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a b s t r a c t

Biosensing measures of physiological (somatic) response offer a potentially powerful tool for capturing
people's subconscious reactions to environmental stimuli. Combining biosensing with other techniques
allows insights to be generated not only about the intensity of somatic response but also, crucially, the
underlying causes of that response. Despite pioneering work in this area, a rigorous, empirically-led
analysis of biosensing measures in mixed methods research has hitherto been lacking. We address
this lacuna through a case study of urban walking, comparing a field-based study (30 participants) with a
virtual exercise undertaken in a lab (25 participants). Combining biosensing with data on environmental
stimuli (recorded using video/GPS) and interviews, three analytical modes are examined: biosensing-led;
environment-led; and thematic-led. The analysis shows how each dataset can add contextualizing in-
formation to significant phenomena observed in the others. We demonstrate, however, that biosensing
measures become considerably more difficult to interpret beyond the controlled environment of the lab.
The paper concludes that biosensing should be seen as a valuable measure in field studies, but one which
requires careful interpretation through other datasets, being of limited usefulness and reliability taken
alone.
© 2017 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).

1. Introduction

Much research has been undertaken in cultural geography
examining questions of the body, although very little of this work
has sought to quantify physiological (somatic) response. In recent
years biosensing has been seen as offering the potential to explore
participants' reactions at an embodied level, beyond the subjec-
tivity of self-reporting (Spinney, 2015). Despite excitement about
the potential for using biosensing equipment, geographers have
thus far failed to undertake a rigorous, empirically informed anal-
ysis of whether and how these devices should be deployed in field
research.

Biosensing is an umbrella term for a variety of different somatic
measures including electrodermal activity (EDA), heart rate (HR),
blood volume pulse (BVP) and electroencephalograms (EEG). De-
vices recording somatic response have become cheaper and more
widely available in recent years and some measures can be used to
make inferences about the emotional state of the wearer. Unless
deployed within a mixed methods research design, however, the

context for these somatic responses is missing; in essence, bio-
sensing can capture the what but not the why.

There are, therefore, two critical issues that we address in this
paper: the usability of biosensing data recorded in a field context;
and how a mixed methods approach can contextualize the somatic
responses captured by biosensing devices. This analysis is under-
taken through a case study of urban walking in which we contrast
data recorded in a lab using a virtual proxy with materials recorded
by participants in the field. The comparison highlights the difficulty
of interpreting biosensing data recorded in the kinds of field set-
tings that tend to be of interest to geographers, where physiological
response and sensory stimuli are considerably less controlled than
in a lab context. We demonstrate how biosensing, environmental
and narrative datasets need to be combined to overcome the
shortcomings of biosensing technologies. The approach we outline
can be used to enhance our understandings of how people interact
with and respond to their environments, offering cultural geogra-
phers and others a significant new technique for examining ques-
tions around embodiment.

2. Working with biosensing data

Christian Nold's (2009) Biomapping project pioneered a mixed
methods approach combining biosensing data with spatial position
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and qualitative data. Nold built a device to measure galvanic skin
response (GSR) and asked participants to walk around their
neighbourhood. He combined these GSR measurements with a GPS
track to produce maps. The GSR served as a measure of somatic
arousal and participants were asked to talk through their maps,
explaining the cause of observed peaks in arousal. Short quotes
from these interviews were subsequently pinned to the maps to
create a kind of qualitative GIS (Cope & Elwood, 2009) which gave
narrative contextualization to the biosensing data.

Nold's highly innovative work was not without its limitations.
His biosensor only captured GSR; devices available today record a
range of measures that can be examined in tandem to give more
nuanced insights beyond a simple measure of arousal. Nold's par-
ticipants were also presented with their biosensing data and asked
to explain it, running the risk that theymight ascribe false meaning
to the data in order to make sense of it themselves.

The Biomapping project had a strong element of artistic practice
and was undertaken as a commission for several municipalities.
Nold did not, however, undertake a detailed evaluation of the
strengths and weaknesses of combining biosensing and qualitative
data. The need for such an evaluation has become more pressing in
the years since Nold devised his biomapping technique in 2004.
Wearable biosensors have now become smaller, more reliable and
readily available. Today there is a large range of equipment avail-
able with differing degrees of accuracy (and cost), recording a va-
riety of somatic measures (Table 1).

Research in affective science and affective computing has been
using biosensing equipment for many years to explore how somatic
response measured by these devices might be used to infer the
emotional state of the subject (Evans, 2001; Picard, 1997). The cir-
cumplex model of affect (see Fig. 1) used within these disciplines
(Posner, Russell, & Peterson, 2005) for categorizing different states
of arousal offers a useful framework for undertaking this analysis.
With careful interpretation, biosensing data of different kinds can
be used as a baseline from which to infer emotional response to
stimuli. These data cannot, however, be unambiguously correlated
with a person's actual emotion nor the context in which it arose
(Resch, Summa, Sagl, Zeile, & Exner, 2014) since emotions are
profoundly subjective.

3. Exploring worlds with biosensors

There has been some interesting work using biosensors to
examine the reactions of lab-based participants to virtual worlds,
particularly through video games (Sykes & Brown, 2003). Within
these virtual spaces, game designers purposefully manipulate the
somatic responses of players to keep them engaged (Ash, 2010) and
thus there is an obvious appeal to researching this engagement
using biosensing techniques. McMahan, Parberry, and Parsons
(2015), for example, employed the EMOTIV Epoc to measure the

EEG of participants playing platforming game ‘Super Meat Boy’.
Engagement and arousal levels were found to significantly increase
during death events compared to regular gameplay.

Using biosensing equipment outside the controlled environs of a
lab, however, brings significant challenges. Measuring EEG, for
example, works best when there is little or no movement of the
head, making data generated in the field significantly more difficult
to interpret with precision. Readings of electrodermal activity (EDA
e a similar measure to the GSR used by Nold) can be disrupted
where a participant engages in physical activity that stimulates
sweating. Moreover, urban environments generate complex and
sometimes overwhelming multisensory stimulation (Edensor,
2007; Jones, 2012). As a result, it is difficult to isolate what stim-
ulus (or combination of stimuli) is producing a given somatic
response.

Regardless, geographers are beginning to explore the possibil-
ities afforded by using biosensors in a mobile context (Spinney,
2015), particularly within subdisciplines concerned with health
and urban design. Aspinall, Mavros, Coyne, and Roe (2015), for
example, used measures of EEG, to examine a participant's somatic
(and by inference, emotional) response to walking around Edin-
burgh, UK. Using the EMOTIV Epoc and a GPS, they mapped
embodied responses experienced in different spaces of the city.
Crucially, however, there was no context given for what triggered
those somatic responses.

The Urban Emotions project (Resch et al., 2014; Zeile, Resch,
Exner, & Sagl, 2015) attempted to develop techniques for extract-
ing georeferenced data about people's emotional state in real time
to inform spatial planning processes. The team sought to ‘ground
truth’ the biosensing data they had collected using a smartphone
application and volunteered geographic information. There were,
however, limitations to the ways in which this project attempted to
contextualize the biosensing data. In the smartphone application,
for example, self-reporting is limited to one word (for example
‘traffic’) providing a rather superficial account of the individual's
experience.

In a similar vein, Gravenhorst et al. (2012) used Self-Assessment
Manikin's surveys to quantify their participants' valence and
arousal rather than engaging with qualitative approaches such as
interviews, thereby missing the opportunity to collect more in-
depth reflections from participants. In a study closest to what we
report below, Ruskamp (2016) used bodyworn video in combina-
tion with EDA, which was used as a measure of stress. Ruskamp's
study is pioneering, but limited by being restricted to a fixed route
in a homogeneous suburban area and, as he acknowledges, raises
more questions than it answers in terms of the number of variables
that could influence participants' EDA response.

4. Methods

This paper is based on two related projects that combined bio-
sensing data with video and qualitative interviewing to examine
urban walking. The case studies were based, respectively, in a
physical and a virtual environment. Sitting playing a videogame is,
clearly, an imperfect proxy for urban walking, but allows partici-
pants to control ‘their’ apparentmovements and thus feel in control
and interact with a space in a way that is not possible when, for
example, simply watching a video of a walk. The purpose of the
comparative studywas to examine the limitations of the biosensing
data when taken into an uncontrolled outdoor environment. The
virtual study creates a baseline, with a much simplified sensory
environment (visual and auditory) to take account of when
analyzing the biosensing data. The virtual study also removes the
physical factors (movement and sweating) that can confound bio-
sensing measures. Thus, by undertaking a comparative study the

Table 1
Overview of commonly available biosensing equipment.

Device Data

Head EMOTIV Epoc/Insight EEG, cognitive response
Muse headband EEG, relaxation
Tobii Pro Eye tracking

Wrist/ankle Apple Watch, Garmin,
FitBit

GPS, Activity tracking, HR.

Empatica E4 HR, EDA, BVP, Skin temperature.
Milestone Pod Activity tracking, Foot strike.

Torso BioHarness HR, Breathing rate, EDA, Skin
temperature.

TempTraq Body temperature.
Garmin HR
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