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1. Introduction

Most current studies in the field of cognitive neuroscience are

based on the recording of neuroimages from a participant’s

brain while that participant is engaged in carrying out some

mental activity. The idea is that, by recording the brain

activity that accompanies mental processes, we learn where

in the brain those mental processes take place. But also it is

hoped that such work will shed light on the inner workings of

those mental processes, and so tell us something about the

mechanisms that produce them.

Six years ago, Max Coltheart opened a Discussion Forum in

this journal (Coltheart, 2006a), with the stimulating title “What

has functional neuroimaging told us about themind (so far)?”.

About 10 different scholars responded to this question by

offeringexamplesof situationswhere, in their view, functional

neuroimaging has contributed to understanding human

cognitive processes. In Coltheart’s Forum rounding off

response, followed by the contribution by Page (2006), these

opinions were disputed, while their conclusions were

summarizedby the title “Perhaps functionalneuroimaginghas

not told us anything about themind (so far)” (Coltheart, 2006b).

Nevertheless, in recent years a number of supposedly new

disciplines have emerged which all seek to bring neuro-

imaging to bear on investigating how the humanmind works.

As a result, we now have “neuro-economics” (i.e., Camerer

et al., 2005), “neuro-sociology” (i.e., Franks, 2010), “neuro-

politics” (i.e., Connolly, 2002), “neuro-ethics” (i.e., Farah, 2012),

“neuro-philosophy” (i.e., Churchland, 1986) and even “neuro-

esthetics” (i.e., Di Dio and Gallese, 2009), “neuro-theology”

(i.e., Joseph, 2003) and “neuro-marketing” (i.e., Ariely and

Berns, 2010). Clearly, it would make little sense to claim that

a new discipline has emerged only because we now have the

means for localizing in the brain where the mental processes

involved in particular disciplines are located. We could claim

to have started a new discipline only if we had acquired a new

means of exploring the mental processes involved in that

discipline.

Coltheart (2006a,b, 2010; also see Henson, 2005; Loosemore

and Harley, 2010 and Poldrack, 2010) has proposed that neu-

roimaging studies can have three (not mutually exclusive)

goals. The first (Goal 1) is the “neuroanatomical localization of

cognitive processes”. This is no doubt an interesting enter-

prise but it adds very little to our knowledge of how our mind

works. The second goal (Goal 2) consists of “testing theories of

cognition”. Based on this second goal, neuroimaging studies

should be aimed at evaluating theories that are expressed at

a purely psychological level. Here we would have grounds for

founding new disciplines. The third goal (Goal 3), “testing

neural models”, is relevant only for exploring how the brain

works and will not be considered here.

The aim of the present literature survey is to estimate how

many of the studies recently made available in journals

devoted to cognitive neuroscience have actually pursued Goal

2, in terms of evaluating theories of cognition. Expressed in

another way, the aim of the present paper is to estimate how

many recent neuroimaging studies actually comprise relevant

ways of exploring the human mind, thus giving rise to new

disciplines as a critical contribution to the Decade of the Mind

Initiative (Albus et al., 2007).
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2. Method

2.1. Survey of the literature

Journal inclusion criteria.

In our survey, we took into consideration only original

research papers concerned with human mental functions,

thus excluding review papers. We screened the four journals

with the highest Impact Factor according to the ISI Web of

Knowledge Journal Citation Reports (JCR) Science 2010:

Nature, Nature Neuroscience, Science and PNAS. Also, we

added four journals specifically devoted to the study of mind-

brain relations, Cortex, Neuropsychologia, Cognitive Neuro-

psychology, and the Journal of Cognitive Neuroscience.

The papers to be included underwent a two-stage hierar-

chical process.

In stage 1, we used the following keywords: “fMRI” in every

field (title, abstract, text) for each of the eight journals, limiting

the search to the period between January 2007 and December

2011. The 809 studies retrieved in this way were passed on to

stage 2.

In stage 2, two of the authors, P.E.T. and F.S., independently

screened the studies from stage 1, by applying the following

inclusion criteria:

- Studies using fMRI with healthy human participants or with

patients the aim of which was to contribute to the under-

standing of the functional architecture of cognitive systems.

- Studies using fMRI to investigate the following human

cognitive functions: perception, language, reading, mathe-

matical cognition,memory, attention, and decision-making.

The exclusion criteria we applied were:

- Studies related to other mental functions, e.g., motor

control, emotion regulation, etc. For instance, we did not

include the study by Miall et al. (2009) in which the main

topic was the brain activation related to drawing.

- Studies related to the investigation of neural mechanisms,

e.g., brain areas targeted by dopamine neurons, coupling

between the high- and low-frequency bands of ongoing

electrical activity, cerebral plasticity, etc. An example is the

study by Elkana et al. (2011), the aim of which was to

investigate spontaneous functional recovery after insult to

the language-dominant hemisphere.

- Studies related solely to investigating the neural correlates

of specific neurological disorders (e.g., “Impaired recogni-

tion of musical emotions and facial expressions following

anteromedial temporal lobe excision”, Gosselin et al., 2011;

“Examination of focal brain lesions in childhood”, Jacobs

et al., 2011).

- Studies combining fMRI with other methods (e.g., EEG, TMS,

computational models) when themain conclusions reached

were based on these supplementarymethods.An example is

Turkeltaub et al. (in press), which was a study of a patient

that combined fMRIwithTranscranialMagneticStimulation.

All studies were then classified, according to Coltheart’s

(2010) proposal, as belonging to Goal 1, that is “neuro

anatomical localization of cognitive processes”, or toGoal 2, that

is, “testing theories of cognition”.

To be assigned to Goal 1, the main aims and conclusions of

the study must have made explicit reference to establishing

what brain regions or systems exhibit altered activity in

response to the engagement of particular cognitive,

emotional, or sensory processes.

To be assigned to Goal 2, the main aims and conclusions of

the studymusthavemadeexplicit reference to testing theories

of cognition by using neuroimaging data. Studies belonging to

this category could have been concerned with a particular

theory expressed in cognitive terms and in trying to collect

evidence in support of that theory. Other studies in this cate-

gory could have been concerned with competing theories

expressed in cognitive terms and in trying to adjudicate

between such theories. In this phase we did not consider

whether or not a study was properly designed e whether, for

example, it committed the consistency fallacy (Mole andKlein,

2010). This fallacy consists in claiming that some study

supports some theory solely because the data from that study

are consistentwith the theory,without providingany evidence

that the study could plausibly have yielded any pattern of data

that would have counted against that theory.

3. Results

3.1. Goal 1 and Goal 2 descriptive statistics

Overall 199 papers were identified from stage 2. One-hundred

and seventy-nine were assigned to Goal 11; the remaining 20

were assigned to Goal 2.

3.2. Raters’ agreement

The percentage of independent agreement between the two

raters was 170/199 ¼ 85.4%; Kappa ¼ .51; .95 CI ¼ .42e.60

(Martin and Femia, 2004). The remaining 29 studies that had

yielded a discrepancy between the raters were subsequently

submitted blind to a third rater2 who independently classified

them within the two categories. Using the majority vote, eight

studieswere assigned to Goal 2 and the remaining 21, to Goal 1.

In Table 1 we list the 20 studies assigned to Goal 2.

The overall percentages of Goal 1 and Goal 2 studies are

88.8% and 11.2% respectively. Their range across all the jour-

nals is 0e13.3%.

Although in terms of raw numbers there was a small

increase in studies belonging to Goal 2 across the five years,

the percentage of all studies that belong to Goal 2 has not

increased over this period. This percentage was 16.7% in 2007

and 8.3% in 2011.

However, even though the number of functional neuro-

imaging studies aimed at the clarification of how mental

processes work is low, it may still be interesting to see to what

1 The complete list of references assigned to Goal 1 and
a supplementary figure and table, are available upon request to
the first author.

2 We acknowledge the collaboration of Dr. David Giofrè for this
role.
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extent the few studies belonging to Goal 2 have contributed to

such knowledge. Within the 20 studies that were concerned

with Goal 2, 11 (papers 3, 4, 6,7, 9,11,13,15,16,18 and 20, see

Table 1) explicitly conceded that they merely supported

previous cognitive models by using neurophysiological find-

ings as converging evidence. Thus all 11 suffered from the

consistency fallacy, described above and defined by Mole and

Klein (2010). The remaining nine studies made use of neuro-

imaging data with the intention of adjudicating between two

competing theories concerning functional and/or anatomical

mental processes.

4. Conclusion

Following a proposal by Coltheart (2010), we assumed that the

only neuroimaging studies that can be instrumental in

increasing our understanding of how the human mind works

are those that can be assigned to Goal 2, that is, those studies

that aim to support some psychological theory or to discrim-

inate between competing psychological theories. A better

understanding of how the human mind works might, in turn,

justify the founding of new disciplines, such as, for example

“neuro-economics”, and many other newly founded disci-

plines of the “neuroþ” type.

Surprisingly enough, our survey of the relevant literature

of the latest five years showed that comparatively few studies

could be assigned to Goal 2. Much more numerous were

studies belonging to Goal 1 that is, studies aimed at localizing

mental functions in specific brain regions rather than aimed

at understanding how the human mind works.

Even if we do not reject Goal 2 studies that commit the

consistency fallacy, our survey nevertheless still makes it

clear that very few resources are currently being devoted to

using neuroimaging data to test theories about cognition. If

neuroimaging research on localization of cognitive functions

is ever to have any impact on cognitive theorizing, the

investigator must be willing to make proposals about the

mapping ofmind to brain that involve both sensitivity (a claim

that brain region X will always be active when cognitive

process C is being executed) and specificity (the claim that

brain region X will not be active except when cognitive

process C is being executed). Whether it is possible even in

principle to formulate and substantiate such proposals in the

future, remains to be seen.

We hope this evidencemakes researchers interested in the

Decade of the Mind Initiative reflect on how to contribute to

the knowledge of the human mind in ways that will avoid

merely duplicating the Decade of the Brain Project.
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Lin FH, et al. Attention-driven auditory cortex short-term
plasticity helps segregate relevant sounds from noise.
Proceedings of the National Academy of Sciences of the United States

of America, 108(10): 4182e4187, 2011.
Albus JS, Bekey GA, Holland JH, Kanwisher NG, Krichmar JL,

Mishkin M, et al. A proposal for a decade of the mind initiative.
Science, 317(5843): 1321, 2007.

Ariely D and Berns GS. Neuromarketing: The hope and hype of
neuroimaging in business. Nature Reviews Neuroscience, 11(4):
284e292, 2010.

Bartolucci M and Smith AT. Attentional modulation in visual
cortex is modified during perceptual learning.
Neuropsychologia, 49(14): 3898e3907, 2011.

Basten U, Biele G, Heekeren HR, and Fiebach CJ. How the brain
integrates costs and benefits during decision making.
Proceedings of the National Academy of Sciences of the United States

of America, 107(50): 21767e21772, 2010.
Bozic M, Marslen-Wilson WD, Stamatakis EA, Davis MH, and

Tyler LK. Differentiating morphology, form, and meaning:
Neural correlates of morphological complexity. Journal of
Cognitive Neuroscience, 19(9): 1464e1475, 2007.

Camerer CF, Loewenstein G, and Prelec D. Neuroeconomics: How
neuroscience can inform economics. Journal of Economic

Literature, 43(1): 9e64, 2005.
Caplovitz GP and Tse PU. Extrastriate cortical activity reflects

segmentation of motion into independent sources.
Neuropsychologia, 48(9): 2699e2708, 2010.

Cappell K, Gmeindl L, and Reuter-Lorenz PA. Age differences in
prefrontal recruitment during verbal working memory
maintenance depend on memory load. Cortex, 46(4): 462e473,
2010.

Churchland PS. Neurophilosophy: Toward a Unified Science of the

Mind-Brain. Cambridge: The MIT Press, 1986.
Coltheart M. What has functional neuroimaging told us about the

mind (so far)? Cortex, 42(3): 323e331, 2006a.
Coltheart M. Perhaps functional neuroimaging has not told us

anything about the mind (so far). Cortex, 42(3): 422e427,
2006b.

Table 1e List of studies assigned to Goal 2 in alphabetical
order.

Authors

1. Ahveninen et al., 2011

2. Bartolucci and Smith, 2011

3. Basten et al., 2010

4. Bozic et al., 2007

5. Caplovitz and Tse, 2010

6. Cappell et al., 2010

7. Delgado et al., 2008

8. Greene and Paxton, 2009

9. Hare et al., 2011

10. Herrmann et al., 2010

11. Izuma et al., 2010

12. Kompus et al., 2009

13. Marklund et al., 2007

14. Sahin et al., 2009

15. Sala and Courtney, 2007

16. Stokes et al., 2009

17. Tombu et al., 2011

18. Tricomi et al., 2010

19. Vilberg and Rugg, 2007

20. Zhou et al., 2010

c o r t e x 4 8 ( 2 0 1 2 ) 1 2 4 7e1 2 5 0 1249

http://dx.doi.org/10.1016/j.cortex.2012.05.024
http://dx.doi.org/10.1016/j.cortex.2012.05.024


Coltheart M. What is functional neuroimaging for? In Hanson SJ
and Bunzl M (Eds), Foundational Issues in Human Brain Mapping.
Cambridge: MIT Press, 2010: 263e272.

Connolly WE. Neuropolitics: Thinking, Culture, Speed. Minnesota:
University of Minnesota Press, 2002.

Delgado MR, Schotter A, Ozbay EY, and Phelps EA. Understanding
overbidding: Using the neural circuitry of reward to design
economic auctions. Science, 321(5897): 1849e1852, 2008.

Di Dio C and Gallese V. Neuroaesthetics: A review. Current Opinion
in Neurobiology, 19(6): 682e687, 2009.

Elkana O, Frost R, Kramer U, Ben-Bahat D, and Schweiger A.
Cerebral language reorganization in the chronic stage of
recovery:A longitudinal fMRI study.Cortex, 47(2): 202e216, 2011.

Farah MJ. Neuroethics: The ethical, legal, and societal impact of
neuroscience. Annual Review of Psychology, 63: 571e591, 2012.

Franks DD. Neurosociology: The Nexus between Neuroscience and

Social Psychology. NY: Springer, 2010.
Gosselin N, Peretz I, Hasboun D, Baulac M, and Séverine S.
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