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Abstract
We describe the social features of Google Fusion Tables, a cloud-based data management service whose
goal is to facilitate collaboration around data sets. The social features include the ability to specify
attribution of data sets, a mechanism for conducting discussions on data (at fine granularity, such as
row, column or cell), the ability to merge tables that belong to different owners, and the ability to share
specific queries and visualizations and embed them in other properties on the Web. We describe the
rationale for designing these features and our experiences after our first year of interacting with users.

1 Introduction
Google Fusion Tables [7, 8] is a cloud-based service for data management and integration. The over-arching goal
of Fusion Tables is to facilitate new types of collaboration around private and public data sets and to enable data
management by a broader audience of users. Though we have witnessed a wide range of applications of Fusion
Tables, we have seen considerable usage by organizations that are struggling with making their data available
internally and externally, and communities of users that need to collaborate on data management across multiple
enterprises.
Fusion Tables enables users to upload tabular data files (spreadsheets or CSV) of up to 100MB. The system
provides several ways of visualizing the data (charts, maps, time-lines), and the ability to query by filtering and
aggregating the data. We support integrating data from multiple sources by performing joins across tables that
may belong to different users. Derived tables can be created by joining multiple tables or by projecting a subset
of the columns from a single table. Users can keep the data private, share it with a select set of collaborators, or
make it public. Fusion Tables also supports an API which many have used to build interesting applications.
As we gathered requirements for Fusion Tables it was clear that provenance and lineage need to be attached
to tables in such an open environment. However, we quickly realized that there is a much broader set of features
that are needed to support rich social interactions. This paper focuses on the social features of Fusion Tables:
• Attribution: when a user uploads a table into Fusion Tables, she is given the option to attach an attribution
to the data. The attribution is the mechanism for specifying the provenance of the data. The attribution is
attached to any visualization or table that is derived from the table. Attribution is crucial for two reasons.
First, it is important for users to know the source of the data they are looking before they can trust it or
use combine it in interesting ways. Second, many owners of data are reluctant to share data unless the
attribution is attached. Hence, attribution plays a key role to entice organizations to share their data.
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• Discussion: Fusion Tables enables users to discuss the data at a fine granularity: individual rows, columns
and cells. Discussions are important in order to enable users to improve the quality of the data, clarify the
assumptions underlying it, or opine on its meaning.
• Data integration: as users find tables produced by others, they want to combine them to create new tables.
Fusion Tables enables a user to merge any pair of tables as long as the user has read permissions on it.
The system also enables users to inspect the lineage of derived tables.
• Publishing: Fusion Tables offers several easy ways of publishing data. A user can create a saved link
of a table or a visualization that can be shared via social media. Users can also embed a visualization
in other web pages by cutting and pasting an HTML snippet. Publishing data effectively is an important
component of enticing people to create interesting data sets.
This paper discusses the social aspects of fusion tables and the rationale underlying their design (Section 2).
We then discuss some of the experiences we have had with these features and the challenges that lie ahead 3).
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Social features of Fusion Tables

We designed the social features of Fusion Tables to facilitate collaboration among multiple parties, the ability to
enhance the data, create new data sets, and to provide easy discovery and dissemination of data. In what follows
we describe the features of Fusion Tables that are focused on social interactions.
Attribution: In an open data environment such as the Web, it is crucial that data owners get credit for publishing
their data and that users know the provenance of the data as they inspect it or use it further. As we were building
Fusion Tables, the need to specify attribution came up as a key requirement.

Figure 1: Specifying attribution in Fusion Tables. Users are encouraged to provide the attribution as a string and
a URL. They are also encouraged to describe their data during the import process. In addition, users can specify
whether the data can be exported into CSV files by other parties.

Users specify the attribution of a table in initial import flow (see Figure 1). Our import flow is designed
to have as few steps as possible in order to make import simple. Even so, we felt that specifying attribution
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is important enough to be included. The attribution includes both a string value and a URL of the source. It
is important to note that you do not need to be the originator of the data in order to give the attribution. For
example, in Figure 1 a user is importing data that he found (and attributes to) the Pacific Institute. On the Web
it is common for users to upload data that is attributed to other organizations.
The attribution is always shown along with the data, whether it is visualized as a table or using a chart or a
map. As the data gets processed, the attribution is propagated appropriately.1 When two tables are joined, the
attributions of both tables are shown and the interface on the table view shows the columns from the different
sources in slightly different colors. The attribution is also propagated to views and selections of the data. Given
the current query capabilities of Fusion Tables, there are no subtle issues related to propagating attribution – the
attribution always includes the attributions of all the base tables involved in a view. Users can also inspect how
a table is derived from other base tables in the About menu. We note that lineage on views is shown at the level
of tables. We do not currently show how each row in a derived table is derived from rows in the base tables.
Discussion: Viewing and querying data are just a first step in a real collaborative effort. In many applications
where data is shared among multiple parties, there needs to be significant discussion about the data. The discussion can lead to correcting data values, expressing additional opinions about the data, and elucidating the
assumptions underlying the data.
Given that we aim to support large collections of data, it was necessary that we enable users to discuss data at
varying levels of granularity – discussing 1 million rows in one block of text would be an ineffective way of keep
track of conversations. Hence, Fusion Tables enables conducting discussions at different levels of granularity,
including individual rows, columns and cells (see Figure 2).

Figure 2: Discussion on cells in Fusion Tables. Discussions can be conducted on individual rows, columns or
cells. Discussions are shown as trails, and if the value of the data is changed, then the change is shown as part
of the trail to provide context.

Discussions are presented as a record of statements through time, similar to instant messaging interfaces.
1

When data is embedded in other web sites, we currently do not show the attribution, mostly because we have not yet found an
appropriate place in the UI.
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When a value in a cell changes, the change is shown as part of the discussion trail, and therefore the context
of the change is visible. Fusion Tables also provides a discussion panel, where the user can search through a
collection of discussions, rather than having to view each one.2
Unlike attribution, we do not propagate discussions on a table to tables that are derived from it. The rationale
for this design is that a view may be used for a different purpose. For example, you may want to conduct two
parallel discussions on a different views of the same underlying data with two distinct set of collaborators. There
are cases where users would like to propagate discussions to views, and therefore in, in principle, we could leave
the propagation decision to the user (using the mechanisms developed in DBNotes [5]).
One of the emergent use cases of the discussion feature has been to annotate the data with additional explanation. For example, a column may use a convention to describe different health facilities in a country, and
a comment on the column can explain the meaning of the different conventions. While the same information
could have been put in the text description of the table, putting it in a comment makes it more accessible while
viewing the data. However, explanations of the data are likely valuable to all users of the data, and less likely to
need to be kept limited to a private set of collaborators. This is an example of where the capability to over-ride
the decision not to propagate discussions to views would be useful.
Data integration: The ability to find tables produced by others raises the potential of combining multiple tables.
For example, if you own a table about coffee production by different countries in the world, you may want to
combine it with tables containing the GDP or population of these countries. More generally, combined data sets
enable users to discover deeper correlations or trends. As shown in Figure 3, Fusion Tables currently lets users
merge (i.e., join) two tables based on a shared column. When two tables are combined, the permissions on the
individual columns are the same as for the base tables.
Some subtle issues arise as we propagate permissions on tables that are derived by merging. Suppose user
A wants to grant permissions on table T to user B. If the table T is the result of fusion tables T1 and T2 , then
A may not have write permissions on all of T ’s columns. Hence, A can only grant write permissions to B on
columns of T for which A himself has write permissions. We note that join column used to create a merged
table is never directly editable on the merged table itself. All changes to the merge column need to be made on
the base tables.
Publishing data: There are several mechanisms for sharing data in Fusion Tables. For starters, an owner of
a table can share it with a set of collaborators by specifying their email addresses. The collaborators can be
granted read and/or write permissions on the table. The owner can also specify merge permissions, where the
collaborator can add new columns to the table but cannot change the data in the existing columns. Merge
permissions are useful in cases where multiple parties are creating a data set together, but each one has authority
over a particular set of columns.
Tables can also be made public to be viewed by anyone. The table owner can decide whether to allow search
engines to crawl the table or not. If not, the data may be shared by sending around a link. In addition to showing
up in general search results, Fusion Tables provides a search facility over the tables that have been made public
and crawlable in the spirit of [6].
We quickly found out that users want share visualizations of the data in addition to the data itself. The
reason is that creating a visualization (which may apply to a carefully chosen subset of the table) can convey a
particular point and involve more intimate knowledge of the data than can be expected by the viewers. Hence,
Fusion Tables enables users to create saved links of the data. A saved link is a visualization (e.g., map, bar chart)
applied to some query over the data. The link can be shared using any social media (e.g., Twitter or Facebook).
2

At the storage level, comments are stored in a separate table than the data itself. We store all the comments for all user tables in
a single Bigtable table. The key of the comments table is the subject of the com- ment, which is the triple: (table, row, column). It
uniquely identies the element a comment applies to. The value of a row is the text of the comment, the author, and the date the comment
was posted.
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Figure 3: Integrating two tables via a merge operation. The user can search for tables to merge with, and then
specifies the join column in both tables. In the figure, the user is merging the table Coffee Consumption per
Capita with the table Coffee Production on the Country’ column.

Visualizations of the data can be embedded in other Web properties. For example, as illustrated in Figure 4,
a common use case of Fusion Tables is by journalists who want to back up their article by relevant data. Such
embeddings are a significant source of our traffic, because the data is served to users who are browsing other
popular Web pages. The owner of the data can see how many views a data set received, which is another
mechanism to create an incentive for owners to share their data.
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Experiences and Challenges

We learned several lessons from our experience with Fusion Tables and from users’ requests. These lessons have
given rise to some challenges in our system and lead to some interesting future work. We summarize the main
ideas below.
Attribution and provenance: We observed that 12% of the tables in the system provide some attribution, and
among tables that have been made public 34% have attribution. One of the issues that was raised by our users is
the desire to distinguish between the case in which the data is uploaded by the actual owner/producer of the data
versus the case in which someone uploaded data they found and want to provide the appropriate attribution. Of
course, in the current state attribution can be abused, but we have not witnessed that happening yet. Currently, the
5

Figure 4: Embedding a map visualization from Fusion Tables in a news article. Updates to the underlying table
will be automatically propagated to the map visualization.

only way to check whether the data was uploaded by the owner is if their email address matches the appropriate
organization.
Given our current experience, we view the attribution feature of Fusion Tables as reasonably effective. We
note that comments in discussions also contain the email address of the person commenting. Currently, we do
not let users query for comments by owner, though that could be a useful feature.
We see attribution and provenance playing a significant role in socializing data. In particular, there are
domains in which the source of the data and the exact method that derived data was computed are crucial. For
example, in climate science or bio-diversity many of the discussions among scientists and the messaging of
science to the general public is based on derived data sets. But given the diversity of opinions in these fields and
the fact that the science is constantly evolving, it must be possible to specify where the data came from and when
and how it was derived from other data. Such provenance is necessary in order to ensure that the assumptions
underlying the data are appropriate for the implied conclusion, and in order for other scientists to be able to
recreate the same results.
Discussion: The experience with the discussion feature has been much more mixed and we believe there are
many more challenges there. Our main observation from talking to users is that the role of the discussion feature
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in collaboration is not yet clear. Specifically, users do not always understand the purpose of leaving a comment
and what effect it will have. For example, they do not know whether someone will actually reply or act on a
comment that was left on a cell or row. As a result, they resort to the usual ways of discussing data (e.g., email
and chat).
One strategy to address the confusion issue is to provide discussion mechanisms with more specific semantics. For example, we can enable a data owner to set up a comment where she solicits ratings for particular rows.
As another example, we can specify that a comment is an explicit proposal to change or correct a value in a cell.
The challenge here would be to select a relatively small set of discussion types that would satisfy users’ most
common needs.
Another feature requested by our users is to be able to provide a comment on a set of cells (which cannot be
described as a query in a simple fashion). For example, such a comment would specify that a set of values seem
inconsistent, or that the cells together exhibit an interesting phenomenon that deserves attention.
Users have also noted the desire to discuss specific visualizations or parts of a visualization. For example,
when viewing a scatter plot of a data set you may notice a set of outliers, and it is much more effective to mark
them on the visualization itself. Annotating on visualizations raises the challenge of propagating the annotation
to the underlying data (and from there to other visualizations, when relevant). Basic functionality for annotating
visualizations is supported in ManyEyes [1].
Discussions often refer to specific versions of the data. Fusion Tables does not currently support creating
snapshots of the data and referring to them later. Several users have noted that adding snapshots would increase
the variety of cases in which our discussion features could be used.
Data integration: Our data integration features are quite basic at this point, and this was an explicit decision
when we designed Fusion Tables. The goal was simply to let users see different data sets side by side, without
having to perform any schema-level integration. One of the common requests is to allow more flexibility in
joining two tables. In particular, the rules for matching pairs of cells from the two join columns should be more
flexible. Typically, users merge a pair of tables, but we have seen cases of up to up to eleven base tables being
merged3
Crowd sourcing: One of the interesting applications enabled by Fusion Tables is the ability to crowd-source
data that would otherwise be hard to obtain. For example, Figure 5 shows how the Houston Chronicle asks
their readers to report burglaries in the Houston area. We have seen several cases where Fusion Tables has been
used for this purpose. Crowd-sourcing raises several issues that we will need to address in Fusion Tables, such
as being able to determine which data is reliable, which is accurate and up to date and which is redundant.
Currently all of these issues need to be addressed in the code that implements the crowd-sourcing.
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Conclusion

Recently, there have been many calls for an open data movement, where data is made public by organizations,
curated and enhanced by people who care about it, and then disseminated to a much wider audience. Such
open data projects have the potential of affecting decision making throughout many organizations, and making
high-quality data more readily available to those who need it.
Fusion Tables and related products such as Factual [2], Socrata [3] and Swivel [4] aim to support the interactions needed for open data using a set of social mechanisms to encourage collaboration. This article discussed
the social features we currently support in Fusion Tables, but we note that the area of supporting social aspects
of data management is still very much in its infancy. We described some of the challenges we have gleaned from
our users, but we are sure more challenges will soon become evident.
3

See http://tables.googlelabs.com/DataSource?dsrcid=183101.
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Figure 5: A page on the Houston Chronicle that crowd-sources data about burglaries in the Houston area.
Readers are asked to report known burglaries on the accompanying web form.
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