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Internet search changed the way we store and recall information and possibly altered
our brain functions. Previous studies suggested that Internet search facilitates the
information-acquisition process. However, this process may cause individuals to lose
the ability to store and recollect specific contents. Despite the numerous behavioral
studies conducted in this field, little is known about the neural mechanisms underlying
Internet searches. The present study explores potential brain activity changes induced
by Internet search. The whole paradigm includes three phases, namely, pre-resting
state fMRI (rs-fMRI) scan, 6-day Internet search training, and post rs-fMRI scan. We
detected the functional integrations induced by Internet search training by comparing
post- with pre-scan. Regional homogeneity (ReHo) and functional connectivity (FC) were
used to detect intra- and interregional synchronized activity in 42 university students.
Compared with pre-scan, post-scan showed decreased ReHo in the temporal gyrus,
the middle frontal gyrus, and the postcentral gyrus. Further seed-based FC analysis
showed that the temporal gyrus exhibited decreased FC in the parahippocampal cortex
and the temporal gyrus after training. Based on the features of current task and functions
exhibited by these brain regions, results indicate that short-term Internet search training
changed the brain regional activities involved in memory retrieval. In general, this study
provides evidence that supports the idea that Internet search can affect our brain
functions.

Keywords: internet-search, short-term training, regional homogeneity, functional connectivity, long-term memory

INTRODUCTION

Finding information through Internet search engines has become a common daily activity for
people (Small et al., 2009). The widespread use of the Internet changed the way we find and store
information. “Google effect” indicates that when people use the Internet as an external storage, they
need to remember “where” it is instead of the information itself (Sparrow et al., 2011; Ward, 2013).
These studies suggested that Internet search reduced the need for effort to process and remember
information (Carr, 2010).

Recent studies explored the influence of Internet search on the brain. Nicholas suggested that the
younger “Google generation” spends less time on individual questions and searches quicker, but the
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members of this generation show poorer working memory and
are less confident about the answers they provided compared
with the older generation (Nicholas, 2013). Small et al. (2009)
showed that prior experience of using Internet search increased
brain responsiveness in neural circuits involved in decision-
making and complex reasoning in aged adults after short-
term training. The brain activities of experienced Google
users were broader than that of novices during searches
(Small et al., 2009). A previous study found that people who
obtained information through Internet-based search memory
task would show lower accuracy when recalling information
and are highly impulsive in novel trials (Dong and Potenza,
2015). However, 6 days of practicing Internet search improved
their efficiency, but it reduced their dependency on their
long-term memory (Dong and Potenza, 2016; Dong et al,
2017).

Brain and behavior are a dynamic system that influences
each other and form the basis of brain plasticity (Mechelli
et al., 2004). A large number of studies proved that learning
induced brain plasticity (Kolb and Whishaw, 2003; Vartanian
et al., 2013). In addition, various tasks generated differentiated
functional response patterns through modulation of training
(Koeneke et al, 2004; Kelly and Garavan, 2005; Erickson
et al., 2007; Thomas et al., 2009). Previous studies revealed
that 3 months of juggling training could lead to a transient
bilateral expansion in gray matter in the mid-temporal area
and in the left posterior intraparietal sulcus (Draganski
et al., 2004). Five hours of meditation training can change
the activity of default mode network and connectivity of
the white matter (Brewer et al, 2011; Ding et al, 2015).
The neural circuitry of the frontal pole, anterior temporal
cortex, and anterior and posterior cingulate was activated in
Internet-savvy subjects after 5 days of practice (Small et al,
2009).

Researchers recently realized that the effect of
training/expertise-specific on brain functions may extend
beyond task state to resting state. Resting state refers to the
state when subjects relax, stationary, eyes closed, and avoid
any systematic thinking (Mazoyer et al,, 2001). Resting-state
fMRI was also used to study intrinsic functional connectivity
(FC) and has been widely used as a tool to assess large-scale
networks in the human brain in both clinical and healthy
populations (Wink et al., 2006; Tian et al., 2007; Buckner et al.,
2013).

Regional homogeneity (ReHo) and FC are often used
to evaluate brain activity synchronization in resting-state of
healthy subjects and patients. ReHo is a rank-based non-
parametric data-driven approach that reflects the temporal
homogeneity of the regional BOLD signal (Sepulcre et al.,
2010). ReHo measures the functional coherence of a given voxel
with its nearest neighbors by calculating Kendall’s coefficient
concordance (KCC) (Zang et al., 2004; Zuo et al., 2012). The
test-retest reliability of ReHo has been found very high despite
the physiological noise and preprocessing effect (Zuo et al,
2012; Zuo and Xing, 2014). FC measures the similarity of
the time series of two relatively remote brain regions (Biswal
et al, 1995). These two measures are often used together to

detect local and remote brain activity synchronizations. Hence,
combining the ReHo and FC analysis could provide additional
information about brain activity synchronization induced by
Internet search.

Numerous studies revealed that short-term training could
alter the resting-state features of our brain. An existing study
found resting-state coherence in the right medial motor cortex
was increased by brief sensory motor intervention (Verrel et al.,
2015). A study on acupuncturists found that training/expertise
could modulate resting-state activity by increasing regional
clustering strength (Dong et al., 2014). In a short-term simulated
microgravity study, 72 h of —6° head down tilt (HDT)
resulted in decreased ReHo in the right inferior frontal gyrus
(Liao et al, 2013). Modulation of resting-state functional
connectivity (rs-FC) in the parietal circuit was found after
4 weeks of daily training of an explicit sequence learning
task (Ma et al, 2011). A study found that 4 weeks of
working memory training increased rs-FC between the medial
prefrontal cortex (mPFC) and the precuneus, but decreased rs-
FC between the mPFC and the right posterior parietal cortex
(Takeuchi et al., 2013). These studies suggest that the resting-
state features of the brain could be altered by short-term
training.

Given these findings, we speculated that the brain activity
in resting-state would be affected by search engines usage. In
the present study, we first explore abnormal brain activity using
ReHo analysis and investigate the FC between regions with
altered ReHo and other brain regions. Previous studies found
that people using Internet search as a tool for remembering
new information showed lower brain activations in the middle
temporal gyrus (Dong and Potenza, 2015) and regions along
the ventral stream (Knutson et al., 2012). In addition, people
using Internet search tools just need to remember where
the information is stored instead of the information itself
(Sparrow et al., 2011). Hence, we hypothesized that short-
term training would make people to be better at remembering
where information is stored (higher brain activities in regions
along the dorsal stream) than the specific content (lower brain
activities in regions along the ventral stream). We compared
data on resting brain states between pre- and post-scan from
42 college student volunteers to examine the changes of
brain activity induced by Internet search by measuring ReHo
and FC.

METHOD AND PROCEDURE

Participants

The experiment complied with the Code of Ethics of the World
Medical Association (Declaration of Helsinki). The Human
Investigations Committee of Zhejiang Normal University
approved this study. This study was conducted in accordance
with the approved guidelines. Forty-two university students were
recruited through advertisements (22 males; 20 females; age:
21.4 £ 1.2 years). All participants provided written informed
consent and underwent structured psychiatric interviews
using the Mini-International Neuropsychiatric Interview
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(MINI) (Lecrubier et al., 1997) performed by an experienced
psychiatrist. According to the MINI assessment, they were free
of psychiatric disorders, including major depression, anxiety
disorders, schizophrenia, and substance dependence disorders.
All participants were medication-free and were instructed
not to use any substances, including coffee, on the day of
scanning. To obtain information regarding their Internet search
behaviors, all subjects were assessed using an Internet-search-use
questionnaire (Supplementary Material) (Dong and Potenza,
2015; Wang et al., 2016). Results showed that all participants
were familiar with Internet search and used it regularly. We
included Internet search experience as a covariate to exclude the
impact on experimental results (Wang et al., 2016).

Experiment Procedure
The whole experiment consists of three steps, namely, pre-scan,
6 days of training, and post-scan.

Subjects were “trained” for at least 1 h per day for six
consecutive days. In the experiment, subjects were asked to finish
one of six search tasks randomly without repetition. Each search
task consisted of 80 fill-in-the-blank items that required subjects
to seek answers using an Internet search engine. Participants were
informed that they will receive 20 Chinese yuan for their everyday
participation. To elicit motivation in searching, the subjects were
advised that the daily reward would be paid based on their real
performance [20 * accuracy rates (%)]. This reward premise was
approved by the ethics committee. Participants who took the
work seriously and finished with an accuracy rate of over 80%
passed the training.

Image Acquisition

Functional MRI was performed on a 3.0 Tesla Siemens Trio
scanner. The functional scan was acquired using gradient echo
planar imaging sequence with the following parameters: [repeat
time (TR) = 2 s, echo time (TE) = 30 ms, flip angle = 90°;
interleaved sequence; 33 slice per volume; 3 mm thickness; field
of view (FOV) = 220 mm X 220 mm?, matrix 64 cm x 64 cm,
acquisition matrix = 64 x 64]. Each functional run included
210 imaging volumes for each participant and the scan lasted
7 min. All subjects were instructed to rest quietly in the scanner
without falling asleep. Post-scan conforms to the same standard
and parameter.

Data Pre-processing

Data pre-processing was conducted using Data Processing
Assistant for Resting-State fMRI (DPARSFA'), a MATLAB
toolbox for “pipeline” data analysis of resting-state fMRI
(Yan and Zang, 2010; Song et al., 2011). DPARSFA is based
on some functions in Statistical Parametric Mapping* and
Resting-State (REST®). The main preprocessing steps and
parameters are listed as follows. The first 10 volumes of
each functional time series were abandoned to avoid the
instability of the initial fMRI signal, thereby leaving 200 volumes.

'www.restfmri.net
2http://www.fil.ion.ucl.ac.uk/spm
Shttp://www.restfmri.net/forum/

Preprocessing included slice timing, head motion correction,
and spatial normalization to a standard template. Participants
with maximum translation that exceeds 2.5 mm or maximum
rotation that exceeds 2.5° were excluded from further analysis.
To reduce the effects of confounding factors, a regression of
nuisance signals including cerebral spinal fluid, white matter, six
motion vectors was performed. Following regression, detrending
was performed and temporal filtering (0.01 to 0.08 Hz) was
applied to the time series of each voxel to reduce low-frequency
drift and high-frequency noise. Data for one subject were
excluded according to the head-motion parameter (2.5 mm;
2.59).

ReHo Analysis

Resting-state fMRI data without spatial smoothing were used
for ReHo analysis with DPARSFA. Individual ReHo maps were
generated by calculating the KCC of the time series of a given
voxel with its nearest neighbors (26 voxels) in all directions on
a voxel-wise basis. The calculated formula of ReHo is defined as
follows:

W= > (R)* — n(R)?

== ,
K2 (3 —n)

where W is the KCC for a given voxel that ranged from 0 to 1. R;
is sum rank of the ith time point and 7 is the number of ranks;
R = [(n++1) K]/2 is the mean of the R;; K is the voxel number
among time series (27 voxels, one given voxel plus the number
of its neighbors). To reduce the influence of individual variations
in the KCC value, each standardized ReHo map was generated
by dividing the raw ReHo map by the global mean ReHo. Spatial
smoothing was conducted on the ReHo maps with a Gaussian
kernel of 4 mm x 4 mm x 4mm full-width at half-maximum
(Liao et al., 2013; Chen et al., 2015).

FC Analysis

A seed-based correlation approach was used for FC analysis.
The seed was defined in the regions  existing difference and
analyzed by ReHo. We calculated the temporal correlation
between these seed regions and every other voxel within
the brain. These procedures were executed using DPARSFA
software.

Post-Pre Analysis

To explore the differences between the pre- and post-training, a
pair-sample t-test was performed on the normalized ReHo and
FC maps with REST software. The result and statistical map were
setat a combined threshold of p < 0.05 (AlphaSim corrected) and
a minimum cluster size of 110 voxels.

RESULTS

Regional Homogeneity (ReHo)

Compared with the pre-scan data, the neuroimaging
data from post-scan were associated with the decreased
ReHo values in the temporal gyrus, which include the
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TABLE 1 | Brain areas showing Regional homogeneity (ReHo) difference between
post- and pre-training.

Areas Hemisphere Voxels Peak Coordinates
t-value

Decreased ReHo after training

Superior temporal gyrus R 147 —5.3319 54-24 6

Middle temporal gyrus L 157 —4.7822 —48-72 18

Middle frontal gyrus L 345  —4.7366 —33-6 63

Postcentral gyrus L 211 —4.4208 —60-120

Voxel size =3 x mm3 mm x 3mm, p < 0.05 AlphaSim corrected and at least 110
voxels. L, left; R, right; t: t-values from a paired two tailed t-test of the statistical
different clusters.

superior temporal gyrus and the middle temporal gyrus,
the middle frontal gyrus and the postcentral gyrus. Table 1
shows the detailed information for the brain regions with
ReHo difference after training. Figure 1 shows the brain
areas.

Seed-Based FC of Altered ReHo Regions

Based on the ReHo results, the temporal gyrus and the
middle frontal gyrus were selected as seed regions of interest
for FC analysis. The temporal gyrus exhibited decreased

FC with the parahippocampal cortex and the temporal
gyrus after training whereas the temporal gyrus showed
increased FC with the parietal gyrus. The middle frontal
gyrus exhibited decreased FC with the middle temporal gyrus
and the middle frontal gyrus after training (Table 2 and
Figure 2).

DISCUSSION

This study finds decreased ReHo in the temporal gyrus,
the middle frontal gyrus and the postcentral after training.
The temporal gyrus exhibited decreased FC with the
parahippocampal cortex and the temporal gyrus after
training, whereas the temporal gyrus showed increased FC
with the parietal gyrus. The middle frontal gyrus exhibited
decreased FC with the middle temporal gyrus and the
middle frontal gyrus after training. This evidence of local
functional homogeneity and interregional FC contributes to
our understanding of the changed brain activity produced by
Internet search.

The middle temporal gyrus located at the end of the
ventral stream, which was described as the “what” stream, is
involved in object identification and recognition (Mishkin and

decreased ReHo after training.

FIGURE 1 | Brain areas with increased and decreased ReHo in post-scan compared with pre-scan. Pair-sample t-test p < 0.05, AlphaSim corrected, voxel
size = 3 x 3 x 3; T-score bars are shown on the right bottom. The voxels with hot colors represent increased ReHo after training, and cold colors indicate
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Ungerleider, 1982; Goodale and Milner, 1992). The Decreased
ReHo and FC in the temporal gyrus supports our hypothesis
that short-term training decreases brain activities in regions
along the ventral stream. The parahippocampal cortex is a
part of the limbic system, which plays an important role in
memory encoding and retrieval (Ekstrom and Bookheimer,
2007). Evidence from patient studies suggested that the middle
temporal gyrus is associated with long-term memory (Squire
and Zolamorgan, 1991; Meulemans and Van der Linden, 2003).
Functional neuroimaging study also found that the middle
temporal gyrus is activated when individuals participate in
memory encoding and retrieval processes of memory (Onoda
etal., 2009). Previous studies found that Internet search decreases
brain activation in the temporal gyrus (Dong and Potenza, 2016).
Decreased ReHo and FC in the temporal gyrus might suggest
that Internet search causes people to rely less on their long-term
memory.

Results showed that short-term training increased FC between
the temporal gyrus and the parietal lobe. The posterior parietal
cortex is referred to as the dorsal stream or “where” stream,
which is involved in visuospatial processing (Mishkin and
Ungerleider, 1982). Therefore, increased FC might suggest that
Internet search enhances the spatial information processing
(Dong et al., 2017). The result is consistent with our hypothesis.
The middle frontal gyrus plays an important role in selective
attention, executive control, and working memory (Fuster, 2002).

TABLE 2 | Pre—post differences in seed-based FC in altered ReHo regions.

Areas Hemisphere Voxels Peak Coordinates
t-value

Post-training - pre-training

FC of R Temporal gyrus

Parietal gyrus R 110 3.2562 36-57 45

Temporal gyrus R 406 —4.2347 39 6-21

Parahippocampal cortex R 446 —3.8151 24-450

Superior frontal gyrus R 548  —4.9860 9-1878

FC of L Middle frontal gyrus

Superior temporal gyrus L 374 —4.0656 —339-18

Middle temporal gyrus R 417  -3.8514 42-57 60

Middle frontal gyrus R 147 —83.4775 45 6 51

Voxel size =3 mm x 3 mm x 3 mm, p < 0.05 AlphaSim corrected and at least
110 voxels. L, left; R, right; FC, functional connectivity; t: t-values from a paired two
tailed t-test of the statistical different clusters.

Decreased ReHo and FC in the middle frontal gyrus may
suggest that individuals engage less in remembering something
when faced with information that can be found in the Internet.
According to Sparrow, people who used Internet search engines
to access information show worse recall rates of information
(Sparrow et al, 2011). Our results indicated that short-term
Internet search training could alter the memory system, which
further provided evidence for the hypothesis that Internet search
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Pair-sample t-test p < 0.05, AlphaSim corrected; FC, functional connectivity.

FC of middle frontalAgyrus

FIGURE 2 | Brain areas with increased and decreased FC in post-scan compared with pre-scan. (A) The voxels with hot colors represent increased FC between the
temporal gyrus and the parietal lobe after training, and cold colors indicate that the temporal gyrus shows decreased FC with the parahippocampal cortex and the
temporal gyrus after training. (B) The middle frontal gyrus exhibited decreased FC with the middle temporal gyrus and the middle frontal gyrus after training.
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enables people to be better at remembering where information is
stored than the specific content.

As the Internet evolved into a useful tool in our daily life,
people become susceptible to the unprecedented Internet search
environment (Zickuhr and Madden, 2012; Loh and Kanai, 2016).
Some researchers found that many people are increasingly relying
on Internet search (Zickuhr and Madden, 2012; Yang et al., 2014;
Wang Y. et al,, 2017). People show irritability and depression
when they cannot immediately find what they want (Block,
2008). These symptoms are similar with withdrawal symptoms of
pathological Internet use (Davis, 2001). The executive function
of Internet addiction subjects is impaired, whereas the inhibition
control of Internet-using behaviors of those people is weakened
(Wang L. et al., 2017). Our study found that the brain activities
of Internet search users behaved differently. These people might
engage in less effort in remembering something after short-term
training.

CONCLUSION

This study found that the aberrant ReHo and FC were mainly
distributed in the temporal gyrus and the middle frontal gyrus,
which are responsible for long-term memory. Results provide
evidence that support the idea that Internet search can affect our
brain functions.

Limitations

Several limitations should be addressed. First, given financial
and time constraints, we canceled the control group and pre-
post resting-state data were not collected from the control
group. We paid more attention to pre-post difference in one

REFERENCES

Biswal, B., Yetkin, F. Z., Haughton, V. M., and Hyde, J. S. (1995). Functional
connectivity in the motor cortex of resting human brain using echo-planar MRL
Magn. Reson. Med. 34, 537-541. doi: 10.1002/mrm.1910340409

Block, J. J. (2008). Issues for DSM-V: internet addiction. Am. J. Psychiatry 165,
306-307. doi: 10.1176/appi.ajp.2007.07101556

Brewer, J. A., Worhunsky, P. D., Gray, J. R, Tang, Y. Y., Weber, J., and
Kober, H. (2011). Meditation experience is associated with differences in default
mode network activity and connectivity. Proc. Natl. Acad. Sci. U.S.A. 108,
20254-20259. doi: 10.1073/pnas.1112029108

Buckner, R. L., Krienen, F. M., and Yeo, B. T. T. (2013). Opportunities and
limitations of intrinsic functional connectivity MRI. Nat. Neurosci. 16, 832-837.
doi: 10.1038/nn.3423

Carr, N. (2010). The Shallows: What the Internet Is Doing to Our Brains. New York,
NY: W. W. Norton & Company.

Chen, C.,, Xiu, D., Chen, C., Moyzis, R., Xia, M., He, Y., et al. (2015). Regional
homogeneity of resting-state brain activity suppresses the effect of dopamine-
related genes on sensory processing sensitivity. PLoS One 10:¢0133143.
doi: 10.1371/journal.pone.0133143

Davis, R. A. (2001). A cognitive-behavioral model of pathological Internet use.
Comput. Hum. Behav. 17, 187-195. doi: 10.1016/S0747-5632(00)00041-8

Ding, X., Tang, Y. Y., Cao, C., Deng, Y., Wang, Y., Xin, X,, et al. (2015). Short-term
meditation modulates brain activity of insight evoked with solution cue. Soc.
Cogn. Affect. Neurosci. 10, 43-49. doi: 10.1093/scan/nsu032

Dong, G., Li, H,, and Potenza, M. N. (2017). Short-term internet-search training
is associated with increased fractional anisotropy in the superior longitudinal

group of subjects. Second, we found it impossible to recruit
university students that have no experience in Internet search.
Thus, all subjects were familiar with Internet search. This sample
group might affect training effect. Given the limitation of rs-
fMRI studies, the explanations of the results rely on the brain
functions of relevant brain regions, which lack direct support
from behavioral or task data. Thus, the explanations are based
on reasoning and the interpretation of the results is uncertain.
However, the findings provide evidence that Internet search can
affect our brain functions.

AUTHOR CONTRIBUTIONS

XLiu and XLin analyzed the data and wrote the first draft
of the manuscript. LW and YW contributed to experimental
programming and data collection. XD contributed to fMRI data
collection. GD and YH designed this research. GD and MZ
revised and improved the manuscript. All authors contributed to
and had approved the final manuscript.

FUNDING

This research was supported by National Natural Science
Foundation of China (30371023).

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fpsyg.
2018.00260/full#supplementary- material

fasciculus in the parietal lobe. Front. Neurosci. 11:372. doi: 10.3389/fnins.2017.
00372

Dong, G., and Potenza, M. N. (2015). Behavioural and brain responses related to
Internet search and memory. Eur. J. Neurosci. 42, 2546-2554. doi: 10.1111/ejn.
13039

Dong, G., and Potenza, M. N. (2016). Short-term internet-search practicing
modulates brain activity during recollection. Neuroscience 335, 82-90. doi: 10.
1016/j.neuroscience.2016.08.028

Dong, M., Wei, Q., Zhao, L., Yang, X., Yuan, K., Zeng, F., et al. (2014). Expertise
modulates local regional homogeneity of spontaneous brain activity in the
resting brain: an fMRI study using the model of skilled acupuncturists. Hum.
Brain Mapp. 35, 1074-1084. doi: 10.1002/hbm.22235

Draganski, B., Gaser, C., Busch, V., Schuierer, G., Bogdahn, U., and May, A.
(2004). Neuroplasticity: changes in grey matter induced by training. Nature 427,
311-312. doi: 10.1038/427311a

Ekstrom, A. D., and Bookheimer, S. Y. (2007). Spatial and temporal
episodic memory
in the human brain.
575107

Erickson, K. I., Colcombe, S. J., Wadhwa, R., Bherer, L., Peterson, M. S., Scalf,
P. E,, et al. (2007). Training-induced functional activation changes in dual-
task processing: an fMRI study. Cereb. Cortex 17, 192-204. doi: 10.1093/cercor/
bhj137

Fuster, J. M. (2002). “Physiology of executive functions: the perception-action
cycle;” in Principles of Frontal Lobe Function, eds D. T. Stuss and R. T. Knight
(New York, NY: Oxford University Press), 96-109. doi: 10.1093/acprof:oso/
9780195134971.003.0006

networks
10.1101/lm.

dissociable  functional
14, 645-654. doi:

recruit
Mem.

retrieval
Learn.

Frontiers in Psychology | www.frontiersin.org

March 2018 | Volume 9 | Article 260


https://www.frontiersin.org/articles/10.3389/fpsyg.2018.00260/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpsyg.2018.00260/full#supplementary-material
https://doi.org/10.1002/mrm.1910340409
https://doi.org/10.1176/appi.ajp.2007.07101556
https://doi.org/10.1073/pnas.1112029108
https://doi.org/10.1038/nn.3423
https://doi.org/10.1371/journal.pone.0133143
https://doi.org/10.1016/S0747-5632(00)00041-8
https://doi.org/10.1093/scan/nsu032
https://doi.org/10.3389/fnins.2017.00372
https://doi.org/10.3389/fnins.2017.00372
https://doi.org/10.1111/ejn.13039
https://doi.org/10.1111/ejn.13039
https://doi.org/10.1016/j.neuroscience.2016.08.028
https://doi.org/10.1016/j.neuroscience.2016.08.028
https://doi.org/10.1002/hbm.22235
https://doi.org/10.1038/427311a
https://doi.org/10.1101/lm.575107
https://doi.org/10.1101/lm.575107
https://doi.org/10.1093/cercor/bhj137
https://doi.org/10.1093/cercor/bhj137
https://doi.org/10.1093/acprof:oso/9780195134971.003.0006
https://doi.org/10.1093/acprof:oso/9780195134971.003.0006
https://www.frontiersin.org/journals/psychology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

Liu et al.

Internet Search Alters Brain Activities

Goodale, M. A., and Milner, A. D. (1992). Separate visual pathways for perception
and action. Trends Neurosci. 15, 20-25. doi: 10.1016/0166-2236(92)90344-8
Kelly, A. M. C., and Garavan, H. (2005). Human functional neuroimaging of brain
changes associated with practice. Cereb. Cortex 15, 1089-1102. doi: 10.1093/
cercor/bhi005

Knutson, A. R., Hopkins, R. O., and Squire, L. R. (2012). Visual discrimination
performance, memory, and medial temporal lobe function. Proc. Natl. Acad.
Sci. U.S.A. 109, 13106-13111. doi: 10.1073/pnas.1208876109

Koeneke, S., Lutz, K., Wiistenberg, T., and Jincke, L. (2004). Long-term training
affects cerebellar processing in skilled keyboard players. Neuroreport 15,
1279-1282. doi: 10.1097/01.wnr.0000127463.10147.e7

Kolb, B., and Whishaw, I. Q. (2003). Brain plasticity and behavior. Curr. Dir.
Psychol. Sci. 49, 1-5. doi: 10.1111/1467-8721.01210

Lecrubier, Y., Sheehan, D. V., Weiller, E., Amorim, P., Bonora, I, Sheehan, K. H.,
etal. (1997). The mini international neuropsychiatric interview (MINI). A short
diagnostic structured interview: reliability and validity according to the CIDL
Eur. Psychiatry 12, 224-231. doi: 10.1016/S0924-9338(97)83296-8

Liao, Y., Miao, D., Huan, Y., Yin, H, Xi, Y., and Liu, X. (2013). Altered regional
homogeneity with short-term simulated microgravity and its relationship with
changed performance in mental transformation. PLoS One 8:264931. doi: 10.
1371/journal.pone.0064931

Loh, K. K, and Kanai, R. (2016). How has the internet reshaped human cognition?
Neuroscientist 22, 506-520. doi: 10.1177/1073858415595005

Ma, L., Narayana, S., Robin, D. A, Fox, P. T., and Xiong, J. (2011). Changes occur
in resting state network of motor system during 4 weeks of motor skill learning.
Neuroimage 58, 226-233. doi: 10.1016/j.neuroimage.2011.06.014

Mazoyer, B., Zago, L., Mellet, E., Bricogne, S., Etard, O., Houdé¢, O., et al. (2001).
Cortical networks for working memory and executive functions sustain the
conscious resting state in man. Brain Res. Bull. 54,287-298. doi: 10.1016/S0361-
9230(00)00437-8

Mechelli, A., Crinion, J. T., Noppeney, U., O’Doherty, J., Ashburner, J., Frackowiak,
R. S., et al. (2004). Neurolinguistics: structural plasticity in the bilingual brain.
Nature 431:757. doi: 10.1038/431757a

Meulemans, T., and Van der Linden, M. (2003). Implicit learning of complex
information in amnesia. Brain Cogn. 52, 250-257. doi: 10.1016/S0278-2626(03)
00081-2

Mishkin, M., and Ungerleider, L. G. (1982). Contribution of striate inputs to the
visuospatial functions of parieto-preoccipital cortex in monkeys. Behav. Brain
Res. 6, 57-77. doi: 10.1016/0166-4328(82)90081-X

Nicholas, D. (2013). Google Generation II: web behaviour experiments with the
BBC. Aslib Proc. 63, 28-45. doi: 10.1108/00012531111103768

Onoda, K., Okamoto, Y., and Yamawaki, S. (2009). Neural correlates of associative
memory: the effects of negative emotion. Neurosci. Res. 64, 50-55. doi: 10.1016/
j.neures.2009.01.008

Sepulcre, J., Liu, H., Talukdar, T., Martincorena, I., Yeo, B. T., and Buckner,
R. L. (2010). The organization of local and distant functional connectivity in
the human brain. PLoS Comput. Biol. 6:¢1000808. doi: 10.1371/journal.pcbi.
1000808

Small, G. W., Moody, T. D., Siddarth, P., and Bookheimer, S. Y. (2009). Your
brain on Google: patterns of cerebral activation during internet searching. Am.
J. Geriatr. Psychiatry 17, 116-126. doi: 10.1097/JGP.0b013e3181953a02

Song, X. W., Dong, Z. Y., Long, X. Y., Li, S. F., Zuo, X. N, Zhu, C. Z,, et al. (2011).
REST: a toolkit for resting-state functional magnetic resonance imaging data
processing. PLoS One 6:¢25031. doi: 10.1371/journal.pone.0025031

Sparrow, B., Liu, J., and Wegner, D. M. (2011). Google effects on memory: cognitive
consequences of having information at our fingertips. Science 333, 776-778.
doi: 10.1126/science.1207745

Squire, L. R, and Zolamorgan, S. (1991). The medial temporal lobe memory
system. Science 253, 1380-1386. doi: 10.1126/science.1896849

Takeuchi, H., Taki, Y., Rui, N., Hashizume, H., Sekiguchi, A., Kotozaki, Y., et al.
(2013). Effects of working memory training on functional connectivity and
cerebral blood flow during rest. Cortex 49, 2106-2125. doi: 10.1016/j.cortex.
2012.09.007

Thomas, A. G., Marrett, S., Saad, Z. S., Ruff, D. A., Martin, A., and Bandettini,
P. A. (2009). Functional but not structural changes associated with learning: an
exploration of longitudinal Voxel-Based Morphometry (VBM). Neuroimage 48,
117-125. doi: 10.1016/j.neuroimage.2009.05.097

Tian, L., Jiang, T., Liu, Y., Yu, C, Wang, K., Zhou, Y., et al. (2007). The
relationship within and between the extrinsic and intrinsic systems indicated by
resting state correlational patterns of sensory cortices. Neuroimage 36, 684-690.
doi: 10.1016/j.neuroimage.2007.03.044

Vartanian, O., Jobidon, M. E., Bouak, F., Nakashima, A., Smith, I., Lam, Q., et al.
(2013). Working memory training is associated with lower prefrontal cortex
activation in a divergent thinking task. Neuroscience 236, 186-194. doi: 10.1016/
j.neuroscience.2012.12.060

Verrel, J., Almagor, E., Schumann, F., Lindenberger, U., and Kiihn, S. (2015).
Changes in neural resting state activity in primary and higher-order motor areas
induced by a short sensorimotor intervention based on the Feldenkrais method.
Front. Hum. Neurosci. 9:232. doi: 10.3389/fnhum.2015.00232

Wang, L., Shen, H., Lei, Y., Zeng, L. L., Cao, F., Su, L., et al. (2017). Altered
default mode, fronto-parietal and salience networks in adolescents with Internet
addiction. Addict. Behav. 70, 1-6. doi: 10.1016/j.addbeh.2017.01.021

Wang, Y., Wu, L., Luo, L., Zhang, Y., and Dong, G. (2017). Short-term Internet
search using makes people rely on search engines when facing unknown issues.
PLoS One 12:e0176325. doi: 10.1371/journal.pone.0176325

Wang, Y., Wu, L., Zhou, H., Xu, J., and Dong, G. (2016). Development and
validation of a self-reported questionnaire for measuring internet search
dependence. Front. Public Health 4:274. doi: 10.3389/fpubh.2016.00274

Ward, A. F. (2013). Supernormal: how the internet is changing our memories and
our minds. Psychol. Inq. 24, 341-348. doi: 10.1080/1047840X.2013.850148

Wink, A. M., Bernard, F., Salvador, R., Bullmore, E., and Suckling, J. (2006). Age
and cholinergic effects on hemodynamics and functional coherence of human
hippocampus. Neurobiol. Aging 27, 1395-1404. doi: 10.1016/j.neurobiolaging.
2005.08.011

Yan, C., and Zang, Y. (2010). DPARSF: a MATLAB toolbox for "pipeline” data
analysis of resting-state fMRI. Front. Syst. Neurosci. 4:13. doi: 10.3389/fnsys.
2010.00013

Yang, H., Chen, Y., Zheng, L., Xu, X., and Cao, X. (2014). Analysis of internet use
behaviors among clinical medical students in China. BMC Med Educ. 14:67.
doi: 10.1186/1472-6920-14-67

Zang, Y., Jiang, T., Lu, Y., He, Y., and Tian, L. (2004). Regional homogeneity
approach to fMRI data analysis. Neuroimage 22, 394-400. doi: 10.1016/].
neuroimage.2003.12.030

Zickuhr, K., and Madden, M. (2012). Older Adults and Internet Use. Pew Internet &
American Life Project. Available at: http://www.pewinternet.org/?/media/files/
Reports/2012/PIP-Digital- differences-041312

Zuo, X. N., and Xing, X. X. (2014). Test-retest reliabilities of resting-state
FMRI measurements in human brain functional connectomics: a systems
neuroscience perspective. Neurosci. Biobehav. Rev. 45, 100-118. doi: 10.1016/
j-neubiorev.2014.05.009

Zuo, X. N., Xu, T., Jiang, L., Yang, Z., Cao, X. Y., He, Y, et al. (2012).
Toward reliable characterization of functional homogeneity in the human
brain: preprocessing, scan duration, imaging resolution and computational
space. Neuroimage 65, 374-386. doi: 10.1016/j.neuroimage.2012.10.017

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Copyright © 2018 Liu, Lin, Zheng, Hu, Wang, Wang, Du and Dong. This is an
open-access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.

Frontiers in Psychology | www.frontiersin.org

March 2018 | Volume 9 | Article 260


https://doi.org/10.1016/0166-2236(92)90344-8
https://doi.org/10.1093/cercor/bhi005
https://doi.org/10.1093/cercor/bhi005
https://doi.org/10.1073/pnas.1208876109
https://doi.org/10.1097/01.wnr.0000127463.10147.e7
https://doi.org/10.1111/1467-8721.01210
https://doi.org/10.1016/S0924-9338(97)83296-8
https://doi.org/10.1371/journal.pone.0064931
https://doi.org/10.1371/journal.pone.0064931
https://doi.org/10.1177/1073858415595005
https://doi.org/10.1016/j.neuroimage.2011.06.014
https://doi.org/10.1016/S0361-9230(00)00437-8
https://doi.org/10.1016/S0361-9230(00)00437-8
https://doi.org/10.1038/431757a
https://doi.org/10.1016/S0278-2626(03)00081-2
https://doi.org/10.1016/S0278-2626(03)00081-2
https://doi.org/10.1016/0166-4328(82)90081-X
https://doi.org/10.1108/00012531111103768
https://doi.org/10.1016/j.neures.2009.01.008
https://doi.org/10.1016/j.neures.2009.01.008
https://doi.org/10.1371/journal.pcbi.1000808
https://doi.org/10.1371/journal.pcbi.1000808
https://doi.org/10.1097/JGP.0b013e3181953a02
https://doi.org/10.1371/journal.pone.0025031
https://doi.org/10.1126/science.1207745
https://doi.org/10.1126/science.1896849
https://doi.org/10.1016/j.cortex.2012.09.007
https://doi.org/10.1016/j.cortex.2012.09.007
https://doi.org/10.1016/j.neuroimage.2009.05.097
https://doi.org/10.1016/j.neuroimage.2007.03.044
https://doi.org/10.1016/j.neuroscience.2012.12.060
https://doi.org/10.1016/j.neuroscience.2012.12.060
https://doi.org/10.3389/fnhum.2015.00232
https://doi.org/10.1016/j.addbeh.2017.01.021
https://doi.org/10.1371/journal.pone.0176325
https://doi.org/10.3389/fpubh.2016.00274
https://doi.org/10.1080/1047840X.2013.850148
https://doi.org/10.1016/j.neurobiolaging.2005.08.011
https://doi.org/10.1016/j.neurobiolaging.2005.08.011
https://doi.org/10.3389/fnsys.2010.00013
https://doi.org/10.3389/fnsys.2010.00013
https://doi.org/10.1186/1472-6920-14-67
https://doi.org/10.1016/j.neuroimage.2003.12.030
https://doi.org/10.1016/j.neuroimage.2003.12.030
http://www.pewinternet.org/?/media/files/Reports/2012/PIP-Digital-differences-041312
http://www.pewinternet.org/?/media/files/Reports/2012/PIP-Digital-differences-041312
https://doi.org/10.1016/j.neubiorev.2014.05.009
https://doi.org/10.1016/j.neubiorev.2014.05.009
https://doi.org/10.1016/j.neuroimage.2012.10.017
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

	Internet Search Alters Intra- and Inter-regional Synchronization in the Temporal Gyrus
	Introduction
	Method and Procedure
	Participants
	Experiment Procedure
	Image Acquisition
	Data Pre-processing
	ReHo Analysis
	FC Analysis
	Post–Pre Analysis

	Results
	Regional Homogeneity (ReHo)
	Seed-Based FC of Altered ReHo Regions

	Discussion
	Conclusion
	Limitations

	Author Contributions
	Funding
	Supplementary Material
	References


