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Consumers increasingly demand extraordinary experiences and businesses want to 
provide such experiences to build loyalty and increase customer lifetime value. One 
of the most significant aspects of consumer experiences is employee-customer 
interactions. We  hypothesized that the value of customers’ experiences would 
be reflected in the neurophysiology of sales associates and that these data would 
predict eventual purchases. We  tested this hypothesis by measuring neurologic 
Immersion of sales associates serving customers (N = 56) in a field study in two 
luxury retail stores with actual customers. A synthetic dataset was generated from 
these data and showed that sales associates’ peak Immersion was positively associated 
with the time customers spent shopping, which, in turn, positively scaled with how 
much customers spent. Estimating a machine learning model using sales associates’ 
peak Immersion predicted which customers purchased with between 64% and 80% 
accuracy. Our results demonstrate that the neurophysiologic Immersion of one person 
can be used to predict the behavior of another person with whom they are interacting 
even when their goals may not be perfectly aligned. Moreover, we have shown that 
such a field study is feasible with real customers who are spending nontrivial amounts 
of money (M = $323, range: $0–$2,734). More generally, measuring the contagion 
of Immersion from one side of an interaction may be an effective way to assess and 
improve the quality of social engagements of many types.

KEYWORDS

neurophysiology, synchrony, prediction, field experiment, consumer behavior

Introduction

The retail industry is undergoing a significant transformation with an increased focus on 
customer experience. This change is particularly evident in the luxury segment that is 
experiencing rapid growth (Back et al., 2022). The global luxury market will generate $238.5 
billion in sales by 2028, up from $93.4 billion in 2022, fueled by a surge in consumer demand 
for luxury experiences (D'Arpizio et al., 2021; Bell, 2022; Fortune Business Insights, 2024). 
Luxury brands can only reach these heights by enhancing their value to consumers through 
extraordinary and personalized customer experiences (Kapferer, 2015).

Luxury products and services transcend pure functionality by communicating prestige, 
exclusivity, and exceptional quality (Kapferer, 2012; Wirtz et al., 2020; Berry and Bendapudi, 
2003; Moore and Doherty, 2007; Ko et al., 2019). During service encounters, sales associates 
in luxury stores typically follow a crafted script, known as the personal selling process, to 
ensure that a quality experience is delivered (Dubinsky, 1981; Solomon et al., 1985). The selling 
script is designed to add experiential value to the purchased product or service (Cervellon and 

OPEN ACCESS

EDITED BY

Carl Senior,  
Aston University, United Kingdom

REVIEWED BY

Cristina Gil-López,  
Universitat Politècnica de València, Spain
Gil Fraqueza,  
University of Algarve, Portugal
Petra Dickel,  
Fachhochschule Kiel, Germany

*CORRESPONDENCE

Gaia Rancati  
 Gaia.Rancati@mtsu.edu

RECEIVED 24 November 2024
ACCEPTED 20 February 2025
PUBLISHED 12 March 2025

CITATION

Rancati G, Ghosh K, Barraza J and 
Zak PJ (2025) The contagion of neurologic 
Immersion predicts retail purchases.
Front. Neurosci. 19:1533784.
doi: 10.3389/fnins.2025.1533784

COPYRIGHT

© 2025 Rancati, Ghosh, Barraza and Zak. 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(s) 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.

TYPE Original Research
PUBLISHED 12 March 2025
DOI 10.3389/fnins.2025.1533784

https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fnins.2025.1533784&domain=pdf&date_stamp=2025-03-12
https://www.frontiersin.org/articles/10.3389/fnins.2025.1533784/full
https://www.frontiersin.org/articles/10.3389/fnins.2025.1533784/full
https://www.frontiersin.org/articles/10.3389/fnins.2025.1533784/full
mailto:Gaia.Rancati@mtsu.edu
https://doi.org/10.3389/fnins.2025.1533784
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neuroscience#editorial-board
https://www.frontiersin.org/journals/neuroscience#editorial-board
https://doi.org/10.3389/fnins.2025.1533784


Rancati et al. 10.3389/fnins.2025.1533784

Frontiers in Neuroscience 02 frontiersin.org

Coudriet, 2013; Pernice, 2016; Dion and Borraz, 2017). Customer 
service scripts increase customer attention (Jacobs, 2003; Lent and 
Tour, 2009), boost engagement (Carù and Cova, 2006), and increase 
in-store dwell time (Rancati and Maggioni, 2023). They are also meant 
to increase customer lifetime value by inculcating loyalty (Cambra-
Fierro et al., 2014; Nguyen et al., 2014). While retailers seek to provide 
meaningful customer experiences, the extant research has 
predominantly focused on capturing self-reported customer 
perspectives while ignoring direct data from sales personnel (Carù 
and Cova, 2006; Frei et al., 2012; Pernice, 2016).

Compelling service interactions synchronize the experiences of 
sales associates and customers (Macintosh, 2009). Synchronicity 
improves the perception of sales associates’ skills and abilities 
(Gremler et al., 2001a, 2001b), trust (Doney and Cannon, 1997), and 
the enjoyment of interactions (Macintosh, 2009). For example, 
synchronicity can be obtained by sharing a narrative about the brand 
with customers (Green and Brock, 2000; Mainemelis, 2001; Bracken 
et al., 2014). When customers are attentive and emotionally involved 
in the experience, they become part of the story itself (Green and 
Brock, 2000; Baek and Morimoto, 2012; Gerrig, 2018). In luxury 
stores, narrative cues are woven into the service script in which sales 
associates serve as brand ambassadors (Kingman-Brundage, 1989; 
Smith, 2016; Rancati and Maggioni, 2023; Abelson, 1981; Nguyen 
et al., 2014; Jacobs, 2003; Cervellon and Coudriet, 2013).

The present research investigates whether sales associates’ 
neurophysiological responses sufficiently reflect customers’ experiences 
such that the former predicts the purchase behavior of the latter. If our 
hypothesis is supported, we will have provided a feasible and accurate 
way to quantify the value of the employee-customer interactions 
without interrupting the sales process, relying on inaccurate 
retrospective reports, or seeking to infer best practices from ex-post 
sales data (Darley et al., 2010; De Keyser et al., 2019). These traditional 
methods are influenced by situational and cultural contexts (Zhao et al., 
2018), physiological states (Christensen et al., 2011), socioeconomic 
status (Fazio and Olson, 2003), poor recall of events (Furnham, 1986), 
and social desirability (Fisher and Katz, 2000). Furthermore, self-report 
measures poorly capture the dynamic nature of service interactions 
(Nguyen et  al., 2014; Verhulst et  al., 2020). Recent research has 
emphasized the need for more objective measurement methods in this 
area (Benoit et al., 2017; Verhulst et al., 2019), with neurophysiologic 
data proving particularly valuable in measuring customer behavior 
(Plassmann et al., 2015; Spence, 2019), in-store customer experiences 
(Rancati et al., 2024), and service scripts (Rancati and Maggioni, 2023).

Our approach was motivated by an extensive set of findings 
showing synchronized physiologic responses by individuals during 
shared experiences (Lindenberger et al., 2009; Holper et al., 2012). For 
example, neural synchrony occurs when children listen to a story 
being read to them (Piazza et  al., 2021). Yet, most techniques to 
measure neurophysiologic synchrony, such as functional magnetic 
resonance imaging or electroencephalograms, are impossible during 
natural interactions and thus are inappropriate for a field study to 
measure encounters with actual customers shopping in an actual store.

Neurophysiologic Immersion

Our goal is to accurately predict customer behavior from sales 
associate neural responses. There are a variety of physiologic signals 

that could be measured in a field study, but most of them are not 
optimized to predict behavior and generally do so poorly (Zak, 
2022). In 2015, the US Defense Advanced Research Projects Agency 
(DARPA) initiated a program called Narrative Networks to identify 
combinations of neurophysiologic signals that would accurately and 
consistently predict behaviors after a message or experience 
(Casebeer, 2018). As part of this research team, our group measured 
approximately 140 signals simultaneously from the central and 
peripheral nervous systems in a series of experiments over several 
years in which participants had a free choice to take an observable 
action or not (Barraza and Zak, 2009; Zak, 2022). Neural activity for 
responders versus non-responders was contrasted and as 
experimental data accumulated, signals that failed to increase 
predictive accuracy or were redundant were eliminated.

Neurophysiologic Immersion combines neural signals associated 
with attention and emotional resonance to predict behavior (Barraza 
and Zak, 2009; Zak and Barraza, 2018; Zak, 2022). Immersion appears 
to capture the value associated with social–emotional experiences 
(Zak, 2022) and was developed explicitly to predict behavior (Lin 
et al., 2022; Barraza and Zak, 2009). The commercial platform used to 
measure Immersion applies algorithms from signals in the peripheral 
nervous system derived from variations in cardiac rhythms which are 
convolved to maximize predictive accuracy, producing a single 1 Hz 
data stream (Zak, 2020). The platform has been in commercial use 
since 2017 by companies such as Accenture, advertising agencies, 
movie studios, TV networks, as well as research laboratories (Zak, 
2022; Accenture, 2018). Since Immersion was designed to predict 
behaviors, it is an attractive candidate to capture neurophysiologic 
contagion that could predict customer actions. Moreover, these data 
can be collected by unobtrusive arm-worn sensors sending data to a 
commercial platform, so it is well-adapted to a field study where the 
sales associates do not want to bother, or appear odd, to customers in 
a luxury retail setting who are expected to make large purchases.

Neurologic Immersion has been shown to accurately predict both 
individual and population outcomes with 83–97% accuracy. For 
example, Immersion accurately identified which videos people choose 
to watch (Lin et al., 2022), which new music became hit songs (Merritt 
et  al., 2023), how much people enjoyed theatrical performances 
(Melton et  al., 2024), which individuals volunteered to support 
environmental protection (Morris et  al., 2019), and how people 
responded to retail assistant robots (Rancati and Maggioni, 2023). 
Immersion also correctly classified mood and energy with 98% 
accuracy (Merritt et al., 2023). This approach has been called “brain 
as predictor” (Falk et al., 2012; Berkman and Falk, 2013).

Model and hypotheses

We built a mathematical model to identify how neurologic 
responses during retail shopping might influence choices. This 
model was developed to generate empirically testable hypotheses 
because there is very little extant theory on neurophysiologic 
contagion during consumer choices and none that used 
neurophysiologic data from a sales associate to predict the behavior 
of a shopper (Herrando et al., 2022; Rosenbaum et al., 2021). The 
model starts with a consumer who has a choice to shop at store 1, 
purchasing a vector of goods c1 or store 2 purchasing vector c2. Prices 
in each store are the same, p1 = p2 = p, but store 1 includes a utility 
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flow from the shopping experience, e. In order to make the 
predictions concrete, we use a logarithmic utility function.

 ( ) ( )c1,c2 1 2max ln lne c c  + 

 1 2s.t. p c p c M+ <

where e is the value obtained from the shopping experience in store 1 
that depends on the experiential value one gets from shopping e > 1, 
and M is income. This is a standard two-good utility maximization 
model from economics (Mas-Colell et al., 1995) to which we have 
made a single addition, the experiential value of shopping (e). This 
parameter was included to explore how the process of shopping could 
affect choices. Models of this class have been called procedural utility 
as they include a utility flow from both consumption and the process 
of obtaining consumer goods (Frey et al., 2004).

The constraint in the optimization model restricts the consumer 
from spending more than his or her income (credit is not included in 
the model for simplicity). The “procedural” component of this model 
is the utility of the shopping experience, e, that depends on the 
neurologic value of the experience e(Im), where Im denotes Immersion 
and e'(Im) > 0. The model shows that, all else being equal, shoppers 
will prefer purchasing from store 1 because the shopping experience 
is valuable to the customer (Pine and Gilmore, 2019).

The model can be solved by substituting the constraints into the 
objective function, differentiating it, and setting it equal to zero to find 
the maximum (Mas-Colell et al., 1995). The optimal purchase amount 
for store 1, c1*, in which the shopping is enjoyable, is

 
1 .∗
=

+
Mepc

p e

We impose the assumption that the value of the shopping experience 
is proportional to the time spent shopping, e(Im) ∝ t. That is, a customer 
who is not receiving sufficient neurologic value from shopping will leave 
the store sooner than will a customer for whom the experience is better.

The model predicts that,

 1 Customers spend more money in stores that provide a valued 
experience, pc1* > pc2*,

 2 Consumers will extend the time spent shopping (t) when the 
neurologic value of the shopping experience e(Im) increases;

 3 The purchase amount in a store that provides an experience 
while shopping, pc1*, is increasing in the value obtained from 
the experience, e(Im).

An experiment was designed and run to test these hypotheses.

Methods

Participants

This study was approved by the Institutional Review Board of 
Claremont Graduate University (#3384). The owners of two high-end 
retail stores in California gave the researchers permission to conduct 

the study on their premises. One store sold women’s clothing (WS), 
and the other sold men’s clothing (MS). Sales associates were 
introduced to the study’s goals and the neurophysiologic sensors’ 
functionalities. One sales associate from each store provided written 
informed consent to having data collected during a four-week study 
with their identities masked in the dataset. In order to reduce noise 
in the data, neurophysiologic data from the same salesperson were 
collected throughout the study. The sales associates at both stores 
were similar: they had 20 years of experience in clothing sales, were 
female, and were between 50 and 55 years old.

Data collection began when sale associates welcomed customers. 
Then, sales personnel presented the store and the merchandise, offered 
advice, responded to customers’ requests, and completed the sale. The 
study did not inhibit customers from browsing the store and no 
maximum duration was imposed on the shopping experience. Each 
customer interaction was video recorded and timed to measure visit 
duration by on-site researchers who were not visible to participants 
(Tunnell, 1977; Crano et al., 2014; Rancati and Maggioni, 2023). Data 
were collected on Thursdays, Fridays, and Saturdays when foot traffic 
in both stores was highest. Customers from whom purchase data were 
collected provided written informed consent after paying for their 
purchases. Customers were informed that their data from would 
be anonymized in the dataset, and they could refuse to participate if 
they so choose. Post-data collection consent is ethically acceptable 
(Speer and Stokoe, 2014) and no customers refused. A total of 56 
customers were included in the study with similar age distributions 
across stores (WS: M = 48.83, SD = 11.88; MS: M = 51.0, SD = 13.5).

Neurophysiology

Neurologic responses were obtained using a commercial 
neuroscience as a service (NaaS) platform called Immersion 
(Immersion Neuroscience, Henderson, NV). Sales associates were fitted 
with Scosche Rhythm+ wearables (Scosche Industries, Oxnard, CA) 
that included photoplethysmography (PPG) sensors. PPG is a 
non-invasive optical technique used to detect volumetric changes in 
blood in peripheral circulation using a light emitting diode (LED) and 
software that identifies the cardiac cycle (Nitzan and Ovadia-Blechman, 
2022). Associates were advised to wear sensors moderately tightly on 
their nondominant forearms in order to reduce signal loss from lack of 
skin contact. Cardiac data were sent to cloud servers where the 
Immersion Neuroscience platform uses algorithms to derive neural 
responses from the cranial nerves (Zak, 2022; Barraza and Zak, 2009). 
The platform provides an output file of cleaned, signal-processed data 
used for analysis. Neurologic Immersion is well-suited for field studies 
as we performed here because it is inconspicuous, and the data are 
motion-corrected (Zak, 2022). No native signals from wearables were 
used in the analysis. The analysis used both average Immersion of the 
sales associate while they assisted a customer as well as a derived 
variable called Peak Immersion following previous research (Merritt 
et al., 2022),

 
( )

0

1Peak Immersion
=

= >∫
T

i ijt i t
i t

n M d
I

where ijtn  is neurophysiologic Immersion for sales associate j  at time 
t  when first encountering customer i at t = 0 until the customer left the 
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store at , iT M is the median value of Immersion while shopper i is in the 
store plus 0.5 standard deviation of Immersion, and Ii is the total 
Immersion while person i is shopping. More simply, Peak Immersion 
cumulates the highest Immersion parts of each shopping experience by 
adding up the peaks of Immersion above the threshold iM  and 
normalizing it by total Immersion to control for differences in the time 
spent shopping (dwell time). The brain has a strong tendency to return to 
basal activity and for long data collections peak Immersion tends to be a 
more accurate predictor of behavior than average Immersion (Merritt 
et al., 2023). While purchases in both stores were similar, the shoppers 
were not (see Results).

Statistical analysis

We used a sequence of statistical approaches, increasing in 
sophistication, to assess the ability of sales associate Immersion to 
predict customer purchases. The analysis begins with tests of mean 
differences for demographic and neurophysiologic data comparing the 
WS and MS using Student’s t-tests and Chi-squared tests to compare 
proportions. Parametric relationships were examined using Pearson 
correlations while logistic regressions were estimated to establish 
predictive accuracy. Since our goal is to predict customer behavior 
using Immersion measured in sales associates, and, as shown below, 
the behavior of shoppers in the two stores was different, separate 
analyses and predictive models are estimated for each store.

Synthetic data

Due to the moderate sample size, a synthetic dataset was 
generated by utilizing the R package synthpop, employing the 
syn() function applied to the original dataset. This standard 
procedure creates observations by repeatedly randomly sampling 
the joint distribution of the data. This technique is used when 
obtaining large datasets is infeasible, including analyses of 
computer vision (Mayer et al., 2018), sensitive information like 
hospital records (Tucker et al., 2020), and with unbalanced data 
(He et  al., 2008; Luo et  al., 2019). The parameters used for 
synthetic data generation were standard, including method 
(parametric), minimum levels (1), and seed (1969). The number 
of observations was set to 10,000. The supplementary material 
compares the observed data to the synthetic and shows they are 
statistical matches (Supplementary material Figures A1–A6).

Mediation model

We constructed a mediation model to test the causal relationship 
shown in the mathematical model between Immersion, dwell time, 
and purchases (Agler and De Boeck, 2017). The model was estimated 
using maximum likelihood using the R package NLMINB.

Machine learning

After performing traditional statistical analyses, we harnessed 
the capabilities of machine learning (ML) to build predictive 

models of purchases. The synthetic data were modeled using an 
ensemble classification approach, leveraging the strengths of three 
distinct algorithms: random forest, XGBoost, and CatBoost. 
Ensemble ML flexibly combines multiple ML models to improve 
training and predictive accuracy over that of a single ML model 
(Dietterich, 2000). Random forest is robust and able to handle 
noisy data, making it an excellent choice for neurophysiologic data. 
The second model type, XGBoost, improves the performance of 
weak learners, enhancing predictive accuracy. Lastly, CatBoost, 
with its categorical feature support and optimized training, was 
expected to contribute to the ensemble’s overall robustness. 
One-half of the synthetic data was used to train the ensemble ML 
model and tune the hyperparameters. The other half of the 
synthetic data was used to test the models.

To ensure the reliability of our findings, we  subjected the 
ensemble model to a rigorous cross-validation process, dividing 
the dataset into five folds. This approach allowed us to assess the 
model’s performance across various subsets of the data, ensuring 
its generalization capabilities and reducing the likelihood of 
overfitting. Model performance included sensitivity (true positive 
rate), specificity (true negative rate), area under the curve (AUC), 
and mean squared error (MSE). Analyses were done with neural 
variables alone and with the inclusion of the control variables 
loyal (the customer had made previous purchases from the store) 
and companion (the shopper brought a companion along).

Data availability statement

The data are available at Open ICPSR openicpsr-203881.

Results

Behavior

The women’s and men’s stores had different customer profiles, 
each with distinct characteristics and behavior. The WS predominantly 
attracted female customers (N = 31, 90% female, age: M = 48.83, 
SD = 11.88), while the MS had fewer female customers (N = 25, 52% 
female, age: M = 51.0, SD = 13.5). Customers in the WS spent on 
average twice as long shopping (minutes) compared to customers in 
the MS (WS: M = 32.15, SD = 35.37; MS: M = 14.69, SD = 10.93; 
t = 2.372, p = 0.0213). The longer shopping time was reflected in both 
the frequency of purchases (WS: 0.73; MS: 0.52; χ2 = 0.127, p = 0.722) 
and the amount of money spent (WS: M = $265.79, SD = $517.37; MS: 
M = $140.12, SD = $229.42; t = 1.125, p = 0.266). Indeed, the 
maximum spent in the WS was more than 200% above the maximum 
in the MS (WS: $2,734.22; MS: $810.00). Shoppers in both stores were 
equally likely to be return customers (WS: 43%; MS: 52%; χ2 = 1.9439, 
p = 0.1632).

Neurophysiology

The behavioral differences in each store were reflected in different 
neurophysiologic responses. Average Immersion did not differ by 
store (WS: M = 4.422, SD = 0.214; MS: M = 4.486, SD = 0.240; 
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t = −1.044, p = 0.301), but Peak Immersion was higher in the men’s 
store (WS: M = 0.2418, SD = 0.017; MS: M = 0.255, SD = 0.032; 
t = −1.974, p = 0.05). The correlation between average peak 
Immersion for sales personnel and purchases by customers in the 
men’s store was positive and trended toward significance even without 
taking in account customer dwell time (MS: r = 0.29, one-tailed 
t = 1.46, p = 0.07). The relationship between peak Immersion and 
purchases had the correct sign but was not significant for the women’s 
store (WS: r = 0.11, one-tailed t = 0.60, p = 0.28; Figure 1).

Time

The time spent shopping and purchase amounts were correlated 
in the MS but not the WS (WS: r = 0.253, p = 0.177; MS: r = 0.536, 
p = 0.005). Yet, in both the WS and MS the correlation between 
average Immersion and time spent shopping, as predicted by the 
mathematical model, failed to be  significant (WS: r = −0.112, 

p = 0.553, MS: r = 0.033, p = 0.875). The relationship with time also 
failed to be significant for Peak Immersion (WS: r = 0.219, p = 0.244, 
MS: r = 0.347, p = 0.088).

Synthetic data

The insignificant findings with trends consistent with the 
mathematical model may be driven by the small sample size based 
on the logistical constraints imposed on the study in order to 
collect an ecologically valid sample. In order to examine if the 
results that trended toward significance were due to the moderate 
sample size, we generated a synthetic dataset to further test the 
relationship between Immersion, time, and purchases. The 
synthetic data closely resembles the original data. The mean 
squared errors (MSE) of the differences between the synthetic and 
observed data were minimal (WS: N = 10,000, MSE: M = 1.818182e-
07, SD = 4.045199e-07, MS: N = 10,000, MSE: M = 9.090909e-08, 

FIGURE 1

Average peak Immersion for sales associates in (A) the men’s store trended toward significance in its association with customer purchase amount 
(p = 0.07) without taking in account customer dwell time. The positive relationship did not hold in (B) the women’s store (p = 0.28).
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SD = 3.015113e-07). Similarly, the two datasets’ distributions were 
statistically equivalent using the Kolmogorov–Smirnov (KS) test 
(WS: p = 0.977; MS: p = 0.996).

Synthetic data analysis

The synthetic data show Immersion was significantly higher 
in the MS compared to the WS though the size effect was small 
(WS: M = 4.422, SD = 0.210; MS: M = 4.483, SD = 0.234; 
t = −19.066, p = 0.000). Similarly, Peak Immersion was higher in 
the men’s store (WS: M = 0.242, SD = 0.017; MS: M = 0.254, 
SD = 0.032; t = −34.746, p = 0.000). The synthetic data confirmed 
the positive relationship between the time spent shopping and 
purchase amounts in both stores (WS: r = 0.153, p = 0.000, MS: 
r = 0.414, p = 0.000). The larger dataset captured the positive 
statistical association between Peak Immersion and time spent 
shopping in the stores (WS: r = 0.318, p = 0.000 r = 0.345, 
p = 0.000). Average Immersion was also associated with time 
shopping but carried the wrong sign for the WS and its correlation 
was smaller than for Peak Immersion (WS: r = −0.184, p = 0.000, 
MS: r = 0.129, p = 0.000). As a result, the following analyses focus 
on Peak Immersion as the neurophysiologic measure of the value 
of the shopping experience.

Mediating effects of time

A mediation model was estimated using the synthetic data to 
examine the direct and indirect effect of Peak Immersion on purchases 
for each store separately. The mediation model showed that Peak 
Immersion directly influenced the time spent shopping in both the 

MS and WS. Further, as predicted, Peak Immersion mediated the 
purchase decision by increasing the time spent shopping (Figure 2). 
Goodness of fit measures for the model were in acceptable ranges 
(Supplementary material Table A1). The results continued to hold 
when covariates loyal and companion were included in the analysis 
(Supplementary material Table A2). The mediation model was also 
estimated using the original data, showing that the mediation by time 
continued to hold for the MS, even in this restricted sample, but failed 
to be significant for the WS (Supplementary material Tables A3, A4).

Predicting purchases

After discretizing the purchase variable, an ensemble classification 
model was estimated using Random Forest, XGBoost, and CatBoost 
models including Peak Immersion and time as independent variables, 
with controls loyal and companion. The hyperparameters used for the 
ensemble model included: RandomForestRegressor (n_estimators, 
random_state), XGBRegressor (learning_rate, max_depth, n_estimators, 
random_state), CatBoostRegressor: (silent, random_state). The optimal 
hyperparameters for these models were found by creating a dictionary 
where each key is a hyperparameter name, and the corresponding value 
is a list of hyperparameter values to be tested. Subsequently, the Scikit-
learn function GridSearchCV evaluated different combinations of 
hyperparameters while performing cross-validation. This hyperparameter 
tuning process was performed separately for each model.

The ensemble model performed moderately well on sensitivity for 
the MS and very well for the WS (MS: 77.3%, WS: 97.6%; AUC = 0.666) 
but poorly for specificity (MS: 48.99%, WS: 4.4%; AUC = 0.707). 
Overall accuracy was 80% for the WS and 64% for the MS. A five-fold 
cross-validation showed the model was not overfit (MS: MSE = 0.2235; 
WS: MSE = 0.156).

PurchasePeak

Time

.018*** 

114.533*** 1.036*** 

PurchasePeak

Time

.001*** 

656.246***
*** 

3.787*** 

FIGURE 2

The mediating effects of Peak Immersion on time and purchases depicting the coefficients for both paths. The top panel is the women’s store and the 
bottom panel is the men’s store. The upward sloping coefficient captures the relationship from Peak Immersion to Time, while the downward sloping 
coefficient is the Time to Purchase association. The horizontal coefficient is the direct effect of Peak Immersion on Purchases. ***indicates a p < 001 
showing that both the direct and indirect relationships are statistically significant.
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Discussion

The findings reported here extend the extant literature in several 
key ways. First, we showed that the neurophysiologic activity of one 
person accurately predicts the behavior of another person. Synchrony 
typically arises in setting of shared experiences when people 
communicate, move together, or listen to music (Keller et al., 2014; 
Stevens et al., 2009; Samadani et al., 2021; Semin, 2007; Stuldreher et al., 
2020). We hypothesized that neurophysiologic synchrony would arise 
in a retail shopping setting, but rather than simply show synchrony 
between sales associates and customers, we sought to predict customer 
purchases using the neurophysiologic data from salespeople. This adds 
a new finding to the study of synchrony. We showed that the contagion 
of neurophysiologic signals predicted which customers would make 
purchases with 64–80% accuracy, and the purchase amount was 
positively mediated by the time customers spent shopping. Our finding 
that customer dwell time increased purchases in a high-end retail 
setting is consistent with previous findings (Mihić et al., 2018; Li et al., 
2021). Additionally, our analysis showed that customers’ time spent 
shopping increased linearly with sales associate peak neurologic 
Immersion, providing a mechanism through which dwell time can 
be influenced. Related research has shown that neurologic Immersion 
predicted how long people watched videos about social ills and that 
viewing time increased the likelihood that participants would donate to 
a charity that addressed such ills (Lin et al., 2022).

Our second key finding contributes to literature on mentalizing 
about others’ intentions, often measured using an electroencephalogram, 
to the use of the omnibus neurophysiologic measure Immersion. 
Immersion was developed to accurately predict individual behaviors 
(Zak, 2022; Merritt et al., 2022) and has also been shown to predict 
population behaviors (Merritt et al., 2023; Zak, 2022). The ability of 
Immersion to accurately explain the action of person A by measuring 
person B indicates the value of using multiple convolved neural 
measures such as Immersion. This finding is moderately surprising 
since sales associates and customers are on different sides of a 
transaction, though both presumably desire their interaction to 
be valuable and enjoyable (Haas and Kenning, 2014; Kim and Kim, 
2014; Lee and Dubinsky, 2003). Nevertheless, sales associates and 
customers may have at least partially different goals for their interactions 
that would be expected to reduce cross-individual predictive accuracy. 
Yet, not only was predictive accuracy high, but purchase amount scaled 
linearly with salesperson Peak Immersion. Since interpersonal 
synchrony facilitates memory encoding, this finding suggests that Peak 
Immersion experiences may increase customer loyalty by making the 
shopping experience more memorable (Hasson et al., 2008).

Third, the data were collected in a field study using wearables and 
a commercial neuroscience as a service (NaaS) platform. As a result, 
this study is ecologically valid (Smith, 2003; Kihlstrom, 2021) as it 
measured salespeople and customers in the setting in which they 
naturally meet. The quantitatively higher values for average dwell time 
and purchase amount at the women’s store compared to the men’s 
store show the importance of using actual customers rather than study 
participants who may be given specific tasks during a limited period 
of time (El Hedhli et al., 2016; Horváth and Adıgüzel, 2018; Kotzé 
et al., 2012). But, at the same time, Peak Immersion was higher in the 
men’s store in which one-half of the shoppers were women. This 
suggests that shopping for someone other than oneself may be more 
valuable neurologically, even if the average time spent shopping in the 

men’s store was less than that in the women’s store (Gillison and 
Reynolds, 2016).

Fourth, an innovation in our work was to estimate both a 
mediation model to examine the effect of Peak Immersion on dwell 
time and purchases, as well as estimating an ensemble ML model to 
quantify the predictive accuracy of these variables. The mediation of 
time was predicted by the mathematical model we presented and 
confirmed in our analyses. The ML model was estimated because it 
effectively captures the inherent nonlinearities in neurophysiologic 
data, improving predictive accuracy relative to (log) linear models 
such as logistic regressions (He and Yang, 2021; Merritt et al., 2023).

Lastly, our findings have implications for measuring Immersion in 
a service context. By showing that Immersion of sales personnel 
accurately reflects the emotional experience of customers, our study 
provides managers with a methodology to create more valuable 
shopping experiences that could be customized for various customer 
segments. Although the study focused on high-end retail, organizations 
could measure Immersion during each stage of the service encounter, 
from online to phone interactions to in-person. Service plays an 
important role in retail settings and the approach we used herein should 
be examined further to predict customer satisfaction, customer lifetime 
value, and impulse purchases. In the hospitality industry, Immersion 
data could improve guest experiences, ensure personalized service 
delivery, and foster customer loyalty. In healthcare, neurophysiological 
metrics could capture clinician engagement and may influence patient 
outcomes (Rancati and Maggioni, 2023).

There are several limitations to this study. First, the sample size was 
moderate. While this was addressed by creating a well-matched synthetic 
dataset, the results may not match those of larger samples. Second, both 
stores sold high-end clothing to customers directly assisted by sales staff. 
Greater variation in the type of merchandise and the number of 
measured sales associates would significantly extend our findings. The 
protocol here used unintrusive wearables and a commercial software 
platform that makes such an extension straightforward. Third, the 
customer base was a nonrepresentative sample of adults living in 
Southern California who chose to shop at either store. This nonrandom 
assignment increases ecological validity but reduces generalizability to 
other demographic segments. Fourth, the study focused on luxury retail, 
limiting its findings to other retail contexts. Future research could 
investigate how neurophysiological measures such as Immersion predict 
purchases in less personalized, or lower-engagement retail environments. 
Fifth, while the study successfully predicted customer purchases based 
on sales associate Immersion, future research should explore if 
physiological responses are associated with customer satisfaction, store 
loyalty, and customer lifetime value.

The growth of the experience economy (Pine and Gilmore, 2019) 
has increased the demand for Peak Immersion experiences, which 
businesses also desire in order to increase customer lifetime value 
(Diller et al., 2005). Measuring the Immersion of service personnel in 
restaurants, theaters (Melton et al., 2024), shopping malls, sporting 
events, and car dealerships could substantially improve the shopping 
experience and thereby build a base of loyal customers. The Immersion 
Neuroscience platform displays cleaned data in real time that 
businesses could monitor while customers shop to improve customer 
experiences and increase sales. Changes in customer service 
approaches that seek to increase Peak Immersion and dwell time could 
also be objectively tested using our methodology. For example, does 
offering customers refreshments influence Immersion, dwell time, and 
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sales? Or does an unexpected gift during check-out create a neural 
peak-end experience and increase loyalty (Caruelle et al., 2024)?

The broadest interpretation of the present research is that human 
beings are functionally social creatures as shown by copious prior 
research (Brooks, 2012; Zak, 2012; Tomasello, 2014; Zak, 2022). 
We  gregariously congregate for both enjoyment and to fulfill our 
needs. When one person’s needs coincide with another’s desire to 
supply what is needed, our neurophysiology synchronizes, creating 
benefits for those on both sides of a transaction.

Data availability statement

The dataset presented in this study can be  found in online 
repositories. The names of the repository/repositories and accession 
number(s) can be found at: Open ICPSR openicpsr-203881.

Ethics statement

The studies involving humans were approved by the Institutional 
Review Board of Claremont Graduate University (#3384). The studies 
were conducted in accordance with the local legislation and 
institutional requirements. The participants provided their written 
informed consent to participate in this study.

Author contributions

GR: Conceptualization, Data curation, Formal analysis, 
Investigation, Methodology, Resources, Writing  – original draft, 
Writing – review & editing. KG: Formal analysis, Writing – review & 
editing. JB: Conceptualization, Investigation, Methodology, Software, 
Supervision, Writing  – review & editing. PZ: Conceptualization, 
Methodology, Software, Supervision, Writing – review & editing.

Funding

The author(s) declare that no financial support was 
received for the research and/or publication of this article.

Conflict of interest

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.

Generative AI statement

The author(s) declare that no Gen AI was used in the creation of 
this manuscript.

Publisher’s note

All claims expressed in this article are solely those  
of the authors and do not necessarily represent those  
of their affiliated organizations, or those of the publisher,  
the editors and the reviewers. Any product that may be  
evaluated in this article, or claim that may be  made by  
its manufacturer, is not guaranteed or endorsed by the  
publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fnins.2025.1533784/
full#supplementary-material

References
Abelson, R. P. (1981). Psychological status of the script concept. Am. Psychol. 36, 

715–729. doi: 10.1037/0003-066X.36.7.715

Accenture (2018). Immersion, learning and the importance of trust. Available 
online at: https://www.accenture.com/us-en/case-studies/future-workforce/case-study-
immersion-learning (accessed December 29, 2024).

Agler, R., and De Boeck, P. (2017). On the interpretation and use of mediation: 
multiple perspectives on mediation analysis. Front. Psychol. 8:293306. doi: 
10.3389/fpsyg.2017.01984

Back, K. J., Park, J. K., and LaTour, K. (2022). Luxury hospitality services: editorial 
comment. Cornell Hosp. Q. 63:4. doi: 10.1177/19389655211062978

Baek, T. H., and Morimoto, M. (2012). Stay away from me. J. Advert. 41, 59–76. doi: 
10.2753/JOA0091-3367410105

Barraza, J. A., and Zak, P. J. (2009). Empathy toward strangers triggers oxytocin release 
and subsequent generosity. Ann. N. Y. Acad. Sci. 1167, 182–189. doi: 
10.1111/j.1749-6632.2009.04504.x

Bell, C. (2022). Treat them like royalty: Customer experience lessons from luxury 
brands. Available online at: https://www.forbes.com/sites/chipbell/2022/04/14/treat-
them-like-royalty-customer-experience-lessons-from-luxury-brands/?%20sh=4070510
c6495.&sh=6413e86e6495 (accessed April 14, 2022).

Benoit, S., Sc Herschel, K., Ates, Z., Nasr, L., and Kandampully, J. (2017). Showcasing 
the diversity of service research: theories, methods, and success of service articles. J. Serv. 
Manag. 28, 810–836. doi: 10.1108/JOSM-05-2017-0102

Berkman, E. T., and Falk, E. B. (2013). Beyond brain mapping: using neural measures 
to predict real-world outcomes. Curr. Dir. Psychol. Sci. 22, 45–50. doi: 
10.1177/0963721412469394

Berry, L. L., and Bendapudi, N. (2003). Clueing in customers. Harv. Bus. Rev. 
81, 100–126

Bracken, B. K., Alexander, V., Zak, P. J., Romero, V., and Barraza, J. A. (2014). 
“Physiological synchronization is associated with narrative emotionality and subsequent 
behavioral response,” in Foundations of Augmented Cognition. Advancing Human 
Performance and Decision-Making Through Adaptive Systems: 8th International 
Conference, AC 2014, Held as Part of HCI International 2014, Heraklion, Crete, Greece, 
2014. Proceedings 8, 3–13.

Brooks, D. (2012). The social animal: The hidden sources of love, character, and 
achievement. London: Random House.

Cambra-Fierro, J., Melero-Polo, I., and Vázquez-Carrasco, R. (2014). The role of 
frontline employees in customer engagement. Rev. Española de Investigación de 
Marketing ESIC 18, 67–77. doi: 10.1016/j.reimke.2014.06.005

Carù, A., and Cova, B. (2006). How to facilitate immersion in a consumption 
experience: appropriation operations and service elements. J. Consum. Behav. Int. Res. 
Rev. 5, 4–14. doi: 10.1002/cb.30

Caruelle, D., Shams, P., Gustafsson, A., and Lervik-Olsen, L. (2024). Emotional arousal 
in customer experience: a dynamic view. J. Bus. Res. 170:114344. doi: 
10.1016/j.jbusres.2023.114344

Casebeer, W. D. (2018). Narrative technology to detect and defeat adversary 
ideological influence. In: what do others think and how do we know what they are 
thinking? Ed. M. Yager (SMA White Paper) p. 129–141.

Cervellon, M. C., and Coudriet, R. (2013). Brand social power in luxury retail: 
manifestations of brand dominance over clients in the store. Int. J. Retail Distrib. Manag. 
41, 869–884. doi: 10.1108/IJRDM-01-2013-0016

https://doi.org/10.3389/fnins.2025.1533784
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fnins.2025.1533784/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnins.2025.1533784/full#supplementary-material
https://doi.org/10.1037/0003-066X.36.7.715
https://www.accenture.com/us-en/case-studies/future-workforce/case-study-immersion-learning
https://www.accenture.com/us-en/case-studies/future-workforce/case-study-immersion-learning
https://doi.org/10.3389/fpsyg.2017.01984
https://doi.org/10.1177/19389655211062978
https://doi.org/10.2753/JOA0091-3367410105
https://doi.org/10.1111/j.1749-6632.2009.04504.x
https://www.forbes.com/sites/chipbell/2022/04/14/treat-them-like-royalty-customer-experience-lessons-from-luxury-brands/?%20sh=4070510c6495.&sh=6413e86e6495
https://www.forbes.com/sites/chipbell/2022/04/14/treat-them-like-royalty-customer-experience-lessons-from-luxury-brands/?%20sh=4070510c6495.&sh=6413e86e6495
https://www.forbes.com/sites/chipbell/2022/04/14/treat-them-like-royalty-customer-experience-lessons-from-luxury-brands/?%20sh=4070510c6495.&sh=6413e86e6495
https://doi.org/10.1108/JOSM-05-2017-0102
https://doi.org/10.1177/0963721412469394
https://doi.org/10.1016/j.reimke.2014.06.005
https://doi.org/10.1002/cb.30
https://doi.org/10.1016/j.jbusres.2023.114344
https://doi.org/10.1108/IJRDM-01-2013-0016


Rancati et al. 10.3389/fnins.2025.1533784

Frontiers in Neuroscience 09 frontiersin.org

Christensen, L. B., Johnson, B., Turner, L. A., and Christensen, L. B. (2011). Research 
methods, design, and analysis. New York, NY: Pearson Higher Education.

Crano, W. D., Brewer, M. B., and Lac, A. (2014). Principles and methods of social 
research. London: Routledge.

Darley, W. K., Blankson, C., and Luethge, D. J. (2010). Toward an integrated 
framework for online consumer behavior and decision making process: a review. 
Psychol. Mark. 27, 94–116. doi: 10.1002/mar.20322

D'Arpizio, C., Levato, F., Prete, F., Gault, C., and de Montgolfier, J., (2021). The future 
of luxury: bouncing back from COVID-19. Available online at: https://www.bain.com/
insights/the-future-of-luxury-bouncing-back-from-covid-19/ (Accessed January 
05, 2025).

De Keyser, A., Köcher, S., Alkire, L., Verbeeck, C., and Kandampully, J. (2019). 
Frontline service technology infusion: conceptual archetypes and future research 
directions. J. Serv. Manag. 30, 156–183. doi: 10.1108/JOSM-03-2018-0082

Dietterich, T. G. (2000). “Ensemble methods in machine learning,” in Multiple 
Classifier Systems: First International Workshop, MCS 2000 Cagliari, Italy, 2000 
Proceedings (Berlin: Springer), 1–15.

Diller, S., Shedroff, N., and Rhea, D. (2005). Making meaning: How successful 
businesses deliver meaningful customer experiences. Indianapolis, IN: New Riders.

Dion, D., and Borraz, S. (2017). Managing status: how luxury brands shape class 
subjectivities in the service encounter. J. Mark. 81, 67–85. doi: 10.1509/jm.15.0291

Doney, P. M., and Cannon, J. P. (1997). An examination of the nature of trust in 
buyer–seller relationships. J. Mark. 61, 35–51.

Dubinsky, A. J. (1981). A factor analytic study of the personal selling process. J. Pers. 
Sell. Sales Manag. 1, 26–33. doi: 10.1080/08853134.1981.10754192

El Hedhli, K., Zourrig, H., and Chebat, J. C. (2016). Shopping well-being: is it just a 
matter of pleasure or doing the task? The role of shopper's gender and self-congruity. J. 
Retail. Consum. Serv. 31, 1–13. doi: 10.1016/j.jretconser.2016.03.002

Falk, E. B., Berkman, E. T., and Lieberman, M. D. (2012). From neural responses to 
population behavior: neural focus group predicts population-level media effects. Psychol. 
Sci. 23, 439–445. doi: 10.1177/0956797611434964

Fazio, R. H., and Olson, M. A. (2003). Implicit measures in social cognition research: 
their meaning and use. Annu. Rev. Psychol. 54, 297–327. doi: 
10.1146/annurev.psych.54.101601.145225

Fisher, R. J., and Katz, J. E. (2000). Social-desirability bias and the validity of self-
reported values. Psychol. Mark. 17, 105–120. doi: 
10.1002/(SICI)1520-6793(200002)17:2<105::AID-MAR3>3.0.CO;2-9

Fortune Business Insights (2024). Luxury hotel market size, share, trends | analysis 
report, 2028. London: Fortune Business Insights™ | Global Market Research Reports & 
Consulting.

Frei, F. X., Frei, F., and Morriss, A. (2012). Uncommon service: How to win by 
putting customers at the core of your business. Cambridge, MA: Harvard 
Business Press.

Frey, B. S., Benz, M., and Stutzer, A. (2004). Introducing procedural utility: not only 
what, but also how matters. J. Inst. Theor. Econ. 160, 377–401. doi: 
10.1628/0932456041960560

Furnham, A. (1986). Response bias, social desirability and dissimulation. Personal. 
Individ. Differ. 7, 385–400. doi: 10.1016/0191-8869(86)90014-0

Gerrig, R. (2018). Experiencing narrative worlds. London: Routledge.

Gillison, S., and Reynolds, K. (2016). Shopping for yourself versus shopping for 
someone else. J. Consum. Mark. 33, 225–234. doi: 10.1108/JCM-04-2015-1401

Green, M. C., and Brock, T. C. (2000). The role of transportation in the persuasiveness 
of public narratives. J. Pers. Soc. Psychol. 79, 701–721. doi: 10.1037/0022-3514.79.5.701

Gremler, D. D., Gwinner, K. P., and Brown, S. W. (2001a). Generating positive word-
of-mouth communication through customer-employee relationships. Int. J. Serv. Ind. 
Manag. 12, 44–59. doi: 10.1108/09564230110382763

Gremler, D. D., Rinaldo, S. B., and Kelley, S. W. (2001b). “Rapport-building strategies 
used by service employees: a critical incident study,” in American Marketing Association. 
Conference Proceedings, American Marketing Association.

Haas, A., and Kenning, P. (2014). Utilitarian and hedonic motivators of shoppers’ 
decision to consult with salespeople. J. Retail. 90, 428–441. doi: 
10.1016/j.jretai.2014.05.003

Hasson, U., Furman, O., Clark, D., Dudai, Y., and Davachi, L. (2008). Enhanced 
intersubject correlations during movie viewing correlate with successful episodic 
encoding. Neuron 57, 452–462. doi: 10.1016/j.neuron.2007.12.009

He, H., Bai, Y., Garcia, E. A., and Li, S. (2008). ADASYN: Adaptive synthetic sampling 
approach for imbalanced learning. In 2008 IEEE international joint conference on 
neural networks (IEEE world congress on computational intelligence) pp. 1322–1328.

He, F., and Yang, Y. (2021). Nonlinear system identification of neural systems from 
neurophysiological signals. Neuroscience 458, 213–228. doi: 
10.1016/j.neuroscience.2020.12.001

Herrando, C., Jiménez-Martínez, J., Martín-De Hoyos, M. J., and Constantinides, E. 
(2022). Emotional contagion triggered by online consumer reviews: evidence from a 

neuroscience study. J. Retail. Consum. Serv. 67:102973. doi: 
10.1016/j.jretconser.2022.102973

Holper, L., Scholkmann, F., and Wolf, M. (2012). Between-brain connectivity during 
imitation measured by fNIRS. NeuroImage 63, 212–222. doi: 
10.1016/j.neuroimage.2012.06.028

Horváth, C., and Adıgüzel, F. (2018). Shopping enjoyment to the extreme: hedonic 
shopping motivations and compulsive buying in developed and emerging markets. J. 
Bus. Res. 86, 300–310. doi: 10.1016/j.jbusres.2017.07.013

Jacobs, R. (2003). Turn employees into brand ambassadors. ABA Bank 
Marketing 35:22.

Kapferer, J. N. (2012). The luxury strategy: Break the rules of marketing to build 
luxury brands. London: Hogan Page.

Kapferer, J. N. (2015). Kapferer on luxury: How luxury brands can grow yet remain 
rare. London: Kogan Page Publishers.

Keller, P. E., Novembre, G., and Hove, M. J. (2014). Rhythm in joint action: 
psychological and neurophysiological mechanisms for real-time interpersonal 
coordination. Philos. Trans. Royal Soc. Biol. Sci. 369:20130394. doi: 
10.1098/rstb.2013.0394

Kihlstrom, J. F. (2021). Ecological validity and “ecological validity”. Perspect. Psychol. 
Sci. 16, 466–471. doi: 10.1177/1745691620966791

Kim, J., and Kim, J. E. (2014). Making customer engagement fun: customer-
salesperson interaction in luxury fashion retailing. J. Fash. Mark. Manag. 18, 133–144. 
doi: 10.1108/JFMM-04-2013-0050

Kingman-Brundage, J. (1989). The ABCs of service system blueprinting. Designing 
Winning Service Strategy 22, 30–33.

Ko, E., Costello, J. P., and Taylor, C. R. (2019). What is a luxury brand? A new definition 
and review of the literature. J. Bus. Res. 99, 405–413. doi: 10.1016/j.jbusres.2017.08.023

Kotzé, T., North, E., Stols, M., and Venter, L. (2012). Gender differences in sources of 
shopping enjoyment. Int. J. Consum. Stud. 36, 416–424. doi: 
10.1111/j.1470-6431.2011.01060.x

Lee, S., and Dubinsky, A. (2003). Influence of salesperson characteristics and customer 
emotion on retail dyadic relationships. Int. Rev. Retail Distrib. Consum. Res. 13, 21–36. 
doi: 10.1080/09593960321000051666

Lent, R., and Tour, G. (2009). Selling luxury: Connect with affluent customers, create 
unique experiences through impeccable service, and close the sale. London: John 
Wiley & Sons.

Li, X., Dahana, W. D., Ye, Q., Peng, L., and Zhou, J. (2021). How does shopping 
duration evolve and influence buying behavior? The role of marketing and 
shopping environment. J. Retail. Consum. Serv. 62:102607. doi: 
10.1016/j.jretconser.2021.102607

Lin, L. H., Narender, R., and Zak, P. J. (2022). Why people keep watching: 
neurophysiologic immersion during video consumption increases viewing time and 
influences behavior. Front. Behav. Neurosci. 16:1053053. doi: 10.3389/fnbeh.2022.1053053

Lindenberger, U., Li, S. C., Gruber, W., and Müller, V. (2009). Brains swinging in 
concert: cortical phase synchronization while playing guitar. BMC Neurosci. 10, 1–12. 
doi: 10.1186/1471-2202-10-22

Luo, M., Wang, K., Cai, Z., Liu, A., Li, Y., and Cheang, C. F. (2019). Using imbalanced 
triangle synthetic data for machine learning anomaly detection. Comput. Mat. Continua 
58, 15–26. doi: 10.32604/cmc.2019.03708

Macintosh, G. (2009). Examining the antecedents of trust and rapport in services: 
discovering new interrelationships. J. Retail. Consum. Serv. 16, 298–305. doi: 
10.1016/j.jretconser.2009.02.001

Mainemelis, C. (2001). When the muse takes it all: a model for the experience of 
timelessness in organizations. Acad. Manag. Rev. 26, 548–565. doi: 10.2307/3560241

Mas-Colell, A., Whinston, M. D., and Green, J. R. (1995). Microeconomic theory. 
New York, NY: Oxford University Press.

Mayer, N., Ilg, E., Fischer, P., Hazirbas, C., Cremers, D., Dosovitskiy, A., et al. (2018). 
What makes good synthetic training data for learning disparity and optical flow 
estimation? Int. J. Comput. Vis. 126, 942–960. doi: 10.1007/s11263-018-1082-6

Melton, K. K., Hodge, C. J., Densley, K., and Sturdivant, X. (2024). Measuring in-situ 
engagement during structured experiences: validation & reliability study using 
immersion neuroscience software. J. Leis. Res. 16, 1–23. doi: 
10.1080/00222216.2024.2315051

Merritt, S. H., Gaffuri, K., and Zak, P. J. (2023). Accurately predicting hit songs using 
neurophysiology and machine learning. Front. Artf. Int. 6:1154663. doi: 
10.3389/frai.2023.1154663

Merritt, S. H., Krouse, M., Alogaily, R. S., and Zak, P. J. (2022). Continuous 
neurophysiologic data accurately predict mood and energy in the elderly. Brain Sci. 
12:1240. doi: 10.3390/brainsci12091240

Mihić, M., Anić, I. D., and Kursan Milaković, I. (2018). Time spent shopping and 
consumer clothing purchasing behaviour. Ekonomski Pregled 69, 89–105. doi: 
10.32910/ep.69.2.1

Moore, C. M., and Doherty, A. M. (2007). “The international flagship stores of luxury 
fashion retailers” in Fashion marketing. ed. L. Barnes (London: Routledge), 277–296.

https://doi.org/10.3389/fnins.2025.1533784
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org
https://doi.org/10.1002/mar.20322
https://www.bain.com/insights/the-future-of-luxury-bouncing-back-from-covid-19/
https://www.bain.com/insights/the-future-of-luxury-bouncing-back-from-covid-19/
https://doi.org/10.1108/JOSM-03-2018-0082
https://doi.org/10.1509/jm.15.0291
https://doi.org/10.1080/08853134.1981.10754192
https://doi.org/10.1016/j.jretconser.2016.03.002
https://doi.org/10.1177/0956797611434964
https://doi.org/10.1146/annurev.psych.54.101601.145225
https://doi.org/10.1002/(SICI)1520-6793(200002)17:2<105::AID-MAR3>3.0.CO;2-9
https://doi.org/10.1628/0932456041960560
https://doi.org/10.1016/0191-8869(86)90014-0
https://doi.org/10.1108/JCM-04-2015-1401
https://doi.org/10.1037/0022-3514.79.5.701
https://doi.org/10.1108/09564230110382763
https://doi.org/10.1016/j.jretai.2014.05.003
https://doi.org/10.1016/j.neuron.2007.12.009
https://doi.org/10.1016/j.neuroscience.2020.12.001
https://doi.org/10.1016/j.jretconser.2022.102973
https://doi.org/10.1016/j.neuroimage.2012.06.028
https://doi.org/10.1016/j.jbusres.2017.07.013
https://doi.org/10.1098/rstb.2013.0394
https://doi.org/10.1177/1745691620966791
https://doi.org/10.1108/JFMM-04-2013-0050
https://doi.org/10.1016/j.jbusres.2017.08.023
https://doi.org/10.1111/j.1470-6431.2011.01060.x
https://doi.org/10.1080/09593960321000051666
https://doi.org/10.1016/j.jretconser.2021.102607
https://doi.org/10.3389/fnbeh.2022.1053053
https://doi.org/10.1186/1471-2202-10-22
https://doi.org/10.32604/cmc.2019.03708
https://doi.org/10.1016/j.jretconser.2009.02.001
https://doi.org/10.2307/3560241
https://doi.org/10.1007/s11263-018-1082-6
https://doi.org/10.1080/00222216.2024.2315051
https://doi.org/10.3389/frai.2023.1154663
https://doi.org/10.3390/brainsci12091240
https://doi.org/10.32910/ep.69.2.1


Rancati et al. 10.3389/fnins.2025.1533784

Frontiers in Neuroscience 10 frontiersin.org

Morris, B. S., Chrysochou, P., Christensen, J. D., Orquin, J. L., Barraza, J., Zak, P. J., 
et al. (2019). Stories vs. facts: triggering emotion and action-taking on climate change. 
Clim. Change. 154, 19–36.

Nguyen, H., Groth, M., Walsh, G., and Hennig-Thurau, T. (2014). The impact of 
service scripts on customer citizenship behavior and the moderating role of employee 
customer orientation. Psychol. Mark. 31, 1096–1109. doi: 10.1002/mar.20756

Nitzan, M., and Ovadia-Blechman, Z. (2022). “Physical and physiological 
interpretations of the PPG signal” in Photoplethysmography. eds. A. A. Alian and K. H. 
Shelley (New York, NY: Academic Press), 319–340.

Pernice, M. (2016). Revolutionizing customer service. Harv. Bus. Rev. 94, 26–27.

Piazza, E. A., Cohen, A., Trach, J., and Lew-Williams, C. (2021). Neural synchrony 
predict children's learning of novel words. Cognition 214:104752. doi: 
10.1016/j.cognition.2021.104752

Pine, B. J. II, and Gilmore, J. H. (2019). The experience economy, with a new preface 
by the authors: Competing for customer time, attention, and money. New York, NY: 
Harvard Business Press.

Plassmann, H., Venkatraman, V., Huettel, S., and Yoon, C. (2015). Consumer 
neuroscience: applications, challenges, and possible solutions. J. Mark. Res. 52, 
427–435.

Rancati, G., and Maggioni, I. (2023). Neurophysiological responses to robot–human 
interactions in retail stores. J. Serv. Mark. 37, 261–275. doi: 10.1108/JSM-04-2021-0126

Rancati, G., Nguyen, T. T. T., Fowler, D., Mauri, M., and Schultz, C. D. (2024). 
Customer experience in coffee stores: a multidisciplinary neuromarketing approach. J. 
Consum. Behav. 23, 243–259. doi: 10.1002/cb.2184

Rosenbaum, M. S., Ramirez, G. C., El-Manstrly, D., and Sit, J. (2021). Shoppers’ neural 
responses to the mere social presence of others: insights from an enclosed mall. Int. Rev. 
Retail Distrib. Consumer Res. 31, 281–298. doi: 10.1080/09593969.2021.1901764

Samadani, A., Kim, S., Moon, J., Kang, K., and Chau, T. (2021). Neurophysiological 
synchrony between children with severe physical disabilities and their parents during 
music therapy. Front. Neurosci. 15:531915. doi: 10.3389/fnins.2021.531915

Semin, G. R. (2007). “Grounding communication: synchrony” in Social psychology: 
Handbook of basic principles. eds. A. W. Kruglanski and E. T. Higgins. 2nd ed (London: 
The Guilford Press), 630–649.

Smith, V. L. (2003). Constructivist and ecological rationality in economics. Am. Econ. 
Rev. 93, 465–508. doi: 10.1257/000282803322156954

Smith, P. (2016). Sell with a story: how to capture attention, build trust, and close the 
sale. De Tweeling: Amacom.

Solomon, M. R., Surprenant, C., Czepiel, J. A., and Gutman, E. G. (1985). A role 
theory perspective on dyadic interactions: the service encounter. J. Mark. 49, 99–111. 
doi: 10.1177/002224298504900110

Speer, S. A., and Stokoe, E. (2014). Ethics in action: consent-gaining interactions and 
implications for research practice. Br. J. Soc. Psychol. 53, 54–73. doi: 10.1111/bjso.12009

Spence, C. (2019). Neuroscience-inspired design: from academic neuromarketing to 
commercially relevant research. Organ. Res. Methods 22, 275–298. doi: 
10.1177/1094428116672003

Stevens, R. H., Galloway, T., Berka, C., and Sprang, M. (2009). “Can neurophysiologic 
synchrony provide a platform for adapting team performance?” in Foundations of 
augmented cognition. Neuroergonomics and operational neuroscience: 5th international 
conference. eds. D. D. Schmorrow, I. V. Estabrooke and M. Grootjen (Berlin Heidelberg: 
Springer), 658–667.

Stuldreher, I. V., Thammasan, N., Van Erp, J. B., and Brouwer, A. M. (2020). Physiological 
synchrony in EEG, electrodermal activity and heart rate detects attentionally relevant events 
in time. Front. Neurosci. 14:575521. doi: 10.3389/fnins.2020.575521

Tomasello, M. (2014). The ultra-social animal. Eur. J. Soc. Psychol. 44, 187–194. doi: 
10.1002/ejsp.2015

Tucker, A., Wang, Z., Rotalinti, Y., and Myles, P. (2020). Generating high-fidelity 
synthetic patient data for assessing machine learning healthcare software. NPJ Digital 
Med. 3, 1–13. doi: 10.1038/s41746-020-00353-9

Tunnell, G. B. (1977). Three dimensions of naturalness: an expanded definition of field 
research. Psychol. Bull. 84, 426–437. doi: 10.1037/0033-2909.84.3.426

Verhulst, N., De Keyser, A., Gustafsson, A., Shams, P., and Van Vaerenbergh, Y. (2019). 
Neuroscience in service research: an overview and discussion of its possibilities. J. Serv. 
Manag. 30, 621–649. doi: 10.1108/JOSM-05-2019-0135

Verhulst, N., Vermeir, I., Slabbinck, H., Lariviere, B., Mauri, M., and Russo, V. (2020). A 
neurophysiological exploration of the dynamic nature of emotions during the customer 
experience. J. Retail. Consum. Serv. 57:102217. doi: 10.1016/j.jretconser.2020.102217

Wirtz, J., Holmqvist, J., and Fritze, M. P. (2020). Luxury services. J. Serv. Manag. 31, 
665–691. doi: 10.1108/JOSM-11-2019-0342

Zak, P. J. (2012). The moral molecule: The source of love and prosperity. New 
York: Dutton.

Zak, P. J. (2020). Neurological correlates allow us to predict human behavior. The 
Scientist, 16.

Zak, P. J. (2022). Immersion: the science of the extraordinary and the source of 
happiness. Chicago, IL: Lioncrest.

Zak, P. J., and Barraza, J. A. (2018). “Measuring immersion in experiences with 
biosensors,” in Proceedings of the 11th International Joint Conference on Biomedical 
Engineering Systems and Technologies

Zhao, Y., Yan, L., and Keh, H. T. (2018). The effects of employee behaviours on 
customer participation in the service encounter: the mediating role of customer 
emotions. Eur. J. Mark. 52, 1203–1222. doi: 10.1108/EJM-10-2016-0559

https://doi.org/10.3389/fnins.2025.1533784
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org
https://doi.org/10.1002/mar.20756
https://doi.org/10.1016/j.cognition.2021.104752
https://doi.org/10.1108/JSM-04-2021-0126
https://doi.org/10.1002/cb.2184
https://doi.org/10.1080/09593969.2021.1901764
https://doi.org/10.3389/fnins.2021.531915
https://doi.org/10.1257/000282803322156954
https://doi.org/10.1177/002224298504900110
https://doi.org/10.1111/bjso.12009
https://doi.org/10.1177/1094428116672003
https://doi.org/10.3389/fnins.2020.575521
https://doi.org/10.1002/ejsp.2015
https://doi.org/10.1038/s41746-020-00353-9
https://doi.org/10.1037/0033-2909.84.3.426
https://doi.org/10.1108/JOSM-05-2019-0135
https://doi.org/10.1016/j.jretconser.2020.102217
https://doi.org/10.1108/JOSM-11-2019-0342
https://doi.org/10.1108/EJM-10-2016-0559

	The contagion of neurologic Immersion predicts retail purchases
	Introduction
	Neurophysiologic Immersion
	Model and hypotheses

	Methods
	Participants
	Neurophysiology
	Statistical analysis
	Synthetic data
	Mediation model
	Machine learning
	Data availability statement

	Results
	Behavior
	Neurophysiology
	Time
	Synthetic data
	Synthetic data analysis
	Mediating effects of time
	Predicting purchases

	Discussion

	References

