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14.1  INTRODUCTION
Where and how do humans interact with computers? Much of the early work in 
human-computer interaction (HCI) research—and, indeed, some of the content in 
this book—focused on traditional computers—monitors and keyboards on desks, 
perhaps with mice or other input devices by their side. However, that is far from 
the whole story. As important as traditional computing has been and continues to 
be, much of how we interact with computers has moved from beyond the desktop 
onto the Internet and beyond. Social media, crowdsourcing, connected devices, and 
the “Internet of Things” all present interesting opportunities across the spectrum of 
human-computer interaction research—from understanding needs to evaluating sys-
tems and then studying how those systems are used.

This chapter attempts to tie together areas of work that might at first seem disjoint. 
Online research discusses techniques for conducting remote usability studies and 
other internet-enabled research, including studies of social media and online com-
munities (online surveys are covered in Chapter 5). Human computation discusses 
the use of online tools that ask large numbers of users to perform small tasks—an 
approach that has proven very useful for many HCI studies. Sensors and Ubiquitous 
computing expands upon the cell phones and fitness monitoring devices described in 
Chapter 13, to include the widespread use of inexpensive sensors to measure aspects 
of the world around us, providing augmented depictions of daily life and everyday 
environments.

Although these topics may seem very different, they share the common thread 
of investigating computer use outside of traditional contexts and goals. Online 
studies and ubiquitous computing research investigate the role of computing in 
social and everyday environments that would not have been possible in the early 
days of HCI research in the 1980s. Similarly, human computation studies envi-
sion novel approaches of the power of connected communities of people to solve 
otherwise difficult problems. We will discuss some examples of these new forms 
of computing, and how they might inform and extend the possibilities of your HCI 
research.

Online and ubiquitous HCI 
research
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14.2  ONLINE RESEARCH
Finding the right way to engage and interact with potential participants is a con-
stant struggle for HCI researchers. Offering a small cash payment and perhaps some 
free food to nearby undergraduates may help to some extent, but such convenience 
samples raise concerns about validity and generalizability. Finding users who may 
represent a broad range of ages, skills, and backgrounds may require getting out of 
the lab to engage with a broader range of participants. These challenges become even 
more profound for studies requiring specialized populations, such as highly trained 
domain specialists or users with particular disabilities, who might be both hard to 
identify and hard to get to the lab, due to their busy schedules and other constraints. 
Like many of our colleagues, we all have had the experience of struggling to find 
times to meet with those hard-to-engage participants, traveling around our cities to 
conduct studies in participants' homes, and otherwise worrying about our ability to 
find the right folks to finish our studies.

Although certainly no panacea, the Internet can help. Beyond the obvious ap-
proach of using message boards and mailing lists to recruit participants, HCI re-
searchers have found various types of online studies to be appealing and effective. 
Although not without their pitfalls, online research studies can, when designed 
correctly, help HCI researchers extend their reach and complete studies with less 
difficulty and expense. The unique challenges, pitfalls, and opportunities of online 
research should be considered carefully before starting any studies.

Moving beyond simply conducting traditional studies online, this section also 
looks at online activity as the focus of HCI research studies. These studies—which 
are inherently “online research”—explore the dynamics of social interactions con-
ducted online to understand how message boards, social media, and other tools en-
able social interaction and the spread of ideas.

14.2.1  OBSERVATIONAL ONLINE STUDIES
The classic HCI investigation involves watching a participant as they use a computer. 
Contextual inquiries; think-aloud and other usability studies; and empirical compari-
sons certainly differ in their design, content, and execution, but they share a common 
core: a participant in the study sits at the computer using a tool to complete a task, 
while one or more researchers watch, take notes, and record data. Being in the same 
room provides many advantages, as researchers are able to establish rapport with 
participants and build trust necessary for constructive conversations. Physical co-
location also helps observant researchers learn from watching their participants, not-
ing body language that might suggest discomfort, impatience, or other reactions to 
the tool or task at hand. Despite these benefits, in-person studies are also inherently 
limiting, as two (or more) people must find their way to the same location.

Noting these difficulties, HCI researchers have developed strategies for using 
Internet technologies to conduct usability studies remotely. Although web-based con-
ferencing tools (also discussed in Section 12.3.3) may still seem relatively novel—and 
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are still often difficult to use—the use of these tools for usability studies is at least 
20 years old (Hartson et al., 1996). Web conferencing tools capable of remote screen-
sharing (either one window at a time or full-screen) and integrated audio via voice-over 
IP or telephone, provide a basis for conversations between researcher and participant, 
both looking at the same screen content. Some tools go further, providing webcam 
video for participants, recording capabilities, and even remote mouse/keyboard con-
trol, providing one participant in the conversation to (with permission) control their 
interlocutor's computer.

Given these features, it is quite possible to conduct contextual inquiry and think-
aloud studies online. Contextual inquiries are perhaps easiest: your participant can 
share his or her screen, start their work, and you can sit back and watch, asking ques-
tions as needed. The click-by-click view of the tool at hand will provide a detailed 
picture of how individual actions are taken to complete tasks, and answers to questions 
should help you understand the work. Think-aloud studies that use traditional desktop 
software are slightly more challenging, as your participants will probably not have 
your software installed on their computers. Thus, web applications are particularly well 
suited for remote think-aloud studies, as users can access your web site from their com-
puter, just as they would if the tool were deployed on a production server. Alternatively, 
you might be able to send your participants an installable version of the software that 
they might run locally. If this is not possible, remote mouse and keyboard capabilities 
might help users control the software on your machine. In any case, once these details 
are worked out the study can proceed much like any other think-aloud.

Choosing the correct tools for this sort of work is critical. Beyond basic screen-
sharing and integrated audio, functionality for recording sessions is invaluable. The 
ability to replay and review sessions will augment your memory and free you up to 
focus on the participants' comments and actions, rather than on note-taking. Webcam 
video can be a great way to see the participants' facial expression and body language, 
restoring some of the fidelity lost when the participant is not in the room with the re-
searcher. However, this value is limited—many tools provide only webcam or screen 
sharing, but not both simultaneously. Remote mouse keyboard/control can be very 
helpful, but only if it works well. If you are planning on using this remote control 
facility, do not forget that your computer will be unavailable to you while the par-
ticipant is controlling things—you will not be able to use your own machine to take 
notes. A second computer might be needed. Do your due diligence before relying on 
one of these tools to conduct your study—compare features, use free trials to see how 
well services really work, and try multiple pilot sessions.

Other technical challenges associated with online observational studies include 
firewalls and desktop configurations. Some users may work in institutions that might 
be unfriendly to the use of these tools, potentially blocking access. Network poli-
cies at your own institution may be a difficulty as well, as firewall exceptions might 
be needed to place your web application on a system that is visible to the outside 
world. Web conferencing tools might require the installation of plugins on the par-
ticipants' computers, a process that might be difficult or impossible in some working 
environments. For these reasons, you might also ask each participant to conduct a 
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“test-drive” before your main session. If you only have a limited amount of time 
for each participant, you do not want to spend too much of it working on software 
configuration.

Even if all of the technology works perfectly, you should be prepared for a differ-
ent experience when conducting online observational studies. The lack of physical 
presence will make it harder to gauge participants' reactions, and even to know how 
intently they are focusing on the task (Dray and Siegel, 2004). More bluntly, you 
might have no way of knowing when users are surfing the web as opposed to attend-
ing to your questions. You might also find that contextual inquiries are somewhat 
limited: webcams might do a great job of showing faces, but they will not help you 
see anything that does not involve computer work, such as filing papers or reviewing 
printed material. Finally, do not forget that any plans to record sessions should be 
approved by your institutional review board or equivalent (see Chapter 15).

Online studies are not limited simply to web-conferencing systems. HCI research-
ers have experimented with other techniques designed to address shortcomings of 
both in-person and online studies. One effort found that 3D virtual world simulation 
of a usability lab provided some advantages over a web-conferencing-based usability 
study (Madathil and Greenstein, 2011). Webcam-based eye trackers (see Chapter 13) 
have also been used to remotely collect low-level interaction data as needed for us-
ability studies (Chynał and Szymański, 2011). Alternatively, you might consider sim-
pler, more low-tech approaches. Online reporting of critical usability incidents and 
posting of usability problems to online forums have been shown to be effective for 
identifying usability problems, although at a lower rate than in-person usability tests 
(Andreasen et al., 2007; Bruun et al., 2009). Such studies also have the advantage 
of being potentially asynchronous—you might ask participants to complete tasks at 
their convenience, reporting usability problems as appropriate. As is often the case 
with usability studies and expert reviews, providing specific predefined tasks may 
help participants identify more usability problems (Bruun and Stage, 2012).

Remote online usability studies can be useful for recruiting and including hard-
to-find participants, such as individuals with disabilities who might have some dif-
ficulty in making the trip to a usability lab. Although this approach has been shown 
to have some potential utility, technologies should be chosen carefully to fit the needs 
of target populations (Petrie et al., 2006) (see Chapter 16 for further discussion of 
HCI research involving people with disabilities). Remote studies also provide for 
the possibility of software enhancements for people with specific disabilities, such 
as sign-language facilities for use by deaf participants (Schnepp and Shiver, 2011).

14.2.2  ONLINE DATA COLLECTION
Online HCI techniques are not limited to usability and think-aloud studies. Online 
surveys have become very familiar—see Chapter 5 for a discussion of the ins and 
outs of conducting online surveys. Chapter 12 discusses two useful online research 
techniques: the use of instrumented software to collect user interaction data and the 
use of web logs to study how web sites are used.
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Web log analysis can be particularly useful for comparison of alternative web 
site designs or interactions. “A/B” testing is a widely used approach for compar-
ing alternative designs for active web sites. In an A/B test a server is configured to 
randomly select one of two alternatives—the “A” and “B” designs to be presented 
whenever a visitor comes to a site. Given enough visits, data can be collected to see 
which users complete specified tasks more quickly or with fewer errors. Such tests 
might also add quick surveys asking users for their impression of a site. By using 
functioning web sites to gather data on many users who had come to a site, these 
A/B tests enable rapid collection of usability data, without the need to conduct a 
formal usability test.

Building on this approach, it is also possible to conduct empirical studies online. 
Just as web logs might be used to extract event and therefore task completion times in 
web-based studies run on a local server, an appropriately structured site might enable 
easy extraction of task completion times, results, etc. You can also create appropriate 
components of the web site to collect informed consent (with approval of your IRB, 
see Chapter 15), demographic information, and other needed details. Such an instal-
lation has the advantage of allowing participants to enroll in a study without your 
participation—they can just go to the URL in question and follow the directions.

Any timing data collected from either A/B testing or online empirical studies runs 
the risk of being confounded by network latencies or problems. If a network prob-
lem slows the communication between participants' computers and your servers, task 
completion times may be slowed, but you would not have any way of knowing that 
that had happened. Larger numbers of participants might help with this problem, as 
extreme values in latency will be more clearly identified as outliers.

Validity of online versus lab-based studies may be a concern. One study of the 
utility of online versus lab-based studies for empirical evaluation of search interfaces 
found that online and lab-based studies produced comparable results (Kelly and 
Gyllstrom, 2011). To ensure similar generalization to your problems of interest, you 
might consider pairing a small in-person study with a larger online study. Similarities 
in the results will increase confidence in the online data, but discrepancies might 
indicate some difficulties in translation (Meyer and Bederson, 1998).

A/B testing has been used extensively by companies with prominent Internet 
business activity, as Amazon, Microsoft, and other familiar web companies are well 
aware of the importance in small changes in design and task completion. For sites 
serving millions of users, an increase of even 1% on ad views or completed sales 
can mean significant increases in revenue. The importance of A/B testing has led to 
significant methodological interest, from practical guidance from web usability guru 
Jakob Nielsen (Nielsen, 2005, 2012, 2014) to papers on the design of A/B studies 
(Kharitonov et al., 2015) and the investigation of novel statistical analysis techniques 
(Deng et al., 2013, 2014; Deng, 2015). Ron Kohavi and colleagues at Microsoft have 
published extensively in this area, including a survey presenting a broad overview of 
the topic (Kohavi et al., 2009) and papers discussing some of the pitfalls and lessons 
learned from Microsoft's extensive A/B testing (Crook et al., 2009; Kohavi et al., 
2012, 2013).
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A/B testing is also limited by the coarse-grain nature of the data. Knowing which 
elements are clicked on which pages can be useful, but additional data might be 
needed to know where and how those pages command user attention. Eye-tracking 
techniques (Chapter 13) and additional software tools such as proxies and JavaScript 
libraries (Chapter 12) can provide finer-grain detail when necessary.

14.2.3  ONLINE ACTIVITY
The rich stores of data created through our online lives provide tantalizing HCI re-
search possibilities. Exploration of online content and activity can provide deep insight 
into how people communicate, create communities, learn, and interact online, includ-
ing how ideas develop and spread, and what we might learn from information dissemi-
nation patterns. Although the techniques are very similar to others discussed earlier 
in this book—including both qualitative content analysis (Chapter 11) and statistical 
review of automatically captured interaction data and human physiological signals 
(Chapters 12 and 13)—the domain is qualitatively different, in that analysis of online 
activity effectively involves the emergence of community and collective behavior.

14.2.3.1  Online communities
Computers have been used for online communities since the early 1980s, with the 
early USENET discussion groups on the ARPANET (Leug and Fisher, 2003) leading 
to online bulletin boards where home computer users with dial-up modems could 
interact. The growth of the Internet in the 1990s led to the emergence of countless 
bulletin boards for communities of interest, providing researchers with an opportu-
nity to study communication and patterns, community growth, and related dynamics.

Analyses of these communities often combine qualitative and quantitative meth-
ods. Qualitative methods might include thematic content analysis (see Chapter 11), 
aimed at extracting common themes and types of interactions, perhaps guided by 
some theory. These studies will typically involve reading through large numbers 
of posts, coding contents for types of concerns, types of posts (questions, answers, 
guidance, emotional support), and for conversational structure (introduction of 
new members, arguments over controversial topics, resolutions of disputes, etc.). 
Although time-consuming, these techniques offer the possibility of immersion in 
the community under consideration, providing rich context that might enable deep 
understanding.

As online community content is often, if not exclusively, found in the form of 
online text, it is particularly well suited for automated analysis and quantitative in-
vestigation of patterns of interest, including how and when certain terms or types of 
discourse are used. Forum content and posts can generally be downloaded, although 
with varying levels of difficulty, depending on the underlying software platform. 
Communities built on open platforms might provide programming libraries known 
as Application Programming Interfaces (APIs) capable of extracting data. Using 
these libraries, software developers might develop custom programs to gather and 
collate data needed to address research questions of interest. Barring such facilities, 
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researchers might need to resort to parsing HTML content. Once message content 
is available, it can be analyzed via textual analysis approaches, including building 
distributions of words or phrases used in different contexts. These data might then 
be stored in a database and analyzed for frequency of occurrence, sequences, or 
other patterns of interest. For a slightly more nuanced approach, natural-language 
processing techniques might be applied to posts to distinguish between, for example, 
cases where someone is discussing their own current concerns as opposed to those 
faced in the past, or experienced by a family member (Harkema et al., 2009). As 
with other triangulation approaches, these techniques might work best hand in hand, 
with qualitative insights suggesting patterns that might be quantified and quantitative 
identification of frequent behaviors driving new theories for qualitative exploration.

Diane Maloney-Krichmar and Jenny Preece's in-depth study of an online forum 
for people with knee injuries provides a rich example of the use of both qualita-
tive and quantitative methods to understand the dynamics of a complex online com-
munity. Using a four-phase research plan, Maloney-Krichmar and Preece combined 
preliminary observation with usability analysis, detailed quantitative analysis of 
1 week's worth of messages, and interviews with members of the site. Results in-
cluded characterization of site features supporting sociability; membership patterns 
encouraging the health of the community, including identifiable subgroups; task and 
individual roles assumed by members; distribution of discussion length, including 
the number of messages in each thread; and characterization of the role of group 
participation in members' lives (Maloney-Krichmar and Preece, 2005). This detailed 
picture provides an example of the possibilities of applying ethnographic techniques 
to online communities.

HCI researchers have studied a wide range of online communities. Analyses of 
content and interviews with participants were used to develop detailed descriptions 
of a 2015 “protest” in the Reddit online community, during which volunteer modera-
tors protested changes in company policy and staff (Centivany and Glushko, 2016; 
Matias, 2016). A study of contributions to a repository of projects developed using 
the online programming tool Scratch used review of published user profiles and com-
ments on projects to explore the diversity of participants in the community (Richard 
and Kafai, 2016).

Online communities can be useful research resources even if you are not willing 
(or able) to undertake a detailed ethnographic analysis of a specific group's dynamics. 
As shared resources for individuals with common interests, these communities can of-
ten be valuable tools for recruiting participants for studies of factors surrounding com-
munity goals. One study of the dynamics of conflict in free and open-source software 
development conducted a survey involving participants in the software development 
site GitHub, home to many open-source projects (Filippova and Cho, 2016). Other 
studies might involve communities spanning multiple sites. A study of the credibility 
of medical “crowdfunding” requests (using online sites to solicit contributions to off-
set medical expenses) examined Reddit discussions regarding campaigns posted on 
other sites. Like other studies discussed earlier, this investigation combined content 
analysis of postings with participant interviews (Kim et al., 2016a).
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14.2.3.2  Following trends: Social media and online interaction data
What can we learn from behavior on the online sites that seem to occupy so much of 
our collective attention? Moving beyond the closed confines of online communities, 
broader studies of both content and patterns of online activity can tell us a great deal 
about how people interact, how ideas spread, and what meaning might be attributed 
to those patterns.

Studies of online activity can be classified into three broad categories, dis-
tinguished by data source. Social media studies explore participation in familiar 
sites such as Twitter and Facebook to understand how these tools can be used to 
find and share information. In this context, we use the term “social media” to 
refer to general-purpose sites supporting individually selected lists of “friends” 
or “contacts,” as opposed to interest-specific communities described in Section 
14.2.3.1. Examples include studies of how people use social media to meet in-
formation needs (Menefee et al., 2016), and examinations of the impact of so-
cial media on dissemination of information from research conferences (Winandy 
et al., 2016). Web search studies examine queries submitted to general Internet 
search engines, looking for behaviors common to many web users, such as search-
ing for information about flu outbreaks (Ginsberg et al., 2009) and other health 
conditions (White et al., 2013; Paparrizos et al., 2016). Examinations of blogs, 
wikis, and other user-generated content explore how users interact in creating 
and sharing information on the web, including video blogs (Huh et al., 2014), 
Wikipedia editing (Viégas et al., 2004, 2007a,b; Kittur and Kraut, 2008), and on-
line reviews (Hedegaard and Simonsen, 2013, 2014), to name a few. Boundaries 
between these categories are fuzzy, and many of these goals can be met by mul-
tiple sources of interaction data.

Identification of appropriate data sources, and of the means of accessing that 
data, is often the first step in conducting studies of online interactions. Designing a 
study to investigate the use of “social media” in examining a topic of interest is a rea-
sonable start, but details are important—which social media sites will you consider? 
Which content types? Various sources will differ significantly in their willingness 
to share data and in the tools available to access any data that is openly available. 
Open-source sites like Wikipedia might allow access to data that might be considered 
proprietary by for-profit search engines. Some social media sites such as Facebook 
(https://developers.facebook.com/docs/graph-api) and Twitter (https://dev.twitter.
com/overview/documentation) sites provide API access suitable for querying data 
sets, while others may require the use of more manual tools to “screen-scrape” data 
off of web pages. However, the mere presence of an API might not be sufficient—
APIs that limit the quantity or range of content that can be retrieved might not be 
sufficient for some tasks.

An examination of selected papers provides a sampling of some of the approaches 
researchers have used to access social media interaction data. Small-scale studies—
such as examining the impact and diffusion of social media content for a specific 
issue among a small community—can be conducted relatively easily. Organizers of 
a 2011 health research conference established social media presences on Facebook, 

https://developers.facebook.com/docs/graph-api
https://dev.twitter.com/overview/documentation
https://dev.twitter.com/overview/documentation
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Twitter, Flickr, and other sites and tracked the utilization and dissemination of con-
tent over time as a means of examining the impact of their efforts (Winandy et al., 
2016). Such focused efforts have the advantage of generally being feasible with in-
formation available to account holders on these sites. Other, similarly small studies, 
can be conducted through standard interactions, as in a study of YouTube video blogs 
for illness support: researchers manually searched YouTube to identify videos of in-
terest and reviewed transcripts and comments on those videos to see how they were 
used for social support (Huh et al., 2014)

For larger studies, APIs provided by vendors are often the most effective 
means of capturing data. Twitter APIs have been used to access data for many 
studies, including investigation of spammers' social networks (Yang et al., 2012), 
extraction of sporting event summaries from Tweets (Nichols et al., 2012), and 
understanding the spread of information during times of social upheaval (Starbird 
and Palen, 2012). Twitter data has been used to explore patterns of discussion 
during emergency situations (Cassa et al., 2013), smoking behavior (Myslín et al., 
2013), and many other health-related topics. Facebook has also been the subject of 
significant research interest, including studies of strengths of relationships (Xiang 
et  al., 2010), relationships between social network use and well-being (Burke 
et al., 2010), and information diffusion (Bakshy et al., 2012) to name just a few. 
However, as for-profit businesses, Twitter and Facebook consider their data to be 
valuable, making only a subset available through APIs, with access to larger data 
sets possibly available for a fee (Finley, 2014). Twitter has also made limited ac-
cess to their archives of historical content available to researchers through a data 
grant program (Kirkorian, 2014). Largely as a result of restrictions on data avail-
ability, this research is often conducted by researchers employed by the social 
networking sites being studied (Xiang et  al., 2010; Burke et  al., 2010; Bakshy 
et al., 2012).

Bulk datasets often make good data sources for studies of interaction patterns. 
Studies of Wikipedia trends have relied on bulk data downloads providing snapshots 
of site content at specific points in time (Viégas et al., 2007b)—such datasets can be 
invaluable when available, but the volume of content can also be daunting. Sampling 
of a smaller subset, either randomly, by time, or by content, can be an appropriate 
means of identifying a more manageable dataset. The Enron corpus, a database of 
several hundred thousand email messages from the failed energy company, provides 
an uncommon view into the electronic communications in a large company. This 
dataset has been analyzed in dozens of studies, addressing questions such as the 
identification of words and phrases used to indicate power relations in the corporate 
structure (Gilbert, 2012).

As with social network data, search engine research is perhaps most easily con-
ducted by scientists working in the research labs of prominent search engine firms 
like Google (Ginsberg et al., 2009) and Microsoft (Huang et al., 2011, 2012; White 
and Horvitz, 2009; White, 2013; White et al., 2013; White and Hassan, 2014). See 
the “Google Flu” Sidebar for a discussion of the promises and challenges of log 
analysis, as illustrated by the high profile case of Google's Flu prediction analysis.
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GOOGLE FLU

The history of Google's flu trend analysis tools (https://www.google.org/
flutrends/about/) illustrates some of the potential value—and some of the 
pitfalls—in examining search data. Google's team analyzed a large corpus of 
search queries combined with geographical information identifying the location 
from which each query was issued. Noting a strong correlation between flu-
related queries and clinicians' visits potentially related to flu, they were able 
to accurately predict which regions in the United States were experiencing flu 
outbreaks (Ginsberg et al., 2009). The excitement generated by these results was 
soon tempered by further experience demonstrating the trickiness of relating 
web search activity to online reality. A 2011 investigation of the performance 
of Google Flu Trends during the 2009 H1N1 influenza pandemic found that 
search behavior changed during the pandemic, as users searched for terms 
for influenza and related complications (Cook et al., 2011), and the estimates 
for the 2013 flu season varied radically from those issued by the Centers for 
Disease Control (Butler, 2013). A 2014 commentary reviewed related results 
and suggested that search data might be most useful when combined with 
other existing data sources (Lazer et al., 2014). This commentary also raised 
an important concern relevant to other studies of web search trends: as search 
engines are based on proprietary algorithms subject to regular revision, results 
may not be reliable or replicable (Lazer et al., 2014). Unsurprisingly, the 
exploration of twitter data for tracking flu epidemics has also been an area of 
active research (Allen et al., 2016; Santillana et al., 2015).

Despite concerns regarding the validity of predictions generated by Google 
Flu Trends, search logs continue to be a rich source of data for researchers 
interested in studying the implications of health-related terms. Some of this 
work attempts to validate Flu Trends, using other relevant indicators, such 
as flu-related visits to emergency departments (Klembczyk et al., 2016) as 
comparison points. A South Korean effort used social media (Twitter and blog) 
efforts to identify potential starting points in a subsequent examination of search 
terms for flu-related concepts (Woo et al., 2016), providing an example of the 
utility of combining multiple sources of online behavior data. Other efforts 
include flu tracking using only Twitter data (Allen et al., 2016; Santillana 
et al., 2015), and the use of search logs to identify possible adverse interactions 
between two drugs (White et al., 2013), to study the increasing severity of 
concern when searching for medical content (known as “Cyberchondria”) 
(White and Horvitz, 2009), or to identify symptoms that might be early 
indicators of cancers (Paparrizos et al., 2016). Related studies have used search 
data to explore biases in the search for health-related information (White, 2013; 
White and Hassan, 2014).

https://www.google.org/flutrends/about/
https://www.google.org/flutrends/about/
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If your data source is either inaccessible due to business concerns, lack of an 
open API, or unacceptable costs, you might consider reframing your study to match 
what can be accomplished within your means. Substituting smaller scale studies or 
qualitative research for broad examinations into usage patterns might be one ap-
proach. One study used a set of interviews with Facebook users to understand how 
the content, layout, and functionality of the site influenced communication of health 
information (Menefee et  al., 2016). Although smaller qualitative studies lack the 
broad appeal of the analysis of millions of posts, they might be more economical 
to complete.

If you are lucky enough to get your hands on a large dataset relevant to your 
interests, you might use a variety of techniques, depending on your interests 
and goals. Be prepared to spend some time on data cleaning and extraction, 
potentially taking textual representations of tweets, posts, or other data and 
formatting them in a normalized pattern suitable for querying or text search-
ing (Baeza-Yates and Riberio-Neto, 2011). Once the data is ready for analysis, 
you may use any of a range of techniques. Possibilities include natural-language 
processing approaches that try to extract key concepts and relationships from 
free text (Hedegaard and Simonsen, 2013), and information retrieval techniques 
(Baeza-Yates and Riberio-Neto, 2011) to model similarities between documents 
and common concepts and terms. Other approaches have used descriptive sta-
tistics tracking types of activities and relationships (Kittur and Kraut, 2008), 
relative frequencies of different types of events (White et  al., 2013), and any 
number of other techniques as appropriate. For social media analysis, you might 
build networks indicating relationships between individuals, topics, and other 
items of interest. Graph algorithms might be used to find network members who 
are “hubs”—outliers in terms of number of connections or presence on impor-
tant paths (Scott, 2013). The Social Media Research Foundation (http://www.
smrfoundation.org) has developed a tool known as NodeXL, which supports the 
development of networks, calculation of centrality measures, and visualization, 
all through spreadsheet data (Bonsignore et al., 2009; Hansen and Shneiderman, 
2010).

In a refrain that should be familiar to readers who have made it this far, any 
of these data sources can be augmented by appropriate analysis with related data 
collected through different modalities. Examples include the use of surveys to 
understand user practices and beliefs with regard to searches for health informa-
tion (White, 2013) and the use of instrumented web pages (Chapter 12) (Huang 
et al., 2012) or eye tracking (Chapter 13) (Huang et al., 2011) to capture fine-
grain data correlated with search engine interactions. Approaches like these also 
open search engine interaction research to those who are not directly working 
with the relevant companies, as logging toolkits and eye-tracking experiments 
might be conducted in usability labs lacking access to large volumes of search 
interaction logs.

http://www.smrfoundation.org
http://www.smrfoundation.org
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14.2.4  ONLINE RESEARCH DESIGN CHALLENGES
14.2.4.1  Appropriate topics for online research
Although it may seem somewhat obvious to note that online research will involve 
working with participants who are online, this helps point us toward the insight that 
online HCI research may be most appropriate for studies about the tools that people 
use online and the uses that they make of those tools. Participants in online studies 
will probably be working with web browsers, chat tools, and related online software 
as they read instructions, provide informed consent, perform tasks, and otherwise 
complete your experimental protocol. Research that works within this realm may be 
most successful.

Specifically, studies involving web applications or online tools are particularly 
well suited for online research. If you are running the web site on your own serv-
ers, web logs (Chapter 12) can provide useful feedback regarding timing, tasks, and 
errors. Conversely, studies of other application software, mobile devices, or novel 
interaction devices may be harder to do online: data collection is likely to be more 
difficult, incompatibilities between software versions may pop up, etc.

That is not to say that online studies of web site designs are easy. Good de-
sign practice certainly calls for cross-platform testing, but there is no guarantee that 
you will not run into versioning and compatibility problems, even with seemingly 
straightforward web pages.

14.2.4.2  Recruiting
By opening your research up to the Internet, you provide yourself with access to a 
much larger pool of participants. Recruiting can be easier, as emails to appropriate 
lists and postings on various web sites can go a long way toward identifying poten-
tial subjects. As online research generally involves the use of a web site or other 
online software, participants do not need to be local. Self-driven web site or study 
tools allow participants to complete tasks at their leisure, eliminating the need for 
scheduling.

Just as the use of undergraduates as study participants introduces a bias that may 
not be appropriate for some studies, online recruitment limits your subject pool 
to a particular segment of the larger population: Internet users who are interested 
enough to participate. This may mean that you might not attract relatively inexpe-
rienced individuals or participants who limit their time online to relatively focused 
activities. Whether or not this poses a problem depends on the specifics of the study 
in question.

In some cases, online research can give you access to pools of participants that 
otherwise would have been unavailable. This is particularly true for people with dis-
abilities, who may find traveling to a researcher lab to be logistically unfeasible 
(Petrie et al., 2006), and domain experts, who may be hard to find in sufficient num-
bers in some locales (Brush et al., 2004). See Chapter 16 for more details on HCI 
research involving people with disabilities. Collaborative research involving dis-
tant partners can also be substantially aided by online tools for communicating and 
gathering data.



42314.2  Online research

One important difference between online and in-person research is the potentially 
complete anonymity of participants in online studies. When you meet a participant 
face-to-face, you can usually make a pretty good guess about their age, gender, and 
other demographic characteristics. The lack of face-to-face contact with online par-
ticipants makes verification of such details harder—you have no way of verifying 
that your participants are male or female, old or young. This presents some recruit-
ing challenges, particularly if your research requires participants who meet certain 
demographic constraints such as age or gender. If your only contact is via email or 
other electronic means, you may not be able to verify that the person with whom 
you are communicating is who he or she is claiming to be. Online studies that do 
not require the participants to reveal their true identity (relying instead on email ad-
dresses or screen names) are highly vulnerable to deception. Certain incentives, such 
as offering to enter participants in a draw for a desirable prize, might compound this 
problem. For example, a survey aimed at a specific demographic group might draw 
multiple responses from one individual, who might use multiple email addresses to 
appear as if inquiries were coming from different people. Possible approaches for 
avoiding such problems include eliminating incentives; requiring proof of demo-
graphic status (age, gender, disability, etc.) for participation; and initial phone or 
in-person contact in order to provide some verification of identity. Since payment or 
other delivery of incentives often requires knowing a participant's name and address, 
verification of identity is often not an added burden.

14.2.4.3  Study design
Surveys (Lazar and Preece, 1999) (Chapter 5), usability evaluations (Brush et al., 
2004; Petrie et  al., 2006), and ethnographic studies of support groups (Maloney-
Krichmar and Preece, 2005) have all been successfully completed online. Examples 
of online usability studies have shown that both synchronous studies with domain 
experts (Brush et  al., 2004) and asynchronous studies with users with disabilities 
(Petrie et al., 2006) have yielded results comparable to those that were found in tra-
ditional usability studies. Perhaps due to difficulties in sampling and controls, online 
empirical studies of task performance are less common. One study of the influence 
of informal “sketch-like” interfaces on drawing behavior used an online study as a 
means of confirming the results of a smaller, traditional study. Results from the 221 
subjects in the online study were highly consistent with the results from the 18 sub-
jects in the traditional, controlled study in the lab. The agreement between the two 
sets of results provides a more convincing argument than the lab study on its own 
(Meyer and Bederson, 1998).

Opinions differ on the appropriateness of online research for different types of 
data collection. The lack of controls on the participant population might be seen 
as a difficulty for some controlled, empirical studies. Others have argued that as 
online research does not allow for detailed user observation, it is more appropriate 
for quantitative approaches (Petrie et al., 2006). In the absence of any clear guide-
lines, it is certainly appropriate to design studies carefully and to clearly describe and 
document the reasoning behind any designs that are adopted. When possible, hybrid 
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approaches involving both in-person and online research may provide additional data 
and avoid some of the downsides associated with each approach.

Online studies involving surveys, self-selected visits to web sites, crowdsourcing, 
or other approaches that do not require synchronous interactions with researchers might 
be subject to frequent dropouts, as users decide to start a task and then stop half-way 
through. Study designs should anticipate such dropouts and consider how they might 
be reported. If you are looking at task completion success rate, it is probably appropri-
ate to include all participants who started the task. If you are looking at task comple-
tion times, you might want to focus only on those who completed the tasks. Providing 
numbers for those who started tasks, those who completed tasks, and indicating which 
groups were considered for which analyses is probably most appropriate.

14.2.4.4  Ethical concerns
Although the usual guidelines regarding protection of participants apply to online 
research, numerous confounding factors can create some interesting and challenging 
dilemmas.

Studies of online communities must consider questions of privacy and online 
consent. What is the expectation of privacy when participants in an online forum 
post messages publicly? Are such messages fair game for researchers? Is informed 
consent required before messages can be used? What if the site is only accessible to 
users who register and login? These questions have generated debate, discussions, 
and some guidelines (Bruckman, 2002; Frankel and Siang, 1999), but specific issues 
vary from case to case. Researchers are urged to be particularly careful when ex-
ploring communities describing sensitive topics such as health. The trust needed for 
participants to share stories of challenging personal times such as illnesses may lead 
some users to forget that they are effectively participating in a public forum where 
materials may be read by many individuals. Lurking in such communities or posing 
as a member may not be seen as appropriate behavior. Before doing so, you might 
consider talking to the organization or individuals responsible for the site and intro-
ducing your study to the group. Creating communities specifically for research pur-
poses can be a successful—if not always practical—alternative (Bruckman, 2002).

Informed consent and debriefing for online studies can also be tricky. Providing 
important information for either of these tasks via online text may not be sufficient. 
In-person studies provide the possibility of direct feedback: experimenters know if 
participants have any questions or if there is any postexperiment distress. These fac-
tors are much harder to gauge online (Azar, 2000). Although one study indicated that 
comprehension of informed consent forms online may be comparable to comprehen-
sion of forms on paper, poor recall in both cases illustrates the general challenge of 
constructing effective consent forms (Varnhagen et al., 2005). These issues may be 
even thornier for studies conducted retrospectively, through API access to posted 
data or other methods allowed under web site terms of service. Although such studies 
are not inappropriate, and may not require consent, it is still best to tread carefully. 
When possible, provide clear and easily understandable descriptions of research 
goals and implications. In any case, these studies should not be undertaken without 
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careful attention to appropriate rules for protection of human research participants. 
Detailed discussions of human subject protections can be found in Chapter 15.

The considerable challenges and headache associated with deceptive online research 
provide a strong argument against this sort of approach. If you find yourself tempted to try 
this sort of study, consider a lab-based study instead. You may still use deception in this 
case but the use of prior informed consent can help you avoid many difficult questions.

As with any HCI research, online research can be particularly challenging if there 
is potential harm involved or when dealing with special cases, such as research in-
volving children. Technical measures such as encryption of transmitted data may 
be useful for privacy protection and for verifying parental consent in the case of 
minors (Kraut et al., 2004). Laws such as the Children's Online Privacy Protection 
Act of 1998 (COPPA) in the United States may limit the amount of information that 
can be collected from minors. Researchers working in these areas should construct 
study materials carefully; consult with appropriate authorities responsible for human 
research participant protection (known as Institutional Review Boards in the United 
States—see Chapter 15) and external experts to review proposed procedures; and use 
traditional studies as opposed to online studies when appropriate (Kraut et al., 2004).

14.3  HUMAN COMPUTATION
14.3.1  INTRODUCTION TO HUMAN COMPUTATION
What can people do more effectively than computers? Despite the frustrations as-
sociated with seemingly endless bugs and glitches, most people who use computers 
frequently would probably agree that computers do many jobs more quickly and 
more accurately than humans (if you ever talk to someone who disagrees, see what 
happens if you ask them to give up their smartphone or laptop). However, there 
are some areas where humans continue—at least for the time being—to outperform 
computers. Tasks requiring detailed interpretation of complex inputs are a prime 
example. Despite recent improvements in computer vision, natural-language pro-
cessing, and other fields of artificial intelligence, software systems often struggle to 
identify objects in digital images or to interpret written text, even when such tasks are 
straightforward for many humans.

Given these differing—and often complementary—strengths of both humans and com-
puters, many observers have argued for the use of computers to augment human cognition 
(Shneiderman, 2002). This line of inquiry dates back to the prehistory of HCI, in specula-
tive designs such as Vannevar Bush's Memex (Bush, 1945) and Douglas Englebart's work 
on augmenting human intellect (Engelbart, 1962), which led to the famous 1968 demos of 
the first computer mouse, early graphical user interface, and word processor.

Human Computation takes the opposite approach. Given a task that might be hard 
for a computer but relatively easy for a human, a human computation strategy might 
ask multiple humans to complete small pieces of that task. For example, consider a 
computer vision algorithm for identifying numerals in digital photographs. A ma-
chine learning tool for such a task might be challenged by the range of sizes, fonts, 
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and colors of numerals found on building, signs, and elsewhere in images, even when 
a human could read those numbers very easily. A human computation task might ask 
multiple participants to interpret a large set of images, thus providing a large collec-
tion of labeled images. Resulting labels might be used to train improved machine 
learning for classifying similar images, or to develop a search tool for identifying im-
ages matching specified descriptions. These tasks that require human—as opposed to 
computer—cognition are often referred to as Human Intelligence Tasks. When such 
tasks are explicitly organized with the goal of efficiently finding an accurate solution 
for a computational problem, the resulting system might be called a human computa-
tion system (Law and Ahn, 2011). See the “CAPTCHA and reCAPTCHA” sidebars 
for the story of the most familiar human computation tasks.

CAPTCHA AND reCAPTCHA

CAPTCHA—the Completely Automated Public Turing test to tell Computers 
and Humans Apart—is perhaps the most familiar example of human 
computation. The term CAPTCHA was developed by Luis von Ahn and 
colleagues, who proposed the use of a problem that is hard for computers but 
easy for humans as a web site security measure, suitable for distinguishing 
between human visitors to a site and automated scripts pretending to be 
humans (Ahn et al., 2003). The original task—deciphering letters in a word 
distorted so as to defeat computer vision programs—has since spawned 
numerous variations familiar to users of many web sites.

A closely related line of research explored related ideas, originally in the 
realm of image annotation. Annotations in the form of image labels are required 
to support image search, as computer vision tools may not be sufficiently 
powerful to identify image content matching terms of interest. However, these 
labels are not easy to come by, as they must be generated by humans who must 
interpret the images and provide descriptions. Noting these problems, Luis 
von Ahn and Laura Dabbish suggested a simple and intriguing solution: turn it 
into a game. The ESP game presents two players with an image, asking them 
both to provide a label describing the image. The players are challenged to 
come up with an agreed-upon description, getting points for each agreement, 
with large bonuses for surpassing a certain goal in a given time period. The 
need for agreement creates the challenge that makes the game enjoyable, while 
increasing the quality of the labels, as two participants are unlikely to agree 
upon an inaccurate description. Additional labels can be generated for each 
image through the use of “taboo” words: once a first pair of partners labels an 
image, subsequent partners will be asked to find a label without using any of the 
previously used words (Ahn and Dabbish, 2004). The ESP game introduced the 
notion of “Games with a purpose”—tools that hide useful work under the guise 
of a challenging and enjoyable game (Ahn and Dabbish, 2008). Just as Tom 
Sawyer turned the work of painting a fence from a chore into a pleasure, games 
with a purpose turn image labeling and other tedious tasks into a bit of fun.



FIGURE 14.1

reCAPTCHA: (A) The original reCAPTCHA asked users to type in words that could 
not be recognized via optical-character recognition. A sample of text that might have 
been recognized is shown, along with a depiction of how the text might be distorted 
before being presented to the user. (B) More recent reCAPTCHA tasks involve image 
classification, such as choosing images from a set that match a specified criteria—in 
this case, images containing fireworks.
(A) From von Ahn, L., Maurer, B., McMillen, C., Abraham, D., Blum, M., 2008. ReCAPTCHA: humanbased 

character recognition via web security measures. Science 321, 1465–1468;  

(B) From https://www.google.com/recaptcha/api2/demo (accessed April 8, 2017).

(Continued)

https://www.google.com/recaptcha/api2/demo
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Although reCAPTCHA is likely the most familiar human computation task, the 
notion of using games to motivate participation has been used in many different do-
mains. Online games have been particularly successful in scientific fields, with the 
Fold.It game (http://fold.it) harnessing the power of multiple users to generate high-
quality protein models (Khatib et al., 2011; Eiben et al., 2012) and bioinformatics 

CAPTCHA AND reCAPTCHA—CONT'D

Subsequent work merged CAPTCHA's goal of using human intelligence 
tasks as security with the ESP games notion of using these tasks to 
accomplish useful work, leading to the reCAPTCHA tool (von Ahn et al., 
2008). reCAPTCHA was designed to solve the problem of digitizing 
text that had proven challenging for optical-character recognition (OCR) 
systems. reCAPTCHA provides users with images including text that has 
proven difficult for computer vision systems to interpret. Specifically, the 
original reCAPTCHA asked users to decipher words that have each failed 
to be consistently recognized by two different OCR programs. Each time a 
reCAPTCHA is used, the user is asked to interpret images containing two 
words: one for which the interpretation is known, and another which has not 
yet been classified. If the user provides a correct answer for the known word, 
the answer for the other word is assumed to be correct. Each word is presented 
to multiple users, and words can be promoted to become known words if 
sufficient accurate human guesses are provided. All words are distorted in an 
attempt to defeat computer vision programs (Figure 14.1A) (von Ahn et al., 
2008). reCAPTCHA has been used on many web sites to provide the security 
that motivated the design of the original CAPTCHA, primarily verification 
of user registration and login on web sites. reCAPTCHA was purchased by 
Google in 2009 (Zlatos, 2009), with subsequent evolution of the tool including 
variants for labeling images (Figure 14.1B) and predictive tools capable of 
identifying users as human based on interactions with the widget, without the 
need for image labeling (Shet, 2014).

reCAPTCHA's use of images highlights a key design challenge. The image-
labeling tasks in the ESP game were purely entertainment on the part of the 
users. CAPTCHAs, on the other hand, are often used on sites that might be the 
sole route for users to access functionality needed for personal or professional 
purposes. As a result, accessibility becomes a key concern, as some users—
particularly those with low vision or blindness—might struggle with some of 
the images used in tools like reCAPTCHA. This problem is magnified by the 
nature of the tools—by definition, the images used in reCAPTCHA are those 
that have been in some ways hard to process. reCAPTCHA has always had an 
audio option, which has generally asked users to type a sequence of spoken 
digits. Alternative CAPTCHA tests have been the subject of multiple research 
efforts (Sauer et al., 2010; Davidson et al., 2014).

http://fold.it
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games at http://www.genegames.org challenging users to complete tasks such as cu-
rating gene-disease associations (Good et al., 2012).

Despite the success of games with a purpose and related tools, not all tasks in need 
of human input are easily converted into small subtasks amenable to competition or 
collaboration between participants. Longer, more complex tasks may take more time to 
complete and require additional training or expertise. Crowdsourcing studies1 use online 
platforms to collect data from participants over the web, usually through the use of web 
software designed to enroll participants, provide training, and complete relevant tasks.

Crowdsourced research studies can be (roughly) divided into two key groupings. 
Studies involving systems based on crowdsourced data explore applications of user-
contributed data to develop novel solutions to challenging problems. Like CAPTCHA 
and other human computation tasks described earlier, these studies are all focused 
around some task(s) that humans can do better than computers. Examples include an-
notating research reports to identify discussions of potentially harmful drug-drug in-
teractions (Hochheiser et al., 2016), extracting relationships between texts and tables 
in written reports (Kong et al., 2014); delivering crowd-based emotional support in 
online interventions for depression (Morris et al., 2015); translating text (Hu et al., 
2014); prototyping user interface designs (Lasecki et al., 2015); and using real-time 
crowd interpretation of cell phone images to help blind people identify nearby objects 
(Bigham et al., 2010; Lasecki et al., 2014), to name just a few of many.

A second, crowdsourced model involves crowdsourced HCI experiments: web-
based studies involving large numbers of participants in more or less traditional em-
pirical evaluations of interfaces or visualizations. As the goal of these studies is to 
evaluate how humans use a tool to accomplish a task, they are not necessarily strictly 
human computation: some studies in this category may include tasks that might, in 
fact, be done by computers. However, other elements are similar, in that large numbers 
of people will be asked to complete tasks, through an online infrastructure supporting 
with recruitment, enrollment, and data collection. Examples of crowdsourced experi-
ments have been used in studies evaluating visualization designs (Heer and Bostock, 
2010; Abdul-Rahman et al., 2014; Micallef et al., 2012), mobile applications (Zhang 
et al., 2016), and even (via a creative proxy) haptic interfaces (Schneider et al., 2016).

14.3.2  CONDUCTING HUMAN COMPUTATION STUDIES
Using crowdsourcing services to inexpensively identify and enroll a large pool of 
study participants might appear to be a very appealing prospect. However, matters 
are (perhaps unsurprisingly) not quite that simple, as previous work has identified 
concerns that might impact the quality of the data collected. Consideration of these 
concerns, and of recommendations originating in these earlier studies, can help you 
design tasks and use task performance data to ensure that your experiments generate 
the high-quality data that you need to move your research.

1 Not to be confused with crowdsourcing content, which refers to the process of combining the efforts 
of multiple authors and editors to write articles such as those found on Wikipedia.

http://www.genegames.org
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To understand the challenges, we might compare crowdsourced studies to tradi-
tional studies. Familiar lab-based studies use advertisements and word of mouth to 
spread the word, often offering a small honorarium to encourage interest. Participants 
come to the lab, spend some amount of time—perhaps an hour or two—and are given 
payment upon completion of their participation. Although this approach often leads 
to maddening difficulties in recruiting sufficient numbers of participants, it offers 
several advantages. Perhaps most importantly, individuals who express interest in 
such studies can usually be depended upon to complete the studies appropriately and 
in good faith. Enticements of $20 or even $50 might be sufficient to encourage some 
people to participate in studies that do not interest them, but it is generally not worth 
the bother to participate without taking the study seriously. Although we have not 
evaluated the question empirically, our experience has been that most people who 
agree to join in lab studies do so honestly and with every intention of working with 
the researcher to meet the goals of the study.

Direct interaction with participants is a second, closely related, benefit. When 
someone sits down in your lab to participate in a study, you will be able to talk with 
them and to observe their work as they complete the tasks at hand. These interactions 
provide valuable “sanity check” information, allowing you to form impressions of 
each individual's task performance and motivations, and specifically to avoid partici-
pants who might not be taking your tasks seriously. You certainly do not want to rush 
to discard data from someone who is goofing off—including the data and raising the 
concern in a discussion would be much more appropriate—but having observed this 
behavior might help you understand results, particularly if you identify participants 
with bad behavior that might have led to unexpected results in your data.

There are many appealing aspects to the use of human computation in HCI re-
search. A properly constructed human computation study can be constructed in soft-
ware, deployed on a web site (often using dedicated software services, as discussed 
later), and advertised to large numbers of potential workers at reasonably low cost. 
Participant enrollment, completion of consent forms, administration of the study, and 
data collection can be largely automated, thus eliminating the need for tedious work 
that has afflicted many graduate and undergraduate student workers. Online human 
computation studies can also enroll many more participants than comparable tradi-
tional studies, providing greater statistical power. The user base may be large and 
diverse, involving a broader range of education levels, ethnicities, and backgrounds 
than you would likely get in a lab (Kittur and Kraut, 2008).

Of course, the reality is somewhat more complicated. As with any other type 
of HCI study, human computation experiments require careful selection of partici-
pants and tasks. You will also need an appropriate software infrastructure, capable 
of handling all of the enrollment and screening processes conducted to enroll par-
ticipants; and the presentation of tasks and collection of data necessary for the study 
itself. Human computation studies must be carefully designed to ensure high-quality 
responses: although tasks involving intrinsic motivation such as entertainment, in-
tellectual curiosity, or accessing a desired resource might motivate participants to 
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perform honestly and accurately, users who are paid for their answers (as is often the 
case) might be in it for the money. The nature of the small tasks might encourage us-
ers to emphasize speed over accuracy, rushing through tasks to collect as much pay-
ment as possible, without any regard for the quality of the answers provided (Kittur 
and Kraut, 2008).

14.3.2.1  Software infrastructure
Human computation studies need not have extensive or complex software infrastruc-
ture. Studies can easily be run through homegrown or customized web applications, 
together with logging software capable of tracking the details and time of any given 
interaction. One productive approach for such tools might be to build a database-
driven web application capable of storing appropriate demographic background in-
formation associated with each participant, along with details of each action and task 
completed. You might even add an administrative component capable of managing 
and enrolling prospective participants. These homegrown applications are generally 
not terribly difficult to construct, particularly if you have a web-based implementa-
tion of the key tasks under consideration, or were planning on building one anyway. 
For some tasks—particularly those involving collection of fine-grained detail or re-
quiring complex interactions—the freedom associated with constructing your own 
application may be necessary to get the job done.

Commercial crowdsourcing services provide an attractive alternative to homegrown 
software. These commercial offerings provide platforms for creating tasks, including 
providing training materials, presenting task components, and collecting task results, 
with tools designed to minimize—if not eliminate—the need to do any programming. 
Perhaps even more importantly, they also offer access to registered workers who have 
expressed interest in completing small tasks in exchange for micropayments. This 
infrastructure significantly simplifies recruitment of participants—once you publish 
your tasks registered users can find them on the site and get to work. These tools can 
facilitate enrolling users, managing payments, and even prescreening users to verify 
eligibility in terms of demographic requirements (gender, age, etc.) or background 
knowledge (Paolacci et al., 2010), thus eliminating many of the headaches of study 
design. Although Amazon's Mechanical Turk (http://www.mturk.com) is by far the 
crowdsourcing tool most used in published human-computer interaction studies, other 
systems such as CrowdFlower also appear in the literature (Kucherbaev et al., 2016).

Although details obviously differ across platforms, construction of studies is gen-
erally straightforward. Tasks and instructions can be created via tools provided by the 
sites, with custom HTML and JavaScript programming as needed, particularly for 
more complex tasks. Some platforms also allow tasks that load contents of external 
web sites (McInnis and Leshed, 2016), providing more control to task designers. 
Software development APIs often provide additional flexibility, at the cost of some 
amount of programming (Amazon, 2016; CrowdFlower, 2016).

A number of research efforts have extended the Mechanical Turk software tool-
kits to better support crowdsourced studies of web interface usability (Nebeling et al., 

http://www.mturk.com
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2012, 2013); to enable synchronous and longitudinal studies (Mao et al., 2012); to 
use Turk workers to plan the contents of tasks to be completed by subsequent workers  
(Anand et al., 2011); and to simplify the construction of tasks (Greg et al., 2010), 
potentially including components for predicting and evaluating confidence level and 
costs (Barowy et al., 2016).

The infrastructure provided by Mechanical Turk and similar crowdsourcing plat-
forms provides many advantages over “roll-your-own” designs. As any experienced 
HCI researcher knows well, the challenges of recruiting, enrolling, and consent-
ing participants can consume substantial amounts of time. Even if you are able to 
build your own web application to do the trick, you might find that leveraging these 
platforms—particularly with one of the add-on libraries—might simplify your life 
considerably. These advantages aside, commercial crowdsourcing tools have po-
tential downsides. Financially, payment for microtasks might be more expensive 
than the gifts or small payments traditionally made to study participants. Be sure 
to estimate your costs before you embark on a study. Technical challenges may 
arise—integration of complex, preexisting web applications with APIs provided by 
the crowd worker platforms might be a complex task. Consider a preliminary study 
to prove the concept and test the tasks thoroughly before starting a study. If the 
commercial platform does not work out, you might want to fall back on homegrown 
tools. In any case, you will still have to deal with the selection of which tasks you 
want users to complete and how you might design the tasks to ensure high-quality 
responses.

14.3.2.2  Tasks and study design
Law and von Ahn present a framework for developing appropriate tasks for human 
computation studies (Law and Ahn, 2011). Tasks can be seen as containing three 
main elements: introductory description, clear definitions of success criteria, and in-
centives (financial for Mechanical Turk and other systems, entertainment for games, 
access to services for CAPTCHA). Each task will involve multiple design decisions, 
including which information is presented to encourage completion of tasks without 
bias; tradeoffs in granularity between the value of the result and the time required 
to complete; whether tasks are completed individually or collaboratively; which in-
centives are offered, and how quality is ensured (Law and Ahn, 2011). For an in-
depth discussion of these and related issues, Law and von Ahn's in-depth discussion 
(Law and Ahn, 2011) is highly recommended. An alternative model is presented by 
Alexander Quinn and Benjamin Bederson, who developed a multidimensional clas-
sification taxonomy. The Quinn-Bederson model describes human computation sys-
tems in terms of motivations for participation, quality control measures, techniques 
for aggregating responses, required human skills, orders and workflows for process-
ing tasks, and the cardinality of tasks to requests (how many users are mapped to 
each task) (Quinn and Bederson, 2011).

Concerns over quality control have led to a variety of approaches in task design 
to attempt to ensure high-quality results from crowdsourcing studies (Table 14.1). 
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Anniket Kittur, Ed Chi, and Bongwun Suh (Kittur et al., 2008) made three sugges-
tions for designing high-quality crowdsourcing tasks. (1) Each task should include 
questions with known answers that can be easily checked. Asking participants to 
count the number of images in the page, or to answer a simple question based on the 
text in the page, can help determine if they are answering seriously or simply rushing 
through. (2) Accurate answers should be no harder to provide than rushed, inaccurate 
answers. For example, a task asking users to summarize a site might be easily sub-
verted by short one-word answers, but an explicit requirement that users provide a 
certain number of keywords to describe content might be easier to fill out accurately. 
(3) Look for other ways to find low-quality answers, such as by identifying tasks that 
are completed too quickly or have answers repeated across multiple tasks (Kittur et 
al., 2008). Having multiple users complete each task and using agreement on results 
as a measure of quality—just as described earlier for CAPTCHA—is another possi-
bility, but redundancy can be expensive (Ipeirotis et al., 2010). Alternatively, models 
of the complexity of different response types (checkboxes, radio boxes, free text) can 
be used to predict the number of responses needed to arrive at high-quality levels 
with high confidence (Barowy et  al., 2016). “Micro-diversions”—games or other 
entertaining distractions designed to disrupt the monotony of performing multiple 
repeated tasks over long periods of time—might also help improve response quality 
(Dai et al., 2015).

Other studies have used task completion metadata to develop predictive mod-
els suitable for identifying invalid answers. Noting that Mechanical Turk collects 
detailed data on each task, including measures of start and end time, Zhu and col-
leagues built predictive models based on initial estimates of task performance and 
data from actual tasks. They then used these models to classify subsequent re-
sponses as either valid or invalid (Zhu et  al., 2012). Other efforts have explored 
building models of individual workers (Ipeirotis et al., 2010) and using JavaScript 

Table 14.1  Quality Control Measures for Crowdsourcing Studies

Strategy Proposed Approach

Question design Include questions with known answers (Kittur et al., 2008)
Make accurate answers easy to provide (Kittur et al., 2008)

Study design Develop predictive models based on question types to determine 
how many responses are needed to ensure high-quality answers 
for each question type (Barowy et al., 2016)
Use micro-diversions or other distracters to offset declines in 
response quality as users get bored or tired (Dai et al., 2015)

Task performance 
data analysis

Look for patterns indicating answers that might have been faked 
or rushed, including repeated free text or questions answered too 
quickly (Kittur et al., 2008)
Use task completion metadata to develop predictive models of 
individual workers (Ipeirotis et al., 2010) and tasks (Rzeszotarski 
and Kittur, 2011; Zhu et al., 2012)
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web-page instrumenting techniques (Chapter 12) to collect mouse and keyboard us-
age data sufficient for building “task fingerprints” capable of predicting performance 
(Rzeszotarski and Kittur, 2011).

Successful design of a crowdsourced study does not end with the design of 
individual tasks. Although some studies—particularly studies involving online 
evaluation of user interface designs—may be based on large numbers of workers 
completing very similar tasks, more complex control structures have been used 
in crowdsourcing studies to decompose large problems, to introduce feedback—
whereby responses to some questions will influence the content of subsequent ques-
tion, or to influence workflows. Edith Law and Luis von Ahn provide a summary of 
different workflow strategies in their in-depth review of human computation (Law 
and Ahn, 2011).

14.3.2.3  Pros and cons of crowdsourced studies
Easy to create, potentially inexpensive, and backed by services that simplify re-
cruitment and enrollment of participants, crowdsourced studies can be very appeal-
ing. Other potential advantages include potentially decreased bias and increased 
validity, as participants who do not interact directly with researchers or even 
know that they are participating in an experiment might be less susceptible to im-
plicit or explicit pressures (Paolacci et  al., 2010). Although the use of services 
like Mechanical Turk does remove some knowledge about participants (Kittur 
et al., 2008), some have argued that Turk users may be demographically similar 
to broader populations (Paolacci et al., 2010). Technical questions might influence 
the validity of task completion times from crowdsourced experiments, as network 
delays might impact task completion times (see Chapter 12). Finally, the lack of 
direct interaction with participants eliminates the possibility of gaining any in-
sight from direct observation of task completion. Pairing studies—as discussed 
earlier—provides one possible means of avoiding this lack of feedback. A small 
lab study might give you the insight associated with direct interaction with users, 
while a companion human computation study will help you enroll larger numbers 
of participants.

Before jumping into studies using systems like Mechanical Turk, you should 
take care to ensure that your software components are implemented and tested cor-
rectly, and that you understand the social dynamics of the workers. Online forums for 
mechanical Turk users, including Turkopticon (https://turkopticon.ucsd.edu) (Irani 
and Silberman, 2013) and Turker Nation (http://turkernation.com), provide work-
ers with the opportunity to discuss interesting tasks, problems with task requestors, 
and other topics of interest to workers trying to earn money through Mechanical 
Turk. These groups can provide valuable resources and feedback to researchers using 
human computation in their work. Brian McInnis and Gilly Leshed described how 
interactions with these groups proved particularly useful when software errors pre-
vented tasks from working correctly, and workers from being paid. Interactions with 
the participant community helped resolve the issues and provide fair payment, thus 

https://turkopticon.ucsd.edu
http://turkernation.com
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avoiding the unfortunate outcome of a failed experiment leading to ill will (McInnis 
and Leshed, 2016). It may not be possible to identify all problems in advance, but 
working with the community of users to build trust and promote fairness may be an 
important strategy for successful human computation studies.

14.3.3  FUTURE OF HUMAN COMPUTATION
Human computation has many promising applications. A 2014 workshop of the 
Computing Community Consortium of the Computing Research Association out-
lined numerous possibilities for the use of human computation to meet pressing 
social needs, including social support for people in need; combining training with 
problem solving to improve the process of interpreting radiology images; to collect 
river-level information and serve as an early warning for possible floods; and others 
(Michelucci et al., 2015). As our engagement with our devices continues to occupy 
much of our time and attention, attempts to channel this fascination in socially mean-
ingful ways are likely to continue to be a growing part of the landscape.

HCI research efforts have explored possible extensions to crowd source models, 
designed to increase the utility of crowdsourced work. Possibilities include changing 
task structures to include “handoffs” between workers, thus possibly increasing the 
quality of the resulting work (Embiricos et al., 2014); using algorithmic approaches 
to plan task workflow (Weld, 2015); exploring the impact of task ordering on speed 
and mental demand during the completion of a sequence of small tasks (Cai et al., 
2016); and using new models to encourage participation, including leveraging par-
ticipant curiosity (Law et  al., 2016), providing entertaining “micro-diversions” to 
improve productivity of workers conducting many tasks (Dai et al., 2015), or using 
“twitch” microtasks capable of being completed very quickly to lower barriers to in-
volvement (Vaish et al., 2014). Other efforts have explored paying crowd workers to 
be ready to respond quickly, thus enabling real-time crowdsourcing (Bernstein et al., 
2011), applying algorithmic approaches to identify when tasks should be reassigned 
because original workers have abandoned them (Kucherbaev et al., 2016), and using 
models of increased error tolerance to increase the rate at which large tasks can be 
completed (Krishna et al., 2016).

Another promising line of research asks a slightly different question—“how can 
crowdsourced workers help with familiar, knowledge-intensive tasks?” As complex 
tasks, writing papers, drawing figures and diagrams, and analyzing budgets require 
significant cognitive effort and attention to detail, crowdsourced workers might help 
writers, designers, and analysts with on-demand suggestions for improving the qual-
ity of their work. These possibilities drove the development of Soylent, a set of tools 
for using human computation to improve the writing process. Developed as exten-
sions to Microsoft Word, Soylent provides writers with the ability to request human 
computation assistance in shortening texts, grammar and spell-checking, and other 
tasks not easily accomplished via existing word processing tools (Bernstein et al., 
2015). Although the possibilities of using human computation assistance to assist 
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with these familiar tasks may be intriguing, further work will likely be needed to un-
derstand when, where, and for whom such models are appropriate. For more news on 
developments in Human Computation, see the web site of the Human Computation 
Institute (http://humancomputation.org).

14.4  SENSORS AND UBIQUITOUS COMPUTING
Taking advantage of advances in miniaturization of components, reduced power 
requirements, and advances in abilities to sense and distribute information without 
physical connections through electrical or data networks, engineers have developed 
approaches that revolutionize our ability to collect data. Originally discussed in 
the context of the RFID tags that can be used to sense uniquely identified objects 
through radio frequencies, the “Internet of Things” (Ashton, 2009) has become a fa-
miliar means of describing a landscape where data collection, sensing, and comput-
ing are all around us, and often invisibly hidden in unobtrusive devices. Although 
the smartphones and fitness monitors described in Chapter 13 are perhaps the most 
familiar, they are only the beginning. Sensors embedded in clothes or eyeglasses 
have arrived in commercial products, and Internet-connected thermostats, security 
alarms, and security cameras help concerned homeowners keep an eye on things 
while they are away. Low-cost development platforms including Arduino and 
Raspberry PI provide tinkerers with the tools to design their own ubiquitous data 
collection tools.

Broadly speaking, HCI researchers engage in two types of research with these 
sensors. From a system-building point of view, needs assessment through qualitative 
research is generally needed to understand what should be built and how it should 
work. Once systems are deployed, analysis of interaction data (using techniques 
from Chapters 12 and 13) will generally be combined with ethnography (Chapter 9), 
case studies (Chapter 7), and other qualitative approaches (Chapter 11) to understand 
how the tools worked in practice. A discussion of some example systems and their 
techniques and methods will help us appreciate some of the challenges and how they 
have been addressed. Table 14.2 provides an overview summary of types of sensor/
ubiquitous research, research methods, and challenges.

Table 14.2  Overview of Study Types, Research Methods, and Challenges of 
HCI Research Involving Sensors and Ubiquitous Computing

Study Types Methods Challenges

•	 Alternative input
•	 Sensors and monitoring
•	 Mobile devices
•	 Wearables

•	 Diaries
•	 Interviews
•	 Field studies
•	 Usage log analysis
•	 Ethnography
•	 Participatory design

•	 Data transfer
•	 Data storage
•	 Data processing
•	 Engineering and 

configuration of sensors 
and networking

http://humancomputation.org
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14.4.1  HISTORY AND EXAMPLES
The origins of ubiquitous computing are generally traced back to Marc Weiser's 1991 
article “The Computer for the 21st century” (Weiser, 1991). Writing as chief tech-
nologist of the Xerox Palo Alto Research Labs—home of pioneering work in early 
graphical user interfaces—Weiser imagined a future working environment with active 
badges, computational devices, and pads and tabs linked by networks of wired and 
wireless transceivers. Perhaps more importantly, Weiser urged the notion of “embodied 
virtuality”—taking computing from the workstations of the time and embedding it in 
numerous, ubiquitous devices. Coming at a time when sensors and wireless communi-
cation were beginning to be sufficiently small, powerful, and inexpensive to enable this 
computing infrastructure (Weiser, 1991). Weiser's vision inspired researchers to cre-
ate the field of Ubiquitous computing, led by the flagship UbiComp conference since 
2001. A 2011 study of research and co-citation in ubiquitous computing identified al-
most 6000 papers published between 1995 and 2009 (Zhao and Wang, 2011)—a num-
ber that has undoubtedly grown steadily since (Figure 14.2). Although a full review 
of these varied research areas is beyond the scope of this section, description of some 
selected research efforts will identify recurrent trends and related research methods.

Alternative input devices were an early focus of ubiquitous computing research. 
Noting the short comings of mouse and keyboard input, these projects explored vari-
ous physical devices, complete with associated electronics, that might be used to 
control software applications. The Tangible Bits effort described several possible 
mechanisms including an arm-mounted LED screen, a horizontal back-projected 
computing “surface,” and physical icons—known as “phicons”—that might be used 
to represent and manipulate items in the display (Ishii and Ullmer, 1997).

FIGURE 14.2

A map of keywords from titles and abstracts (triangles) and other noun phrases (circles) 
found in a collection of almost 6000 ubiquitous computing research articles published 
between 1995 and 2009.

From Zhao, R., Wang, J., 2011. Visualizing the research on pervasive and ubiquitous computing. 

Scientometrics 86 (3), 593–612.
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Sensors and monitoring tools have been developed to use computing to address 
challenges associated with everyday lives. Noting the difficulties that many families 
face in dealing with aging relatives who may want to remain in their own homes 
despite increased frailty and need for support, Elizabeth Mynatt and colleagues de-
veloped the digital family portrait, which would use sensors distributed throughout 
the house of an older person to collect data associated with successful completion 
of activities of daily life. These readings would be collected electronically and dis-
tributed via the Internet to a computerized picture frame in the home of the younger 
family member. A border on the screen would display icons that might vary in size 
and intensity to indicate recent activity levels and trends, assuring the younger care-
taker that their older relative was safely up and about, while maintaining privacy 
for the older person (Figure 14.3) (Mynatt et al., 2001; Rowan and Mynatt, 2005). 
Similar concerns about the well-being of older people have led to designs combin-
ing motion sensing data from smartphones with Microsoft Kinect motion sensing 
(see Chapter 13) and social media feeds to identify activities in the home and related 
variations in mood (Ghose et al., 2013). Other studies have been more purely forma-
tive, such as a contextual interview study that asked older adults about objects of 

FIGURE 14.3

A digital family portrait, with a picture of an older relative surrounded by butterfly icons 
scaled to indicate relative levels of activity. Levels for the current day are represented with 
new icons added hourly, while the previous 27 days are summarized with one icon per day.
From Rowan, J., Mynatt, E.D., 2005. Digital family portrait field trial: support for aging in place. In: Proceedings 

of the SIGCHI Conference on Human Factors in Computing Systems. ACM, Portland, OR, pp. 521–530.



43914.4  Sensors and ubiquitous computing

importance, in the hopes of developing technologies that might promote social inter-
action. Results of these interviews indicated that many valued devices were routinely 
used in social interaction, even though they were not specifically communication 
devices (Vaisutis et al., 2014).

Other efforts have explored the possibility of widespread data collection through 
mobile devices. The “Smart Citizen Kit” provides Arduino-based hardware, includ-
ing sensors, battery, and WiFi, suitable for collecting environmental data that can 
be shared, aggregated, and used for community planning (Diez and Posada, 2013). 
Noting that data from these sensors often provide data that is hard to interpret, the 
Physikit project augmented the smart citizen kit with physical ambient displays (in-
spired, in part by Tangible Bits (Ishii and Ullmer, 1997)) using light, movement, 
buzzing, or air motion to display data trends (Houben et al., 2016).

From a research (but not commercial) perspective, it is hard to talk about ubiqui-
tous computing without mentioning wearables such as Google Glass. Growing out of 
a long line of research on wearable computing, Glass was the first broadly available 
head-mounted display for everyday use. Although not commercially successful, Glass 
had an impact on the research world. Researchers have applied Glass to challenges 
such as object recognition (Chen et al., 2015) and gaze recognition (Kangas et al., 
2014), with applications including assistive help for people with Parkinson's disease 
(McNaney et al., 2014), supporting hands-free computer use in laboratory settings  
(Hu et al., 2015), physics education (Weppner et al., 2014a), logging of activity (Weppner 
et al., 2014b), and encouraging exercise (Nguyen et al., 2014; Sörös et al., 2013). One 
prototype system combined Google Glass with an EEG headset (Chapter 13) to support 
home control, allowing users to combine gaze at an object along with a thought about a 
desired outcome to complete tasks such as adjusting a thermostat (Simoens et al., 2014). 
Google Glass may not have been a commercial success, but these and related efforts sug-
gest that some future product might find its niche.

14.4.2  UBIQUITOUS COMPUTING RESEARCH METHODS
Ubiquitous computing research might be technologically innovative, but the re-
search methods involved are often somewhat familiar, using methods described 
throughout this book. Given the importance of the embedded nature of these tools, 
qualitative case studies and other examinations of the use of the tools in context 
may be more prominent than empirical studies, and methods chosen will also vary 
with the project. Input device research might include some empirical or usabil-
ity studies, but the novelty of the tools and related tasks often require design ex-
plorations with little or no evaluation to simply explore possibilities (Ishii and 
Ullmer, 1997). In another example, a project involving the development of digital 
family portraits used preliminary interviews to assess needs for a proposed tool. 
This formative work was followed by field studies combining use of the tool in 
participants' homes with ongoing diary and interview studies. These later studies 
provided detailed insight into how one family made use of the tools (Mynatt et al., 
2001; Rowan and Mynatt, 2005).
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The importance of contextual factors and the novelty of the technologies involved 
make up-front qualitative investigations vitally important, as misunderstandings of 
contexts and how tools might be used can often compromise the goals of the system. 
Interviews with users, particularly when conducted in context (Vaisutis et al., 2014; 
Mynatt et al., 2001; Rowan and Mynatt, 2005) can identify key requirements and 
guide design. Similarly, field studies are often vital for understanding impacts of 
the tools in context (Houben et al., 2016), particularly in terms of the many privacy 
and control concerns associated with unobtrusive sensors and monitors that might 
capture activities that some individuals might not want recorded (Mynatt et al., 2001; 
Rowan and Mynatt, 2005; Kärkkäinen et al., 2010). Despite the strengths of these 
field studies, they remain expensive and challenging, leading some to look for alter-
native approaches such as scale models useful for inexpensively demonstrating and 
exploring possibilities (Chatzigiannakis et al., 2014).

Other efforts have explored the use of more quantitative versions of diaries. One 
exploration looked at the frequencies and locations of interactions with all things in 
the home—whether digital or not—during intervals lasting several hours. Histograms 
indicating the frequency of use of various objects, along with maps describing loca-
tions, provide detailed understanding of interactions with objects that might con-
ceivably be integrated into an Internet of Things (Crabtree et  al., 2006). Similar 
approaches to studying the use of everyday, noncomputer onjects and how those uses 
might inform the Internet of Things have led to the development of “object-oriented 
ethnography”—the study of how objects interact with our lives and how this under-
standing might inform the design of devices augmented with computing capabilities 
(Nansen et al., 2014).

Design sessions, similar to those used in participatory design, can also be use-
ful for developing ideas. One effort examined devices, interactions, and roles to 
develop a set of graphical building blocks describing roles of individuals and de-
vices in various ubiquitous computing scenarios, using these blocks to both convey 
elements of design and to identify difficulties with proposed designs (Kim et  al., 
2016b). Although the development of methods of this sort quickly becomes its own 
research project involving multiple iterations and revisions, the results can often be 
very informative.

Sensor data presents its own challenges. Inexpensive sensors for detecting motion 
and sound might be available commercially, either as “ready-to-deploy” products or 
as components suitable for assembly or control via Arduino or Raspberry PI hard-
ware (Diez and Posada, 2013). Transferring data from sensors to remote servers, 
through wireless or USB connections will be a requirement. You will also need a plan 
for storing or processing sensor data, which can be quite voluminous. A willingness 
to tinker and to consider outrageous ideas can be helpful in tackling these projects, 
as unexpected approaches can often be quite helpful. In response to the potential 
expense and complexity of sensors used in projects like digital family portraits, one 
study found that microphones taped to pipes in a basement could inexpensively and 
accurately identify the use of bathrooms (sinks, showers, and toilets) and kitchen ap-
pliances (Fogarty et al., 2006).
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Like physiological data discussed in Chapter 13, sensor-based ubiquitous com-
puting also requires thoughtful planning and careful analysis including preprocess-
ing, filtering, detection of specific types of signals, classification of activities, and 
storage and management of data—possibly both raw and processed and related pat-
terns. Researchers have proposed a variety of processing pipelines (Ghose et  al., 
2013), data monitoring tools (Bannach et al., 2010), reference datasets (Reiss and 
Stricker, 2012), data integration strategies (Schuldhaus et al., 2014), and database 
architectures, including the use of so-called NoSQL databases (Zeni et al., 2014), to 
address these challenges. Details of these components will generally be dependent 
upon sensor capabilities, requirements for data storage, and the specific questions 
being asked.

Triangulated coordination of data collection and interpretation can often be 
highly informative. A study of movement throughout places in the home illustrates 
the potential for coordination of automated data collection with qualitative data—in 
this case, interviews (Aipperspach et al., 2006). To understand the patterns of activ-
ity in homes, researchers placed location sensors at various points throughout several 
homes. These sensors captured where people were, when they were there, and for 
how long. Mathematical models were used to combine individual events in the log 
files into meaningful aggregates that identified “places”—locations of significant 
activity in the home. The models were evaluated by comparing the automatically 
identified places with the results of interviews with the participants. Interviews with 
the participants had the added advantage of providing context to explain some of the 
results of the models. In one case, models identified a “place” that included both a 
kitchen table and a living room couch. Interviews with the residents of this particular 
home indicated that this data was collected during the course of a birthday party, 
when they were continually moving between the kitchen and the living room, act-
ing as if the two locations were part of one larger space (Aipperspach et al., 2006). 
Automated methods that focused only on the contents of the activity logs would not 
have had access to this more nuanced explanation of resident activity.

14.5  SUMMARY
As the growth of the Internet and the availability of low-cost sensors led information 
and computing into ubiquitous and familiar roles pervading all aspects of everyday 
life, it seems only natural that these technologies would play key roles in HCI re-
search. Remote usability studies simplify the process of conducting usability studies 
while providing access to larger scales of data. Human computation systems have 
opened the door to an entirely new type of data collection, harnessing the power of 
networks to engage many individuals in completing small tasks providing insight 
unavailable through computational tools. Sensor-based systems allow for the easy 
collection of new types of data in volumes not previously imaginable.

Online activity also provides a rich source of data for close examination of com-
plex interactions and communication patterns. Examination of online discussions 
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and interactions can tell us a great deal about the dynamics of group conversation 
and the spread of key ideas.

Online and ubiquitous HCI research will likely continue to be shaped by—and to 
shape—emerging tools and technological approaches. Improved conferencing tools 
with richer integration of simultaneous screen-sharing and webcam feedback will 
likely enable richer and more informative online research studies, while new social 
applications will enable novel interaction patterns, promote further study, and sug-
gest further innovations in the next generation of tools and applications. Comparable 
advances in sensors and ubiquitous tools will facilitate the collection of richer, 
higher-resolution, and higher-fidelity data.

As the scope of online HCI research increases, ethical concerns associated with 
frequent and often unobserved data collection will expand as well. Although the 
comparison of alternative web site designs via A/B testing may be relatively benign, 
integrated analyses of social media interactions, health data collected by wearable 
devices, and other ubiquitous sensor data may identify insights not possible from any 
single dataset, possibly revealing sensitive information that some participants might 
prefer to leave undiscussed.

DISCUSSION QUESTIONS

1.	 The earlier discussion of remote usability testing cited a lack of direct feedback 
from participants as a possible drawback. For in-person studies, careful 
observation of facial expression and body language during usability tests might 
help researchers identify moments of frustration or other emotional responses. 
These cues might not be available in synchronous remote usability studies, 
as some web conferencing tools might have limited video feedback through 
webcams, while others support only screen sharing. However, there might be 
some advantages to the lack of direct feedback. For example, in some cases, 
participants might be willing to be more frank in providing direct feedback if 
they do not have to see the facial expressions of the person administering the 
experiment. Are there other types of studies or questions that might provide 
better feedback if conducted remotely (as opposed to in-person)? How might 
you evaluate the suitability of different questions for remote versus in-person 
usability studies?

2.	 Ubiquitous mobile social computing through smartphones blurs lines between 
“traditional” social networks and sensor-based ubiquitous computing. From 
location-based apps used for identifying friends who might be physically 
nearby to the Pokemon Go game that challenged users to explore and find 
Pokemon characters on city streets and in natural environments, these apps 
present the possibility of capturing and studying very rich datasets. What are 
some of the challenges associated with studying datasets that might combine 
geographical locations, social media posts, and detailed interactions with 
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custom apps? Are there additional ethical dilemmas associated with the 
combination of these various data types?

3.	 Many crowdsourcing user studies might be seen as generalizations of remote 
usability studies, conducted through a software platform built to support 
participant recruitment. However, incentives might differ: in traditional lab 
studies, participants might be offered some money or a gift for participating, but 
crowdsourcing workers are generally paid by the task. Does this approach raise 
any concerns regarding the ethical treatment of research participants?

RESEARCH DESIGN EXERCISE

The combination of human computation and ubiquitous computing raises some 
interesting and challenging opportunities for HCI research. Imagine a novel 
application of the intersection of these techniques designed to help with a 
distinctly ancient and noncomputerized human activity: gardening. Specifically, 
a gardening support network might use online fora (or is it flora?) for members 
to exchange information and tips about cultivation of various plants in different 
climes. Participants might use ubiquitous computing tools to capture photos of 
plants, to measure activity in watering, and to track time spent working on the 
garden. Finally, human computation elements might be used to verify the identity 
of unfamiliar plants or blights or other infections that might harm plants: images 
collected from an individual's garden might be sent to a community of workers 
who might theorize about the identity of the plant in question, with a majority 
vote summarizing the consensus of the community. Speculate as to how you might 
go about constructing and studying this complex ecosystem. What design issues 
and challenges do you see? How might issues such as differing levels of expertise 
and experience be accounted for in the design? How might users distinguish 
between good advice and bad? How can users be enticed to participate in the 
interpretation of provided images? How might you evaluate the success of the 
various components of this system?
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