-ranking query selection, respectively.
Together with our analysis of command types and their role in
abandoned search, our �ndings suggest that placing menu items
lower in the ranking does not deteriorate the quality of results
returned to the user, and might even prevent abandonment. We
hypothesize that users willing to navigate menu hierarchies to
locate their intended command will do so even when the menu
result – which collapses the relevant menu hierarchy – is at a lower
rank; the converse might not be true, with users looking for quick
access to an action (or �ag) command perhaps being less inclined
to review the sub-menu contents of top-ranked menu results in
order to locate their intended command, and maybe more likely to
abandon their search. We leave testing this hypothesis for future
work.

Overall, the most e�ective re-ranking metric we explored is
per-query command click-through rate. Re-ranking based on this
metric increased top-rank clicks by 7% to 13% over historical and
oracle query selection methods, respectively. Even though integrat-
ing behavioral signals into search results ranking is widespread
in search algorithms for the web [2, 25], their application to in-
application command search is under-explored and our work pro-
vides an overview of simple re-ranking strategies based on user
interaction data as a �rst step towards integrating behavioral sig-
nals into command and control search.

6 CONCLUSIONS
Rich search experiences have become available across a variety
of surfaces: from the web, to personal information repositories,
feature-rich applications and operating systems. These novel search
experiences transform both the way users engage with complex
applications, and their expectations of search systems in general.

Our study provides a characterization of user behavior in an
under-studied area of information access: search in productivity
software. Millions of users actively engage with productivity soft-
ware each month. As search interactions become integrated into
their work�ows, understanding search behavior is necessary for
developing systems that can e�ectively respond to users’ queries.

Users primarily engage in �nding commands through the search
interface available in Microsoft O�ce (RG1.2). The distributional
properties of observed queries are similar to other search domains,
in that a large proportion of search volume is generated by a small
proportion of queries (RG1.1). However, our results show that, un-
like command access, there is low overlap in queries across users –
even for frequently observed query strings. One possible interpre-
tation is that users are leveraging in-application search to access
idiosyncratic commands in their command vocabularies. We also
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5.6 Re-ranking Results
In this section, we report on the application of command re-ranking
strategies informed by behavioral data. We evaluate our re-ranking
strategies in an o�-line setting, using log data, by interpreting
clicks as positive relevance labels. There are two aspects of result
re-ranking that we discuss here: re-ranking strategy, by which
we refer to the reordering of commands returned to users based
on simple metrics; and re-ranking selection, by which we refer to
the process of selecting queries that might bene�t from results re-
ranking. Informed by our analysis of user engagement with O�ce
search, we consider the following strategies:
Result type re-ranking. Based on our observation that searches
in which menu commands are top-ranked seem to be abandoned
at a higher rate, we re-rank results by explicitly placing menu
commands below action or �ag items in the ranking.
Per-query command click-through rate. User engagementwith
the search system allows us to observe command execution fre-
quency and click-through rate for a given query. For a query and
a list of results relevant to the query, we re-rank commands in
descending order of their per-query click-through rate.
Overall command click-through rate. Similar to the previous
strategy, we can compute global command click-through rates for
individual commands, as a measure of how useful a command is
overall. Given a list of results, we re-rank commands in descending
order of their global click-through rate.

To evaluate the strategies outlined above, we split our data into
training and test folds (each fold covering a non-overlapping pe-
riod of two weeks). We use training data for two purposes: �rstly,
to compute overall and per-query command click-through rates;
secondly, we use the training fold to select which queries (and cor-
responding rankings) potentially bene�t from re-ranking. Selecting
which result lists to re-rank is not trivial, given that more than
70% of searches retrieved optimal rankings (i.e. clicked command
returned at top rank), and as such, re-ranking these searches would
likely deteriorate the quality of their results. Thus, we compare two
di�erent methods to select instances of search in which to deploy
our re-ranking strategies.
Historical query selection. We use training data to select queries
that generated clicks on lower ranked results, on average, and we
apply our re-ranking strategies only to those queries, as observed
in our test data. Using this �ltering method, we select 16.34% of the
searches in our test fold for re-ranking.
Oracle query selection. Given that our logs contain the clicked
result rank, we can identify all searches in which clicks were not
issued on the top-ranked result, and apply re-ranking strategies
to these searches. This selection method is not feasible in a real-
world setting, where click rank is not know beforehand, but is an
informative baseline with respect to the e�ectiveness of our re-
ranking strategies. Using this �ltering method, we select 29.46% of
the searches in our test fold for re-ranking.

Table 4 shows the distribution of clicks over ranks for our re-
ranking strategies. The existing system ranker returns the clicked
result at top rank in more than 70% of searches in our test data. Even
so, all re-ranking strategies we explored increase the proportion
of clicks at top-rank. Simply placing menu type results lower in
the ranking increases the proportion of top-rank clicks by 0.6% to

Selection Strategy Clicked result rank

1 2 3 4 5

No re-ranking 70.54% 15.93% 7.18% 3.85% 2.50%

Historical Result type 71.17% 12.47% 7.21% 5.28% 3.87%
Overall click-through 74.66% 12.52% 6.47% 3.83% 2.51%
Per-query click-through 77.93% 12.29% 5.32% 2.68% 1.78%

Oracle Result type 76.77% 7.48% 5.76% 5.63% 4.36%
Overall click-through 82.65% 7.25% 5.08% 3.20% 1.82%
Per-query click-through 83.18% 9.47% 4.24% 1.99% 1.12%

Table 4: Distribution of clicks over ranking positions.

6%, in historical and oracle re-ranking query selection, respectively.
Together with our analysis of command types and their role in
abandoned search, our �ndings suggest that placing menu items
lower in the ranking does not deteriorate the quality of results
returned to the user, and might even prevent abandonment. We
hypothesize that users willing to navigate menu hierarchies to
locate their intended command will do so even when the menu
result – which collapses the relevant menu hierarchy – is at a lower
rank; the converse might not be true, with users looking for quick
access to an action (or �ag) command perhaps being less inclined
to review the sub-menu contents of top-ranked menu results in
order to locate their intended command, and maybe more likely to
abandon their search. We leave testing this hypothesis for future
work.

Overall, the most e�ective re-ranking metric we explored is
per-query command click-through rate. Re-ranking based on this
metric increased top-rank clicks by 7% to 13% over historical and
oracle query selection methods, respectively. Even though integrat-
ing behavioral signals into search results ranking is widespread
in search algorithms for the web [2, 25], their application to in-
application command search is under-explored and our work pro-
vides an overview of simple re-ranking strategies based on user
interaction data as a �rst step towards integrating behavioral sig-
nals into command and control search.

6 CONCLUSIONS
Rich search experiences have become available across a variety
of surfaces: from the web, to personal information repositories,
feature-rich applications and operating systems. These novel search
experiences transform both the way users engage with complex
applications, and their expectations of search systems in general.

Our study provides a characterization of user behavior in an
under-studied area of information access: search in productivity
software. Millions of users actively engage with productivity soft-
ware each month. As search interactions become integrated into
their work�ows, understanding search behavior is necessary for
developing systems that can e�ectively respond to users’ queries.

Users primarily engage in �nding commands through the search
interface available in Microsoft O�ce (RG1.2). The distributional
properties of observed queries are similar to other search domains,
in that a large proportion of search volume is generated by a small
proportion of queries (RG1.1). However, our results show that, un-
like command access, there is low overlap in queries across users –
even for frequently observed query strings. One possible interpre-
tation is that users are leveraging in-application search to access
idiosyncratic commands in their command vocabularies. We also

Re-ranking based on per-
query CTR increases clicks 
on rank one by 13 
percentage points. 
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5.6 Re-ranking Results
In this section, we report on the application of command re-ranking
strategies informed by behavioral data. We evaluate our re-ranking
strategies in an o�-line setting, using log data, by interpreting
clicks as positive relevance labels. There are two aspects of result
re-ranking that we discuss here: re-ranking strategy, by which
we refer to the reordering of commands returned to users based
on simple metrics; and re-ranking selection, by which we refer to
the process of selecting queries that might bene�t from results re-
ranking. Informed by our analysis of user engagement with O�ce
search, we consider the following strategies:
Result type re-ranking. Based on our observation that searches
in which menu commands are top-ranked seem to be abandoned
at a higher rate, we re-rank results by explicitly placing menu
commands below action or �ag items in the ranking.
Per-query command click-through rate. User engagementwith
the search system allows us to observe command execution fre-
quency and click-through rate for a given query. For a query and
a list of results relevant to the query, we re-rank commands in
descending order of their per-query click-through rate.
Overall command click-through rate. Similar to the previous
strategy, we can compute global command click-through rates for
individual commands, as a measure of how useful a command is
overall. Given a list of results, we re-rank commands in descending
order of their global click-through rate.

To evaluate the strategies outlined above, we split our data into
training and test folds (each fold covering a non-overlapping pe-
riod of two weeks). We use training data for two purposes: �rstly,
to compute overall and per-query command click-through rates;
secondly, we use the training fold to select which queries (and cor-
responding rankings) potentially bene�t from re-ranking. Selecting
which result lists to re-rank is not trivial, given that more than
70% of searches retrieved optimal rankings (i.e. clicked command
returned at top rank), and as such, re-ranking these searches would
likely deteriorate the quality of their results. Thus, we compare two
di�erent methods to select instances of search in which to deploy
our re-ranking strategies.
Historical query selection. We use training data to select queries
that generated clicks on lower ranked results, on average, and we
apply our re-ranking strategies only to those queries, as observed
in our test data. Using this �ltering method, we select 16.34% of the
searches in our test fold for re-ranking.
Oracle query selection. Given that our logs contain the clicked
result rank, we can identify all searches in which clicks were not
issued on the top-ranked result, and apply re-ranking strategies
to these searches. This selection method is not feasible in a real-
world setting, where click rank is not know beforehand, but is an
informative baseline with respect to the e�ectiveness of our re-
ranking strategies. Using this �ltering method, we select 29.46% of
the searches in our test fold for re-ranking.

Table 4 shows the distribution of clicks over ranks for our re-
ranking strategies. The existing system ranker returns the clicked
result at top rank in more than 70% of searches in our test data. Even
so, all re-ranking strategies we explored increase the proportion
of clicks at top-rank. Simply placing menu type results lower in
the ranking increases the proportion of top-rank clicks by 0.6% to

Selection Strategy Clicked result rank

1 2 3 4 5

No re-ranking 70.54% 15.93% 7.18% 3.85% 2.50%

Historical Result type 71.17% 12.47% 7.21% 5.28% 3.87%
Overall click-through 74.66% 12.52% 6.47% 3.83% 2.51%
Per-query click-through 77.93% 12.29% 5.32% 2.68% 1.78%

Oracle Result type 76.77% 7.48% 5.76% 5.63% 4.36%
Overall click-through 82.65% 7.25% 5.08% 3.20% 1.82%
Per-query click-through 83.18% 9.47% 4.24% 1.99% 1.12%

Table 4: Distribution of clicks over ranking positions.

6%, in historical and oracle re-ranking query selection, respectively.
Together with our analysis of command types and their role in
abandoned search, our �ndings suggest that placing menu items
lower in the ranking does not deteriorate the quality of results
returned to the user, and might even prevent abandonment. We
hypothesize that users willing to navigate menu hierarchies to
locate their intended command will do so even when the menu
result – which collapses the relevant menu hierarchy – is at a lower
rank; the converse might not be true, with users looking for quick
access to an action (or �ag) command perhaps being less inclined
to review the sub-menu contents of top-ranked menu results in
order to locate their intended command, and maybe more likely to
abandon their search. We leave testing this hypothesis for future
work.

Overall, the most e�ective re-ranking metric we explored is
per-query command click-through rate. Re-ranking based on this
metric increased top-rank clicks by 7% to 13% over historical and
oracle query selection methods, respectively. Even though integrat-
ing behavioral signals into search results ranking is widespread
in search algorithms for the web [2, 25], their application to in-
application command search is under-explored and our work pro-
vides an overview of simple re-ranking strategies based on user
interaction data as a �rst step towards integrating behavioral sig-
nals into command and control search.

6 CONCLUSIONS
Rich search experiences have become available across a variety
of surfaces: from the web, to personal information repositories,
feature-rich applications and operating systems. These novel search
experiences transform both the way users engage with complex
applications, and their expectations of search systems in general.

Our study provides a characterization of user behavior in an
under-studied area of information access: search in productivity
software. Millions of users actively engage with productivity soft-
ware each month. As search interactions become integrated into
their work�ows, understanding search behavior is necessary for
developing systems that can e�ectively respond to users’ queries.

Users primarily engage in �nding commands through the search
interface available in Microsoft O�ce (RG1.2). The distributional
properties of observed queries are similar to other search domains,
in that a large proportion of search volume is generated by a small
proportion of queries (RG1.1). However, our results show that, un-
like command access, there is low overlap in queries across users –
even for frequently observed query strings. One possible interpre-
tation is that users are leveraging in-application search to access
idiosyncratic commands in their command vocabularies. We also

Re-ranking based on per-
query CTR increases clicks 
on rank one by 7 
percentage points in a 
train/test split.
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Search activity Abandonment Re-ranking

Command execution is 
most likely outcome in 
Office Search.

Frequent command re-
finding through search.

Abandonment rates lower 
for frequent searchers.

Abandoned searches 
similar (in terms of query 
length and search 
duration) to help or web 
search.

Most command clicks 
occur at rank one.

Lowering Menu results in 
the ranking increases clicks 
on top rank. 

Menu results more 
frequent at top rank in the 
case of abandoned / 
informational search.

Re-ranking based on per-
query CTR is most 
effective strategy 
investigated.
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