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Limited replication studies in
functional magnetic resonance imaging
research on taste and food
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There have been many functional magnetic resonance
imaging studies on taste and food. However, it is
largely unknown if the findings have been replicated,
or are replicable. The current survey evaluated 1568
articles on this topic, identified by Web of Science
Core Collection database. Results revealed that only
0.7% of the articles were replication studies. Most of
them were conceptual replications. The success rate of
replication studies conducted by some of the authors
coming from the original studies was 1.7 times higher
than that of independent replication studies.
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WE can enjoy gourmet delicacies and our daily food
because there is complex processing of taste and food
information in our brain. Functional magnetic resonance
imaging (fMRI) studies enable researchers to study the
human brain in a non-invasive and non-harmful manner,
that allow a better understanding of the neurobiology of
taste and food perception, such as taste intensityl’z,
hedonics® and quality®.

Bibliometric studies have identified highly cited neuro-
science articles in general and particularly on taste and
food* 2. Meta-analyses have also attempted to pool
evidence across the existing literature to find out brain
locations responsible for processing taste and food infor-
mation*"". However, it is still largely unknown if the
findings resulting from taste and food fMRI studies have
been replicated, and whether they are replicable. There-
fore, the current study aimed to evaluate the prevalence
of replication studies in the taste and food fMRI research
field, and the proportion of successful replications.

The data source and search strategy mainly followed
the findings of previous studies'®?'. This study was based
on the data provided by the Web of Science Core Collec-
tion hosted by Clarivate Analytics. The search string was:
TOPIC = (flavour OR food OR odour OR taste OR smell
OR olfactory OR olfaction OR tastant OR odorant OR
gustatory OR gustation OR sweet OR sweetness OR salty
OR saltiness OR sour OR sourness OR bitter OR
bitterness OT umami OR savory OR savoury) AND
TOPIC = (fMRI OR ‘functional magnetic resonance
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imaging’ OR ‘functional MRI’). Only articles published
in English were considered. The search yielded 1568
articles. After adding an additional search string of ‘AND
TOPIC = (replicat*)’, 25 articles were identified and
subsequently analysed.

As a conceptual replication of previous surveys done in
the fields of psychology, education science, special edu-
cation, and criminology'®?', the assessment of the identi-
fied articles followed their protocol. Briefly, the 25
articles were assessed with the following workflow: (1)
Determine if the article collected new data with an inten-
tion to replicate a previous finding. (1a) If yes, determine
the replication type (direct conceptual mixed), and go to
level (2). (1b) If no, identify the reason for using the
word ‘replication’ or its derivative (e.g. stating that repli-
cations are needed in future studies; self-replication by a
subset or different sample within the same paper; con-
cerning DNA replication; using the word ‘replicating’ to
discuss consistency with prior findings without an inten-
tion to conduct a replication), and complete the assess-
ment. (2) Determine the replication outcome (success,
failure, or mixed), and go to level (3). (3) Identify the
original study; publication year interval between the
replication and the (last) original study; and if there were
any authors overlapping between the original and replica-
tion studies, and go to level (4). (4) Record the citations
received by the replication and original studies.

There were eleven true replication studies, which was
equivalent to 0.7% of the total (11/1568). These studies
were published since 2007 and mostly during 2010s
(Figure 1). Among these eleven studies, seven were direct
replications and four were conceptual replications; eight
were success replications and three were failures. Mean-
while, eight studies tried to replicate a single original
study, one tried to replicate two studies, and two tried to
replicate three studies (Table 1). The interval between the
replication and the last original study ranged from 1 to 11
years (meant SD, 5.4 +3.7 years). On average, the
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Figure 1. Distribution of publication years of replication studies.
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Table 1. Replication studies in taste and food fMRI research
Outcome
Success Failure Mixed Total
Type
Direct 4 (100%) 0 0 4
Conceptual 4 (57.1%) 3 (42.9%) 0 7
Mixed 0 0 0 0
Author
Overlap 6 (85.7%) 1 (14.3%) 0 7
No overlap 2 (50.0%) 2 (50.0%) 0 4

original studies received ten times the citations of the
replication studies. The original studies had 2-474 cita-
tions (mean = SD, 197.8 £ 170.9), whereas the replication
studies had 0-90 citations (mean = SD, 19.0 £ 28.2).

The remaining fourteen studies used the word ‘replica-
tion’ or its derivatives mainly for stating that replications
were needed in future studies (as expressed by seven
papers); while some of them were self-replication by a
subset or different sample within the same paper (four
studies); concerning DNA replication (one study); and
using the word ‘replicating’ to discuss consistency with
prior findings without an intention to conduct a replica-
tion (two studies).

The present survey has assessed 1568 taste and food
fMRI articles, and revealed that 0.7% of all articles
explicitly stated their attempts to replicate previously
reported results. This replication rate is 5.38 times higher
than that of the general education field'®, 1.6 times higher
than that of criminology”', 1.4 times higher than that of
special education'®, but slightly lower than that of the
psychology field (1.07%)".

Moreover, the success rate of direct replications was
1.8 times higher than that of conceptual replications. The
success rate of replication studies conducted by some of
the authors coming from original studies was 1.7 times
higher than that of independent replication studies. These
findings also echoed with prior works regarding replica-
tions in other fields'® 2!, and therefore advocated the need
for more independent and conceptual replication studies
to ensure that successfully replicated results could be
more generalizable.

Indeed, the neuroscience field has been advocating
open science policy by adopting journal editorial prac-
tices that largely encourage replication studies, like the
acceptance of well-designed pre-registered reports which
can be replications’**’. However, as of 2017, only few
neuroscience journals (6.0%) have explicitly welcomed
replication studies in their aims and scope®. In addition,
the present survey has revealed that the original studies
have received citations 10 times of the replication studies,
which might be a disincentive for researchers to conduct
and publish replications. As fMRI is an expensive
data collection modality that is more accessible by well
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resourced researchers™®, it seems more likely for research-
ers to use it to find novel findings rather than replicating
previous studies merely to confirm or rebut existing
results. Similarly, due to its expensive nature, researchers
tend to recruit small samples for fMRI studies**, which
make replication studies more important in validating the
findings. Despite all the attention we put on brain imag-
ing studies, there is still a considerable level of subjectivity
regarding the interpretation of results'’. Again, this
implies the development of more systematic (and sys-
temic) approaches to replications. The research commu-
nity should take extra initiatives to promote the
conductance and reporting of replication studies, so that
the expensive findings can be more substantiated.

We would also like to add here that there are alterna-
tive ways to identify the replication studies. For instance,
a study by Cook ef al.*> examined the full-text of studies
with two steps: (1) Was there a statement of replication in
the introduction or methods sections? and (2) Were find-
ings from previous studies mentioned and compared
to the current findings in the results and discussion
sections? If answers to both questions were ‘yes’, then
that study was defined as a replication study.
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Use of a weather forecast model to
identify suitable sites for new wind
power plants in Karnataka
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The wind speed forecast by a weather forecast model
(with a resolution of 3 km) has been used to identify
regions with high wind speed in Karnataka. The cor-
relation between daily wind speed predicted by the
model and the measured wind speed at three stations
in Karnataka has been shown to be high. Based on
this model, new locations have been suggested for the
installation of new wind power plants in Karnataka.

renewables,
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potential

THE installed capacity of wind power plants in India is
expected to reach 60 Gigawatts (GW) by 2022. Karnataka
is expected to attain an installed capacity of 6.2 GW (ref.
1). At the end of June 2018, the total installed wind
capacity of Karnataka was 4.7 GW (ref. 2). In order to
identify the regions suitable for the location of the new
wind power plants, grid stability and environmental im-
pact need to be considered. The majority of the wind
power plants in Karnataka are owned by independent
power producers (IPPs). The locations of wind power
plants where the average wind speed is higher compared to
other places would mean more energy generation. Hence,
locating high wind speed regions of the state is important.
Some of the areas with high-wind in Karnataka have
many wind power plants and hence may not be suitable
for new power plants. So, it is a critical task to identify
areas where the wind speed is reasonably high and there
is a possibility of installation of new wind power plants.
Wind speed varies dramatically over small distances due
to local orography. We do not have sufficient number of
stations with wind data to identify the areas suitable for
new wind power plants. Wind is intermittent by nature
and fluctuates in time scales from seconds up to a season.
The increasing share of wind energy in the energy mix of
the state will pose a new challenge for grid stability. The
variability of wind energy decreases when energy is fed
to the grid from geographically distributed wind power
plants. This is called geographic smoothing’. In Karnataka,
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