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Abstract: Digital marketing is an integral part of digital transformation in industry.
It is critical to use design of experiments to conduct online experiments for various
forms of digital marketing including web design, email marketing, social network
and others. Online experiments often involve multiple platforms, including desktop
computers from different manufacturers, different types of mobiles and smart
watches of different brands. A sliced factorial design is a suitable choice for designing
online experiments with multiple platforms. We provide a general theory for sliced
factorial designs and propose sliced generalized wordlength patterns to construct
such designs for any number of platforms. The theory uses the characteristics
of parallel flat design-based sliced factorial designs to construct optimal sliced
factorial designs. For practical use, several constructed designs are provided in the
Supplementary Material, enabling practitioners to efficiently design and analyze

online experiments across multiple platforms.
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1. Introduction

With the growth of the internet, online experiments are being conducted
for various forms of digital marketing including website optimization, mobile
apps, social networks, video recommendation and email campaigns (Haizler and
Steinberg, [2021)).

Typical A/B testing refers to experiments whose goal is to identify whether
a proposed change is effective. The term “A/B testing” was invented for online
experiments in which a sample population is randomly divided into two mutually
exclusive sets (runs), A and B, allowing for comparative analysis. Some online
experiments test features one-at-a-time, which is called “one-factor-at-a-time”
(OFAT) in the design of experiments. Since the pioneering work of Fisher, it
has been well known that factorial experiments outperform OFAT; see Section
4.7 of Wu and Hamada/ (2021). This form of testing is called a multivariate
test in online experiments. In a simple example, consider the following three
website factors, each at two levels, corresponding to two different versions: the
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