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Abstract

The time is ripe for a renewed and interdisciplinary approach to organizational research that
incorporates neuroscientific techniques. Like all methods, they have methodological, analytical, and
interpretational limitations; however, the potential gains from using these techniques are far more
considerable. We have therefore assembled a succinct yet authoritative collection of articles on the
topic of neuroscience in organizational research, to serve as a solid introduction to the methods of
neuroscience and what they can accomplish. The special topic is organized into two parts. The first
includes a set of accessible reviews of the palette of brain imaging, mapping, and stimulation tech-
niques (fMRI, fNIRS, EEG, MEG, and NIBS) as well as examples of the application of neuroscience
methods to various disciplines including economics, marketing, finance, organizational behavior,
neuroethology, as well an integrative translational critique on a variety of applications. The second is
a collection of articles resulting from a competitive call for submissions that cover various neu-
roscience topics but also address important methodological and philosophical issues. The articles lay
out a roadmap for the effective integration of neuroscientific methods into organizational research.
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A really funny, though shocking, neuroimaging study was conducted a few years ago. The authors
observed the neural reactions of a dead Atlantic salmon that had been placed into an fMRI scanner.
The salmon was asked to observe emotionally valenced photographs of humans; incredibly, the
researchers discovered activation in a region of the salmon’s brain (Bennett, Miller, & Wolford,
2009)! What happened and why did these researchers undertake the study? Briefly, in attempting to
understand brain functioning with neuroimaging, researchers can look at the activation of voxels—
tiny representations of cubes of brain tissue—which together map a three-dimensional grid of the
brain. Clusters of voxels “lighting up” in a particular region represent the degree of neural activity
(typically measured via the blood oxygenation level dependent signal or BOLD signal; see Ogawa,
Lee, Kay, & Tank, 1990) in that region, which is presumably being recruited to undertake a task
(Jenkinson & Chappell, 2018). One problem is that these grids typically have tens of thousands of
voxels. With so many voxels (i.e., variables), and a finite sample of entities being studied, conduct-
ing multiple statistical tests to detect which voxels light up leads to chance intervening; false
positives are bound to be detected, unless appropriate statistical corrections are done for multiple
testing (cf. Bennett, Wolford, & Miller, 2009; Friston, Frith, Liddle, & Frackowiak, 1991).

As is easy to imagine, the dead salmon study caused quite a stir and circulated prominently in the
social media.' A natural reaction would be to take conclusions emanating from fMRI studies with
heaps of salt. Round about that time, critiques about the benefit of using brain imaging and brain
mapping in neuroscientific research came down like a monsoon. Articles warned psychologists
about spurious even “voodoo” correlations between brain regions and outcomes (Eklund, Nichols,
& Knutsson, 2016; Kriegeskorte, Simmons, Bellgowan, & Baker, 2009; Vul, Harris, Winkielman, &
Pashler, 2009; Vul & Pashler, 2012). Books with titles like Neuromania warned of how neuro-results
are being fetishized (Legrenzi & Umilta, 2011). Experiments have also shown that placing irrelevant
neuroscience information sways readers into thinking the information therein is more credible; this
“allure of neuroscience” bias has been observed in psychology and education (Fernandez-Duque,
Evans, Christian, & Hodges, 2015; Im, Varma, & Varma, 2017). It is worth noting that criticism of
neuroimaging and other noninvasive measures of brain function have been present since the tech-
niques were first developed. For example, the electroencephalography (EEG) measured by Hans
Berger in 1929 was initially considered an artifact. Some considered EEG too slow in its oscillations
compared to the action potentials of individual neurons. Other scientists considered EEG to be an
artifact of muscle activity. It was only five years later when Adrian and Matthews (1934) replicated
Berger’s original findings that EEG was more widely accepted as genuine (see Stone & Hughes,
2013).

Of course, neuroscientists worth their salt are cognizant of the various methodological issues that
threaten the validity of their data and findings both concerning fMRI studies (see Bednarz & Kana,
2018; Carp, 2012; Eklund et al., 2016; Poldrack, 2012; Roalf & Gur, 2017; Soares et al., 2016) as
well as EEG studies (Habermann, Weusmann, Stein, & Koenig, 2018; Lehmann & Skrandies, 1984;
Murray, Brunet, & Michel, 2008; Picton et al., 2000; Woodman, 2010), to mention two areas. Thus,
awareness and training have helped provide guidelines and best practices to ensure replicability,
reproducibility, and valid findings that can inform theory and policy. For instance, besides the issue
regarding statistical control for Type I error rates following multiple testing, one of the biggest
challenges that faces neuroscience findings concerns what has been dubbed as problem of “reverse
inference” (Poldrack, 2006, 2011). That a brain area is activated during a task does not mean that the
particular area is responsible for the task; the issue at hand is that any given brain area is typically
recruited for many different tasks. Thus, neuroscientists have created a database that synthesizes and
catalogs research findings so that neuroscientists can compare their results to base rate results from
thousands of other studies (Yarkoni, Poldrack, Nichols, Van Essen, & Wager, 201 1).2

Notwithstanding these critiques, research using neuroscience methods, broadly defined, has made
much progress and is used extensively in various social science disciplines; researchers regularly
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manage to publish this type of research in top journals in marketing (Plassmann, Venkatraman,
Huettel, & Yoon, 2015; Reimann, Castano, Zaichkowsky, & Bechara, 2012) and psychology
(Lumian & McRae, 2017; Wang, Peng, Chechlacz, Humphreys, & Sui, 2017), including in applied
areas of management (Dulebohn et al., 2016; Molenberghs, Prochilo, Steffens, Zacher, & Haslam,
2017; Slater, Turner, Evans, & Jones, 2018; Waldman, Wang, Hannah, & Balthazard, 2017).
Moreover, researchers from economics, finance, and psychology manage to regularly publish in
the most prestigious journals like Science, Nature, and the Proceedings of the National Academy of
Science (Fliessbach et al., 2007; Hein, Morishima, Leiberg, Sul, & Fehr, 2016; Knoch, Schneider,
Schunk, Hohmann, & Fehr, 2009; Plassmann, O’Doherty, Shiv, & Rangel, 2008; Tricomi, Rangel,
Camerer, & O’Doherty, 2010).

Have organizational scientists missed the train? Not really; work is being done, and there have even
been two current large-scale literature reviews on the topic (Butler, O’Broin, Lee, & Senior, 2016;
Waldman, Ward, & Becker, 2017). Still there is some skepticism that neuroscience can add much to
our understanding of human behavior in organizations; these issues have been discussed at length in
this field (Ashkanasy, Becker, & Waldman, 2014), though some strong critiques have emerged about
the utility and ethicality of neuroscience (Lindebaum, 2016; Lindebaum & Jordan, 2014). However,
there is certainly more weight behind those making prominent calls for neuroscience to gain a firm
foothold in the organizational sciences (Antonakis, 2017; Butler et al., 2016; Lee, Brandes, Cham-
berlain, & Senior, 2017; Robertson, Voegtlin, & Maak, 2017; Waldman, Ward, et al., 2017).

Neuroscience: Some Basics and a Brief History

Before introducing the feature topic, we briefly describe a few brain basics as well as the domains of
inquiry that are generally covered by noninvasive neuroscience methods in humans.> We would
hasten to acknowledge that the field of neuroscience is itself far wider, spanning across species from
single-cell organisms through humans and across levels of investigation from molecules to mind.
Here are a few key figures about the human brain (see, e.g., Kandel, 2013; Raichle & Gusnard,
2002): It weighs about 1.5 kilograms and consists of about 100 billion or so neurons and roughly the
same number of glial cells; the number of connections between neurons is estimated at 100 trillion or
so; and an individual neuron has approximately 10,000 synapses. From an energetic standpoint, the
brain is astoundingly efficient—at rest, it runs at about 12 to 15 watts (standard lightbulbs are 60
watts), which accounts for roughly 20% of the body’s energy consumption. What is more, this
energy consumption does not seem to vary with different mental activities (cf. Raichle & Gusnard,
2002, for discussion). It cannot be understated that the brain is in constant and reciprocal interaction
with the rest of the body, including the gut and its hormones (e.g., Rhee, Pothoulakis, & Mayer,
2009) as well as the neuroendocrine system more generally (Watts, 2015), the heart (Silvani,
Calandra-Buonaura, Dampney, & Cortelli, 2016), and other muscles and sensory organs.

These interactions are of course paralleled by the brain’s regulation of sensation, perception,
cognition, and behavior; these functions were attributed to the brain only since the 6th and 5th
centuries BC in the writings of Alcmaeon of Croton and later in those of Hippocrates in the 4th
century BC. However, the role of the brain was debated (e.g., see Glickstein, 2014; Gross, 1999).4
For example, Aristotle (also active during the 4th century BC) considered the brain as a cooling
system, whereas the heart was the seat of mental activities. A major contributor to this and similar
debates was the absence of rigorous anatomic data, though some insights were nonetheless available
based in part on Egyptian embalming procedures, but essentially quiescent until the Middle Ages
and Renaissance (Galen, a doctor in the 2nd century AD being a notable exception).

In many respects, history repeated itself when it came to functional anatomy and understanding
how the brain manifests specific functions. By way of select examples, René Descartes (16th and
17th centuries) not only conceived of the pineal gland as the seat of thought and the human soul, but
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also considered the brain to be a largely hydraulic organ, no doubt inspired by the writings of Galen
(Glickstein, 2014). This type of reasoning continued to have an influence until the late 18th and early
19th centuries, which marked a conceptual turning point in neuroscience (and most other scientific
domains too) due to a confluence of innovations. Whereas history remembers Franz Joseph Gall as
“the” champion of phrenology, he also was a pioneer in neuroanatomy (Rawlings & Rossitch, 1994),
whose work was a harbinger of discoveries by individuals such as Ramon y Cajal and Korbinian
Brodmann. During the same period, medical advances meant that patients and soldiers would
survive for some time after head injury or trauma and that their physicians could describe their
functional impairments; for examples, see descriptions of aphasia patients by Paul Broca and Carl
Wernicke as well as trauma survivor Phineas Gage (Broca, 1861; Damasio, Grabowski, Frank,
Galaburda, & Damasio, 1994; Gross, 1999, 2012; Harlow, 1848; Wernicke, 1881).

During the 1800s there was a parallel torrent of scientific and technical achievements in domains
such as physics (in particular electromagnetism) and engineering that were paving the way for the
noninvasive measurement of brain anatomy and function (e.g., individuals such as Alessandro Volta,
Georg Simon Ohm, Michael Faraday, James Clerk Maxwell, Heinrich Hertz, and Hermann von
Helmholtz—see Swartz & Goldensohn, 1998). The 20th century and the digital age have likewise
ushered in an unprecedented access to the biological underpinnings of behavior. In many respects, this
opening was due to tools that allowed for studying the intact brain of living human beings; techniques
that are detailed in Part I of this special topic. To give you a sense of how “young” these techniques are,
you should bear in mind that EEG was introduced in 1924 by Hans Berger (Gloor, 1969). Magne-
toencephalography (MEG) was introduced in 1968 by David Cohen (1968). Positron emission tomo-
graphy (PET) for functional brain imaging was introduced in 1975 by Ter-Pogossian and colleagues
(Ter-Pogossian, Phelps, Hoffman, & Mullani, 1975). Transcranial magnetic stimulation (TMS) was
introduced by Antony Barker and colleagues in the mid-1980s (Barker, Jalinous, & Freeston, 1985)
with other varieties of noninvasive brain stimulation (NIBS) techniques developed since then. More
recently, functional magnetic resonance imaging (fMRI) was introduced in 1990 by Ogawa and
colleagues (1990), which was preceded by the development of structural magnetic resonance imaging
developed during the mid-1970s by the teams of Lauterbur and Mansfield (Lauterbur, 1973; Mansfield
& Maudsley, 1977). Finally, fNIRS was first published in 1993 and demonstrated how oxygenated and
deogenated hemoglobin could be measured using infrared light (reviewed in Boas et al., 2014). Thus,
in the span of less than 100 years a wide variety of techniques have been developed and validated for
studying human brain function noninvasively, each with spatial and temporal resolutions that are
continuously being refined with advances in their hardware and software (Figure 1). In turn, these
advances are promoting greater interpretational power both in terms of correlational versus causal
inference and in terms of being directly coupled to neural activity. Although we have, by no means,
done justice to the history of (neuro)science here, we hope this overview gives some context to the long
history of humanity’s interest in understanding itself.

The Feature Topic

The backdrop of our introductory remarks provided the impetus for editing a feature topic dedicated
to organizational neuroscience. Micah is a trained neuroscientist, and John is specialized in topics
germane to organizational behavior and research methods. We came together after having several
conversations about a potential collaboration, which led us to edit this feature topic. We saw a need
for a succinct yet authoritative collection of articles on the topic, which would serve as solid
introduction to the methods of neuroscience and what they can accomplish.

Basically put, our feature topic seeks to answer the following question: What should a typical
organization or behavioral scientist need to know to obtain some basic notions of neuroscience and
perhaps start a collaboration with a neuroscientist? To answer the question, we decided to lay out in



Organizational Research Methods 22(1)

Spatial
resolution
Oy,
r,l%b
+ GSR | HRV
99 i, : \
ca hormones
a Usa) ing, " '
a,,ﬁ bl‘.t QJ‘Q
Yo P, Ne
Whoj, the n“b:
G‘ braj, Ury,
B . L]
{
brain map

prain region

corticalllayer

s <o s

minutes - nows . Temporal
o1l I ) resolution
rrelaﬂo ut
Coren;e adl"’r - -
infel o0 3% 4y
forc 1 act
nev

Figure |. The operational space of noninvasive neuroscience methods. Here we schematize the relative
temporal and spatial resolution of commonly used methods, as well as their capacity to provide causal versus
correlational inference regarding function and/or neural activity. The size of the sphere/oval conveys the range
of resolution along a given axis. For example, EEG and MEG can have fine-grained temporal resolution
(<millisecond) and variable spatial resolution depending on the acquisition and analysis parameters. They are
both direct measures of neural activity, but can provide only correlational inference regarding brain function (at
least when used in isolation). The measurement of hormones, such as testosterone, has a more restricted range
(and hence is schematized here by a small sphere), has a slow temporal resolution, is a measurement outside of
the brain, and thus provides exclusively correlational inference about brain function and neural activity. EEG =
electroencephalography; fMRI = functional magnetic resonance imaging; fNIRS = functional near-infrared
spectroscopy; GSR = galvanic skin response; HVR = heart rate variability; MEG = magnetoencephalography;
NIBS = noninvasive brain stimulation. This schema has been inspired by similar images in Churchland and
Sejnowski (1988) and Walsh and Cowey (2000).

Part I the basic methods of neuroscience (e.g., fMRI, EEG, MEG, NIRS, NIBS), their strengths and
weaknesses, how signals can be measured or how they can be interrupted.’ We then showcase the state
of the science in various fields that use neuroscience. We solicited the articles in Part I, using the
prominence and knowledge of neuroscience of authors as selection criteria; these articles underwent
peer review. Part Il was a competitive call for papers, covering various topics in neuroscience but also
methodological and philosophical issues. We summarize the contributions below for both parts.
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Part |

This section begins with an article by Loued-Khenissi, Doll, and Preuschoff who provide an over-
view of fMRI. This technique is very popular for gauging brain signals, on the basis of oxygenation
of brain regions (using magnetic properties of hemoglobin), and for mapping out brain regions and
their functions in three dimensional space. Loued-Kenissi and colleagues explain how fMRI works,
what it is useful for, how studies using fMRI are usually designed, and how data are analyzed. They
discuss issues of causality, the strengths and weakness of the method (including the problem of signal-
detection time lag), and how fMRI can be combined with other neuroscience signal detection methods.

Quaresima and Ferrari follow by presenting a relatively newer technique to measure brain
signals, functional near-infrared spectroscopy (fNIRS). This approach is similar to fMRI—in terms
of gauging oxygenation of brain regions—but using near infrared (NIR) light, which is projected
through the head. The approach infers the use of a brain region from the light absorption properties
of hemoglobin. The authors also discuss what advantages and disadvantage the method brings; for
instance, although it has a smaller penetration depth compared to fMRI, fNIRS has several advan-
tages including cost and portability.

Next, Tivadar and Murray provide a primer on EEG and event-related potentials (ERPs). EEG is
perhaps the oldest of the brain mapping/imaging methods dating back nearly a century. The authors
provide an accessible description of what EEG/ERPs measures and how as well as how the data are
analyzed. They discuss how some varieties of analyses are ambiguous because of misunderstandings
of the neurobiological and biophysical bases of the signals. They also discuss alternative approaches
that are more robust and informative. They close by situating EEG/ERPs alongside the interests of
organizational researchers and discuss in a balanced way the benefits and limitations of the technique.

Ahlfors and Mody present MEG. Like its close cousin EEG, MEG instantaneously measures
electrical signals from the brain using sensors, fitting over the head like a giant beauty salon hair
dryer (instead of using EEG-type scalp electrodes integrated in a cap or net). As with the previous
articles, the authors discuss how MEG signals are detected, the strengths and weaknesses of the
method, how MEG can be integrated in a multimodal framework; they also provide examples of the
use of the method.

Instead of measuring its signals, how about knocking out the brain’s ability to perform a task?
Veniero, Striiber, Thut, and Herrmann present a rather useful method to study the brain, which does
just that. NIBS, which includes TMS and transcranial electric stimulation (tES), interfere with brain
activity and allow researchers the possibility to answer causal questions. These methods are cheap
and quite easy to use. The authors discuss their utility and safety, and provide examples of research
questions that can be answered with these tools.

The next five articles are less technical and more applied in nature. The first four showcase how
social science disciplines, including economics (Konovalo & Krajbich), marketing (Karmarkar &
Plassmann), finance (Miendlarzewska, Kometer, & Preuschoff), and organizational behavior (Wald-
man, Wang, & Fenters) have benefited from using neuroscientific methods. Because researchers
from the disciplines of economics, marketing, and finance were relatively early adopters of neu-
roscientific methods, organizational scientists have much to learn from these articles particularly
with respect to expectations they should have regarding what these methods can offer them, the
kinds of phenomena that can have studied, and which neuroscience methods have been proven to be
useful for organizational and economic-related contexts. The fourth article, by Menieur, a primatol-
ogist, looks at neuroscience from a neuroethology point of view, and in particular, how studying
primates can help explain the origins of some human behaviors.

The final article in Part 1 is by Spence, who has much experience in writing about technical issues
in nontechnical ways (see, e.g., Spence, 2017; Spence & Piqueras-Fiszman, 2014). He explores the
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limits of neuroscience designs and what they can accomplish over traditional behavioral methods in
business settings.

Part 2

This part of the feature topic includes a diverse set of articles. First, Bagozzi and Lee discuss
philosophical issues in neuroscience, focusing specifically on consciousness. This article covers
much territory and focuses essentially on what is the meaning of brain activity and to what extent
one can infer consciousness from biological underpinnings. They point to the limits of current
neuroscience methods and suggest that new methods must be discovered to the solve mind-brain
conundrum.

Next, Braecutigam, Lee, and Senior follow with an article on endogenous brain states; the brain
shows constant activity even in its resting state. They provide several pointers regarding what types
of questions can be studied in the organizational sciences, specifically in predicting the preferences,
choices, or even vocations or different types of individuals from their endogenous brain states.

The next two articles take a rather different tack to all others in this feature topic: They do not
focus on the brain per se, but on different aspects of neurological functioning. Massaro and Pecchia
discuss heart rate variability and how doing so can be used to make inferences about the autonomic
nervous system. This area of research and a related area—which is the focus of the article by
Christopoulos, Uy, and Yap who discuss skin conductance response—are curiously absent in the
organizational sciences. The authors discuss how autonomic signals from the heart or skin can be
processed and analyzed, and what types of phenomena can be studied using these methods, as
applied to organizational science.

Finally, Jack, Rochford, Friedman, Passarelli, and Boyatzis review the various challenges and
pitfalls that neuroscience faces. They discuss the different approaches to measure brain signals or to
perturb them, as well as other workhorses of neuroscience (e.g., lesion studies), and showcase their
utility for organizational scholars. They sprinkle their article with methodological nuggets and
critically assess how neuroscience methods can be used in a robust manner.

Conclusion

We hope that organizational and behavioral scholars find the collection of articles in this feature
topic interesting and useful. Neuroscience in the general sense of the word, including the brain and
the neuroendocrinological system, has much to offer; in particular, such data are free from the
“cheap talk” and social desirability that plague self-reports and questionnaires (Antonakis, 2017;
Podsakoff & Organ, 1986); they are directly observable, are objective, and can be measured in a
relatively inexpensive manner. There has been much hype surrounding neuroscience in the past and
expectations about what we could learn from it were set very high; at the same time, many scholars
may not have understood what neuroscience was all about. Perhaps the hype, the expectations, and
the unfamiliarity with the methods made scholars from the organizational sciences cautious about
neuroscience. Neuroscience has come a long way, and organizational scholars should embrace it.
Results from neuroscience studies can help answer many questions and inform both basic and
applied research. We hope we have given organizational scholars some fish for thought.
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Notes

1. See, for instance, https://www.altmetric.com/details/411689?src=bookmarklet or https:/plu.mx/plum/a/?
doi=10.1016/S1053-8119(09)71202-9&theme=plum-sciencedirect-theme&hideUsage=true.

2. See http://www.neurosynth.org/.

3. We would direct interested readers to initiatives like the Society for Neuroscience’s Brain Facts (http://
www.brainfacts.org), where there is a repository of educational videos and podcasts.

4. There are excellent books on the history of neuroscience. See Glickstein (2014) and Gross (1999).

5. Note, we do not cover positron emission tomography (PET), which in many regards has been replaced by
other methods for applied research purposes. However, there are contemporary advances in using PET in
combination with other methods (e.g., Chen et al., 2018; Chugani, 2018).
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