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bstract

This research presents the use of machine learning analytics and metrics in the retailing context. We first discuss what is machine learning and
xplain the field’s origins. We then demonstrate the strengths of machine learning methods using an online retailing dataset, noting key areas of
ivergence from the traditional explanatory approach to data analysis. We then provide a review of the current state of machine learning in top-level
etailing and marketing research, integrating ideas for future research and showcasing potential applications for practitioners. We propose that
he explanatory and machine learning approaches need not be mutually exclusive. Particularly, we discuss four key areas in the general scientific
esearch process that can benefit from machine learning: data exploration/theory building, variable creation, estimation, and predicting an outcome
etric. Due to the customer-facing nature of retailing, we anticipate several challenges researchers and practitioners might face in the adoption
nd implementation of machine learning, such as ethical prediction and customer privacy issues. Overall, our belief is that machine learning can
nhance customer experience and, accordingly, we advance opportunities for future research.

 2020 New York University. Published by Elsevier Inc. All rights reserved.

f
c
i
p
b
1
t
r

e
(
k
t

eywords: Machine learning; Prediction; Metrics; Analytics; Retailing; Trends

Introduction

In the late 1950s, the field of machine learning (ML) emerged
rom its parent fields of artificial intelligence (AI) and cog-
itive science. (For a brief history of AI, see Haenlein and
aplan 2019). Early research largely attempted to replicate
uman thinking, but the influence of pattern recognition and
tatistics during the 1990s led to decreased interest in map-
ing human thought. Recent developments have centered on
rediction—using historical data to better predict unobserved
utcomes. With increasingly large volumes of data generated
y both businesses and consumers, ML is projected to have a
rofound impact on retail.
ML is becoming increasing important to retailing. Some suc-
essful retail adopters include Walmart, which uses ML to group
imilar products from different merchants based on product

∗ Corresponding author.
E-mail addresses: xwang@ivey.uwo.ca (X. Wang), jryoo.phd@ivey.ca

J.H. Ryoo), neil.bendle@uga.edu (N. Bendle), kopalle@dartmouth.edu
P.K. Kopalle).

t
t
f
I
i
m
m
m

ttps://doi.org/10.1016/j.jretai.2020.12.001
022-4359/© 2020 New York University. Published by Elsevier Inc. All rights reserv

Please cite this article as: Wang, Xin (Shane), et al, The role of machine lear
https://doi.org/10.1016/j.jretai.2020.12.001
eatures, images, and descriptions. The comprehensive online
atalogue addresses the lack of universal identifiers for products
n an efficient and scalable manner. Analyzing over 35 million
roducts, Walmart’s predictive model demonstrated an error rate
elow 0.01% (WalMart Labs 2017). At IKEA between 10% and
5% of returned items were discarded as waste but ML lowered
his wastage by predicting where the returned items should be
estocked (Council 2020).

These examples illustrate how ML can benefit retail-
rs; however, marketplace adoption of ML remains nascent
Wladawsky-Berger 2018). Stéphane Bérubé, the chief mar-
eting officer (CMO) of L’Oréal in Western Europe, suggests
hat rather than the technology being the largest hurdle, “the
ough part [of AI] is finding the purpose” (Ives 2018). Indus-
ry reports suggest retailers have yet to fully realize their returns
rom investments in analytics (McKinsey Global Institute 2017).
ndeed, the MSI Research Priorities describe a tier-one prior-
ty under approaches  to  ingesting  and  analyzing  data  to  drive

arketing  insights  as: “What are the current best practices in
achine learning and large data to inform marketing decision
aking?” (Marketing Science Institute 2018).

ed.
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Table 1
Independent variables used in the prediction of tablet prices on Amazon.

Variable Description

Product-related

RAM Memory of the tablet in GB.
GHz Processing speed of the tablet in

GHz.
Storage Storage capacity of the tablet in

GB.
Battery life Battery life of the tablet in hours.
Display Display size of the tablet in

inches.

Marketing-related

Age Number of weeks observed on
Amazon.

Sales rank Rank of the tablet, which is a
function of sales on Amazon.

Num new Number of ‘new condition’ of
tablet model available for sale

Num used Number of ‘used condition’ of
tablet model available for sale.

Num refurb Number of ‘refurbished
condition’ tablet model available
for sale.

Review-related

Num reviews Total number of reviews the
tablet has garnered on Amazon.

Avg rating Average review rating of the
tablet garnered in the week.

Avg word Average word count of the
reviews posted in the week.

Helpful ratio Ratio of ‘helpful’ votes to total
votes (i.e., both ‘helpful’ and ‘not
helpful’) garnered by the reviews
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In response, we provide a conceptual overview of ML and
emonstrate its valuable strengths in data analysis. We outline
he current and future impact of ML on retailing with an empha-
is on metrics and analytics, thus complementing prior work
n the changing face of retail management (Shankar 2018).
e propose that ML can be transformative for both retailing

esearchers and practitioners, providing new opportunities to
mprove customer experience and understand shopping behavior
y changing how science is conducted. Retailing is not unique in
acing a shifting research frontier; ML has already transformed
elds such as computer science, physics, and medical science,
nd is currently making inroads in business. Yet, there will not
e a simple mapping; ML will impact different fields in differ-
nt ways. Particularly, retailers will have to confront contentious
ocietal issues, such as ethical prediction and customer privacy
oncerns, that may complicate the adoption and implementation
f ML.

This paper is organized as follows. First, we clarify termi-
ologies related to ML and discuss important concepts that
haracterize ML methods. We then demonstrate ML’s practical
trengths using an online retailing dataset and provide a concep-
ual contrast with the traditional explanatory approach to data
nalysis. We next provide a review of existing ML research in
etailing and the wider marketing literature, and outline how ML
an impact the way research is conducted. We discuss implica-
ions, concluding that retailing research can benefit from using

L. Finally, we advance research questions related to analytics,
etrics and retail organizations, as well as potential challenges

nd opportunities awaiting academics and practitioners.

Machine  learning

efining  the  terms

Achievements in ML and AI have been impressive (see Fig. 1
or a timeline), despite some setbacks (e.g., in the 1970s, the UK
ut funding suggesting that AI would never reach the level of
ommon sense reasoning; Haenlein and Kaplan 2019). ML’s
ecent success and popularity has, however, meant that terms
nter the zeitgeist and get used excessively and loosely. To clarify
hese terms, we first conceptualize ML as a subset of AI as noted
elow.

Artificial intelligence  (AI) focuses on “intelligent agents,” or
achines that perceive their environment and perform tasks that

uman intelligence can tackle (Poole, Mackworth, and Goebel
998). AI is “defined as a system’s ability to interpret external
ata correctly, to learn from such data, and to use those learnings
o achieve specific goals and tasks through flexible adaptation”
Haenlein and Kaplan 2019). AI branches out into closely related
elds of computer vision, natural language processing, speech
ecognition, and machine learning.

Machine learning  (ML) (Samuel 1959) was first used to refer
o a process whereby heuristics pruned possibilities in a check-

rs program. (Such heuristic processes never guarantee that the
est approach is found; a heuristic that optimizes locally is com-
utationally efficient but need not find the global optimum).
Machine Learning” is now the field of scientific study that
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posted in the week.

oncentrates on induction algorithms and on other algorithms
hat can be said to “learn” (Kohavi and Provost 1998). ML
onsists of “methods or algorithms designed to learn the under-
ying patterns in the data and make predictions based on these
atterns” (Dzyabura and Yoganarasimhan 2018). Specifically,
earning is through a training  experience  with respect to some
ask, and success is judged using some performance  metric. The
apid emergence of ML has led to calls for human insight and
nterpretability (Ma and Sun 2020).

We illustrate these concepts in the retailing context by exam-
ning the substantive question: “can researchers effectively
redict the prices of products carried by online retailers?” Doing
o can provide retail managers suggestions for new products,
nd assist in pricing and promotional decisions. We use the
mazon tablet computer dataset made available by Wang, Mai,

nd Chiang (2014). We match product attributes, market price
ynamics, and customer reviews to obtain 2,376 observations
or 438 tablet computers at the weekly level. Our variables of
nterest are in Table 1.

The ML task  is price prediction, our substantive  metric. The
raining experience  is our data, historical prices, along with
roduct, marketing, and review-related variables. We focus on
wo performance  metrics: r-squared and residual mean squared
rror (RMSE). We use five-fold cross validation, randomly split-

ing our data using four-fifths for training and the remainder as

 hold-out sample. This process is repeated five times and the
erformance metrics averaged accordingly.
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Fig. 1. History of machine learning.

Table 2
Model performances.

Parametric ML Non-parametric approaches

OLS SVM Regression trees Bagged trees

R .90 
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esidual mean squared error .356 (4) 

We compare the predictive performances of four methods:
rdinary least squares (OLS), support vector machine (SVM),
egression trees, and bagged trees. OLS is a linear, parametric
odel traditionally used for testing relationships between vari-

bles. This is a benchmark to judge the performance of three
on-linear and non-parametric ML algorithms: SVM, regression
rees, and bagged trees. Per Table 2, OLS performs the worst,
ith an R-squared of .76 and RMSE of .356. SVM, regression

rees, and bagged trees perform significantly better than OLS;
agged trees demonstrate the best performance with r-squared of
94 and RMSE of .177. This illustrates ML’s strength in capturing
on-linear relationships; by foregoing parametric assumptions,
L algorithms can offer significant predictive capabilities dis-

ussed in greater depth later.
The broadest categorization of ML methods is between super-

ised and unsupervised learning (Murphy 2012). Above is
n illustration of supervised learning — an algorithm learns
he mappings of input-output pairs from a “labeled” dataset
o predict the output using inputs from an unlabeled dataset.
nsupervised learning, on the other hand, lacks an outcome of

nterest. Instead, it is concerned primarily with knowledge  dis-
overy; to uncover patterns and improve understanding of the
ata. Unsupervised algorithms often do not have standard perfor-
ance metrics, but rather hyperparameters (which are set before

he process bpings of input-output pairs from a “labeled” dataset
o predict the output using inputs from an unlabeled dataset.

nsupervised learning, on the other hand, lacks an outcome
f interest. Instead, it is concerned primarily with knowledge
iscovery; to uncover patterns and improve understanding of

a
i
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(3) .91 (2) .94 (2)
 (3) .217 (2) .177 (2)

he data. Unsupervised algorithms often do not have standard
erformance metrics, but rather hyperparameters (which are set
efore the process begins). Users can calibrate hyperparameters
ike a miscroscope to focus in and out of the data. Common tasks
nsupervised learning might address include data visualization,
lustering, and dimension reduction.

For example, a manager may wish to “listen in” to what
ustomers are discussing in their online reviews, exploring the
ata to obtain useful insights. Manually reading thousands of
ustomer reviews can be expensive and time consuming. Also,
aving humans read and judge the reviews may introduce incon-
istencies and biases in the coding. Unsupervised algorithms,
uch as Latent Dirichlet Allocation (LDA), can provide an
fficient solution by summarizing text data into a set of human-
nterpretable topics (Bendle and Wang 2016). We apply LDA to
ur data of 37,562 tablet reviews and present the representative
ords of the uncovered eight topics in Fig. 2.
Categories of ML that have recently received attention from

arketing researchers are semi-supervised learning, reinforce-
ent learning, and deep learning. Semi-supervised learning

ombines elements from supervised and unsupervised learning
nd is often used where labeling the training data is expen-
ive. It might well be the form of ML most used in retail.
emi-supervised algorithms are trained using both labeled and
nlabeled data; the smaller set of labeled data is used to map the
arger set of unlabeled data to labels. For example, automated

ttendants direct customer calls using speech recognition, which
s often trained using semi-supervised learning. Collecting and
abeling audio data can be expensive, so semi-supervised learn-
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Fig. 2. Eight topics uncovered from
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Since internal validity, or the extent to which evidence sup-
Fig. 3. A selected taxonomy related to machine learning.

ng uses a limited labeled dataset to better understand customers’
peech by extrapolating accents, which are unlabeled.

Reinforcement learning involves an “agent” selecting and
erforming actions, often by trial and error at first, in return
or rewards. The agent’s objective is to learn the best strategy
called a policy), which is defined as the one that earns the great-
st reward over time. An agent learns to balance exploration
testing new actions) and exploitation (gaining known rewards).
n example in retailing that can utilize reinforcement learning

s customer engagement. By specifying clicks as a reward for an
gent that determines which advertisement to display, reinforce-
ent learning can learn to present the optimal advertisements

hat maximize consumer engagement over time.
Deep learning is a branch of ML that focuses on learning data

epresentations. For example, classifying what specific objects
re contained in images was historically a complex task charac-
erized by low accuracy. This was partly because of the numerous
ays that one could quantify images (e.g., RGB, hue, satura-

ion, brightness, etc.) but also because of a lack of procedures
o meaningfully integrate and succinctly represent such infor-
ation. Deep learning was a breakthrough that could represent

mages as low-dimensional vectors using Convolutional Neural

etwork (CNN), the layers of which equate to different levels
f abstraction (LeCun, Bengio, and Hinton 2015). We present a
axonomy related to ML in Fig. 3.
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 tablet reviews on Amazon.

xplanatory  versus  ML  approaches  to  data  analysis

ML can address a wide variety of empirical questions,
ut proper data collection remains important; the principle of
garbage-in, garbage-out,” applies to all research. Poor-quality
ata will yield poor results regardless of an algorithm’s complex-
ty. We note that the methods per se do not define the conceptual
pproach of ML. For example, OLS is used for statistical infer-
nce, but it can also be used to predict a continuous outcome in
L studies. It is the approach used that sets ML apart.
When conducting data analysis we conceptualize an explana-

ory approach as one focused on the testing of hypotheses, the
ormulation of which is driven by either intuition or causal the-
ry (Shmueli 2010). For example, a researcher might have a
imple hypothesis of a positive relationship between valence,
ften operationalized using average review ratings (Liu 2006),
nd product sales. (Sales might also impact ratings but for pur-
ose of illustration we will keep the hypothesis simple). The
ypothesized causal relationship can be expressed as:

i =  Xiβ  +  α  +  ui (1)

here i  denotes products, y and X  the dependent and inde-
endent variables, which in our example are sales and average
eview ratings respectively, and u the idiosyncratic error term.

 and β  are the parameters. Specifically, α  is a constant and β

he effect of average ratings on sales, which is a “single-issue
ausation” interpretation made possible by the linear functional
orm of Eq. (1). Parametric methods enable the estimation of α

nd β  from data, and probabilistic assumptions allow researchers
o test the estimates against the null hypothesis that there is no
elationship between valence and sales (i.e., β  is statistically
nsignificant).
orts the suggested causal relationship, is vital for explanatory
nalysis, endogeneity always poses an important concern. There
re three potential sources of endogeneity: omitted variables,
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imultaneity, and measurement error (Sande and Ghosh 2018).
arametric models require the assumption that independent vari-
bles X  and error term u  are uncorrelated to retrieve unbiased
nd consistent estimates of β. If this assumption is violated, the
odel fails to accurately capture the data generating process

Rossi 2014).
With the proliferation of technology that enables retailers

o track product and customers over multiple periods of time,
esearchers can more easily obtain panel data. For example, let i

enote products and t denote weeks. A retailer can collect sales
Yit), as well as average review ratings (Xit) over multiple weeks.

hen modeling the relationship between valence and sales, the
esearcher can now exploit the additional dimension of data as
pecified below:

it −  yi = (
Xit −  Xi

)
β + (αit −  αi) + (uit −  ui) (2)

here the bar notation denotes Xi = 1
T

T∑

t=1

Xit , and αit −  αi =  0.

sing this transformation, the researcher can control for time-
nvariant heterogeneity of i.  High quality products are likely
o garner higher review ratings online which in Eq. (1) would
e captured in the error term because we have not included a
easure of quality as an independent variable. This poses an

ndogeneity concern potentially invalidating the estimate of β

s a causal effect. This concern is controlled for in estimating
q. (2) because product quality does not vary over time.

Addressing endogeneity is thus a major topic of research in
conometrics and statistics. e.g., applying vector-autoregression
for a use in retail see Curry et al. 1995). This makes sense as
he objectives of the explanatory approach are hypothesis testing
elated to the relationships between variables (i.e., uncovering
), and addressing threats to internal validity.

What then  differs  with  the  ML  approach?  In many practical
pplications, retailers are not often interested in estimating β

arameters or rejecting null hypotheses. Instead, retailers may
ant a model that makes a timely informative outcome pre-
iction, not an explanation. The ML approach embraces this
erspective; it tolerates more bias in understanding a particular
ataset and expects to gain less variance across datasets (i.e.,
etter out-of-sample prediction).

Consider instrumental variable regression, the use of an
nstrument reduces the model’s predictive accuracy of an out-
ome metric on a testing dataset (Wedel and Kannan 2016),
hile conventional parametric models require linear func-

ional form assumptions. Any loss of predictive accuracy from
sing instruments and functional form assumptions is implicitly
ccepted by those who care about explanation because they pri-
arily want to identify a causal effect. Contrast this with ML
hich is agnostic to the “true” functional form. Multiple ML

lgorithms can be trained simultaneously and a “race” allows for
election of the best performing algorithm (e.g., Bagged Trees
or our example in Table 2). Both explanation and prediction

atter in different situations but retailers will often favor pre-

iction. If the retailer cares more about an accurate prediction
hey may be unwilling to make the sacrifices academics accept
o improve their explanation of causes.
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To describe how ML impacts retailing, we will emphasize
L’s upsides but we do not mean to minimize the challenges.

ater we will discuss organizational issues, retailers are being
aced with a fundamentally new way of analyzing data, as
re academics. Plus, there are social downsides to ML, where
oncerns about privacy and discrimination may arise. ML has
otential to improve retailing practice, but ML is not a costless
oon.

Machine  learning  in  retailing  and  marketing  research

achine  learning’s  relevance  to  retail

In this section, we outline the current state of ML in retailing
nd marketing research. Our objective is not a comprehensive
eview, but to provide a broad overview of prior research’s rele-
ance to retailing hoping to inspire new applications. Focusing
n the six journals, Journal  of  Retailing,  Marketing  Science,
ournal of  Marketing  Research,  Journal  of  Marketing,  Journal
f Consumer  Research,  and International  Journal  of  Research
n Marketing, we searched for ML articles on Google Scholar.

e categorized articles on a customer experience journey –
wareness, Consideration, Purchase, Retention, and Advocacy

Coston 2016). Many papers can contribute at several stages but
e simplify to show how ML could help solve major challenges

or retailers (Table 3).
Awareness: A major challenge is “how can retailers make

onsumers aware of what they are offering?” Promotional activ-
ties using insights from ML can better attract customers. ML
esearch is especially strong in market structure analysis. The
bundance of user-generated content (UGC), such as customer
eviews on websites and tags on social media platforms, allows
etailers to conduct market structure analysis, which is an effi-
ient alternative to the traditional methods of focus groups
nd surveys. In a prescient article in the Journal  of  Retail-
ng, Aggarwal, Vaidyanathan, and Venkatesh (2009) develop an
arly approach to understanding brand positioning using Google
earch data. Lee and Bradlow (2011) extract specific phrases
rom the text of online customer reviews and conduct clus-
er analysis. Klostermann et al. (2018) cluster images, and use
heir associated social tags to study brand positions. Another
rea relevant to awareness where ML can contribute is advertis-
ng. For example, Xiao and Ding (2014) show how different
aces and facial features impact consumers’ attitudes toward
dvertisement. Li, Shi, and Wang (2019) use CNN to construct
eneralizable metrics of visual information in video data. Retail-
rs can apply their metrics to optimize video content when
ompeting for customer attention. Schwartz, Bradlow, and Fader
2017) apply reinforcement learning in a field experiment to
elect optimal banner advertisements. Such A/B testing is con-
ucted by retailers in real-time without having to halt normal
perations.

Consideration:  With a plethora of online and bricks and mor-

ars options why should a consumer even consider your store?
o gain consideration retailers ideally offer perfectly tailored
oods but what does a consumer want? Mining user generated
nd crowdsourced content on social media can show this (Ghose,
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Table 3
Summary of Published Research in Retailing and General Marketing on Machine Learning.

Author(s) Journal Research question Retail/Marketing
domain

Machine learning contribution to the
problem

Journey phase

Aggarwal,
Vaidyanathan, and
Venkatesh (2009)

JR How can we analyze a brand’s positioning
relative to its competitors using Google
brand–descriptor combinations.

Market
Structure,
Search Terms

Machine-based inferences from
cooccurrence of adjectives and nouns.

Awareness

Lee and Bradlow
(2011)

JMR Can market structure be validly analyzed and
visualized using customer reviews –
User-Generated Content (UGC)?

Market
Structure, UGC,
Online WOM

K-means clustering to group extracted
phrases from customer reviews.

Awareness

Li, Shi, and Wang
(2019)

IJRM How can we extract and measure meaningful
information from videos?

Video Content,
Visual
Marketing

Uses a convolutional neural network to
identify the content of frames sampled from
videos.

Awareness

Schwartz, Bradlow,
and Fader (2017)

MKSC How can managers find the best online
banner advertisement in field in real-time
(i.e. “Earning while Learning”)?

Advertising Thomson sampling as a solution to the
presented multi-armed bandit problem.

Awareness

Xiao and Ding (2014) MKSC How do faces in print advertisements affect
consumers?

Visual
Marketing,
Advertising

CART to examine heterogeneity in response
to facial features.

Awareness

Klostermann et al.
(2018)

IJRM How can various brand information and their
associative networks be extracted from
social media platforms?

Market
Structure, UGC,
Online WOM

Cluster Analysis (to group images), and
Google Cloud Vision API (to tag images
from Instagram).

Awareness

Schwartz, Bradlow,
and Fader (2014)

MKSC How can managers determine (in a
data-driven way) which model to use given a
certain dataset?

Prediction/Forecasting Classification & Regression Trees test model
performance, and Random Forest to test the
classification tree itself.

Awareness

Chen, Iyengar, and
Iyengar (2017)

MKSC Can a multimodal continuous heterogeneity
(MCH) distribution be modeled in a conjoint
setting, given across- and within-segment
heterogeneity? How should individual-level
partworths be recovered?

Conjoint
Analysis

Cross-validation used to determine the
amount of shrinkage to recover
individual-level partworths.

Consideration

Chen, Nelson, and
Hsu (2015)

JMR Are mental processes related to brands’
personality traits connected with specific
brain areas?

Neuroimaging Cross-validation to predict neural response
and brain activity in fMRI images.

Consideration

Cui and Curry (2005) MKSC How is prediction useful for marketing
researchers, and what can SVM contribute if
that is the case?

Prediction/Forecasting Performance of SVM and its kernel method
in non-linear and complex settings, such as
non-compensatory structures.

Consideration

Dzyabura and Hauser
(2011)

MKSC Can an active-ML algorithm (adaptive
question selection) be developed accounting
for errors in non-compensatory decision
heuristics?

Conjoint
Analysis

Errors (from incorrect answers) in an
adaptive conjoint analysis setting are framed
as tuning parameters, which the algorithm
learns after data collection.

Consideration

Evgeniou, Boussios,
and Zacharia
(2005)

MKSC Can preference modeling be done without
assuming a probabilistic model of the data?

Conjoint
Analysis

Preference modeling as an optimization
problem, extending optimization mechanics
of SVM.

Consideration

Evgeniou, Pontil, and
Toubia (2007)

MKSC How can we better account for consumer
heterogeneity in a conjoint analysis setting?

Conjoint
Analysis

Data-driven ML cross-validation
endogenously models heterogeneity and
outperforms hierarchical Bayes (which uses
priors for heterogeneity).

Consideration

Ghose, Ipeirotis, and
Li (2012)

MKSC How can a hotel ranking system incorporate
the economic value of different locations and
service-based characteristics of hotels?

Demand
Modeling

SVM to classify images of cities to
categories.

Consideration

6
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Table 3 (Continued)

Author(s) Journal Research question Retail/Marketing
domain

Machine learning contribution to the
problem

Journey phase

Hauser et al. (2010) JMR Can a method be developed for
non-compensatory decision rules (in
conjoint) account for many possible
disjunctions-of-conjunctions rules?

Conjoint
Analysis

Conceptual link between cognitive simplicity
and complexity control (i.e. modeling and
controlling for cognitive simplicity enhances
prediction). Cross-validation determines
exogenous parameters.

Consideration

Huang and Luo
(2016)

MKSC Can a computationally efficient method of
preference elicitation for complex products
(that can account for errors on the fly be
developed?

Conjoint
Analysis

Fuzzy SVM that can assign different weights
to data points in customizing questions to
refine customer-specific preference estimate.

Consideration

Timoshenko and
Hauser (2019)

MKSC Can customer reviews be used to identify
customer needs in a more efficient way
(relative to traditional methods such as
interviews) to develop new products?

Preferences,
Product
Development

Supervised CNN used to extract sentences
that contain customer needs from those that
do not.

Consideration

Toubia, Iyengar,
Bunnell, and
Lemaire (2019)

JMR Can psychological themes of entertainment
products (movies) be extracted as features, to
serve as input to predictive models for
practitioners?

Feature
Extraction,
Prediction

Extends LDA topic modeling to create a
supervised, nested algorithm that takes seed
words (from experts and human coders) and
generates topics from movie synopses that as
inputs, improve model prediction.

Consideration

Trusov, Ma, and
Jamal (2016)

MKSC Can a method that predicts user profiles
(interests and preferences) from online
activity data (e.g. visitation intensity and
dynamics) be developed which is efficient
and scalable?

Preferences,
Consumer
Profiling

Topics that are generated from a correlated
topic model reflect “roles” that consumers
play while visiting various websites.

Consideration

Ansari, Li, and Zhang
(2018)

MKSC Can a model be developed to improve
recommendations for customers, leveraging
numerical ratings, texts, and product
attributes?

Recommendation Extends LDA as a supervised model using
product features, user ratings, and movie
tags to represent movies as latent topics.
Develops a variational Bayesian framework
for fast and scalable estimation.

Purchase

Jacobs, Donkers, and
Fok (2016)

MKSC Can a scalable model-based approach using
customer characteristics provide accurate
predictions of customer purchases in the
context of large product assortments?

Feature
Extraction,
Prediction

An extension of LDA, a topic modeling
algorithm, to model words as product
purchases, a document as a customer’s
purchase history, and a topic a certain
preference for products in the assortment.

Purchase

Liu and Toubia (2018) MKSC Can a method be developed to uncover
consumer preferences from the topics of
search queries and webpages (for search
engine optimization)?

Preferences,
Consumer
Profiling

A dual-LDA framework to extract a common
set of topics from webpages and search
queries.

Purchase

Liu, Singh, and
Srinivasan (2016)

MKSC Can TV ratings be predicted using
user-generated content?

Big Data, UGC,
Online WOM

Singular value decomposition for dimension
reduction of data, LDA used to analyze
content on Amazon Cloud computing.

Purchase

7
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Table 3 (Continued)

Author(s) Journal Research question Retail/Marketing
domain

Machine learning contribution to the
problem

Journey phase

Lu, Xiao, and Ding
(2016)

MKSC Can the service process of providing
customer recommendations in-store be
automated?

Recommendation,
Video Content

Pre-trained classifier and collaborative
filtering on real-time, in-store video data to
calculate a “preference score”.

Purchase

Marchand and Marx
(2020)

JR Can an algorithm provide accurate
recommendations and explanations of the
reasoning for recommendations?

Recommendation Combines content-based and collaborative
filtering to two datasets with more than 100
million product ratings.

Purchase

Ascarza (2018) JMR Are people predicted to churn (using
classification models) the most sensitive to
firm intervention?

Churn Random forest to estimate which individuals
respond more favorably to intervention.

Retention

Bloemer et al. (2003) IJRM Can managers identify segments of
customers most likely to churn?

Churn Classification Trees, and Classification and
Regression Trees.

Retention

Currim, Meyer, and
Le (1988)

JMR Can individual-level heterogeneity be
estimated in customer choice models without
hierarchical assumptions?

Choice
Modeling

Decision trees used to build a system of
disaggregate models.

Retention

Lemmens and Croux
(2006)

JMR Can we improve prediction of customer
churn over binary logit model?

Churn Bagging and boosting to improve the
performance of the predictive model.

Retention

Neslin et al. (2006) JMR Which predictive model predicts churn the
best?

Churn Comparison of various classifiers in
‘tournament’ that is open to both academics
and practitioners.

Retention

Netzer, Lemaire, and
Herzenstein (2019)

JMR Can words written by borrowers on a
peer-to-peer lending platform increase the
accuracy of predicting loan default?

UGC, Financial
Lending

LDA visualizes and extract topics in loan
requests. An ensemble of supervised
algorithms test predictive accuracy of
models with/without text variables.

Retention

Hartmann et al. (2018) IJRM Which methods perform the best in
analyzing sentiment and content of
unstructured text?

User-generated
Content

An ensemble of classifiers (e.g. SVM, Naïve
Bayes, and Random Forest) is used to
classify sentiment and content.

Advocacy

Homburg, Ehm and
Artz (2015)

JMR How does firm engagement with consumers
online affect consumer sentiment?

UGC, Online
WOM

SVM used for sentiment analysis of
user-generated content.

Advocacy

Ordenes et al. (2019) JCR What are the characteristics of content on
social media platforms (Twitter and
Facebook) and those that are most likely to
be shared?

Online WOM,
UGC

SVM to classify brand-generated messages
as either assertive, expressive, or directive.

Advocacy

Tirunillai and Tellis
(2012)

MKSC Does user-generated content affect stock
performance?

Marketing-
Finance

Naïve Bayes and SVM to classify valence in
text.

Advocacy

Tirunillai and Tellis
(2014)

JMR Can a method be developed to extract
dimensions of customer satisfaction from
customer reviews?

Market
Structure, UGC,
Online WOM

Extend the LDA framework to also capture
dimensions of products, along with their
corresponding valence from customer
reviews.

Advocacy

Tirunillai and Tellis
(2017)

MKSC Do TV ads affect online chatter? Advertising,
Online WOM,
UGC

SVM and Naïve Bayes to classify valence of
reviews.

Advocacy

Zhang and Godes
(2018)

MKSC Do social ties (strong and weak) impact
purchase decision quality?

Online WOM,
UGC, Social
Network

Classify whether the text in reviews are
either informative or non-informative.

Advocacy

Legend: JR, Journal of Retailing; MKSC, Marketing Science; JMR, Journal of Marketing Research; JM, Journal of Marketing; JCR, Journal of Consumer Research; IJRM, International Journal of Research in
Marketing.
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peirotis, and Li 2012). Chen, Nelson, and Hsu (2015) combine
L techniques with neuroimaging data to predict what brand

eople think about. Timoshenko and Hauser (2019) use deep
earning to identify emerging customer needs from reviews.
opic modelling can also help us understand customer needs
Trusov, Ma, and Jamal 2016).

Conjoint analysis, can help retailers accurately measure
ustomer preferences, potentially informing the selection of sup-
liers and manufacturers, or helping retailers develop their own
rivate-label. Conjoint has seen a stream of ML research (Chen
t al. 2017; Dzyabura and Hauser 2011; Evgeniou, Boussios,
nd Zacharia 2005; Evgeniou, Pontil, and Toubia 2007; Hauser
t al. 2010; Huang and Luo 2016). The ability to cope with non-
inear relationships is an important strength of ML (Cui and
urry 2005).

Purchase:  A primary focus of ML research has been on the
urchase stage, which includes activities such as choice, order-
ng, and payment. Securing a purchase is an obvious challenge
n retail but this can be eased by improving the shopping expe-
ience with ML. Retailers can use virtual reality, showrooming,
r photobooths to create a dynamic, stimulating experience for
hoppers. ML can even identify what is selling in real-time to
elp keep popular SKUs in inventory. For example, Liu, Singh,
nd Srinivasan (2016) combine cloud computing, ML, and text
ining to illustrate how online platform content may be used for
ore effective forecasting. The impact of ML at the purchase

tage is most notable for online retailing, where customers can
eceive recommendations or discounts based on items in their
askets. While identifying missing, or complementary items,
an increase retail revenues.

Studies of preferences can leverage ML’s predictive capabil-
ties. Liu and Toubia (2018) use an unsupervised algorithm to
easure consumer preference from queries and webpages. Lu,
iao, and Ding (2016) use in-store video to recommend gar-
ents in real time. Recommendations being a great strength of
L (Ansari, Li, and Zhang 2018). Marchand and Marx (2020)

ven provide reasons for the recommendations which is vital for
uman-interpretable insights.

Retention:  ML can help at the post-purchase stage cov-
ring such interactions as item returns and service requests,
ostly retention but might include other post-purchase cus-

omer analysis. (For ease of language we use the term retention
or all post-purchase analysis). Delivering effective service,
hich includes additional product recommendations, can use
L driven insights.
Retailers often use loyalty programs to reward customers and

rovide sizeable discounts. Knowing which customers are vul-
erable to ending their relationship, churning, can help retailers
llocate retention resources (Bloemer et al. 2003; Lemmens and
roux 2006; Neslin et al. 2006). Supervised ML algorithms
llows practitioners to efficiently identify customers who are
ost likely to churn using their observed characteristics and

ehaviour as a training dataset. We do caution that moving from

he relationships between covariates to explanations of consumer
ehavior may not be straightforward (Ascarza 2018) and one
hould always be careful to understand a model’s limitations
Currim, Meyer, and Le 1988).This highlights the importance

r
l
d
L
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f causal theory in guiding data analysis. Thus, the application
f ML should augment, not replace, an explanatory approach to
ata analysis.

Advocacy:  Retailers need to better understand, and ideally
nfluence, what is being said about them. How they can do this
s another major retailing challenge, this time at the Advocacy
tage. Tirunillai and Tellis (2014) use a supervised extension of
DA with customer reviews and have other work investigating
hatter (Tirunillai and Tellis 2012, 2017). Homburg, Ehm, and
rtz (2015) develop a community matched measure of consumer

entiment by analyzing consumer posts from online forums.
hang and Godes (2018) analyze the impact of online opinions
n consumers’ decision quality. Finally, Ordenes et al. (2019)
ext mine Facebook posts and Twitter tweets to demonstrate the
mpact of message intentions on message sharing.

In summary, ML can benefit both retailing researchers and
ractitioners. Next, we outline four key areas in the research
rocess where we expect the greatest impact from ML: data
xploration/theory building,  variable  creation,  estimation,  and
redicting an  outcome  metric.

achine  learning  in  the  research  process

Data  Exploration  and  Theory  Building:  Retailing research,
imilar to other scientific disciplines, often starts with the devel-
pment of hypotheses by observing the real world (Mjolsness
nd DeCoste 2001). Thought-provoking and counter-intuitive
henomena give rise to managerially relevant research ques-
ions (Lynch et al. 2012). However, technological advances, and
he subsequent rise of big data, have increased what we can
bserve. Bradlow et al. (2017) categorize modern sources of
ata for retailers into three main groups: traditional enterprise
ystems, customer-level data, and location-based data. Tradi-
ional enterprise data arise from UPC scanners and inventory
ata. Customer-level data arise from digital contact between the
ustomer and retailer, such as loyalty programs, bonus cards,
nd emailing lists. Location-based data include customers’
eo-location and navigation data enabled by RFID chips and
martphone apps. Retailers are confronted with what seems like
imitless inflows of data from each of these sources. For example,
f a retailer only had data on a customer’s zip code, then segmen-
ation would be imperfect but relatively easy. But when a retailer
lso has knowledge of the customer’s musical tastes, holiday
ictures, Facebook likes, Twitter feed, and a multitude of other
nformation, this can leave the decision-maker overwhelmed.

The sheer volume and variety of observations can obscure
hat is truly deserving of attention, rendering some retail phe-
omena impossible for capacity-constrained humans to fully
bserve. To address this problem, there has been a stream
f methodological research that focuses on feature extraction,
hich exploits the dimension-reduction capabilities of ML. For

xample, Jacobs, Donkers, and Fok (2016) extend the LDA algo-

ithm in the context of large product assortments, summarizing
arge data into manageable “topics” that can accurately pre-
ict customer purchases. Toubia et al. (2019) also extend the
DA algorithm, extracting features from a dataset of movie syn-
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pses that capture psychological constructs to accurately predict
ovie-watching.
Research applying feature extraction includes Wang et al.

2015), who use LDA to summarize 40 years of the Journal
f Consumer  Research. They uncover 16 topics and visualize
opic evolution. Novak and Hoffman (2018) leverage cluster-
ng and word2vec, a lingiuistic algorithm using an unsupervised
eural network, to visualize massive Internet-of-Things data.
ata exploration and visualization can lead to managerially rel-

vant insights. Pilot studies captivating interest and motivating
esearch questions are commonly observed in articles. Given the
olume and variety of data retailers collect, we expect continuing
evelopment of unsupervised frameworks for data exploration,
nd applications of unsupervised learning to motivate hypothe-
es.

Variable Creation:  Traditionally, researchers have relied on
uman coders to measure constructs from unstructured data.
uch a process is often expensive and difficult to scale, prompt-

ng Wedel and Kannan (2016) to list the transformation of
nstructured to structured data as a research prly measuring
tar ratings of website reviews, a retailer could also predict
he text’s sentiment; two reviews that rate the same prod-
ct four stars could potentially evaluate individual attributes
ifferently.

Other applied research has focused on applying ML to under-
tand the impact of images. Liu, Dzyabura, and Mizik (2020)
ollect labeled images from Flickr to train a SVM and CNN
o predict brand attributes from images shared on Instagram.
hang et al. (2019) examine the impact of images on demand

or properties on Airbnb.com, using a supervised algorithm to
lassify whether an image is high or low quality. This procedure
f labeling images and predicting an output of interest can be
eneralized by retailers to examine a variety of questions. For
xample, retailers can efficiently label an image dataset using
rowdsourcing platforms, such as Amazon Mechanical Turk, to
redict which product image or packaging is more appealing to
ustomers.

We expect to see an increase in the number of novel met-
ics for analyzing unstructured data, considerably decreasing
he costs for retailers to implement such tools. Indeed, there
xists commercial software to perform variable creation. LIWC
redicts psychological constructs in text with high accuracy and
alidity (Humphreys and Wang 2017) providing opportunities
o address questions that could not have been studied before due
o the costs or expertise required.

Estimation:  We note that ML is naturally determininistic,
eaning that its predictions do not express any uncertainty. This

an be a drawback in some settings because we often desire a
ikelihood or confidence intervals around our predictions. There
s a stream of literature in econometrics and computer science
hat strives to combine the strengths from both explanatory and

L approaches. For example, Jiang, Zhang, and Cai (2008)
xtend the SVM classifier to yield consistent point estimates

nd confidence intervals using cross-validation. Such methods
an potentially be helpful when presenting ideas. After predict-
ng that a segment of customers is likely to churn, providing
n upper and lower bound to the prediction could help per-

p
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c
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uade some managers to act and justfiy expenses in launching a
etention campaign.

ML has also been incorporated to improve causal effect
Athey and Imbens 2017) where the research bifurcates into
verage causL has also been incorporated to improve causal
ffect (Athey and Imbens 2017) where the research bifurcates
nto average causal effects and heterogeneous causal effects.
verage causal effects research involves estimating a treat-
ent effect by comparing across the treated and control groups.
s modern datasets can contain a number of covariates that

xceed the sample size, difficulties may arise in selecting the
pproriate control variables. An ML-based method proposed
y Susan, Imbens, and Wager (2016) allows for an efficient
election of covariates to configure the treated and control
roups comparably. Where there are many instrumental vari-
bles, Chernozhukov et al. (2018) propose using ML to predict
he optimal instrument, using the endogenous variable as an
utcome and the instrument set as predictors. For retailers, this
s practically useful for datasets with many ?Scolumns.?? For
xample, when estimating pricing?s̈ effect on purchase, there
ay exist many independent variables at the customer level (e.g.,

urchase history, demographic characterstics, etc.) that a retailer
ay be unsure of which to control a priori.
Research on heterogeneous causal effects involves estimating

he causal effects for various subsets of the population. Con-
ider that a treated group in an experiment can be partitioned
nto many smaller groups based on a covariate, in which the
reatment effect could be different for each group. To address
his, Athey and Imbens (2016) develop a framework based on
egression trees that splits the dataset into two parts. The first
art is used to train regression trees and the second part, which is
ssumed as exogeneous since it contains held-out data, is used to
stimate treatment effects within each of the leaves. This method
s relevant to retailers wishing to conduct supplementary anal-
ses after estimating the average causal effect. For example, a
etailer could be interested in price sensitivities for customers in
ifferent loyalty-point brackets.

Prediction  of  Outcome  Metrics: With a labeled training sam-
le of input-output pairs, supervised learning can learn mappings
nd predict outcomes in unobserved data. This enables retailers
o address a range of tasks often limited only by the practitioner?s̈
reativity and ingenuity. For example, Matz et al. (2019) exam-
ne image characteristics, seeking to understand the personal
haracteristics of individuals liking them. Netzer, Lemaire, and
erzenstein (2019) examine text in loan requests on a peer-to-
eer lending platform words demonstrate significant power in
redicting defaults. Bradlow et al. (2017) outline potential appli-
ations of supervised learning to retail, such as incorporating
sychological factors to predict retail pricing.

At a meta-level, ML can be used to evaluate ML algorithms.
or example, Schwartz, Bradlow, and Fader (2014) demonstrate
ow to use ML to select the optimal algorithm for prediction
iven a specific dataset. Hartmann et al. (2018) compare which

redictive algorithm performs the best when analyzing the sen-
iment of unstructured text. Given the different types of data and
he potential non-linear relationships of variables that they might
ontain, an algorithm that performed the best when undertaking
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ne task can potentially perform poorly in the next. For retailers,
nsights from these papers can potentially automate the very task
f selecting and evaluating the algorithms.

ummary

Retailers have made significant investments in recent years
o capture customer data. Coupled with decreasing barriers and
osts of using ML, we anticipate touchpoints in each stage of the
ustomer experience, from need recognition in the pre-purchase
tage to retention management in the post-purchase phase, to be
ransformed in a data-driven manner. However, a potential draw-
ack to the ML approach is related to explaining relationships
etween variables. Because ML cannot attribute its predictive
erformance to a single variable, explaining customer behav-
or based on any single variable has potential to mislead. This
s where we believe the researcher-practitioner gap will move
loser. We have discussed how the research process can bene-
t from ML and retailing data, and we believe researchers can
rovide new theories to help make sense of big data and inter-
ret predictions. As retailing is at the frontline of where firms
eet consumers, ML also introduces opportunities for further

Shome-grown?? research that is unique to retailing.
We have so far examined where we are now in terms of ML

nd retailing. It is against this background that we will suggest
ew directions for research. We will build on the cautions of
arlier scholars while maintaining an overall positive view of
he possibilities.

Opportunities  and  challenges  for  machine  learning
analytics in  retailing  research

Much of basic ML research has been done in computer sci-
nce. Given the customer facing nature of the retailing area,
e envision retailing having a solid potential to advance its

esearch. The increasing prominence of ML methods in indus-
ry and academia will provide novel directions and we outline
mplications for retailing research covering analytics, metrics,
nd organization.

L  and  retail  analytics

Here we discuss how ML applications shed light on retail ana-
ytics, particularly with respect to the prediction of, and causal
inkages to, retail outcomes. Research can help us understand
onsumer and competitor behavior, and tackle the corresponding
thical challenges.

Prediction  and  Causation:  Predicting an outcome fits well
ith what might be called an engineering approach to retailing,

omething that can be invaluable for managers. Yet, those who
eek a theoretical focus on a single cause face challenges using

L. An algorithm might note that higher frequency mailings

rom a catalog retailer to its customers tend to presage churn, but
his should not be interpreted as suggesting that higher frequency
ailings cause churn. (The firm likely targets those thought to be

t risk of churning). Understanding the business is vital to inter-

g
G
s
g
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ret ML findings, and it is important to not conflate predictions
ith causal studies.
Despite the challenges in establishing causation, ML tech-

iques can move in a causal direction (Athey 2018). It may help
o remember that single issue causation is a concept employed
o make life manageable; it is not descriptive of the world. One
an question whether any consumer buys at Best Buy solely
ecause of any single offer. The consumer must also want elec-
ronics, value service, etc. Events have multiple ?Scauses and
ecauses.?? A benefit of ML is that it can review complex causal
nteractions leaving an understanding with caveats and forks in
he road. Rather than seek boundary effects for a single cause,
e look for a region where one relationship holds, and another

egion where a different relationship holds. ML?s̈ contextualized
utput is not necessarily betterit rarely permits universal asser-
ionsbut it allows more nuance, leaving room for researchers to
elp in deploying and explaining ML. It would be especially
nteresting to see whether the benefits accrue disproportionately
o certain firms. For example, do online retailers benefit more
han brick- and-mortar retailers? An important future research
irection is:

RQ1: How can retailers gain, and which retailers will gain
ost, from a more nuanced multi-causal view in ML retail ana-

ytics?
Demonstrating  Success:  Given the size of modern datasets,

L methods can be resource-intensive with algorithms taking
 long time to converge. In addition to methodological research
romoting computational efficiency, we expect future work to
ntegrate new technology with ML methods to increase their
fficiency for managerial use. For example, LDA is a computa-
ionally expensive topic-modeling algorithm, and is therefore
ifficult to use with large datasets. To bypass this problem,
iu et al. (2016) use Amazon?s̈ cloud computing service to
nalyze their dataset. Recursive algorithms will help retail-
rs to better show their improvements. New technology, such
s quantum computing, will further decrease computational
osts. Researchers and managers alike will be able to analyze
eal world data and focus on phenomena that haven?ẗ been
conomically viable to tackle before. Each finding may be rela-
ively modest but the proliferation of findings, each generating

 small improvement, can create a significant boost in retail
ffectiveness. This could raise the perceived contribution of mar-
eters (Whitler and Morgan 2017). Thus, we raise the following
esearch issue:

RQ2: How can retail marketers using ML demonstrate the
uccess of the improvements?

Understanding  Customer  and  Competitor  Behavior:  ML
olds the promise of much more detailed analysis of cus-
omers?s̈hopping habits. ML can delve into the data available
rom such innovations as Mwallets, analyzing their ability to
ross-sell and up-sell (Kumar, Nim, and Sharma 2019). For
xample, analysis of paths of consumers around the store (vir-
ual or brick-and-mortar) can only get more sophisticated with

reater application of ML. Planograms can be designed given
PS tagged footfalls, and ML predictions can help optimize

tore layout. Paths taken conditional upon prior actions could
ive real time predictions for each customer?s̈ journey. The shop-
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er?s̈ experience, and the pricing they see, could be personalized
ven in a brick-and-mortar environment. Of course, just because
hey can price discriminate does not mean managers will or even
hould. Significant challenges include legal and ethical issues.
hould managers let algorithms price differently to consumers
ased upon factors correlated with personal traits? Even if the
lgorithm avoids sensitive issues, a consumer backlash to per-
onalized pricing could occur if it is based upon hard to define
?unfair?c̈onditions (Guo 2015). ML?s̈ impact will rely not only
n the technology but also its application. Thus,

RQ3: What will be the real-world application of ML driven
nsights, e.g., on planning and pricing?

Knowledge of the consumer, which permits personalization,
ould also soften competition, given its potential to create a
ifferentiated monopoly. For example, Amazon, because of its
ata and algorithms, may know more about its customers than
hey know about themselves people forget, computers do not.
mazon not only competes with other retailers, it competes
ith third-party sellers on its platform, raising the possibil-

ty of leveraging ML analytics to predict competitive behavior.
ikdar, Kadiyali, and Hooker (2020) use a ML model within a
roduct category to predict price changes by Amazon and its
hird-party competitors. They find that Amazon?s̈ price changes
re significantly impacted by the price changes of established
hird-party sellers, particularly those with higher seller ratings.
uture research could examine the following question:

RQ4: How can we leverage ML analytics to predict compet-
tive behavior, for example in pricing decisions?

Ethics  and  Discrimination:  The accuracy demonstrated by
L algorithms predicting consumer characteristics raises the

ssue of ethical  prediction. Kosinski, Stillwell, and Graepel
2013) find that sensitive personal traitssuch as intelligence,
exual orientation, use of addictive substances, and political
ffiliationcan be predicted from Facebook ??likes.?Öpting not
o provide personal information may be insufficient to protect

 consumer?s̈ privacy from prying retailers. The retailer Target
sed of ML analytics to predict customers?p̈regnancies raised
any ethical concerns about retail data usage and ML predic-

ions (New York Times, February 19, 2012). Researchers can
elp develop methods for cloaking individuals (Chen, Fraiberger
t al., 2017). Ethical use of data in retail can be of interest to
rms, consumers, and public policy makers alike. This offers a
ajor opportunity for retail academics to involve themselves in

ne of the most significant public policy debates of recent times.
hich leads to our next question:
RQ5: How can research help navigate what data use is ethi-

ally permissible in retail ML analytics?
With respect to discrimination, widespread concerns exist

bout ML, namely that black box models can lead to discrim-
nation (O?N̈eil 2016). An illustrative case is the launch, and
ithdrawal less than 24 h later, of Microsoft?s̈ Tay. This bot

nteracted on Twitter and ?Slearned?? to be inconsistently big-

ted; holding strident pro- and anti-views. Tay predicted Twitter
ehavior well enough to engage with humans, but who wants
achines to learn humanity?s̈ worst qualities?

r
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People discriminated long before they had computers, and
imited evidence is often provided to suggest that ML causes
ncreased prejudice. That said, Tay is a salutatory lesson of how

 machine can adopt human bias. We do not want to bake soci-
ty?s̈ evils into algorithms that can be opaque, making it hard
o see whether any specific decision is impacted by prejudice.
etail algorithms have a black box quality (Haenlein and Kaplan
019) but one could say the same of the human mind. Despite
ork to remove explicit human bias, prejudice exists but can
e hidden (Banaji and Greenwald 2013). There may be value in
reating ML algorithms similar to other forms of (non-artificial)
ntelligence. We cannot map exactly how a brain chemical?s̈
elease governs an action, but we remain comfortable suggest-
ng causal relationships in psychology. We can delve into what

ediates outcomes even absent a perfect understanding of the
rocess.

Recognizing our imperfect understanding is not to suggest
hat we cannot tackle discrimination related to ML (Williams
t al. 2019). Even unsupervised methods are initiated by a human
nd, ultimately, a human chooses whether, and how, to use the
utput. Supervised methods involve human beings setting an
bjective, meaning we can impose societal values. There is no
eason why non-prejudicial outputs, e.g., no differences between
aces in offers, cannot be an objective. To tackle discrimination,
anagers will need to be sophisticated in their thinking about

rejudice. It is not enough to simply say ??our algorithm does
ot use dimensions typically associated with discrimination?.̈
anagers must be aware of issues that may correlate with dis-

riminatory outcomes. To take a well-known example, given
acial sorting in the U.S., using zip code in a prediction often
eads to discriminatory outcomes even if no manager harbors
ll-will.

ML may pick up any underlying patterns of discrimination
n the real world in the learning process. What if the model?s̈
utputs result in decisions that are systematically biased against
eople with certain protected characteristics like race, gender,
r religion, or even a retail loyalty program status (Stourm et al.
020) Accordingly, a growing body of research is examining
iscrimination-aware data mining and fair ML, which attempts
o detect and mitigate unfairness (Binns 2018). It is our belief
hat implementing ML predictions requires human input, and so
he ethical responsibility falls not on the algorithm, but on the

anager. Binns (2018) discusses ?Sluck based?? variables, or
ndividual traits that are not determined by merit (e.g., race). This
tresses the importance of data exploration, to see the extent to
hich predictions are influenced by these luck-based variables

nd determine whether to act on such predictions accordingly.
f course, the fact that managers can do things to mitigate dis-

rimination in a world of ML does not mean managers will do so,
ut prejudice is not an inevitable consequence of algorithm use.
t seems an abdication of managerial responsibility to merely
ay that the machine made me do it. Hence, an interesting future
esearch issue would be to examine the following question:

RQ6: How should ML analytics be managed to mitigate any
iscriminatory application?
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L  and  metrics

ML presents ample opportunities for research that improves
ractical application, theoretical understanding, and the poten-
ial for an improvement in the use of metrics relevant to retail.
n this section we note some key influences ML might have on
etail metric use. There are many metrics that will be changed
e will focus on a small number to show some potential impacts.
Market Share:  A better understanding of retail market struc-

ure and competitor identification can be driven by algorithms
hat create consumer choice sets. Yet if a market can be par-
itioned as a myriad of sub markets, even by each individual,
hat use is overall market share? Should we consider personal-

zed shares of wallet? Rather than a 20% market share, should
e report a 20% share of those who bought Hunts for their last
etchup purchase? This leads to aggregation challenges, where
ustomers?v̈iews of competitors differ. Hence, we ask:

RQ7: How to combine shares of wallet where market bound-
ries are less than clearly defined?

Sales Prediction:  Share of past purchases are not what gener-
lly concern retailers. Instead, they are interested in predicting
he next purchase. This returns to ML?s̈ strength: should we
xpress, not historic sales or shares, but predictions of future
urchases? Yet there will be no obvious paper trail and plenty
f choices, by humans and machines, to create such predictions.
his leads to the concern that (a) the predicted sales will vary
onsiderably between different creators, and (b) that the numbers
ay be cherry picked. Hence, an interesting question is,
RQ8: How can managers, observers, even auditors, best use

L sales predictions?
Logistics:  Retail is a complex business where context mat-

ers to delivering effective results (Kumar, Sunder, and Sharma
015), which suggests ML could be especially valuable. For
xample, the most efficient retailer has just enough inventory
o cover all purchases, but no more. ML prediction using the
ast amount of data and processing power should help opti-
ize inventory levels not just at the store level but across the

ntire system to ensure inventory is available. (One wonders
ow ML, with sufficient data access, could have helped pre-
ict personal protective equipment for the Covid-19 outbreak).
eyond basing estimates upon adjusted past purchases, ML can
onsider a plethora of appended data; social media chatter, sen-
iment analysis, footfall patterns near the store, trends in sales of
ompetitor and complementary products, and numerous plausi-
ly connected data points. Metrics can put a dollar amount on
he value of limiting both out-of-stocks and excess inventory.
urther, metrics grasping the multi- and omni-channel nature
f modern retail will be invaluable. Indeed, attribution model-
ng should become more sophisticated. Can we create widely
ccepted measures of the value of showrooming and webroom-
ng? Thus,

RQ9: How can ML help improve retail supply chain logistics
nd put a dollar value on such improvements?
Customer Lifetime  Value  (CLV):  Use of CLV could be pro-
oted by an increase in the accuracy of churn and retention

rediction. ML will assist in CLV being used at an increas-
ngly disaggregated level. (Cohort-based CLV, though often a

t
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easonable response, is always a second best as such approaches
vervalue some customers and under value others). Improved
rediction has implications for use of customer-based valuation
echniques (Gupta and Lehmann 2006). ML offers the oppor-
unity to give greater specificity to the idea of the firm as a
ollection of customer relationships (plus other assets). Will
L do enough to convince the Financial Accounting Stan-

ards Board (FASB) to recognize customer-based assets? CLV
s a valuable predictive measure for managerial action, e.g., it
nforms acquisition and retention decisions, which fits well with

L strengths. Algorithms can create real time valuations for
ach customer, allowing more sophisticated responses not only
o acquisition but also to retention. ML is unlikely to make CLV

 usable metric in every situation; using ML, CLV predictions
re likely to be easiest for online retailers, given they can record
ll customer touchpoints. Still, store point-of- sale systems and
ustomer systems can flash messages and offers to re-engage

 customer predicted to be drifting away. In essence, ML will
llow for greater use of valuable CLV methods.

RQ10: What are the most promising ways to use ML to make
LV a usable metric in every situation?

L  and  retail  organization

The effect of ML on retail organization is likely to be seen
ver time. Many of these problems are likely to have a longer
ime to fruition than changes to analytics, as it may take 10 years
r more for organizations to evolve.

The Role  of  Retail  Experience:  As the barriers to entry in ML
apidly decrease, we expect an increasing number of retailers
ill adopt ML, but not all managers will embrace the change.
ost obviously, we expect clashes between experienced retail

uyersusing their years of experienceand algorithm users over
ow best to serve customers. Tried and tested practices may be
verturned by ML prescribed methods. This is especially prob-
ematic as the shelf life of ML results are limited. A short shelf
ife does not mean the results are uninteresting, indeed we can
earn a lot about market dynamics from changing results. Yet,
here does this leave the retail buyer who has amassed expe-

ience over a long career? Meanwhile, retailers adopting ML
echniques may find it increasingly challenging to explain their
ctions. Who will adopt a superior plan that might still fail and
annot be explained if it does fail? It is a prescription for bad
etailing if buyers merely follow the algorithms?ïnstructions.

L runs the risk of creating a world where human beings do
ot understand the rules of what is happening; one might argue
his has always been the case, but some rules now will be stored
n algorithms, not natural systems. There will likely be con-
iderable effort devoted to understanding how models work by
cademics, but how will retail managers leverage both their
xperience and advances in ML models? More extensive theo-
ies as to how humans and machines interact to form managerial
ecisions will be required.
It might be important to make a distinction between automa-
ion and ML. The former creates a simple loop: if X happens,
hen do Y. ML, on the other hand, provides an input that is
sed by a decision process. While ML advice might often be
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cted on automatically, it is not necessary to do so. Using ML
oes not mean that its predictions must be automated; imple-
enting insights from ML often requires managerial input. For

nstance, ML may simply augment human decision-making.
hat decision-making processes to automate, and whether man-

gers are willing to accept the responsibility and forgo their
gency of the decisions, are important research questions. ML
dvice may change the role of managers; they become gatekeep-
rs and higher-level decision makers where they combine the art
f retailing with the ML based science. Hence,

RQ11: How can retailers best alleviate the inevitable ten-
ions between experienced retail managers and new ML-based
anagement systems?
Managerial  Use  of  Theory:  ML algorithms are sometimes

ikened to a ?Sblack box,?? in which we observe only the
nput and the output of the algorithm but not its internal steps.
his departs from traditional econometric models, in which the

esearcher can assess the effect size and confidence interval for
ach parameter. This poses problems for managers persuading
thers to act on the ML predictions. Surprisingly, this could
ean that the burden placed on theory increases. Namely, an

nderlying theory could provide a gut check on ML predictions.
ence, we ask,
RQ12: Will managers rely more explicitly on theory to justify

cting on ML predictions?
Changes  in  Retail  Management: Direct marketing helped

pawn online marketing with the rise of the internet. What
etailing roles will develop most with the new ML approaches?
he sub-fields of consumer insights and market research are
lready changing, but will store planning become increasingly
L driven? Firm behavior at the aggregate level will also grad-

ally change. As executives increasingly delegate decisions to
L methods, researchers will observe less human, and more
achine, decisions in firm-level data (Athey 2018). Thus, we

ose,
RQ13: How will ML change retail management and how will

his change firm level analysis?

Machine  learning  and  the  future  of  the  retailing  discipline

This final section examines what the widespread adoption of
L will mean for the academic retailing discipline. We expect

hese changes to take many years but academics have begun
aking advantage of ML now. Some researchers see ML, and AI
roadly, as not only providing research opportunities but a fun-
amentally new method of invention (Cockburn, Henderson, and
tern 2018). We expect a variety of scholars will need to collab-
rate with retail managers to answer these questions. Indeed, a
ey benefit of ML is giving new tools to study more managerially
elevant questions.

Co-creating  with  Retailing  Practice: The adoption of ML
as the potential to better connect industry and academia.

ow retailers curate offerings to consumers may inform retail-

ng research. A challenge linking academics and managers is
hat many academic methodse.g., laboratory experiments, and
conometric analysis of public datadiffer from those that man-

T
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gers use. More constructive collaboration can occur if both
esearchers and managers speak the same ML language.

Academic questions could shift from understanding broad
ndustry effects towards the specific challenges facing retailers.
hat a specific construct is linked with a specific outcome is use-

ul background information, but no retail appeal features a single
on-contextualized construct. Even digital A/B tests can only try
o many permutations, yet retailers work with multiple interac-
ions. Even with massive data capture, researchers might not be
ble to fully examine what they seek to understand. We might be
nterested in how construal level interacts with ad communica-
ion length, which interacts with communication media, which
s in turn moderated by the prior customer-firm interactions etc.
o traditional program of research can hope to document all the

elevant main effects, never mind the interactions and interac-
ions of interactions. ML techniques can theoretically consider

 multiple of details and even with sufficient data, produce trees
ighlighting what is beneficial in any given context. We suggest,

RQ14: How can the flexibility of ML?s̈ techniques create
ontextualized advice for retail action?

Encouraging  ML  Use:  As the necessary skills are available to
ny who have trained on R, or similar programs, most quantita-
ive researchers will adopt some ML techniques. Pre-packaged
ools will even make ML techniques usable by those without
uantitative expertise. How can appropriate ML use be encour-
ged? PhD courses should help develop more familiarity with
L, while linkages to economics or computer science improve

echnical skills. We would encourage brown bags to leverage
he skills of more experienced researchers and relevant organi-
ations, e.g., MSI, ISMS, ACR, AMA Retailing SIG, may be
ble to assist in best practice. That is,

RQ15: How can universities and umbrella organizations pro-
ote ML best practice in retailing?
Bridging the  Practitioner  Divide:  As calls for responsible

usiness research increase (Responsible Research in Business
 Management 2018), modern marketers may learn from prior

enerations, invigorating research in the spirit of decision sup-
ort systems. If a model is not used it is of little benefit (Little
970). Research often occurs in a university setting, such as in a
aboratory with student subjects, writing surveys for paid panels,
r a lone researcher sequestered to interrogate secondary data.
deally, an additional venue might increasingly be the work-
lace of practicing retailers. Working closely with managers
ill allow for testing models on up-to-date data and promote

elevance for practice. To promote such collaboration, we would
rge further attention be given to aligning the incentives of retail
anagers and academics. Academic research has often been

een as more important if it posits a near to appear more rel-
vant. As ML generates weaker assertions about underpinning
elationships, academics may need to embrace more modest,
ontext-dependent findings. Such assertions, while retaining
ophistication not always present in advice from consultants,
an be more persuasive to managers than sweeping statements.

hus, we have,

RQ16: How can ML help to bridge the practitioner/academic
ivide?
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Field  Experimentation:  Tasks best suited to ML are often
hose with large volumes of data and a myriad of interactions
xploiting ML’s flexibility in a messy world. Thus, one poten-
ial boon from ML is the better description of field experiments
hen managerial action has many different levels and levers.
etail experiments with randomized treatments and controls
re expensive—managers must make numerous offers they do
ot believe will be effective. This happens, especially in online
etailing, but such experimentation is still more limited than one
ight hope (Gneezy 2017). Field experiments often lack the

ontrol of a laboratory investigation, but ML methods can visu-
lize dimensions that are uncontrolled, allowing the researcher
o detect patterns and promote the value of field experiments. Do
onsumers of different ages appear to react similarly or not? Is
sing a ML technique boosting revenues? Can the possibilities
f ML boost field experimentation? Thus,

RQ17: How can ML encourage retail field experimentation
y retailers and aid its reporting?

Black Box  Best  Practice:  Supervised ML means one must
pecify in advance what one considers success; this forces clar-
ty about strategy (Agrawal, Gans, and Goldfarb 2018). Yet ML
an search for the model that creates the best prediction, which
ontrasts with specifying a model a-priori. This sounds like ML
ives the researcher more chances of a successful result—a wor-
ying idea in an era of replication crisis (Honig et al. 2018). Given
his, academics must include detailed descriptions of coding
ractices plus clear statements on division of the data for train-
ng and testing. The reader should understand the recall, i.e.,
True Positives)/(True Positives + False Negatives), and preci-
ion, i.e., (True Positives)/(True Positives + False Positives), of
he methods used.

One currently used approach that tries to unravel the black
ox nature of ML methods, or at least make the results more
nterpretable, is to simultaneously run a simple and a complex

odel. For example, Liu et al. (2020) apply both SVM and
NN to predict the same set of images, using the latter for pre-
iction and the former for examining the weights (importance)
f the different predictors. We expect the continuing develop-
ent of interpretable  machine learning methods to give greater

onfidence in ML’s application. Therefore,
RQ18: What reporting methods give confidence that retail

L avoids inappropriate data mining?
Industry Knowledge:  The ability to delve into the data allows

or precise questions to be answered. Will a consumer react
etter to a specific type of display in a specific type of store
t a particular time of the year? Or will different front-pages
ork for various customers at all times of the day? Letting the
ata speak requires the ability to listen, which may necessitate
nowledge of how retail works on a day-to-day level. As ML
kills become more abundant, the deficiency in academia may be
n understanding the retail landscape. This might see the greater
uccess of scholars with prior work experience, or those able to
ake sabbaticals to embed in industry. Hence,
RQ19: Will ML techniques help reward those with greater
nowledge of specific retail practices?

Consumer Insight: In a world where tech giants (and oth-
rs) pour vast resources into development, many contributions

g
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o advancing ML knowledge for consumer insight will come
o academia from businesses allowing academics a translation
nd diffusion role. Academics can help managers from more
raditional companies to understand the benefits of using the
dvances of e-commerce retailers. Investigating how ML can
id retailers in tier 3 and tier 4 cities, e.g., Scranton (U.S.) or
rimsby (U.K.), may not be as glamorous as advising Silicon
alley, but may benefit society more.

Personalization (products generated by a retailer to fit a con-
umer) and customization (options chosen by the consumer
rom a range of options) (Kumar et al. 2019) differ markedly
n the active input expected from consumers. Customization
equires consumers know themselves, personalization requires
hat retailer knows the consumers. ML-driven personalization

ay improve the retailer’s understanding to a point where it
etter delivers what the consumer wants without asking the con-
umer. Retailing scholars need to outline when this applies and
hat this means for expressed and unexpressed needs and wants.
hus, we have,

RQ20: What are the implications of ML for understanding
onsumer preferences?

Manipulability:  Will we start observing not natural behavior
ut attempts to game a machine’s learning? If the algorithms
dentify price-sensitive consumers, consumers have an inter-
st in managing the signals they send. There are already tools
esigned to beat the algorithms. A ‘VPN’ might actively man-
ge interactions with retailers on the consumer’s behalf. A Red
ueen scenario arises; ML experts for firms and consumers each

nnovate, neither gaining a decisive advantage. What then is
 consumer’s preference given multiple layers of obfuscation?
ocial desirability infects survey data, but will this become a
reater issue for “observed” behavior? Thus,

RQ21: Will scholars’ primitives increasingly diverge from
onsumers’ revealed preferences?

ML Prediction’s  Shelf  life:  Machine learning’s contextualized
dvice highlights a fascinating problem. Findings hold only as
ong as the context holds, but everything constantly changes.
s today’s prediction valid for activity next year? What is the
helf-life of predictions? Without universal statements of rela-
ionships, we only really know that a relationship held when
ested. How do we know the relationship still holds without
unning the model again? This leads to a fundamental conflict
etween managerial and academic ML. Managers often seek
dvice on how to act now. Even if ML results hold only tem-
orarily, it is relatively safe to act on them now. Furthermore, the
anager can run the ML algorithm again; refreshing the model

egularly makes a limited shelf life less of a problem. How do
cademics report limited shelf life results? So,

RQ22: How can academics learn to better recognize the value
f limited shelf life results?

ML’s approach means that we might rethink our research
nalogies. Currently, academic studies seem like mountain
limbing expeditions. Scholars build on prior achievements to

ain a little more altitude. ML uses a different logic; algorithms
an fly the researcher between peaks. Research becomes not the
nspection of a specific mountain top but can involve investi-
ating numerous mountain tops across a range; often jumping
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Table 4
Implications of ML for future research in retailing.

Prediction Future research implication Examples: ML might alter research

Falling Entry Barriers
To ML

More ML applied in retailing. Most quantitative
retailers will use ML techniques. Packages allow
scholars from all approaches to use techniques.

Research into social networks, and how they influence consumer
choice, can employ ML using it to predict both the social networks that
will develop and the resulting changes in consumer choices.

Changing Retailing
Models

Opportunity to revisit retailing models to better
align them with novel findings both in
theoretical work and practical application.

For discrete choice modelling ML techniques help identify which
regressors serve as good predictors of choice while deriving a structural
form of consumers’ utility using the adaptive ML process.

Improving Retailing
Best Practice

Problems with malpractice somewhat mitigated
by algorithms’ ‘honesty”. Clarifies upfront when
model mining is occurring.

ML algorithms can help determine which controls are valid and robust
in franchise loyalty and growth research. Helps resolve disputes over
controls that seem implausible or imply conflicting results.

Change in Venues for
Research

Potential for retailing academics to become more
connected to practitioners in their workplace.

Firms engaging ML to optimize. Academics’ ML implementable
models applied giving them access to data generated by real
transactions.

Move towards Metrics
for Prediction

Develop new metrics for distribution.
Planogramming based upon ML prediction. ML
assisted Corporate valuation.

More effective prediction of CLV. Potential for research aiding
managers understand and communicate more complex multi-casual
results.

More Modest but
More Useful
Research

More modest claims in academic research. More
credit given for clear implications in a specific
context

ML techniques can quantify and identify photo characteristics. This
allows identification of what qualities of a photo are important in the
determination of consumer choice in a particular online marketplace,
such as eBay or Airbnb.

Bridging the
Practitioner Divide

More modest research that applies in specific
contexts will help bridge the
academic-practitioner divide

ML techniques can help estimate the quantitative effect of the warm
glow effect, e.g., fair-trade products. Also predict future consumers’
purchases.

Change in Research
Stream Prominence

Expect decline in prominence of laboratory
experiments; more interest in sub-disciplines
using context, e.g., retail strategy, qualitative
research.

Firms will likely maintain huge datasets that can be shared with
researchers. General marketing researchers can rely less on laboratory
experiments/panels.

Merging Retailing Greater incentive/opportunity for retailing ML can quantify and identify qualitative measures, e.g., media content
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Research Streams scholars of diverse methodological backgrounds
to collaborate.

o a new knowledge area. This has obvious upsides in gener-
ting novel perspectives. We still will not know whether any
eak crested is the highest, but the new challenge is that we visit
ore mountaintops than we can describe. How can researchers

ecide which are the most important questions to investigate?
able 4 provides a review of some implications of ML for future
esearch in retailing.

Machine learning is already making a significant impact
n retailing research and managerial behavior. We expect this
o continue and, although challenges will certainly arise, the
hanges driven by the rise of ML can have significantly posi-
ive elements. It is important to understand that ML brings an
ltered way of thinking to research but that this has potential
o solve many of the problems plaguing research, from model

ining and an inability to connect with managers, to the frac-
uring of the discipline. Machine learning in retailing is here to
tay, the problems are real, but there are very significant benefits
e hope retailing will enjoy. Our belief is that machine learn-

ng can further enhance customer experience and retail research.
ur contribution has been to raise the challenges researchers and
ractitioners might face in the adoption and implementation of
achine learning and so help ML to fulfil its enormous potential.
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