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Cyberspace (including web pages, social media, and online communities) is a powerful platform
for collective social communications, personal networking, and idea exchange. Scientists now
can trace, monitor, and analyze the spreads of radical social movements, protests, political
campaigns, etc. via social media. These research efforts can help us understand the diffusion of
innovations (Roger 1962), a dynamic process whereby new concepts, ideas, and technologies
spread through our society via cyberspace and digital social networks over time.
This position paper will introduce a new research method, called the Spatial Web Automatic
Reasoning and Mapping System (SWARMS) (http://mappingideas.sdsu.edu). SWARMS is
designed to track spatial patterns of publically-accessible web pages and semi-private social
media (such as Twitter or Facebook) based upon searching predefined clusters of keywords
determined by domain experts. Web pages and tweets associated with the same keywords were
converted into visualization maps using GIS analysis functions and geolocation methods.

Figure 1. The Two types of communication channels: public mass media vs. private networks
(left) and the distortion effects of cyberspace maps by different media (right).
Following the concepts of diffusion innovation by Roger (1962) and Hägerstrand (1967), the
SWARMS prototype focuses on mapping two types of communication channels: public channels
(mass media) and private channels (personal communication networks) (Figure 1) (Robinson
1976). In traditional communication research, the public channels are TVs, newspapers, radios,
etc. The private channels are face-to-face conversations, local community meetings, personal
letters, etc. In cyberspace, our SWARMS prototype utilized web search engines (Yahoo and
Bing) to analyze the spread of similar web pages associated with keywords as semi-public
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channels. Higher ranked web pages are more “public” to users. Lower ranked web pages are less
public. On the other hand, we analyzed the spread of tweets associated with keywords by Twitter
API as semi-private channels. Most tweets readers are the friends of Twitter users as
“followers”. Occasionally, some celebrities may have over millions of followers and their tweets
become more public than private messages. Figure 2 illustrates two types of communication
channels (media) we collected in SWARMS. The top one is the web pages ranked by Yahoo
search engines (representing the semi-public channels). The bottom one is the tweets collected
by Twitter API and python scripts (representing the semi-private channels).
a) Web page search results (by Yahoo Engine with keyword “Digital Earth”.

b) Tweets search results (by Twitter API with keyword “Mitt Romney”.

Figure 2. Two types of communication channels (media) collected by SWARMS.
Our preliminary analysis indicates that there is a strong spatial correlation between cyberspace
communications/messages and the real world events (such as flu outbreaks and the 2012 U.S.
Republican Presidential Primaries). However, the cyberspace maps created by SWARMS are
somehow “distorted” from the reality via different media. For example, in our U.S. Republican
Presidential Primary analysis, Ron Paul has great support from younger adults and he always has
much higher popularity in our tweet datasets comparing to the actual election results. But the
other three candidates’ tweet popularities are very similar to their final election results. One
possible explanation is that when people use different types of media (channels) to communicate,
different media may have unique “projection methods” to represent the spatial distribution of
innovations and communication messages in the real world. Therefore, our cyberspace maps
may inherit some “distortion effects” made by different media and their different projection
methods (Figure 1, right side). If we can figure out what types of “projection methods” used in
these media (such as Twitter, Weblogs, and Facebook), we may be able to correct these
distortions and to explain the diffusion of innovation more effectively.
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