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Abstract 

The rise in online shopping has heightened consumer frustration, as many are reluc-

tant to pay additional charges. Understanding the neural mechanisms of  

decision-making underlying this resistance could provide key insights into consumer 

behavior. However, research on these neural correlates remains limited. To address 

this gap, we conducted a functional magnetic resonance imaging (fMRI) study exam-

ining the relationship between shipping fee combinations and purchasing decisions. 

During fMRI scanning, 40 participants evaluated their intention to purchase shoes 

with varying shipping fees, while the total price remained constant. Behavioral mea-

sures included purchase intention rating, reaction time (RT), and the Rate Intention 

Score, calculated by dividing the mean purchase intention score by RT. Behavioral 

data revealed a clear preference for free shipping, with distinct blood-oxygenation-

level-dependent (BOLD) responses in free shipping choices across shipping fee 

conditions. Comparisons between free shipping and the lowest shipping fee showed 

strong emotional preferences for free shipping, reflected in positive BOLD signals 

of the medial prefrontal cortex (PFC). fMRI analysis revealed that the most signifi-

cant differences stemmed from variations in shipping fees, particularly between free 

shipping and the lowest shipping fee, highlighting the unique appeal of free ship-

ping. As shipping fees increased, emotional influences diminished, shifting cognitive 

processing to the ventrolateral PFC. Additionally, increased BOLD responses in the 

precentral gyrus under the free-shipping option indicated its involvement in decision 

execution. An integrated behavioral and neural data analysis offers valuable insights 

into the mechanisms that influence real-world purchasing decisions.
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1.  Introduction

The rise in online shopping during the coronavirus disease 2019 pandemic enabled 
consumers to shop conveniently with swift doorstep delivery, avoiding physical con-
tact or time constraints [1]. However, this convenience frequently presents significant 
shipping fees owing to the geographical distance between sellers and consumers. 
Many online retailers impose variable shipping fees, which can constitute significant 
portions of the total price, often reaching up to 40% [2].

Consumers may discover products with varying pricing structures, even when the 
overall cost remains consistent. For instance, if the product price constitutes 90% of 
the total, the shipping fee is 10%; conversely, if the product price constitutes 80%, the 
shipping cost increases to 20%. Although the total cost is identical, consumers may 
prefer the first option to avoid higher shipping fees and preserve perceived prod-
uct value. As a strategy, online retailers itemize the total cost by presenting a lower 
product price separately from additional fees, rather than embedding the full cost into 
a single bundled product price, potentially increasing perceived cost-benefit [3–6]. In 
other cases, shipping or service fees are included in the total purchase cost to avoid 
triggering negative perceptions of surcharges [2,7]. Given the exact total cost across 
alternatives, do consumers prefer “free shipping” over a “cheaper product”? If so, 
what psychological factors drive this preference?

Several marketing studies have revealed that consumers frequently express 
dissatisfaction with extra charges and perceive them as unjustified or unnecessary 
[8–11]. This resistance to shipping fees arises from the perception of paying for 
something beyond the original commitment. Additionally, inconsistent structures 
between product prices and shipping fees can cause frustration, leading to hesitation 
in purchasing decisions [2,7,12]. Even when the total price remains unchanged, ship-
ping fees continue to influence consumer choices [13].

Preferring free shipping options can also be explained by the zero-price effect. 
“Zero price” has been shown to exert an influence that extends beyond simply 
being the lowest price of an item, creating a disproportionate attraction [14,15]. 
Once a good’s price becomes zero, consumers tend to favor it regardless of their 
prior choices or preferences, which subsequently drives purchase behavior. This 
weighted preference for zero price—despite minimal price differences—highlights 
how consumers favor free options by treating them as more appealing rewards than 
their higher-priced counterparts [15,16]. Previous research has demonstrated strong 
preferences for “free” offers, particularly for free goods. Although free shipping does 
not imply a zero total price, assigning a zero price to one component of the price 
structure can still bias consumer preferences.

Research explicitly examining shipping fees by combining behavioral and neural 
evidence is limited. Recent consumer studies have reported that partitioning the 
total cost can sometimes effectively induce consumers’ purchases [9,17]. Therefore, 
combining neural evidence with behavioral responses highlights how consumers 
react to various shipping fee structures in real-life purchasing scenarios [18]. This 
study examines both behavioral and neural dimensions to highlight the perception 
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of shipping fees. Investigating how neural and behavioral responses to additional charges influence consumer decision-
making will provide a deeper understanding of consumers’ seemingly irrational choices.

Several neural studies on purchase decision-making processes and product preferences provide insights into the value 
and perception of a product [19–22]. Votinov et al. [16] reported a significant correlation between the positive evaluation of 
free products and activation in the reward and choice network, including the medial prefrontal cortex (mPFC) and infe-
rior parietal lobule (IPL). Participants viewed free products more positively than priced items, thereby perceiving them as 
superior rewards. Similarly, Knutson et al. [23] found that excessive prices led to deactivation in the mPFC. Moreover, a 
product with a lower price was significantly related to activation in the lateral prefrontal cortex (PFC), which facilitated par-
ticipants’ purchasing decisions [23,24]. Overall, these findings demonstrate that participants prefer free or cheaper options 
both emotionally and cognitively, as reflected in generalized PFC activation.

The PFC, particularly its different areas, plays a crucial role in decision-making, with specific regions activated depend-
ing on the type of decision [25]. The mPFC is involved in emotional decisions because it guides consumers to proceed 
with purchases once they perceive a product as valuable, regardless of whether they conduct a thorough assessment 
[26–28]. Conversely, the lateral PFC activity is associated with evaluating, integrating, and comparing given information 
[25,29,30]. The lateral PFC is involved in processing rewarding stimuli and initiating top-down control mechanisms, help-
ing to refine decision-making by adjusting emotion-driven choices [27,31].

Given the limited neuroimaging evidence on shipping fee partitioning, this study adopted an exploratory approach to 
examine how behavioral preferences and neural responses vary across shipping fee structures under equal total cost. 
In this study, we examined how shipping fees affect online purchasing decisions using functional magnetic resonance 
imaging (fMRI). Specifically, we investigated whether participants’ purchasing behavior varies as a function of shipping 
fees. We set multiple shipping conditions based on the shipping fees that online commerce stores in the Republic of 
Korea typically charge. During fMRI scanning, participants completed a purchase decision task where they viewed 
photographs of shoes with varying price combinations and rated their purchase intentions. First, we hypothesized that 
a general preference for free shipping options would be observed in behavioral responses. Second, we predicted that 
decision-making brain regions, including the mPFC and lateral PFC, would show increased activation for free shipping 
options compared with paid shipping conditions. Third, we explored the relationship between behavioral responses 
and neural activations.

2.  Materials and methods

2.1  Participants

For the experiment, we recruited 40 healthy participants through an online advertisement (22 men and 18 women, aged 
20–31 years, mean = 23.3 years, standard deviation [SD] = 2.7). A sensitivity power analysis conducted using G*Power 
suggested that, with 40 participants, the study had a power of 80% to detect within-subject effects of Cohen’s dz ≥ 0.55 at 
a Bonferroni-corrected alpha level of 0.0125. All participants were right-handed, had normal or corrected-to-normal vision, 
and had no record of neurological or psychiatric disorders. Before scanning, participants were given detailed instructions 
explaining that they would evaluate their intention to purchase a pair of shoes within a fixed budget of ₩50,000. On each 
trial, they were asked to rate their purchase intention for shoes presented under different combinations of product price 
and shipping fee, with the total cost kept constant.

Before processing the MRI data, two participants were excluded owing to missing behavioral responses (> 20%). 
Hence, data from 38 participants (21 men and 17 women, mean age = 23.4 years, SD = 2.8) were included in the final 
analysis. This study was conducted in accordance with the ethical guidelines, including all methods, and approved by 
the Institutional Review Board of the Korea Brain Research Institute (IRB number: KBRI-202111-HR-003), and written 
informed consent was obtained for all participants.
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2.2  Experimental design and procedures

For the fMRI experiment, participants performed a purchase decision task involving shoes (Fig 1). We prepared 10 dis-
tinct photographs of shoes and 5 different price combinations, comprising product costs and delivery charges. The shoe 
images were collected from publicly accessible online retail and catalog websites and were edited to ensure uniform size 
and resolution in a square format, with no background [32]. Any prominent logos and design elements evoking specific 
brands were removed [33,34]. Consequently, the shoe stimuli were designed to appear comparable in overall style and 
perceived quality across price conditions.

For the price combination, we first set the budget at ₩50,000 (approximately $37), which is close to the average price 
for a pair of shoes. Delivery fees varied between ₩0 and ₩8,000 ($6), in increments of ₩2,000 ($1.5), reflecting typical 
shipping charges set by most e-commerce stores in the Republic of Korea. The product prices were adjusted for each 
delivery fee to ensure that the total cost remained at ₩50,000 ($37). Both product cost and delivery fee were displayed in 
each price combination, enabling participants to focus on the overall cost. The assignment of product-delivery price com-
binations to shoe images was randomized across runs, such that each shoe pair was presented once under each price 
condition, with the order of price conditions varying across participants.

During fMRI scanning, participants completed five experimental runs, each comprising 10 trials (50 trials in total). The 
experiment employed a fully within-subjects design, with each participant viewing all 10 pairs of shoe images under every 
price combination. Each run began with an 8-s initial fixation and ended with a 2-s closing fixation. Within each trial, a pair 
of shoes was presented for 4 s, followed by a fixation for 4 s, a price combination for 4 s, a behavioral response period of 
6 s, and an inter-trial fixation for 6 s. Each run lasted 250 s, resulting in a total task duration of approximately 21 min. Given 
a repetition time (TR) of 2 s, 125 functional volumes were acquired per run, yielding a total of 625 volumes across the five 
runs (Fig 1). For behavioral response, participants rated their intention to purchase the shoes based on the price combi-
nation by pressing one of the four buttons, each representing a level of intention on a 4-point Likert scale (1 = “Not at all” to 
4 = “Very much”).

2.3  Data acquisition and processing

All structural and functional MRI data were acquired using a Siemens Magnetom Skyra 3.0T scanner with a 20-channel 
head coil (Erlangen, Germany) and a magnetization-prepared rapid gradient-echo sequence. The parameters for the 
high-resolution structural T1-weighted images were as follows: acquisition matrix of 256 × 256, field of view of 230 mm, 

Fig 1.  An example of a purchase decision task. Ten distinct pairs of shoes were randomly presented with five different price combinations each. A 
pair of shoes was presented for 4 s. Following a 4-s fixation, a price combination of shoes and shipping was presented on the screen. The pricing of each 
pair differs based on shipping fees ranging from ₩42,000 to ₩50,000 with ₩2,000 difference as maintaining the total price of ₩50,000 (1. Free ship-
ping, 2. Shipping condition 1 [₩2,000], 3. Shipping condition 2 [₩4,000], 4. Shipping condition 3 [₩6,000], 5. Shipping condition 4 [₩8,000]). According 
to the price combinations, the intention to purchase was measured. Subsequently, the participants were asked to rate how much they intended to buy 
the shoes for the price combinations on a 4-point Likert scale (1: Not at all; 2: Little, 3: Somewhat, and 4: Very much), which was followed by 6-s rest 
phase.

https://doi.org/10.1371/journal.pone.0349032.g001
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voxel size of 0.7 × 0.7 × 0.7 mm³, TR of 2400 ms, and echo time (TE) of 2.3 ms. Functional imaging was performed using a 
T2*-weighted single-shot echo-planar (EPI) sequence with generalized auto-calibrating partially parallel acquisitions. The 
functional imaging parameters were as follows: acquisition matrix: 64 × 64; field of view: 192 mm; 36 interleaved slices; 
voxel size: 3.0 × 3.0 × 3.0 mm³; TR: 2000 ms; TE: 28 ms; flip angle: 64°; and slice gap: 0.9 mm.

All fMRI data (EPIs) were preprocessed using statistical parametric mapping (SPM12, http://www.fil.ion.ucl.ac.uk/spm/, 
Wellcome Trust Centre for Neuroimaging, London, UK) [35] and an in-house MATLAB toolbox (MathWorks, Inc.). All fMRI 
data (EPIs) underwent slice timing correction, head motion correction (realignment), co-registration of T1-weighted images 
to the mean EPI, and spatial normalization to convert the EPIs into the Montreal Neurological Institute template space 
using nonlinear transformation in SPM12. The normalized EPIs were resampled to 2.0 × 2.0 × 2.0 mm3 voxels, and spatial 
smoothing was conducted with 8 mm.

2.4  fMRI analysis

We focused on the differences between free and paid shipping options to examine the influence of shipping fees on pur-
chasing decisions. We designed contrasts between the free and paid shipping options. To estimate task-evoked percent 
signal change in the blood-oxygen-level-dependent (BOLD) response, we performed a first-level analysis using a general 
linear model analysis in SPM12. Group analysis was conducted at the second level using within-subject analyses of vari-
ance (ANOVA). For statistical evaluation of the ANOVA results, we used a family-wise error (FWE) correction at the cluster 
level with a threshold of p < 0.05, following a voxel-wise threshold of p = 0.001.

2.5  Behavioral analysis

The behavioral data were analyzed based on the various price combinations. The participants’ responses, measured by their 
purchase intention ratings and reaction times (RTs), were analyzed using a repeated measures ANOVA in IBM SPSS Statis-
tics for Windows, Version 24.0 (IBM Corp., Armonk, NY, USA). This analysis evaluated the main effects of purchase intention 
across different price combinations. The Holm–Bonferroni procedure was applied to control for multiple comparisons, with the 
p-value adjusted accordingly. Furthermore, to integrate purchase and RT, we first calculated each participant’s mean purchase 
intention score for each price condition. Subsequently, we divided the mean purchase intention score by the corresponding 
mean RT to compute the Rate Intention Score (RIS) for each participant in each price condition. In a previous study, the rate 
correct score (RCS) was calculated by dividing accuracy by the mean response time for each option to assess the trade-off 
between speed and accuracy [36]. In neuroimaging research, the RCS has been used as a behavioral measure in brain–
behavior analyses [37–39]. Using a similar approach, the RIS measured the purchase intention score per unit of time.

	
RISij =

Mean purchase intention scoreij
Mean reaction timeij 	

2.6  Statistical analysis of behavioral scores and neural signals

To investigate the relationships between behavior and BOLD responses, we performed Pearson correlation analysis 
between behavior scores—including purchase intention level, RT, and the RIS—and percent signal changes in each ROI. 
For multiple testing of correlation p-values, Bonferroni correction was conducted by dividing α by the number of possible 
combinations (adjusted p-value = 0.001).

3.  Results

3.1  Behavior analysis results

We conducted a repeated-measures ANOVA on the rating of purchase intention score and RT depending on the price 
combination. Significant differences were observed in the purchase intention scores depending on the price combinations, 

http://www.fil.ion.ucl.ac.uk/spm/
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F (4, 148) = 63.21, η² = .63, p < 0.001. As shown in Fig 2A, the purchase intention score for free shipping was significantly 
higher than that for the ₩4,000, ₩6,000, and ₩8,000 shipping fees (t (37) = 4.89, p < 0.001; t (37) = 7.22, p < 0.001; and 
t (37) = 10, p < 0.001, respectively). The purchase intention score for the ₩2,000 shipping fee was higher than that for the 
₩4,000, ₩6,000, and ₩8,000 shipping fees (t (37) = 4.82, p < 0.001; t (37) = 6.91, p < 0.001; and t (37) = 9.51, p < 0.001, 
respectively). Additionally, the purchase intention score for the ₩4,000 shipping fee was higher than that for the ₩6,000 
and ₩8,000 shipping fees (t (37) = 6.23, p < 0.001; and t (37) = 9.84, p < 0.001, respectively). Moreover, the score for the 
₩6,000 shipping fee was higher than that for the ₩8,000 shipping fee (t (37) = 6.85, p < 0.001).

For the RT, significant differences were observed depending on the price combinations (F (4, 148) = 3.09, η2 = .77, 
p = 0.018). Significantly, the RT for the ₩6,000 shipping fee was faster than that for the ₩2,000 shipping fee (t (37) = 3.4, 
p = 0.016) (Fig 2B).

Significant differences were observed in the RIS of purchase intention depending on the price combinations (F (4, 
148) = 18.02, η² = .33, p < 0.001). As shown in Fig 2C, the RIS for free shipping was significantly higher than that for the 
₩2,000, ₩4,000, ₩6,000, and ₩8,000 shipping fees (t (37) = 3.25, p = 0.012; t (37) = 3.19, p = 0.0123; t (37) = 4.19, 
p = 0.001; and t (37) = 6.83, p < 0.001, respectively). In contrast, the RIS for the ₩8,000 shipping fee was lower than that 
for the ₩2,000, ₩4,000, and ₩6,000 shipping fees (t (37) = 5.05, p < 0.001; t (37) = 4.55, p < 0.001; and t (37) = 4.37, 
p < 0.001, respectively) (S1 Table).

3.2  Brain analysis results

Fig 3 displays significant BOLD responses across cortical regions when comparing the free shipping option with each 
paid shipping option. Participants in the free shipping category, compared to those with a ₩2,000 shipping fee, exhibited 
significant positive responses in the bilateral mPFC and precuneus and left IPL (voxel-level threshold of p < 0.001, cor-
rected FWE < 0.05, voxels > 251). In contrast to those with a ₩4,000 shipping fee, individuals in the free shipping category 
showed positive increases in the left ventrolateral prefrontal cortex (VLPFC) (voxel-level threshold of p < 0.001, corrected 
FWE < 0.05, voxels > 423). Compared to individuals with a ₩6,000 shipping fee, increased response was observed in the 

Fig 2.  Behavioral analysis results according to the price combinations (price and shipping fee). (A) The purchase intention score for free ship-
ping was higher than that for ₩4,000, ₩6,000, and ₩8,000 shipping fees, which decreased significantly as shipping fees increased. (B) The reaction 
time (RT) for the ₩6,000 shipping fee was faster than that for the ₩2,000 shipping fee. (C) The Rate Intention Score (RIS) shows the participants’ 
accurate purchase intention for each price combination by considering the purchase intention score relative to RT. Significantly higher RIS was observed 
for free shipping compared to the ₩2,000, ₩4,000, ₩6,000, and ₩8,000 shipping fees. Lines connecting conditions indicate statistically significant 
differences.

https://doi.org/10.1371/journal.pone.0349032.g002
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left precentral gyrus (voxel-level threshold of p < 0.001, corrected FWE < 0.05, voxels > 1267), and relative to those with a 
₩8,000 shipping fee, individuals in the free shipping category exhibited increases in the left precentral gyrus and superior 
parietal lobule (SPL) (voxel-level threshold of p < 0.001, corrected FWE < 0.05, voxels > 239; Table 1).

All pairwise comparisons were evaluated using Bonferroni-corrected significance thresholds (α = 0.005, corrected for 10 
comparisons). Fig 4 shows the percentage of signal change in the purchase decision-related brain regions. In the mPFC, 
the average percent signal change for free shipping was significantly higher than that for the ₩2,000 and ₩4,000 shipping 
options (free vs. ₩2,000: t (37) = 4.69, p < 0.001; free vs. ₩4,000: t (37) = 3.00, p = 0.005). The average percent signal 
change of the precuneus was significantly higher for free shipping than for the ₩2,000 shipping option (t (37) = 3.72, 
p < 0.001). In the IPL, the average percent signal change between free shipping and the ₩2,000 and ₩4,000 shipping 
options was significantly higher (free vs. ₩2,000: t (37) = 4.03, p < 0.001; free vs. ₩4,000: t (37) = 3.02, p = 0.005). Lastly, 
the average signal change of the VLPFC in free shipping was higher than that in the ₩2,000 and ₩4,000 shipping options 
(free vs. ₩2,000: t (37) = 4.10, p < 0.001; free vs. ₩4,000: t (37) = 3.43, p = 0.002).

3.3  Relationship between brain and behavior results

We found a significant relationship between brain and behavioral results (Fig 5). Specifically, BOLD responses in the 
precuneus were significantly negatively correlated with the RIS values in free shipping (r = −0.52, p < 0.001) for multiple 
testing (adjusted p-value = 0.001). Although no significance was observed in the correlation between BOLD responses 
and RIS values in the ₩2,000 shipping option, the precuneus showed a tendency of a negative correlation (r = −0.42, 
p = 0.010). The correlation of BOLD responses in the VLPFC with the RIS and purchase intention had no significance, 
although there was a tendency for the ₩8,000 (r = 0.40, p = 0.014) and ₩2,000 (r = −0.35, p = 0.031) shipping options.

4.  Discussion

The evolution of online shopping has highlighted the need to assess the mechanisms underlying consumer decision-
making and behavior, particularly regarding shipping fees. Our study explored behavioral and neural responses to varying 
shipping fees using a purchase decision task in an fMRI setting. We observed that participants consistently perceived free 
shipping as highly advantageous and efficient, even when the total cost was identical. However, the underlying mecha-
nisms for choosing free shipping varied based on the shipping fee levels, indicating different cognitive processes. Free 
shipping appears to affect purchasing decisions in the behavior and brain, even when associated with a higher product 
price.

Fig 3.  The BOLD responses related to free shipping compared with different shipping fee conditions. The inferior parietal lobule (IPL), precu-
neus, and medial prefrontal cortex (mPFC) showed a positive BOLD response for free shipping compared to ₩2,000 shipping. The positive activation in 
the ventrolateral prefrontal cortex (VLPFC) was significant in free shipping conditions compared to that in ₩4,000 shipping. The precentral gyrus showed 
a positive signal in free shipping conditions compared to both ₩6,000 and ₩8,000 shipping, whereas that in the superior parietal lobe was significant in 
free shipping compared to ₩8,000 shipping.

https://doi.org/10.1371/journal.pone.0349032.g003
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4.1  Behavioral pattern differences across shipping fee options

We investigated purchase intention scores and RTs to test how behavioral patterns differ according to shipping fee 
options. By analyzing these factors and integrating them (e.g., RIS), we found that participants significantly preferred free 
shipping over other shipping fee options (Fig 2C). The RIS result, which integrates purchase intention and RT, showed 
that free shipping consistently had the highest general preference among all shipping options in behavior. This aligns with 
previous findings demonstrating that consumers are more sensitive to additional charges, including shipping fees, than 

Table 1.  Brain regions showing statistically significant differences in free and shipping-fee conditions.

Regions 
(AAL abbreviation)

Peak MNI coordinates Cluster size (mm3) t−value

x y z

Free shipping > ₩2,000

Superior frontal gyrus L −18 48 30 6,528 5.47

Precuneus L −2 −58 44 8,464 5.17

Middle temporal gyrus (temporal pole) R 54 10 −30 2,000 5.05

Inferior frontal gyrus (triangular part) L −50 38 −2 4,576 4.84

Inferior parietal gyrus L −54 −54 44 7,280 4.78

Middle temporal gyrus L −56 −34 0 2,240 4.48

Postcentral gyrus R 46 −12 34 2,000 4.46

Superior frontal gyrus R 16 42 36 2,248 4.27

Middle occipital gyrus R 34 −84 36 2,584 4.01

Middle frontal gyrus L −30 20 42 2,944 4.00

Free shipping > ₩4,000

Inferior frontal gyrus (triangular part) L −52 24 −2 3,384 4.53

Free shipping > ₩6,000

Precentral gyrus L −36 −20 54 10,136 5.36

Free shipping > ₩8,000

Precentral gyrus L −32 −20 54 15,960 6.54

Superior parietal gyrus L −42 −54 58 1,888 3.98

AAL: Automated Anatomical Labeling atlas, L: left, R: right.

https://doi.org/10.1371/journal.pone.0349032.t001

Fig 4.  Percent signal change difference in BOLD signal between free shipping and other shipping conditions. The graphs exhibit the average 
percentage of signal change from the fixation baseline as a function of a stimulus. The error bars indicate the standard error of the means. Across 
regions of interest, free shipping elicited greater BOLD responses than other shipping conditions. Particularly, the mPFC, IPL, and VLPFC showed signifi-
cantly higher signal change for free shipping than for lower paid shipping fees, indicating enhanced value-related processing when shipping costs were 
set to zero. * indicates p < 0.005.

https://doi.org/10.1371/journal.pone.0349032.g004
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to base product prices [7]. Our results indicate that consumers tend to prefer free shipping, even when total prices are 
similar.

4.2  Neural pattern differences between free shipping and lower shipping fees

Participants’ considerate cognitive processes may influence decision-making, as they perceive greater benefits from the 
free shipping option than from the lower shipping fees. However, the underlying mechanisms of free shipping choices 
differed compared with those of the ₩2,000 and ₩4,000 shipping fees, as reflected in distinct neural responses. The free 
shipping option elicited significantly higher BOLD responses in the mPFC, IPL, and precuneus than the ₩2,000 shipping 
fee (Fig 3). This suggests that the free shipping choice reflects a positive and affectively driven evaluation of the option 
compared to a low-cost alternative [14]. These observations are consistent with those of previous studies demonstrating 
an association between zero-price preference and BOLD signals in the choice network comprising the mPFC and IPL 
[16]. Particularly, BOLD responses in the mPFC and precuneus appear to be involved in affective and preference-based 
decision-making, where individuals assess options based on subjective value and internal preferences [20].

However, the zero-price preference appears to operate differently as shipping fees increase. The free shipping option 
demonstrated significantly higher BOLD signals in the VLPFC than the ₩4,000 shipping fee (Fig 3). In this context, the 
preference for free shipping appears to rely more on a regulatory and deliberative decision-making process, suggesting 
that participants’ choices were less driven by a positive affect and more by cognitive evaluation of the price structure 
[40]. The VLPFC plays a crucial role in regulatory control and cognitive re-evaluation during decision-making [41–43]. 
Therefore, a more regulatory and considerate decision-making mechanism possibly drove participants’ preference for free 
shipping over the ₩4,000 shipping option.

The mPFC, precuneus, and IPL exhibited significantly higher signal changes between the free and ₩2,000 ship-
ping options. Conversely, the VLPFC showed significantly higher signal changes between free and the ₩4,000 ship-
ping options (Fig 4). It was expected that higher shipping fees would proportionally increase the differences in BOLD 
responses between free shipping and paid options. However, this pattern was not observed. Instead, we observed that 
valuation-related regions were more strongly engaged when free shipping was contrasted with a low fee, whereas control- 
related activation emerged when free shipping was contrasted with a higher fee. This pattern may be because participants 
perceive smaller additional fees as more of a salient nuisance, enhancing affective sensitivity to “free,” whereas higher 
fees prompt greater cognitive evaluation of the decision context. These findings align with those of prior research that 

Fig 5.  Correlation analysis results between percent signal changes (SC%) and behavioral scores (RIS and intention). The BOLD signal 
in the precuneus was significantly negatively correlated with the RIS in the free shipping fee condition (r = −0.52, p < 0.001). * indicates adjusted 
p-value = 0.001.

https://doi.org/10.1371/journal.pone.0349032.g005



PLOS One | https://doi.org/10.1371/journal.pone.0349032  May 13, 2026 10 / 14

demonstrates a strong and context-dependent preference for free options [14]. Therefore, our results indicate that while 
free shipping is consistently preferred, the neural processes supporting this vary depending on the comparison context.

4.3  Neural pattern differences between free shipping and higher shipping fees

Compared to lower shipping fees, behavior and brain responses differ when participants choose free shipping over the 
higher shipping fees (₩6,000 and ₩8,000). In the brain, when the free shipping option was compared to the ₩6,000 and 
₩8,000 shipping fees, significantly higher BOLD responses were observed in the left precentral gyrus and SPL (Fig 3). 
Decision-making processes are generally related to the primary motor cortex, as individuals move through stages of com-
paring and evaluating options to reach a final decision [44–46]. Free shipping likely prompts participants to initiate actions 
consistent with their decisions, as reflected in BOLD responses of the motor area. Overall, these findings indicate that 
participants tend to select free shipping options when faced with high shipping fees.

4.4  Relationship between behavioral preference and BOLD responses

In the free and low shipping options, a higher RIS, which indicates a rapid selection of high-preference options, was 
associated with relatively lower BOLD responses in the precuneus (Fig 5A). The precuneus might have contributed 
to providing feedback for relatively favored decisions, including choosing free or low-cost shipping. The precuneus 
is involved in higher cognitive processes related to visual information [47,48] and the integration and comparison of 
values [49–51]. Our findings suggest that by engaging self-control mechanisms, increased BOLD responses in this 
region contribute to hesitation in purchasing decisions, even under minimal shopping costs. However, further inves-
tigation is needed to better understand the role of parietal regions in linking BOLD signals to behavioral responses 
during decision-making.

4.5  Limitations

One notable limitation is the absence of an assessment of perceptions of quality. Participants may have perceived 
higher-priced items as higher in quality and selected them for that reason rather than because of the shipping manipula-
tion. Although we normalized the visual presentation of the shoes to minimize brand-related biases and kept the total price 
the same, it would be useful to test what people were thinking about the quality of the shoes in the images, or how that 
impacted the results in the brain and behavior.

The second limitation is that the RIS was introduced as an integrated behavioral index by dividing each participant’s 
mean purchase-intention score for each price condition by the corresponding mean RT for the same condition. Given that 
interpreting such a composite can be less straightforward than interpreting the component measures alone, methodologi-
cal research on related integrated measures, such as the RCS, has noted that these composites can suggest effects that 
are unsupported by the corresponding component measures [52]. Accordingly, the RIS is interpreted as an integrated 
behavioral index and conclusions are drawn in conjunction with the overall pattern of the behavioral data. In addition, we 
didn’t assess participants’ pre- or post-preference levels for each pair of shoes. Hence, our findings may be influenced by 
participants’ original preferences for the products [16,41].

4.6  Suggestions for future research

Our study enhances the understanding of consumer response to shipping fees, a seemingly minor factor that can signifi-
cantly impact decision-making. Even when the total cost remained unchanged, participants showed a consistent prefer-
ence for free shipping options in their behavioral responses.

By combining behavioral and neural data, our findings demonstrate that partitioning total prices can bias consumers’ 
perceptions and purchasing intentions, consistent with those of prior research showing that price partitioning affects evalu-
ation even under constant total cost conditions [12,53]. Neural findings revealed that the shipping fee structure influences 
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the underlying reasons for varying preferences for free shipping. A small additional charge made free shipping particularly 
appealing. Compared to moderate shipping fees, choosing free shipping requires a considerable cognitive effort. As ship-
ping fees increased, free shipping options tended to prompt swift decision-making.

One possible interpretation is that participants do not treat shipping fees as neutral components of total price [12,54]. 
This tendency may also depend on whether consumers view shipping as a seller-borne service cost or as a legitimate 
component of the product price. Consumers often perceive shipping fees as avoidable charges that sellers are expected 
to absorb as part of the service. From this perspective, free shipping functions as a salient signal of a “better deal,” 
enabling participants to justify their choice by avoiding an explicit loss, even when total costs are identical.

Furthermore, without needing to calculate the total price, free shipping options may become more attractive to par-
ticipants. When price evaluation requires no additional computation, consumers may rely more on salient price cues, 
including the absence of a shipping fee. In such cases, individuals may form a strong commitment to their choice—
shown here as the highest preference for free shipping—rather than engaging in a detailed evaluation of component 
prices [14].

Future studies can test these interpretations more directly by assessing participants’ beliefs about shipping fees. For 
instance, experimentally manipulating the transparency and structure of shipping fees (e.g., known vs. unknown fees and 
bundled vs. itemized pricing) while measuring pre- and post-choice preferences would help clarify whether free shipping 
preferences arise from loss avoidance, heuristic simplification, or lowered decision thresholds. Such designs would enable 
a more precise characterization of how representations of shipping fees shape both deliberative and automatic decision 
processes. They would also allow researchers to control for potential price-quality heuristics, whereby higher product 
prices are inferred as indicating higher quality.

This study suggests that in everyday shopping scenarios, consumers are inclined to actively seek out free shipping, 
frequently rationalizing the perceived value of such offers even when the difference in total cost is minimal. Understanding 
this cognitive dynamic is relevant for developing pricing and communication strategies in online commerce. From a seller’s 
perspective, bundling shipping fees into the total price would be more effective for increasing sales than presenting lower 
product prices accompanied by explicit surcharges. From a consumer’s standpoint, such pricing structures may reduce 
cognitive burden during decision-making by simplifying cost evaluation and clarifying seller responsibility for service fees, 
thereby facilitating easier choices. Since seemingly minor price components may disproportionately shape consumer 
behavior, these findings highlight the importance of considering ethical implications when designing pricing strategies. 
For example, offering free shipping through memberships or subscription services can boost purchases despite the total 
expenditure frequently exceeding the shipping cost, underscoring the need for transparency and consumer awareness 
alongside marketing effectiveness.

Supporting information

S1 Table. Behavioral results (N = 38). 
(DOCX)

Author contributions

Conceptualization: Yoonsang Lee, Dongha Lee.

Data curation: Youngju Lee, Yoonsang Lee.

Formal analysis: Youngju Lee, Kyeong Seob Song, Ji-Won Chun, Dongha Lee.

Funding acquisition: Ji-Won Chun, Dongha Lee.

Investigation: Youngju Lee, Yoonsang Lee, Kyeong Seob Song.

http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0349032.s001


PLOS One | https://doi.org/10.1371/journal.pone.0349032  May 13, 2026 12 / 14

Methodology: Youngju Lee, Ji-Won Chun, Dongha Lee.

Supervision: Ji-Won Chun, Dongha Lee.

Visualization: Youngju Lee, Ji-Won Chun, Dongha Lee.

Writing – original draft: Youngju Lee, Yoonsang Lee, Ji-Won Chun, Dongha Lee.

Writing – review & editing: Youngju Lee, Kyeong Seob Song, Ji-Won Chun, Dongha Lee.

References
	 1.	 Young M, Soza‐Parra J, Circella G. The increase in online shopping during COVID‐19: who is responsible, will it last, and what does it mean for 

cities? Reg Sci Policy Pract. 2022;14:162–79. https://doi.org/10.1111/rsp3.12514

	 2.	 Gümüş M, Li S, Oh W, Ray S. Shipping fees or shipping free? A tale of two price partitioning strategies in online retailing. Prod Oper Manag. 
2013;22(4):758–76. https://doi.org/10.1111/j.1937-5956.2012.01391.x

	 3.	 Yao Y, Zhang J. Pricing for shipping services of online retailers: analytical and empirical approaches. Decis Support Syst. 2012;53(2):368–80. 
https://doi.org/10.1016/j.dss.2012.01.014

	 4.	 Thaler RH. Mental accounting matters. J Behav Decis Mak. 1999;12(3):183–206. https://doi.org/10.1002/
(sici)1099-0771(199909)12:3<183::aid-bdm318>3.0.co;2-f

	 5.	 Sheng S, Bao Y, Pan Y. Partitioning or bundling? Perceived fairness of the surcharge makes a difference. Psychol Mark. 2007;24(12):1025–41. 
https://doi.org/10.1002/mar.20194

	 6.	 Abraham AT, Hamilton RW. When does partitioned pricing lead to more favorable consumer preferences? Meta-analytic evidence. J Mark Res. 
2018;55(5):686–703. https://doi.org/10.1509/jmr.14.0567

	 7.	 Hamilton RW, Srivastava J. When 2 2 is not the same as 1 3: variations in price sensitivity across components of partitioned prices. J Mark Res. 
2008;45(4):450–61. https://doi.org/10.1509/jmkr.45.4.450

	 8.	 Barsh J, Crawford B, Grosso C. How e-tailing can rise from the ashes. McKinsey Q. 2000;(3):98–109. PMID: 224539728

	 9.	 Burman B, Biswas A. Partitioned pricing: Can we always divide and prosper? J Retail. 2007;83(4):423–36. https://doi.org/10.1016/j.
jretai.2007.03.007

	10.	 Homburg C, Vollmayr J, Hahn A. Firm value creation through major channel expansions: evidence from an event study in the United States, Ger-
many, and China. J Mark. 2014;78(3):38–61. https://doi.org/10.1509/jm.12.0179

	11.	 Hong C, Choi H, Choi E-K, Joung H-W. Factors affecting customer intention to use online food delivery services before and during the COVID-19 
pandemic. J Hosp Tour Manag. 2021;48:509–18. https://doi.org/10.1016/j.jhtm.2021.08.012

	12.	 Morwitz VG, Greenleaf EA, Johnson EJ. Divide and prosper: consumers’ reactions to partitioned prices. J Mark Res. 1998;35(4):453. https://doi.
org/10.2307/3152164

	13.	 Schindler RM, Morrin M, Bechwati NN. Shipping charges and shipping-charge skepticism: Implications for direct marketers’ pricing formats. J Inter-
act Mark. 2005;19(1):41–53. https://doi.org/10.1002/dir.20030

	14.	 Shampanier K, Mazar N, Ariely D. Zero as a special price: the true value of free products. Mark Sci. 2007;26(6):742–57. https://doi.org/10.1287/
mksc.1060.0254

	15.	 Lenglin V, Wong S, O’Callaghan C, Erzinçlioğlu S, Hornberger M, Lebouvier T, et al. Zero the hero: evidence for involvement of the ventromedial 
prefrontal cortex in affective bias for free items. Cortex. 2023;160:24–42. https://doi.org/10.1016/j.cortex.2022.12.009 PMID: 36680922

	16.	 Votinov M, Aso T, Fukuyama H, Mima T. A neural mechanism of preference shifting under zero price condition. Front Hum Neurosci. 2016;10:177. 
https://doi.org/10.3389/fnhum.2016.00177 PMID: 27148024

	17.	 Greenleaf EA, Johnson EJ, Morwitz VG, Shalev E. The price does not include additional taxes, fees, and surcharges: a review of research on 
partitioned pricing. J Consum Psychol. 2015;26(1):105–24. https://doi.org/10.1016/j.jcps.2015.04.006

	18.	 Kurtz-David V, Persitz D, Webb R, Levy DJ. The neural computation of inconsistent choice behavior. Nat Commun. 2019;10(1):1583. https://doi.
org/10.1038/s41467-019-09343-2 PMID: 30952855

	19.	 Kenning P, Plassmann H. Neuroeconomics: an overview from an economic perspective. Brain Res Bull. 2005;67(5):343–54. https://doi.
org/10.1016/j.brainresbull.2005.07.006 PMID: 16216680

	20.	 Deppe M, Schwindt W, Kugel H, Plassmann H, Kenning P. Nonlinear responses within the medial prefrontal cortex reveal when specific implicit 
information influences economic decision making. J Neuroimaging. 2005;15(2):171–82. https://doi.org/10.1177/1051228405275074 PMID: 
15746230

	21.	 Groeppel-Klein A. Arousal and consumer in-store behavior. Brain Res Bull. 2005;67(5):428–37. https://doi.org/10.1016/j.brainresbull.2005.06.012 
PMID: 16216690

	22.	 Balconi M, Venturella I, Sebastiani R, Angioletti L. Touching to feel: brain activity during in-store consumer experience. Front Psychol. 
2021;12:653011. https://doi.org/10.3389/fpsyg.2021.653011 PMID: 33833724

https://doi.org/10.1111/rsp3.12514
https://doi.org/10.1111/j.1937-5956.2012.01391.x
https://doi.org/10.1016/j.dss.2012.01.014
https://doi.org/10.1002/(sici)1099-0771(199909)12:3<183::aid-bdm318>3.0.co;2-f
https://doi.org/10.1002/(sici)1099-0771(199909)12:3<183::aid-bdm318>3.0.co;2-f
https://doi.org/10.1002/mar.20194
https://doi.org/10.1509/jmr.14.0567
https://doi.org/10.1509/jmkr.45.4.450
http://www.ncbi.nlm.nih.gov/pubmed/224539728
https://doi.org/10.1016/j.jretai.2007.03.007
https://doi.org/10.1016/j.jretai.2007.03.007
https://doi.org/10.1509/jm.12.0179
https://doi.org/10.1016/j.jhtm.2021.08.012
https://doi.org/10.2307/3152164
https://doi.org/10.2307/3152164
https://doi.org/10.1002/dir.20030
https://doi.org/10.1287/mksc.1060.0254
https://doi.org/10.1287/mksc.1060.0254
https://doi.org/10.1016/j.cortex.2022.12.009
http://www.ncbi.nlm.nih.gov/pubmed/36680922
https://doi.org/10.3389/fnhum.2016.00177
http://www.ncbi.nlm.nih.gov/pubmed/27148024
https://doi.org/10.1016/j.jcps.2015.04.006
https://doi.org/10.1038/s41467-019-09343-2
https://doi.org/10.1038/s41467-019-09343-2
http://www.ncbi.nlm.nih.gov/pubmed/30952855
https://doi.org/10.1016/j.brainresbull.2005.07.006
https://doi.org/10.1016/j.brainresbull.2005.07.006
http://www.ncbi.nlm.nih.gov/pubmed/16216680
https://doi.org/10.1177/1051228405275074
http://www.ncbi.nlm.nih.gov/pubmed/15746230
https://doi.org/10.1016/j.brainresbull.2005.06.012
http://www.ncbi.nlm.nih.gov/pubmed/16216690
https://doi.org/10.3389/fpsyg.2021.653011
http://www.ncbi.nlm.nih.gov/pubmed/33833724


PLOS One | https://doi.org/10.1371/journal.pone.0349032  May 13, 2026 13 / 14

	23.	 Knutson B, Rick S, Wimmer GE, Prelec D, Loewenstein G. Neural predictors of purchases. Neuron. 2007;53(1):147–56. https://doi.org/10.1016/j.
neuron.2006.11.010

	24.	 Serra D. Decision-making: from neuroscience to neuroeconomics—an overview. Theory Decis. 2021;91(1):1–80. https://doi.org/10.1007/
s11238-021-09830-3

	25.	 Krawczyk DC. Contributions of the prefrontal cortex to the neural basis of human decision making. Neurosci Biobehav Rev. 2002;26(6):631–64. 
https://doi.org/10.1016/s0149-7634(02)00021-0 PMID: 12479840

	26.	 Gläscher J, Hampton AN, O’Doherty JP. Determining a role for ventromedial prefrontal cortex in encoding action-based value signals during 
reward-related decision making. Cereb Cortex. 2009;19(2):483–95. https://doi.org/10.1093/cercor/bhn098 PMID: 18550593

	27.	 Hare TA, Camerer CF, Rangel A. Self-control in decision-making involves modulation of the vmPFC valuation system. Science. 
2009;324(5927):646–8. https://doi.org/10.1126/science.1168450 PMID: 19407204

	28.	 Jocham G, Hunt LT, Near J, Behrens TEJ. A mechanism for value-guided choice based on the excitation-inhibition balance in prefrontal cortex. Nat 
Neurosci. 2012;15(7):960–1. https://doi.org/10.1038/nn.3140 PMID: 22706268

	29.	 Kouneiher F, Charron S, Koechlin E. Motivation and cognitive control in the human prefrontal cortex. Nat Neurosci. 2009;12(7):939–45. https://doi.
org/10.1038/nn.2321 PMID: 19503087

	30.	 Philiastides MG, Auksztulewicz R, Heekeren HR, Blankenburg F. Causal role of dorsolateral prefrontal cortex in human perceptual decision mak-
ing. Curr Biol. 2011;21(11):980–3. https://doi.org/10.1016/j.cub.2011.04.034 PMID: 21620706

	31.	 Figner B, Knoch D, Johnson EJ, Krosch AR, Lisanby SH, Fehr E, et al. Lateral prefrontal cortex and self-control in intertemporal choice. Nat Neuro-
sci. 2010;13(5):538–9. https://doi.org/10.1038/nn.2516 PMID: 20348919

	32.	 Bundesen C, Larsen A. Visual transformation of size. J Exp Psychol Hum Percept Perform. 1975;1(3):214–20. https://doi.org/10.1037//0096-
1523.1.3.214 PMID: 1202143

	33.	 Keller KL. Conceptualizing, measuring, and managing customer-based brand equity. J Mark. 1993;57(1):1–22. https://doi.
org/10.1177/002224299305700101

	34.	 Schaefer M, Rotte M. Thinking on luxury or pragmatic brand products: brain responses to different categories of culturally based brands. Brain 
Res. 2007;1165:98–104. https://doi.org/10.1016/j.brainres.2007.06.038 PMID: 17655834

	35.	 Friston KJ, Holmes AP, Worsley KJ, Poline J ‐P., Frith CD, Frackowiak RSJ. Statistical parametric maps in functional imaging: a general linear 
approach. Hum Brain Mapp. 1994;2(4):189–210. https://doi.org/10.1002/hbm.460020402

	36.	 Vandierendonck A. On the utility of integrated speed-accuracy measures when speed-accuracy trade-off is present. J Cogn. 2021;4(1):22. https://
doi.org/10.5334/joc.154 PMID: 33778368

	37.	 Cortes RA, Peterson EG, Kraemer DJM, Kolvoord RA, Uttal DH, Dinh N, et al. Transfer from spatial education to verbal reasoning and prediction of 
transfer from learning-related neural change. Sci Adv. 2022;8(32):eabo3555. https://doi.org/10.1126/sciadv.abo3555 PMID: 35947663

	38.	 Kim J-C, Song KS, Kim J, Hu M, Kim JI, Choi IY, et al. The role of the salience network in adolescent impulsivity using memory tasks and neuroim-
aging. Commun Med (Lond). 2025;5(1):500. https://doi.org/10.1038/s43856-025-01212-y PMID: 41310178

	39.	 Stute K, Hudl N, Stojan R, Voelcker-Rehage C. Shedding light on the effects of moderate acute exercise on working memory performance in 
healthy older adults: an fNIRS study. Brain Sci. 2020;10(11):813. https://doi.org/10.3390/brainsci10110813 PMID: 33153013

	40.	 Hossain MT, Saini R. Free indulgences: enhanced zero-price effect for hedonic options. Int J Res Mark. 2015;32(4):457–60. https://doi.
org/10.1016/j.ijresmar.2015.10.001

	41.	 Fujiwara J, Usui N, Eifuku S, Iijima T, Taira M, Tsutsui K-I, et al. Ventrolateral prefrontal cortex updates chosen value according to choice set size. J 
Cogn Neurosci. 2018;30(3):307–18. https://doi.org/10.1162/jocn_a_01207 PMID: 29131745

	42.	 Hutcherson CA, Plassmann H, Gross JJ, Rangel A. Cognitive regulation during decision making shifts behavioral control between ventromedial 
and dorsolateral prefrontal value systems. J Neurosci. 2012;32(39):13543–54. https://doi.org/10.1523/JNEUROSCI.6387-11.2012 PMID: 23015444

	43.	 Mitchell DGV. The nexus between decision making and emotion regulation: a review of convergent neurocognitive substrates. Behav Brain Res. 
2011;217(1):215–31. https://doi.org/10.1016/j.bbr.2010.10.030 PMID: 21055420

	44.	 Donner TH, Siegel M, Fries P, Engel AK. Buildup of choice-predictive activity in human motor cortex during perceptual decision making. Curr Biol. 
2009;19(18):1581–5. https://doi.org/10.1016/j.cub.2009.07.066 PMID: 19747828

	45.	 Heekeren HR, Marrett S, Ungerleider LG. The neural systems that mediate human perceptual decision making. Nat Rev Neurosci. 2008;9(6):467–
79. https://doi.org/10.1038/nrn2374 PMID: 18464792

	46.	 Leroy É, Koun É, Thura D. Integrated control of non-motor and motor efforts during perceptual decision-making and action execution: a pilot study. 
Sci Rep. 2023;13(1):9354. https://doi.org/10.1038/s41598-023-36443-3 PMID: 37291131

	47.	 Salazar RF, Dotson NM, Bressler SL, Gray CM. Content-specific fronto-parietal synchronization during visual working memory. Science. 
2012;338(6110):1097–100. https://doi.org/10.1126/science.1224000 PMID: 23118014

	48.	 Zago L, Tzourio-Mazoyer N. Distinguishing visuospatial working memory and complex mental calculation areas within the parietal lobes. Neurosci 
Lett. 2002;331(1):45–9. https://doi.org/10.1016/s0304-3940(02)00833-9 PMID: 12359320

	49.	 Hubbard EM, Piazza M, Pinel P, Dehaene S. Interactions between number and space in parietal cortex. Nat Rev Neurosci. 2005;6(6):435–48. 
https://doi.org/10.1038/nrn1684 PMID: 15928716

https://doi.org/10.1016/j.neuron.2006.11.010
https://doi.org/10.1016/j.neuron.2006.11.010
https://doi.org/10.1007/s11238-021-09830-3
https://doi.org/10.1007/s11238-021-09830-3
https://doi.org/10.1016/s0149-7634(02)00021-0
http://www.ncbi.nlm.nih.gov/pubmed/12479840
https://doi.org/10.1093/cercor/bhn098
http://www.ncbi.nlm.nih.gov/pubmed/18550593
https://doi.org/10.1126/science.1168450
http://www.ncbi.nlm.nih.gov/pubmed/19407204
https://doi.org/10.1038/nn.3140
http://www.ncbi.nlm.nih.gov/pubmed/22706268
https://doi.org/10.1038/nn.2321
https://doi.org/10.1038/nn.2321
http://www.ncbi.nlm.nih.gov/pubmed/19503087
https://doi.org/10.1016/j.cub.2011.04.034
http://www.ncbi.nlm.nih.gov/pubmed/21620706
https://doi.org/10.1038/nn.2516
http://www.ncbi.nlm.nih.gov/pubmed/20348919
https://doi.org/10.1037//0096-1523.1.3.214
https://doi.org/10.1037//0096-1523.1.3.214
http://www.ncbi.nlm.nih.gov/pubmed/1202143
https://doi.org/10.1177/002224299305700101
https://doi.org/10.1177/002224299305700101
https://doi.org/10.1016/j.brainres.2007.06.038
http://www.ncbi.nlm.nih.gov/pubmed/17655834
https://doi.org/10.1002/hbm.460020402
https://doi.org/10.5334/joc.154
https://doi.org/10.5334/joc.154
http://www.ncbi.nlm.nih.gov/pubmed/33778368
https://doi.org/10.1126/sciadv.abo3555
http://www.ncbi.nlm.nih.gov/pubmed/35947663
https://doi.org/10.1038/s43856-025-01212-y
http://www.ncbi.nlm.nih.gov/pubmed/41310178
https://doi.org/10.3390/brainsci10110813
http://www.ncbi.nlm.nih.gov/pubmed/33153013
https://doi.org/10.1016/j.ijresmar.2015.10.001
https://doi.org/10.1016/j.ijresmar.2015.10.001
https://doi.org/10.1162/jocn_a_01207
http://www.ncbi.nlm.nih.gov/pubmed/29131745
https://doi.org/10.1523/JNEUROSCI.6387-11.2012
http://www.ncbi.nlm.nih.gov/pubmed/23015444
https://doi.org/10.1016/j.bbr.2010.10.030
http://www.ncbi.nlm.nih.gov/pubmed/21055420
https://doi.org/10.1016/j.cub.2009.07.066
http://www.ncbi.nlm.nih.gov/pubmed/19747828
https://doi.org/10.1038/nrn2374
http://www.ncbi.nlm.nih.gov/pubmed/18464792
https://doi.org/10.1038/s41598-023-36443-3
http://www.ncbi.nlm.nih.gov/pubmed/37291131
https://doi.org/10.1126/science.1224000
http://www.ncbi.nlm.nih.gov/pubmed/23118014
https://doi.org/10.1016/s0304-3940(02)00833-9
http://www.ncbi.nlm.nih.gov/pubmed/12359320
https://doi.org/10.1038/nrn1684
http://www.ncbi.nlm.nih.gov/pubmed/15928716


PLOS One | https://doi.org/10.1371/journal.pone.0349032  May 13, 2026 14 / 14

	50.	 Iacoboni M. Visuo-motor integration and control in the human posterior parietal cortex: evidence from TMS and fMRI. Neuropsychologia. 
2006;44(13):2691–9. https://doi.org/10.1016/j.neuropsychologia.2006.04.029 PMID: 16759673

	51.	 Krajbich I, Armel C, Rangel A. Visual fixations and the computation and comparison of value in simple choice. Nat Neurosci. 2010;13(10):1292–8. 
https://doi.org/10.1038/nn.2635 PMID: 20835253

	52.	 Vandierendonck A. Further tests of the utility of integrated speed-accuracy measures in task switching. J Cogn. 2018;1(1):8. https://doi.
org/10.5334/joc.6 PMID: 31517182

	53.	 Frischmann T, Hinz O, Skiera B. Retailers’ use of shipping cost strategies: free shipping or partitioned prices? Int J Electron Commer. 
2012;16(3):65–88. https://doi.org/10.2753/jec1086-4415160303

	54.	 Cheema A. Surcharges and seller reputation. J Consum Res. 2008;35(1):167–77. https://doi.org/10.1086/529532

https://doi.org/10.1016/j.neuropsychologia.2006.04.029
http://www.ncbi.nlm.nih.gov/pubmed/16759673
https://doi.org/10.1038/nn.2635
http://www.ncbi.nlm.nih.gov/pubmed/20835253
https://doi.org/10.5334/joc.6
https://doi.org/10.5334/joc.6
http://www.ncbi.nlm.nih.gov/pubmed/31517182
https://doi.org/10.2753/jec1086-4415160303
https://doi.org/10.1086/529532

