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Incremental & Transformational Innovation for Measurable Improvements in 
Knowledge Worker Productivity 

Knowledge is the fuel of technology-based organizations. And there is a difference if that fuel is used for 
waste heat or rapid acceleration. The corporate arena is competitive and has been continually reshaped 
by technological change. The Internet has leveled the playing field for access to information, and the in-
novation frontier has shifted to knowledge use and creativity. A serious productivity gap exists between 
available knowledge and how it is used. Like a hole in a bucket, a "knowledge gap" causes significant 
loss of resources and competitive advantage.

Managing knowledge workers is problematic. Many enterprises are not fully engaging the energy and 
intellect of the employees whom they compete to attract and retain. Corporations also don’t fully har-
vest the benefits of the technologies they provide for those workers responsible for transforming knowl-
edge into products and services. These underused technologies and human capital (used even modestly 
better) could reduce the productivity gap and accelerate growth dramatically. This creates an opportu-
nity for organizations that can increase their productivity in capturing, processing, and using knowledge 
creatively. 

This mediaX Research Theme Update provides a mid-year window into three ongoing Stanford projects, 
that have continued research initiated by mediaX in 2010. They began with a question on new metrics 
for knowledge worker productivity. Each project is unique to this theme, yet nests into other portfolios 
of research activities underway at Stanford and beyond. At its core, each project builds on prior research 
and is intended to serve as a foundation for future research.  These three projects span organizational, 
team and individual levels of technologies (and processes) to enhance the "productivity of knowledge 
workers." The three projects that are updated here were initially launched in September 2011. 

The Detecting States of Mind project (led by Jeremy Bailenson) seeks to identify data-driven indicators 
that can detect how well a group is “syncing” on a collaborative project. Using inexpensive commercial 
videogame platforms to assess non-verbal behavior, then using computational methods to predict col-
laborative innovation in learning and creative tasks, the team has developed a “thin slice” approach to 
non-verbal behavior data analysis. They are using this to examine face-to-face and online collaboration 
in dyads in order to help managers predict future success of creative work teams.

The Journey from Islands to Mutual Understanding project (co-led by Kincho Law and Renate Fruchter) 
is investigating the most important elements to create mutual understanding among team members in 
the context of collaborative decisions in creative global business meetings. With two use cases – a glob-
ally distributed class and a large organization – the team is implementing localizations of a prototype 
system. The system allows team members to build awareness of their individuals’ local conditions, and 
make their local conditions transparent and visible to the rest of the team. The intended outcomes are 
feedback mechanisms and metrics that indicate the "engagement potential" of each team member and 
the team as a whole. It also provides feedback that nudges all towards alignment of expectations and 
synchronicity of engagement levels.

1

Introduction: Knowledge Worker Productivity

Knowledge Worker Productivity/ March, 2013/ mediaX Research Theme Update



The Calming Technologies project (co-led by Roy Pea and Neema Moraveji) is devising and evaluating 
ways to technologically augment human self-regulation to help knowledge workers maintain an optimal 
psychophysiological state for "sustainable productivity." The team is developing and using a breath-
ing sensor. The team is also collecting longitudinal respiration data, and qualitative data, to gather user 
feedback on annotation, comprehension and reflection of respiration patterns in work rhythms and 
productivity waves. These early insights are also being used in support of a longitudinal study on stress 
by UCSF. Evaluation of respiration and self-regulation continues.

These projects continue the mediaX Knowledge Worker Productivity Research Theme and its broad in-
sight agenda on the question: What insights about people and technology are needed to develop metrics 
than can be used to measurably increase the productivity to knowledge workers?

Under the Knowledge Worker Productivity Research Theme, projects sponsored earlier by mediaX have 
provided a foundation of insights needed to transcend disciplinary approaches. They have also helped 
to increase and measure knowledge-based productivity gains. This is in response to the intense global 
competition fueled by exponential technology growth that is reshaping the corporate landscape. This 
research theme is also inspired by the desire for resilience in innovation. By empowering thinkers and 
doers, tools in collaborative environments allow researchers to share and test their mental models rap-
idly, and amplify their productivity systematically.

Martha G Russell
martha.russell@stanford.edu

Executive Director

mediaX Team

Susana Montes                                                                     Adelaide Dawes

susanam@stanford.edu                                        adelaide@stanford.edu

Communications Manager                                  Program Manager
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Research Team: Jeremy Bailson, Associate Professor of Communication; Andrea Stevenson Won, PhD 
Candidate, Department of Communication; Wenqing Dai, Graduate Student, Computer Science; Le Yu, 
Graduate Student, Computer Science. 

Overall Project Goals

What if we could automatically detect how well a group is “synching” on a collaborative project?  An early 
concept developed by psychologist Adam Kendon in the 1970’s was “interactional synchrony.”  Nonverbal 
and verbal behaviors in a group are tied together in what Kendon calls “an intricate dance.” When a group 
is firing on all cylinders, being productive and creative, that nonverbal dance is an amazing, synchronized 
experience.  Using technological approaches derived from Bailenson’s lab, the team plans on using inexpen-
sive commercial videogame platforms to assess (and then to predict) collaborative innovation.  The research 
strategy will operate in three phases: 

1. Use game technology (e.g., Microsoft Kinect) to track multiple collaborators’ nonverbal behavior during a 
creativity group task. 

2. Differentiate groups into “high” and “low” innovators based on their performance across many different 
sessions. 

3. Use “bottom up” learning algorithms to differentiate the high innovators from the low innovators based on 
their nonverbal behavior as detected by the system. 

With this system, face–to-face and online collaborations can be monitored from a “thin slice” of a session, 
and managers will be able to predict future success in these collaborations.

Progress to Date

1.  Technological Innovation  
The team has created a system that integrates data from two Microsoft Kinects simultaneously (one 
pointed at each person in a dyad), prevents interference from the opposing infrared emitters, synchro-
nizes the timestamp of the data, and organizes that data into a format that is conducive to feeding into 
machine learning.

2. Task Construal
The team has designed specific tasks based on learning, collaboration, and creativity that a) are quan-
titatively measurable, b) show enough variance across people to allow for prediction, c) are based in 
previous psychological literature on task performance. 
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3. Data Collection
The team has run almost 200 people through an experiment for which the data collection lasted six 
months.  The team ended up with about 70 dyads worth of data (after getting rid of pilot subjects and 
technological failure).  As far as the team knows, this is one of the largest datasets of nonverbal behav-
ior from the body (i.e., as opposed to just the face) that can be paired with outcome measures that has 
ever been collected.

4. Teacher/Learning Prediction
Using machine-learning algorithms, the team has demonstrated that it is possible to predict (with an ac-
curacy of 86 percent, compared to 50 percent chance) the success of a student simply by looking at the 
nonverbal behavior of the student and a teacher in a pair.  This algorithm will work in real-time.  The 
team wrote a paper on this study, which is currently under review at IEEE Transactions on Affective 
Computing.

5. Creativity/Collaboration Success
Using machine-learning algorithms, the team has demonstrated that it is possible to predict (with an 
accuracy of just below 80 percent, compared to 50 percent chance) how creative a pair will be simply 
by looking at the nonverbal behavior of the two collaborators.  This algorithm will work in real-time.  
The team has been invited to submit this study as a paper in a special issue of the Journal of Nonvebral 
Behavior; the submission is due by March 14th. 

6. Synchrony detection
The team is working on algorithms that quantify the “autocorrelation” of the nonverbal behavior of the 
two people in both the learning and the creativity tasks.  This is a large mathematical procedure, which 
seeks out patterns inherent to the two people without using an outcome measure (e.g., learning) to orga-
nize the movement data.  The team has made substantial progress on this project both by a) coming up 
with a “brute force” mechanism to find patterns based on the raw data, and b) developing visualization 
tools (with the assistance of the software team from Konica Minolta) that can look at the nonverbal 
behavior of two people side by side and search “top down” for patterns.

7. New technological development
The team is working on using a device that is better than the Kinect—the Xtion Pro Live—to capture 
larger groups of interactants.  In comunication with Konica Minolta’s software team, the Stanford re-
search team has begun to work on plugins to make the Xtion work with the current system.
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Research Team: Renate Fruchter, Co-founder Project-based Learning Lab; Kincho Law, Professor Environmental 
and Civil Engineering; Leonard Medlock, Research Assistant, Project-based Learning Lab. 

Progress to Date

September – December 2012

09.05.13 – One day briefing at Konica Minolta in Osaka with Takao Shudo and Ikuko Kanazawa 

Use Case I: Konica Minolta eMoC Localization

o          Ikuko Kanazawa mediaX Visiting Scholar at PBL Lab to work with Dr. Renate Fruchter.

o Identify potential pilot teams.

o Konica Minolta eMoC related data collection related to space and technology.

o eMoC PBL Lab surveys for data collection: background, knowledge work, space and technology.

o eMoC knowledge transfer.

o Konica Minolta rapid prototyping of use case scenarios for eMoC.

o Provide Ikuko with access to eMoC cloud prototype.

o PBL Lab Survey Konica Minolta data analysis and synthesis of findings.

o Correlating survey data with eMoC mock-up prototypes.

o Ms. I and Ms. Field – eMoC storyboard. 

January – June 2013

Use Case II: Konica Minolta eMoC Localization

o          Ikuko Kanazawa – back in Japan. 

o Continue to collect data, discuss and clarify eMoC functionality and benefits (with use case mem-
bers and Shudo-san).
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o Use eMoC to assist a team in modeling their space, collaboration technology use, and potential 
engagement. Determine how to improve effectiveness of knowledge worker productivity during distrib-
uted team meetings.

o Have regular remote meeting sessions (using Go-to-meeting) with Dr. Renate Fruchter to discuss 
eMoC clarification questions, details of the eMoC pilot and localization.

o Collect specific space and technology information to localize eMoC for pilot deployment. (Tar 
get: April/May)

o Analyze use case data.

eMoC R&D Ongoing Activities

September – December 2012

o eMoC mobile & cloud rapid prototyping cycles.

o Re-architect the eMoC to address lessons learned from education and industry pilot experiments.

o New eMoC mobile prototype storyboarding. 

January – June 2013

o  Design, implement, and test eMoC mobile MS Azure cloud backend system.

o  Design, implement, and test eMoC mobile GUI and interaction experience.

o  Integrate eMoC mobile GUI and MS Azure cloud backend system.

o  eMoC mobile testing with PBL research team.

o  eMoC mobile-cloud prototype implementation and testing with PBL research team.

o  AEC Global Teamwork course testbed experimental deployment and data collection.

Upcoming Event 

AAAI Spring Symposium Series Workshop on Shikakeology: Designing Triggers for Behavior Change

at Stanford University. March 25-27, 2013. Co-chairs: Naohiro Matsumura and Renate Fruchter.
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Papers

o A Journey from Island of Knowledge to Mutual Understanding, by Renate Fruchter and Leon-
ard Medlock.

o Shikake Trigger Categories, by Naohiro Matsumura and Renate Fruchter.

Next Steps

June – December 2013

o  Testbed data analysis 

o  eMoC documentation, writing paper(s), seek funding for further R&D

7
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Research Team:  Neema Moraveji, Director Calming Technologies Lab; Roy Pea, David Jacks Professor 
of Education and Learning Sciences. 

Anticipated and Unanticipated Progress to Date

This academic year, the team set out to make progress on several research areas. Progress was made on 
some – and on others, the team made pivots to the research plan. This path is outlined below.

Improved Ambulatory Respiration Sensor

The team spent considerable time working on an integrated chip that would be much smaller than the 
existing “Breathbelt” sensor. This new sensor would be more wearable. The schematic for this work is 
shown in Figure 1.

       Figure 1: Schematic for integrated chip for miniaturization of the “breathbelt” chip.

Hong Kong-based Brainpage developed a novel breathing sensor that the team decided to use for subse-
quent research. It is based on a pressure-based sensing mechanism as opposed to the stretch/strain-based 
method we have been using up until now.

Longitudinal Breathing Pattern Analysis

The team collected ambulatory longitudinal respiration data from five users in the field, over the course 
of a week. These are some of the first known datasets of this sort. It was shown that, as expected, the 
respiration rates followed a normal distribution curve (e.g., Figure 2a). However, it was also shown that 
the breathing pattern of a particular user, who was later found to be a regular meditator, followed a 

9

The Utility of Calming Technologies in 

Improving Productivity 

Knowledge Worker Productivity/ March, 2013/ mediaX Research Theme Update



bimodal distribution pattern (Figure 2b). This characterizes elevated self-regulatory ability towards so-
called “sustainable productivity.”

Figure 2a & b: Representative user and the ‘self-regulating’ user found in longitudinal analysis. The Y-axis is fre-
quency, the X-axis is respiratory rate.

The team was unable to do the month-long study that had been anticipated due to problems getting the sen-
sor to (a) stay on, (b) be comfortable to wear for users, and (c) have long enough battery life.

The self-regulating users from the five-day study demonstrated that they spent significant amounts of time at 
a slower respiratory rate. The team proposes that calming technologies can help influence users to demon-
strate more of a bi-modal distribution or bring mean respiratory rate down.

Multi-sensor Input

The team anticipated they would augment Breathwear with camera-based input, but decided not to. Work-
ing with the computer vision techniques was too difficult and it was not feasible to work with the company 
Cardiio.

Mobile User Interface

Quantitative vs. Qualitative feedback: Users were more interested in qualitative feedback as initial feedback 
followed by quantitative feedback that helped them precisely understand their performance relative to their 
own prior performance, as well as social agents.

The team also did some information visualization research into how to support annotation, comprehension, 
and reflection of one’s own respiration data (individual and compared to relevant social groups).
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Figure 3: View of instantaneous information that allows users to self-label mood, photos, and other contextual 
data. The right-most image shows how users can reflect on emotional state that occurred in the past.

The next images show prototypes of other views that help users uncover patterns in their respiratory 
behavior and comparisons with social groups.

Figure 4: Session Views enable the user to understand their own patterns. The right-most image helps the users 
compare against their own family and co-workers.

Research Collaborations

The team has been working to support a collaboration with a longitudinal study at UCSF, which will 
start on April 20.

The team has also entered into research collaboration conversations with Xerox PARC’s research lab to 
support Healthcare and Productivity work.
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METHODS 
Since BreathWear is already an existing mobile application, 
we wanted to make our visualizations/application 
appropriate for the iPhone. Given the small screen real-
estate and the challenges of mobile design [26], we had to 
make sure we were capturing and displaying important 
nuggets to the user while keeping each page concise and 
easy to comprehend. We used D3.js to parse and visualize 
our data sets. The only caveat was that animations on D3 
don’t run as smoothly on mobile devices due to the current 
state of mobile technology, which forced our designs 
towards more static visualizations. As a result, much time 
was spent mapping out a smooth and intuitive navigation 
and flow of the application so that we could still promote 
exploration between the different visualizations. 

Since we were more concerned with developing a proof-of-
concept for presenting breathing information to a user in a 
comprehensive and consumable manner, we left technical 
optimization for future iterations. Instead of building a 
native app, we constructed a mobile web app using the 
JQuery Mobile Framework to circumvent the nuances of 
iOS application development and focus more on our end 
visualization goals. Furthermore, we didn’t integrate live 
sensor data into our app since that would have added 
unnecessary overhead without adding any value to 
designing a meaningful visualization. With that, we 
simulated weeks worth of breathing data for two different 
personas: an office worker, and a student. By doing so, we 
could focus on how exactly we would relay the information 
to a user, rather than how to retrieve that information. 

All in all, our primary focus was to design the right 
mockups. Once these were in place, it was a matter of 
parsing the data to retrieve the right information for the 
right graphs and melding everything together with proper 
interaction flow. 

RESULTS AND DISCUSSION 

One of the driving questions in developing our 
visualizations and app design was, how do we display 
accurate information about the user’s breath rate and 
simultaneously encourage calm? For instance, when the 
user is breathing rapidly, we need to be able to alert the user 
in a way that doesn’t exacerbate the his/her stress levels and 
cause even higher breath rates. To approach this problem 
we devised a means of visualizing breath rates using a color 
mapping system. Through our research on developing calm 
interfaces, we found that green is the easiest color to 
process, and so we used varying shades of green to 
represent calm. For the opposite end of the spectrum-- high 
breath rates-- we chose purple, a color which like green, 
induces feelings of calm, but nevertheless is close enough 
to green’s complementary color, red, to be an intuitive 
opposite. 

Ease of use is also a particularly important considering the 
goal of this application.  We worked to develop an interface 
that was simple and clear, reducing the visual noise as 

much as possible. Using the app should not be an added 
burden to the user’s daily tasks, but rather a straightforward 
experience and intuitive an extension of their current 
mobile usage. This resulted in a light, neutral color scheme, 
creating a blank slate for the users data to be transformed 
into visualizations and insights.  

With these key design principles in mind we developed a 
flow that begins with the instantaneous view that was 
discussed in the Approach section of this paper. The user 
opens the app to see real time information about their 
current breath rate in the context of the past few hours. Here 
we introduce the user to the breath rate color mapping. 
Users can see how the fluctuations in their breath 
throughout the day correspond to a the gradient below, 
giving them an intuitive and approachable way of 
understanding their personal breath rate data. From here the 
user can either add their own contextual data (photo, note, 
mood) or explore their breathing history. As shown in the 
flow below, the amount of exploration is really in the hands 
of the user. They can easily drill down to more detail, i.e. 
the session and exploratory views, or they can just quickly 
check in to see how their day is progressing.  

 
 

 

 

 

 

 

 

Figure 5: The instantaneous view (left) acts as the home and landing page.  
Tapping on “explore history” leads to the weekly view (right), where users 

can observe breathing trends over several days and explore additional 
views. 

 

 

 

 

 

 

 

 

Figure 6: (Left) Clicking on a column in the weekly view allows the user 
to see the breathing heatmap for that day accompanied by contextual tags 
such as calendar events, mood, etc.  (Right) The map view shows breath 

rate (using same heatmap encoding) matched with geo-data.   

 

 

 

 

 

3 

 

Visualization Design 

With the design space thus defined, we decided on three 
modes of interaction and visualization: an Instantaneous 
view, Session / Aggregate view, and Exploratory view. 
Instantaneous View: This view answers the question of 
Status.  It is meant to quickly communicate both the real-
time breath rate to the user as well as provide short-term 
history (on the order of minutes or hours).  In our first 
design iteration, we considered juxtaposing a sparkline 
(Tufte) and bullet graph (Stephen Few).  The bullet graph 
presents the current breathing rate in context of the 3 
different breathing zones (Calm, Normal, Elevated) as well 
as in relation to an (optional) target rate.  The sparkline 
provides a simple view of recent history. 

This choice of visualization, however, did not allow us to 
capture our other design goals.  Instead, we switched to a 
time-series plot paired with a heatmap, which did a better 
job of communicating and capturing both measure and 
context.   
The time-series is a plot of breaths per minute, with latest 
data point labeled to relay current status. 

 
 

 

 

 

 

 

Figure 2: Mock-up of Instantaneous View: This view provides Status 
information and enables users to access pages where they can label 

timepoints with photos, moods, and other meta-data as a means of user-
driven context-tagging. 

The heatmap is a visual summary of the users’ breathing 
where breath rate is quantitatively mapped to a color 
gradient, with both hue and intensity used to encode breath 
rate (green represents calm, purple stress, with intensity 
representing degree of calm / stress -- more on this below) 
and time is mapped to the horizontal axis. By scanning 
from left to right, a user can quickly glean the progression 
of his or her breathing over the course of the past few hours 
or day.   

Additionally, users are able to record Context by clicking 
on the row of buttons in the upper-right corner of the screen 
which lets them record Factors such as location, company, 
and mood.  This contextual data is then automatically 
linked to the current breath datapoint and can be integrated 
into later views. 

Session / Aggregate View: The Session View provides a 
higher level visualization of breathing data in order to help 
the user understand his breathing in context.   

First, is a calendar visualization, which lists the users’ 
activities throughout the day juxtaposed with a heatmap of 
breath-rate.  Also shown are the contextual factors that the 
user added in the instantaneous view. 

Second, is a map visualization, which emphasizes the 
context of Location.  Color here is again used as a 
quantitative measure of breathing rate and is used to trace 
the path of the user’s trajectory throughout the day / week.  
The user is able to visualize how breathing changes 
depending on location.   

Additionally, a Weekly view enables users to track 
breathing pattern progression over the course of several 
days to a week or longer.  Here, as above we use color as a 
visual encoding for breathing rate based on first principles 
of graphical perception [14].  A user can easily grasp the 
progression of his or her breathing pattern by comparing 
weekly strips of color rather than less intuitive encodings. 

 

Figure 3: Mock-ups Session Views, showing calendar, map, and weekly 
visualizations. 

Exploratory View: The purpose of the exploratory view is 
to enable the user to quickly visualize, in greater 
quantitative depth, the effect of contextual factors on 
breathing.  The idea is to enable the user to easily generate 
the cross-product Measure x Factor and thereby ask and 
answer the questions posed in Table 1.  In our initial design, 
we used only BPM as a measure; future iterations will 
include additional measures. 

 

 

 

 

 

 

 

 
Figure 4: Mock-up of Exploratory View, showing average BPM by 

Company. 
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State-sensitive Information Management 

The team anticipated working on at least two research projects around state-sensitive information man-
agement – specifically with email (Peacekeeper & DIZ – Daily Inbox Zero) but ended up focusing on 
user interface techniques before integration with respiration data. These were research projects that had 
targeted prototypes and users to understand effectiveness. Highlights include:

o Email Portal: A task-oriented “start page” that supports users to make tangible their intention 
before staring at a large inbox and becoming distracted.

o Lime Time: A Chrome extension that estimates the time required to work on each email thread 
and displays that to the user in a color-coded manner.

o Click Trip: “Archive” and “Delete” buttons that come alive to train users to effectively manage 
email overload.

o ActionMail: Emotional actions coupled with email operations. Delete gives user an emotional 
way to ‘burn’ or ‘slice’ emails.

o GmailGarden: Ambient information visualization that tells users how many email actions they’ve 
done and makes users feel accomplished – without disruption.

Work Rythm and Productivity Waves

The team did further work to model what sustainable productivity actually looks like. This work is part 
of a paper the team is currently writing with Jakob eg Larsen from the Mobile Informatics Lab at the 
Technical University of Denmark.

One of the first distinctions in the research is between attention and awareness. The difference between 
the two is that attention is conscious and directed whereas awareness is the lingering, sub-conscious 
‘residue’ of attention. When an information worker moves from the computer to taking a break, they 
may shift their attention elsewhere but their awareness of their tasks interrupts their ability to sustain 
attention on a particular foci. 

Figure 5: Foci of conscious attention (att) (work-related or otherwise) are often interrupted by sub-conscious 
awareness (aw), similar to the way interrupts work in an computer operating system.

The importance of this model is to acknowledge that information work has lingering residue that affects 
knowledge workers' non-work life, affecting their ability to truly rest and recover. Similarly, awareness 
of non-work tasks interrupts work-related tasks, hindering productivity. The research question becomes, 
“How can the team design technology to modulate the presence of awareness interruptions?”
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The next model (Figure 6) is related to work rhythms to optimize creativity – the team’s hypothesis 
being that mental state influences creativity similarly to (or even more than) external tools. The model 
shows how the mind shifts between three elusive cognitive states: mind-wandering (undirected, ineffec-
tive, anxiety-provoked), task-focused (single-focus, goal-oriented), and pure awareness (non-judgement-
al awareness of the present moment). This, more than the Yerkes-Dodson curve, the team hypothesizes, 
captures how real information work is done and why they do not expect, or desire, users to stay only in 
the task-focused stage.

Figure 6: This graph illustrates our hypothesis of how mental state shifts over time and captures cognitive rest and 
recovery.

Regarding calming technologies writ large, there appears to be an inherent trade-off that seems destruc-
tive at first. The team calls this the Presence/Functionality trade-off (See Figure 7).

Figure 7: This figure illustrates the trade-off that users must make when they consider how to use a calming tech-
nology as it may seem impede short-term productivity to optimize "presence."

Visual vs. Auditory Guidance 

The team conducted a comparison between auditory and visual guidance for pacing respiration.  The 
results, shown in Figure 8, show the surprising finding that auditory guidance was more effective at 
making users slow their breath down, but visual guidance made the users feel subjectively more calm.
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Figure 8: Comparison between auditory (A) and visual (V) breath-pacing techniques on a mobile phone using the 
breathbelt sensor.

Next Steps

Another area of next steps will be to further explore patterns in self-regulation: When do effective users 
take breaks and for how long? What are the patterns that effective self-regulators undertake? Answer-
ing this will help the team transfer those patterns to users who do not effectively self-regulate – using 
technological triggers, goal-setting, and so on.

The team will continue to refine their models of sustainable productivity and relate how technologies 
can be designed to optimize productivity and human wellbeing.

The team's goal is to support “sustainable productivity,” and they want to measure cognitive perfor-
mance as it relates to psychophysiological measures they capture with Breathwear. The team will begin 
to conduct research into cognitive assessments – either external to the user’s information work or within 
it itself. 
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STUDY DESIGN
The goal of this study was to explore different modalities
of the breathing guide and the relationship between respi-
ratory change and users’ sense of calm. We conducted a
randomized-order within-subject study. 14 university stu-
dents participated (3 females, ages ranged from 19-29). Six
of them had prior meditation experience. Each participant
tried both mode of the breathing drill: visual guide (‘V’) and
auditory guide (‘A’).

Each trial lasted 30 minutes and took place in a dormitory
living room. The participant was given a breath sensor and an
iPhone with the breathing drill application, then asked to get
subjectively accustomed to each drill mode.

Each participant pressed a “Start” button and synchronized
her breathing with the guide for one minute. They were then
asked to read a blog article about US scientific research for 3
minutes. They were then asked to do the other breathing drill
then continue reading for another 3 minutes.

We measured the users’ breathing rates during the en-
tire study. Participants expressed their attitudes toward
each design via a survey that included Likert-5 questions
(1=‘Stressed’, 3=‘No change’, 5=‘Calmed’), and a follow-up
interview.

RESULTS AND DISCUSSION

Both modalities increased subjective calm; Auditory
moreso than visual
The results are shown in Figure 2. Together, the two meth-
ods led to an average of 2.42bpm (SD=2.06) reduction in
breathing rate compared to reading the article (see Figure 2,
right). One-sample t-test revealed that each design also in-
creased subjective calm compared to reading the article (A:
t=5.17, df =13, p<0.05; V: t=2.40, df =13, p<0.05). A two-
sample t-test revealed that auditory guidance is subjectively
more calming than visual (t=1.92, df =26, p<0.05), despite a
trend whereby auditory guidance led to a smaller change in
breathing rate compared to visual (t=0.662, df =26, p=0.256).
We offer two possible reasons for this result (see below).

Cognitive Load.

The visual design may have introduced additional cognitive
load by asking participants to match a visual stimulus to a
respiratory behavior. About half of the participants closed
their eyes while using the audio to ignore visual noise.

Auditory Entrainment.

Respiration is usually experienced more aurally than visu-
ally. Thus, humans may have an easier time pacing their
breath to an auditory guide. Thus, entraining one’s breath
to an auditory stimulus may be more ’natural’ than for a vi-
sual one. The calming association with water and the beach
may also have helped. One participant who closed his eyes
during the activity said, “I really feel like I’m having a rest
at the beach”. Some participants seemed focused on stomach
expansion rather than respiration.

Motivating users to exert effort to be calm may have the
opposite effect

Figure 2. Comparing Self-reported Calming Effects (left) and Average

Reduction in Breathing Rates across participants (right). Error bars

show Standard Errors.

Based on prior research, we hypothesized that a larger de-
crease in breathing rate would lead to greater self-reported
calm [7]. However, while subjects found the visual guide less
calming than the audio, it led to more change in breathing rate
(Figure 2, right). This discrepancy reveals an important con-
sideration about calming technology that mechanically induc-
ing slow breathing does not always lead to experiential calm;
it may even exasperate it.

CONCLUSION
We conducted an evaluation of visual and auditory methods
of intermittent pacing of respiration via a mobile phone. Con-
sistency between breathing representation and human mental
mapping was found to be significant. A decrease in breath-
ing rate does not necessarily induce an increase in subjective
calm. This has implications for the design of calming tech-
nologies. Over-exertion during slow breathing may oppose its
calming effects. As such, calming technology must address
both experiential as well as mechanistic factors.
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