Journal of Marketing Analytics (2021) 9:199-209
https://doi.org/10.1057/s41270-021-00112-z

ORIGINAL ARTICLE

=

Check for
updates

Incorporating negative and positive word of mouth (WOM)
in compartment-based epidemiology models in a not-for-profit

marketing context

John Andy Wood'

Revised: 8 February 2021 / Accepted: 16 May 2021 / Published online: 26 May 2021

© The Author(s), under exclusive licence to Springer Nature Limited 2021

Abstract

The simultaneous occurrence of negative and positive word of mouth is often likely in a marketing context. Measuring the
influence of these conflicting social pressures is not straightforward in current diffusion models. Adaptations from compart-
ment models of epidemiology can provide methods for estimating both positive and negative word of mouth. This study
examines the impact of positive and negative word of mouth on donating behavior using data from over §9,000 households
that made a gift to a non-profit. The 10-year longitudinal dataset creates the opportunity to calculate negative and positive

word of mouth on donating behavior.
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COVID-19 has brought epidemiology and associated math-
ematical models into the public’s consciousness. The pan-
demic heightened interest among marketers in diffusion
models and their association with word of mouth. Many
marketers likely have a passing familiarity with word of
mouth models and their origins in models of contagious
diseases. It may not be as common to realize that the exten-
siveness of the spread of word of mouth (WOM) commu-
nication flips the traditional epidemiology models of high
transmission rates to a positive outcome in the marketing
literature. These "informal communications directed at other
consumers about the ownership, usage, or characteristics of
particular goods and services and/or their sellers" (West-
brook 1987 p. 261) are desirable when they convey positive
information.

The literature indicates that these messages have signifi-
cant implications on first-time purchase behaviors in the
marketplace and subsequently impact financial performance
(Liu 2006; Luo 2007). While research on WOM exists in
many other contexts, one stream in marketing has seen an
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extensive focus on the influence of WOM. That research
stream, along with its associated mathematical models,
emphasizes the initial transaction of a new offering (Arndt
1967; de Matos and Rossi 2008), also known as the diffusion
of innovation. These models of diffusion base their frame-
works on mathematical models from epidemiology. Even
the terminology for a successful digital WOM campaign,
i.e., "going viral," reminds us of the link between WOM in
diffusion models and the foundation of those same models
in infectious disease models.

The current interest in modeling WOM is not strictly
motivated by COVID-20. Recently, interest from market-
ing practitioners and researchers rose as the extensiveness
of digital WOM became evident. The amplitude and mag-
nitude of WOM through the use of e-platforms (Solis and
Webber 2012), in particular, examines this effect. Addition-
ally, research in the digital area suggests consumers view
e-WOM as more credible and is seen as trustworthy (Liu
2006). These online findings build upon older literature that
found the informal communications, which often occur in
social networks (Brown and Reingen 1987), strongly influ-
ence sentiment. In marketing, it seems generally accepted
that WOM has a powerful influence on consumer activities.

Additionally, at a conceptual level, the marketing lit-
erature clarifies that both positive and negative word of
mouth are significant influences on market activities (Arndt
1967; Chevalier and Mayzlin 2006; Herr et al. 1991; Liu
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2006; Richins 1983). Researchers note that the interac-
tions’ valence can be both negative and positive (Liu 2006).
Despite the frameworks suggesting both negative and posi-
tive word of mouth is relevant, a certain level of reliance by
marketing diffusion models on the older generation of epi-
demiology mathematical models limits the literature. This
reliance contributes to a gap in our understanding of the
WOM phenomenon in marketing.

The focus on the positive influence of WOM likely devel-
ops from early mathematical models focusing on product
diffusion and production adoption. The Bass Model of the
diffusion of innovation sees WOM as a component of the
social influence on ’imitators’ to adopt a new product (Bass
1969). Imitators are those individuals adopting the product
or service after early adopters. The discussion around these
models typically does not include possible negative impacts
from social pressure. However, recently, researchers sug-
gest that solely relying on the Bass Model is insufficient in
social networks. A solution introduced before and in this
study is the introduce compartment-based epidemiology
models. One such model is known as the S I R (susceptible-
infectious-recovered) model. Previous studies suggest that
researchers consider this model and the Bass diffusion model
(Fibich 2016; Hethcote 2000) when accounting for social
influence.

These base S I R models introduce population compart-
ments to explain disease transmission (Feng et al., 2011).
Recently, the COVID-19 pandemic, as well as other events
such as the SARs epidemic of 2002-2003 (Brauer and
Castillo-Chavez 2013), has seen the expanded interest
and revisions of this S / R model. These recent approaches
in compartmental models allow for sub-categories in the
populations such as susceptible, infectious, immunized,
and recovered portions or compartments of the population.
(Brauer and Castillo-Chavez 2013).

Looking at diffusion in the marketing context through
the lens of S / R models can be a step forward as these mod-
els can be adapted to allow for the simultaneous considera-
tion of positive and negative word of mouth. In marketing,
it seems that it has been difficult to measure both WOM
types on a large scale. A small-scale empirical study that
simultaneously incorporates positive and negative WOM
in social networks exists (Stich et al., 2014). Despite this
exception, researchers note that failing to estimate the model
coefficients adequately or omitting negative WOM limits
the generalizability of findings around positive and negative
WOM in marketing (Mahajan et al. 1990, 1984; Tanny and
Derzko 1988). The data in this paper represent over 89,000
individuals households and includes over one million dis-
crete transactions. This paper develops empirical support
for using compartment models to estimate and test negative
word of mouth (NWOM). Using this large-scale sample with
its empirical outcomes helps marketers consider the nature
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of the communication when positive, negative, or mixed
WOM exists (de Matos and Rossi 2008).

We believe that simultaneously modeling positive and
negative word of mouth in compartmental models such as §
I R addresses a critical literature gap. This paper discusses
the S I R model’s assumptions and logic and provides an
adaption applied to marketing. Longitudinal donation data
from a non-profit organization provide empirical support
that positive and negative WOM may occur within the same
marketing context. This research paper examines both posi-
tive and negative WOM’s implications in an adoption model
in the marketing context.

We summarize these objectives as follows:

(a) Introduce, explicate, and adapt the S I R model to mar-
keting.

(b) Suggest a plausible framework explaining how changes
in donor patterns indicate negative word of mouth in a
non-profit context.

(c) Using a large-scale database of initial donating activity,
examine empirical evidence of NWOM activity imped-
ing donation activity.

Background
Word of mouth in diffusion

The concept that ideas and products spread or diffuse over
time has a long history. Early models saw diffusion as
approximately a normal curve (Pemberton 1936), which
subsequently saw adoption in the marketing literature (Rog-
ers 1962). Beyond proposing the shape of the diffusion tra-
jectory, these models suggested that forces within society
lead to the adoption of innovations. The original paper on
modeling from Bass (1969) did not explicitly mention word
of mouth; it did refer to the social pressures on the imitators
influencing their adoption behavior. Throughout this stream
of literature, some underlying assumptions about the com-
position and actions of subsets of the population during this
diffusion process. These subsets seem analogous to the com-
partments of epidemiology compartment models.

Word of mouth is one social influence identified early in
the literature as part of the new product adoption process
(Arndt 1967). Since then, most diffusion models have word
of mouth (WOM) as influencing not necessarily the first
innovators but rather later adopters, the imitators, into trying
the new product. In these models, the underlying inference is
that the direction of the WOM influence is positive.

Negative word of mouth (NWOM) or communicating
with others about displeasure with a product or provider
is not new to the marketing literature. NWOM is often
framed as one of several possible responses when the
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buyer is not satisfied with a marketing interaction (Rich-
ins 1983). These potential responses to dissatisfaction
include choosing to no longer transact with the seller,
engaging in complaining behavior, initiating NWOM,
or accessing third parties such as lawyers or advocacy
organizations (Charlett et al. 1995). A model with a lim-
ited sample size sought to add negative word of mouth as
an influence (Mahajan, Muller, et al. 1984). Research-
ers suggest the reasons that individuals choose NWOM
include but are not limited to the following:

(1) the desire to help others avoid a negative purchase
experience (altruism);

(2) using the act of telling others about the negative expe-
rience as a coping mechanism for felt stress (anxiety
relief);

(3) a need to share the experience with others to seek
advice on alternatives courses of action (advice-seek-
ing);

(4) a desire to limit the offending company’s revenue
stream (vengeance) (Edison and Geissler 2011; Sunda-
ram et al. 1998; Wetzer et al. 2007b).

Additionally, word of mouth, whether positive or nega-
tive, has been seen as reinforcing social identity (Arndt
1967). Some research has linked NWOM to association
goals through bonding and entertainment (Wetzer et al.
2007b). In the context of this research’s data, the behav-
ior of giving to charitable organizations likely leads to a
glow from giving or guilt from an impulsive act (Taute
and McQuitty 2004).

While dissatisfaction and remorse have an extensive
literature base, capturing customers’ or clients’ expres-
sions of this remorse can be challenging (Richins 1983).
Research indicates that customers are much more likely
to turn to Negative Word of Mouth rather than complain
to the marketer (Chelminski and Coulter Robin 2011).
Strictly relying on verbal expressions, discontent seems
likely to limit the modeling of negative word of mouth.

From these various conceptualizations about the
origins of negative word of mouth, it appears that the
common trigger is a natural or perceived sense of not
receiving the anticipated value from the purchase. This
post-purchase dissatisfaction leading to negative word of
mouth appears related to the literature on buyers’ remorse
perceptions. We suggest that contexts that have a clear
delineation about value exchanged coupled with solid per-
ceptions of social identity are good candidates to investi-
gate the consequences of negative word of mouth.

Negative word of mouth and donations

One such context is donations to non-profit organizations.
Charities and other non-profit organizations have been part
of the marketing domain since Kotler and Levy’s (1969)
classic article, "Broadening the Concept of Marketing."
These organizations have also recognized the importance
of marketing to their fund-raising efforts and have adopted
the marketing concept. For many of these charities and non-
profit organizations, their target audience is the individual
donor, and that a successful value proposition must be pre-
sent so the target audience can believe and financially sup-
port the cause. It is critical for the organization’s marketing
strategy to understand what the donor values and why they
give to encourage long-term commitment (Guy and Patton
1989). Several studies have investigated these motivations
to donate.

In non-profit marketing, WOM has a significant role in
reinforcing social identity through behaviors such as dona-
tions (Arnett et al. 2003). Through informal conversations
about the gift, communication confirms the speaker’s mem-
bership in their targeted social identity group. Research
indicates the perceived benefits of donating go beyond the
economic rewards such as tax breaks and extend to include
feelings of emotional satisfaction, enhanced self-esteem, rec-
ognition with the salient social network, and a felt increase
in spiritual values (Arnett et al. 2003; Hibbert and Horne
1996). The general conclusion is that people donate in antic-
ipation that the act of giving will make them feel better about
themselves.

It is not surprising then that a perceived lack of reinforce-
ment of the desired state leads to post-purchase NWOM.
Indeed, ample evidence suggests instances of dissatisfac-
tion after the donation has led to donors engaging in nega-
tive WOM (Wetzer et al., 2007a). The feelings of regret or
remorse post donation are not uncommon and seem to stem
from the idea of giving too much to the charity (Bennett
2009b). It is likely that just as positive WOM will reinforce
other marketing communications and increase the spread of
donations within the social network or identity group, the
negative WOM will hinder and impede donations.

The BASS model and negative word of mouth

The original Bass Model and the subsequent literature in
that diffusion stream focused on social pressure that induced
members in the population to adopt an introduced product
or behavior. Initiators either made an initial purchase or
adopted a behavior without impetus from social pressure.
Social pressure could be in the sheer number of previous
adopters or pressure from social influence such as word of
mouth.
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Working within these assumptions, as adapted for donat-
ing behavior, the Bass Model expresses the product’s cumu-
lative diffusion or behavior.

(a) Over (time) m initial people are donating for the first
time. Donating behavior is infrequently occurring
though it can be recurring.

(b) The likelihood of any initial donating behavior at T is
represented by the function:

[F((D)] /1 = F(D)] = P(T) = p + q/mY(T) = p + g F(T).

Furthermore, as has been explicated in several articles
(Bass 1969; Mahajan et al. 1990), the initial model then
develops for discrete-time periods into for =1, 2, 3... Into:

1 — e~ to

Ft)= ——
. I+ Lot

The number of donors can be estimated by the above with
the following behavioral assumptions:

(a) Initial donations can be by both "innovators" and "imi-
tators."

(b) Initial donations of "innovators" are not influenced by
the number of people who have already donated. They
are "immune" to social influence. Donations by "imita-
tors" are influenced by the number of previous donors.

(c) The coefficient of innovation is designated p, and q is
the coefficient of imitation.

Attempting to incorporate NWOM into this model is not
possible without changing some assumptions. One sugges-
tion is to look at the effect of negative word of mouth as
vaccination that reduces the potential population. While
"innovators" are not influenced by the number of people
who have already donated, the number of "innovators" and
"imitators" would downwardly compress as the overall popu-
lation potential reduces through an ’immunity’ produced by
negative word of mouth. Another suggestion is to view g’ as
partitioned with a positive and negative value, thus creating
a summated 'g.’

These suggestions for incorporating negative word of
mouth in the Bass model seem to have shortcomings when
used to estimate parameters. The effect of modeling NWOM
as a force, decreasing the size of the potential pool of donors,
would lead to higher estimates of diffusion rate. This out-
come occurs as the actual adoptions will be compared to this
new lower overall potential population. Looking at lower
rates of imitation from suggesting that the NWOM directly
dampens the rate of imitation also has an issue. This assump-
tion implies an additive function between NWOM rates of
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diffusion and positive word-of-mouth (PWOM) diffusion
rates. The additive approach is not appropriate, as an imita-
tor’s choice of not adopting donating cannot be differentially
ascribed only to the influence of negative word of mouth.
For instance, an individual that hears of a positive review of
a new charity from an acquaintance may or may not choose
to donate to that charity. The lack of giving behavior is indis-
tinguishable from the person that hears NWOM and subse-
quently does not gift.

Adapting modern epidemiology models

Building on recent approaches in modeling the spread of
infectious disease may provide insights to WOM models. An
adapted model might illuminate the simultaneous occurrence
of PWOM and NWOM during the diffusion process. The S 1
R (susceptible, infectious, recovered) models of epidemiol-
ogy look at the population as subdivided into compartments.
Studying the rate of changes in the portion of the population
in each compartment over time helps describe and analyze
the spread of an infectious disease (Feng et al. 2011). These
models seem particularly useful to marketing as they allow
for the simultaneous inclusion of positive word of mouth
and negative word of mouth in a population. One important
note is that, as with the original diffusion models, these epi-
demiology models’ marketing application requires a shift in
viewpoint. Positive word of mouth is analogous to transmit-
ting the disease or infection. In a marketing context, such an
event (PWOM) is a positive marketing outcome. Furthering
the analogy, the spread of negative word of mouth (NWOM)
is comparable to immunization, preventing disease spread.
NWOM is an undesirable event in marketing.

The earliest models of the spread of diseases had deter-
ministic outcomes. So too for modern epidemiology models,
which are also deterministic. These recent models are still
based on the Kermack-McKendrick model or the core STR
Model in their simplest form. The distinguishing character-
istic of these types of infectious disease models is computa-
tions of the theoretical number of people from a closed pop-
ulation moving through each compartment over time. The
label of this class of models derives from the labels assigned
to each compartment labels. In this most basic model, there
are susceptible people S(7), the number of people infected
I (t), and the number of people who have recovered R ().
Hence, the S I R designation.

For this research paper, some notation adjustments are
made to these labels in an overt attempt to shift viewpoints to
the marketing context. As noted above, the desirability of the
compartments shifts in a marketing context. The suggested
shift in labeling helps emphasized this change in perspective.
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When considering the diffusion of a new product or service,
marketing conceptualizes the target segment as the potential
population instead of the susceptible population. The letter S
in the S I R model will change to P for potential as the desig-
nation in this research. The spread of positive word of mouth
while equivalent to the infection rate is a sought outcome in
a marketing context. The goal for marketing is for the target
members to become purchasers. These initial customers are
analogous to a patient zero, the person that first incurred the
disease. These initial customers, through positive word of
mouth, influence other potentials to become customers.

In this paper’s estimation and validation section, the tar-
get population is potential donors to a non-profit. Some of
these potentials may begin donating. They represent the start
of the word-of-mouth process. Their PWOM may lead others
in the potential group to begin donating. In the S I R model,
the second compartment is infected; in the marketing target
population, adoption of the marketing behavior leads to the
letter A for the adopters. The donor in the estimation and vali-
dation model influenced by PWOM are the adopters. Purchas-
ing behavior may discontinue at any point in time. Lapsing
from participation in the marketing outcomes is analogous to
Recovery. In the estimation of this model, donors may lapse
and no longer donate. The designation for lapsed donors is L.

These new labels change the S 7 R model to the P A L model
for the marketing context. The explication of the P A L model
utilizes these labels in the assumptions of the "classic epidemic
model" (Hethcote 2000). Those assumptions as adapted to the
marketing context include:

e The population is fixed over time.

e The only way to leave the potential group is to become a
customer. The only way to leave the customer group is to
stop purchasing and not restart.

e Demographics such as gender, age, social status, and eth-
nicity are assumed for simplicity not to affect the prob-
ability of becoming a customer.

e There is no inherent condition that prevents one from
becoming a customer.

e The members within the same geographic zone intermingle
homogeneously.

This paper will use the following notation:

P (7) is the number of potential donors at time ¢

A (¢) is the number adopting donating behavior at time ¢

L (¢) is the number of lapsed donors at time ¢

Building on this set of assumptions and using N as the pop-
ulation size leads to these differential equations.
dp

3 = “PPWAQ® )

dpP

i —PP()yA(1) 2
dL
< = kAW 3)

where £ is the lapse rate and with k assumed greater or equal
to zero, a the probability of becoming a donor, y the average
number of people a donor comes in word of mouth con-
tact within each period, f is the average number becoming
donors as a result of positive word of mouth in each (with g
greater than or equal to zero), and

PO +AG@) +LE) =N 4)

Generally, these compartment models assume that as time
approaches oo, the potential compartment will approach zero
and that lapsed compartment will approach N. More compli-
cated is how the quantity changes in the adopting donating
behavior compartment. We start by looking at the integral
of equation three as through O to ¢, as in:

t

k / A(p)dp = L(2) ®)

0
A simple transformation of Eq. (4) yields
L(t) =N — P(t) — A(®) ©6)

And combining Egs. (5) and (6) gives,
/A(P)dp =L =N-PQ1-AQ® (7)
0

As previously noted, as ¢ approaches oo, then P (¢) goes
to zero, and A (¢) goes to zero, then the integral in Eq. (5)
goes to a finite number.

That leaves the rate of change in the compartment of
those adopting donating behavior as never zero or negative.
The epidemiological designation of the rate of change is
Ry, also known as the effective reproductive number. This
variable is the average of new infections produced by one
infected individual during their entire period of being infec-
tious. In the Bass Model, this variable is designated a and
is known as the rate of imitation. Regardless of the nomen-
clature, the variable represents the average number of new
people influenced by a single person with the existing con-
dition. In this paper’s P A L model, this variable represents
the average number of people influenced to begin donating
by an existing donor.

This rate can also be calculated for the whole popula-
tion by the BASS model. However, under existing usages
of that model, the negative influences would be subsumed
when calculating the population a and imitation rate. This
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condition of the calculation of the rate of imitation is limit-
ing. The Bass Model provides either the rate of imitation as
positive only or a rate with positive and negative influence
occurring simultaneously. There is no method of partitioning
the rate of negative word of mouth in @, the rate of imitation,
in the BASS model. In the compartment model approach,
the rate of transmission with only positive influence is cal-
culable. Conditions of diffusion when with both positive and
negative influence are present is also calculable. Only nega-
tive word of mouth and its influence is also calculable in the
compartment model approach.

Finally, the compartmental models of epidemiology have
extensions to allow for the inclusion of treatments, vaccina-
tions, or both. Building on the experience of HINI and other
recent pandemics, the articles incorporate the impact of vac-
cination and/or treatment on the transmission of the virus
(Feng et al. 2011; Gani et al. 2005; Lipsitch et al. 2007).
These extensions model the treatment as a reduction in Ry,
A similar reduction is anticipated in a, the rate of imitation,
as negative word of mouth serves as an impediment to the
spread of donating behavior being adopted.

The compartment models, social identity context, and
mechanisms motivating word of mouth behavior suggest a
level of interconnectedness during diffusion. It is undoubt-
edly true that internet access has promoted specific types
of communications that heighten reach, but nothing in the
literature suggests that this precludes in-person communi-
cation exchanges. Additionally, some of the S / R model’s
saliency to marketing develops out of the assumption of spa-
tially proximate interpersonal exchanges.

Many modern epidemiology models incorporate proxim-
ity as inherent in the transmission of infections or disease.
Generally, models see the aggregation of clusters or nodes
with varying levels of population density influencing trans-
mission. This use of spatial proximity has seen applications
in marketing and the density of clusters (Garber et al. 2004).
Many models look at transmission outcomes as discrete and
contained in each cluster, which in turn can aggregate into a
report of spread throughout the whole population. An analo-
gous approach using physical proximity in a market context
adds managerial value to incorporating the S / R model into
marketing.

Hypotheses and outcomes
Data context

The data are from a US non-profit organization that uses
Postal Service mail to gather contributions. The dataset
contains 10 years of donor activity, including the size, fre-
quency, and donation date from over 89,478 households.
The data arrangement is by zip code and includes all fifty
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states and the District of Columbia. Starting in 1963, the
United States Postal Service (USPS) clustered United
States household delivery locations by geography (USPS
2013). Zipcode clusters based on household proximity
are used by realtors and the United States Census Bureau
(USPS 2013). Recording of the patterns of donations is
by household with dates and dollar amounts provided for
all households within the geographic proximity based on
the zip code cluster.

The data record contains the date and the amount of
the initial donation and amounts and dates of subsequent
donations. Entries on donations include 20,039 of the
roughly 42,000 post-office assigned five-digit zip codes
(Center for International Earth Science Information Net-
work 1996). Some calculations of average donation, num-
ber of donations, and other total data set calculations used
the complete data set to estimate these parameters. Addi-
tionally, this study uses a random sample of 158 of these
five-digit zip codes to estimate negative word of mouth
calculations. The demographics of the random sample of
households and population were compared to the entire
data set, and no significant differences were found. House-
holds are clustered within these zip codes. Analysis used
geographic proximity by zip code. Geographic proximity
positively indicates interpersonal word of mouth commu-
nications, as found previously in the marketing literature
(Garber et al. 2004).

Hypotheses and results

The examination of the initial donations indicates a bimodal
distribution. The most common donation pattern involves a
small initial donation with subsequent donations at either
that same level as the initial donation or slightly increasing
over time. The other pattern of donations shows a sizeable
initial gift. Pattern analysis reveals that large initial gifts are
often one-time events without subsequent donations.

From the literature on buyer remorse and donating behav-
ior, some individuals give more and then regret the dona-
tion amount (Bennett 2006, 2009a). There is no option for
a purchase return, or the individual is reluctant to ask for a
refund. Inspection shows that there are many sizeable initial
donations in the population. Pattern analysis also reveals that
any subsequent donations by that household do not follow
these large donations.

We suggest that the difference in the size and type of
donation indicates two types of adopters. The literature
on donating behavior suggests motivation over the type of
word of mouth may develop from each donor’s assessment
of their feelings after the initial donation. The larger the ini-
tial donation, research suggests, the higher the likelihood of
dissatisfaction and then subsequent negative word of mouth.
This pattern analysis and significant difference test provide
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evidence of a bimodal distribution of donors, spreading posi-
tive word of mouth and spreading negative word of mouth.

H1 Large initial donations that are not followed by any sub-
sequent donations will have an average donation amount sig-
nificantly larger than the population average donation.

The average household donation from those giving only
one time (excluding the last period) is $38.25, with a stand-
ard deviation of $6.85. The overall population mean, includ-
ing large first-time donations, have an average initial dona-
tion amount of $8.49 with a standard deviation of $6.45.
Testing the difference in these two means indicates a statisti-
cally significant difference.

Beyond the actual initial donation behavior, we suggest
an additional indicator of NWOM and PWOM. Over time,
residents within close geographic proximity (same zip code)
communicate with their neighbors about their charitable
donations. The positive or negative nature of these com-
munications will influence the spread of donations within
that geographic area. We believe this pattern of donations
within each zip code represents an additional indicator of the
presence of NWOM or PWOM.

There are two types of word of mouth influencing dona-
tion behaviors. This paper suggests that small initial gifts
lead to positive or possibly neutral feelings. Interpersonal
communications in this group advance or neutrally impact
imitation of the donating behavior. Clusters of households
within this group will show a pattern of an increasing num-
ber of donors. The alternative suggestion is that large ini-
tial donations likely engender some remorse. Post-donating
assessments likely lead to coping mechanisms such as dis-
counting the charity during interpersonal communications.
Clusters of households where a sizeable initial gift occurred
will show a pattern of low or no spread of additional donors.

H2 The number of donors in zip codes with low initial
donating will be significantly larger than the number of
donors with a large initial donation.

The test of this hypothesis also indicates a difference
between large initial donors and other donors. In zip codes
with large initial donors, the average number of all donors
over the 10 years is 11.8 per zip code, while the average
number of donors in the other zip codes is 23.6. The test
statistic for the difference is significant, t="7.5, p <0.05.
This result suggests that the number of subsequent dona-
tions from all households in a zip code that had a large initial
donation in its zip code is smaller than the subsequent dona-
tions in other zip codes.

The evidence from the two tests’ outcomes indicates both
negative and positive word of mouth as present in the donat-
ing patterns in this data. If both types of word of mouth

are occurring in the overall population, the actual measure
of influence, «, the rate of imitation, would be affected by
these different patterns of word of mouth communications.
The rate of imitation of the population is likely downwardly
compressed by the NWOM.

Categorization of the sample uses the criteria established
above around the pattern of large initial donations (those
with more than two standard deviations above the population
mean as likely expressing NWOM). This coding approach
dichotomizes the sample as zip codes likely to experience
NWOM or PWOM. This approach will help further establish
that both types of word of mouth are occurring as the pres-
ence of negative word of mouth and its subsequent suppres-
sion of imitation is not calculable by the BASS model. The
zip codes with PWOM should not have the damping effect
of NWOM. Subsequently, the rate of imitation in these zip
codes should be higher than the population rate of imitation,
which is a combination of PWOM and NWOM.

H3 The a, the rate of imitation, for the population will be
statistically significantly lower than a, the rate of imitation
for sample zip codes with positive word of mouth.

The hypothesis is fully supported. The «, the rate of imi-
tation for the population, is 0.08716, as calculated using the
Bass Forecasting model (De Bruyn 2020). Using the same
forecasting approach «, the rate of imitation for the zip codes
coded as PWOM is 0.2847 with the s.d. of 0.155. The test
statistic is — 6.41 with p <0.05. The zip codes categorized
as likely having only PWOM have a significantly higher rate
of imitation.

Using the epidemiology model PA L

These outcomes from above indicate the likely dual occur-
rence of NWOM and PWOM after the initial donation. The
compartmental approach from recent epidemiology models
builds on these outcomes—the family of compartmental
models with versions incorporating treatments such as vac-
cinations or inoculations. These versions include equations
allowing for calculating the number of treatments necessary
to reduce R, or the effective reproductive number. The equa-
tions incorporating treatments use R, which is known as the
control reproduction number (Feng et al. 2011).

A comparison between R and R helps policymakers
determine the levels of control needed to prevent the dis-
ease’s spread. Controls can be vaccinations, treatments, or
a combination of both. In the marketing context, the issue
is determining the level of inhibitors to the spread of diffu-
sion. In this paper, the negative word of mouth is seen as a
powerful restriction on diffusion in a population of donors
after the initiation of the fund-raising campaign.
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Looking at the diffusion process in this marketing context
in the compartment models of epidemiology helps develop
the equations to determine negative word of mouth. Using
an equation for calculating diffusion from the epidemiology
literature (Feng et al. 2011) and changing the notation to
match the P A L model of this paper is a start. The modifica-
tion and relabeling help provide an equation for estimating
the imitation rate when some form of an inhibitor (NWOM
in the marketing context or vaccination in a disease context)
is simultaneously present during diffusion in the population.
The equation, as presented below, can, under certain condi-
tions, provide estimates of NWOM.

ac = po(1—np)(1 = fy) /va + o Bl —nDXfo /7y

where a is the designation for the rate of imitation when
an inhibitor to diffusion is present, f, is the conversion rate
to donating behavior from word of mouth, y, lapse rate for
donors not in contact with NWOM held constant as 1, y,,
lapse rate for donors in contact with NWOM, held constant
as 1, f, portion of donors treated, held as zero as NWOM is
vaccination, not a treatment, p proportion of the potentials
inoculated against donating by NWOM, 5 efficacy of the
WOM, o Reduction in transmission due to NWOM, p,, pro-
portion of potentials inoculated by NWOM against donating
behavior=# p.

When an inhibitor or control, such as NWOM, is not
present, then f, and p, are not occurring. This condition is
equivalent to the untreated spread of disease. It should be
evident that o= 3, when the lapse rate is also not influenced
by NWOM. From this conclusion, as in epidemiology, this
equation creates a deterministic model. These models deter-
mine the efficacy of inoculations and/or the number needing
vaccination to impede the spread of infectious disease. This
paper presents a form of this equation to determine the level
of NWOM present in the data.

Assuming that there is no form of ’treatment’ as an inter-
vention to change donating behavior to a lapse in donating,
then f, becomes zero. The equation then becomes:

ac = Po(1 =np) + o fo(1 —np) (8)

Earlier, this paper found evidence that suggests that
NWOM does control the diffusion of donating behavior.
The sample provides an estimate of positive word of mouth,
Bp=0.2847, on influencing donating behavior when a con-
trol such as NWOM is not present. As a further modification
of equation eight, that specific estimate, f,=0.2847, substi-
tutes into the equation for beta. The right side of equation
eight now accounts for the population as it simultaneously
experiences NWOM and PWOM. The estimate of diffusion
for the population with control present is a-=0.08716. From
the designations of equation notations from above where
po=n p, then equation eight above becomes:

¥

08716 = .2847(1 — np) + 6.2847 (1 — np) )

Since we know, a < f3,, the next step is to solve for com-
binations #, p, and o that provides deterministic solutions in
order for the equation hold. As a reminder, p is the propor-
tion of the potentials inoculated against donating by NWOM
and must be greater than or equal to zero, and 5 efficacy
of the WOM is positive. These assumptions mean that ¢
must assume a negative value as Eq. 9 with simplification
becomes:

[.306147/(1-np] —1= 0

This transformation is dividing both sides of the equation
by 0.2847 and (1 —# p).

The results of those solutions to equation nine are pre-
sented in Table 1 and shown in Fig. 1. This range of solu-
tions suggests the exact level of influence for NWOM for
combinations of 7, p.

The combinations of 5, p with outcomes below the curve
represent combinations of efficacy or proportion influenced.
These show the underestimate of the impact of negative
word of mouth. For example, with the estimate of # and p
change downward to 0.4, the negative influence of word of
mouth is lower, and the overall population estimate would
rise to 0.093, which is higher than the population estimate
of aC=0.08716. Reversely, the combinations of #,p with
results above the curve over-estimate the influence of nega-
tive word of mouth. There is an underestimate of the overall
population diffusion of the adoption of donating behavior.

Conclusions and implication

This study represents one of the first large-scale studies to
examine negative word of mouth and estimate the influence
of behavior. The analysis is on over 219,000 measures of
donating behavior across the United States and represents
data from over 89,000 households. The paper legacy in the
marketing literature from epidemiology. The use of the com-
partmental approach to investigating diffusion and word of
mouth helps clarify researching the simultaneous occurrence
of positive and negative word of mouth. Understanding the
scope of negative word of mouth on early donating behavior
provides insights into mitigating actions that might enhance
campaign yields.

The context of donating behavior in diffusion models may
seem to limit the generalizability of the study. However, the
size of the dataset does somewhat offset this concern. Not
only was the data from a large number of households with a
significant number of behavioral measures, but it also had a
breadth of coverage with all of the United States population
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Fig.1 o or solved NWOM for
combinations of # and p

-0.58

-0.64

-0.7

@059 @09 @08

Table 1 Pairs of  and p for

. ! n p o or solved NWOM
solutions for ¢ using Eq. 9

0.99 0.01 -0.690793
09 01 -0.6635898
08 02 -0.63554
07 03 -0.612451
06 04 -0.59719
05 05 -0.5918

04 0.6 —0.59719
03 0.7 -0.612451
02 08 —0.63554
0.1 09 -0.6635898
0.01 0.99 -0.690793

represented. The data are also longitudinal, covering donat-
ing behavior over 10 years.

The BASS diffusion model is limiting when attempting
to estimate negative and positive word of mouth simultane-
ously. The influence of these two social pressures are not
additive. The use of compartment models for epidemiol-
ogy overcomes this limitation. The adaptation of S / R to
the marketing literature builds on the history of incorpo-
rating scientific models into marketing. The equations, and

Solutions for NWOM

0.4 0.6 0.8 1 12

0.7 @06 @05 04 03 02 0.1 @0.01

the models they represent, create a method of estimating
NWOM in the marketing context.

Using that equation to estimate NWOM in this con-
text demonstrates the significant influence of NWOM on
donating behavior in this population’s data. The range
from — 0.60 to — 0.69 indicates just how powerful nega-
tive word of mouth can be. This strength is reflected in the
lower diffusion rate in the overall population compared to
diffusion in the sample with just positive word of mouth.
It is not possible to estimate the actual losses in donat-
ing, but considering the overall amount of $1,830,000
with an average of 20.52 per household over the 10 years,
even a 10% increase could yield a substantial increase in
donations.

Managers may also wish to look at understanding the
reach of the broadcaster of the NWOM. The managers
should realize that the more receivers of the message, the
more likely the impact of that message: that increase in
influence raises the necessity of intervention. Monitoring
the efficacy of the NWOM message is also very relevant.
Results show that even in low-reach conditions, an impactful
message will have a high level of negative influence.

Managers should monitor the donating behavior, espe-
cially first-time donors. Approaching directly and personally,
those initial donors giving amounts significantly beyond the
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average donation for an initial gift is a possible intervention.
Establishing satisfaction and gaining an assurance that there
is no remorse or regret of the amount of the donation can
reduce the motivation behind NWOM. This additional effort
can help mitigate the instigation of NWOM and its expand-
ing impact on potential donors’ population.

Beyond the realm of donating behavior, the use of com-
partment models may provide insights into diffusion. Many
projections of diffusion rely on history and the diffusion
patterns of similar products or services. However, once a
product launch has become, the pattern of adoption may
vary from projections.

Using the deterministic model based on the compartment
model introduced could provide managers with insights.
Looking at the patterns of adoption, and inserting possible
influences of negative word of mouth, could produce a match
in the adoption pattern. Should such a condition exist, the
manager could feel confident in launching some primary
research to discover if negative comments are occurring in
the relevant social network.

Limitations and future research

The most immediate limitation is the reliance on infer-
ence about NWOM. The literature is clear that capturing
expressions of negative word of mouth is a challenge. Future
research could use an experimental design to confirm this
paper’s inference. Some evidence from the one paper that
experimentally manipulated negative and positive word of
mouth does tangentially support the assumption (Mahajan
et al. 1984).

The dataset is geographically extensive, but in a unique
setting in marketing. Future research needs to expand this
type of analysis in other purchasing settings. The evidence
for NWOM is indirect. A prospective study should establish
a direct connection to negative word of mouth and purchase
regret. Then, as in this data, the longitudinal occurrence and
impact of this negative word of mouth must be traced.

The paper did calculate outcomes for 7 and p separately
across a broad range of options. Future research should
attempt to determine more likely the levels of efficacy of
the NWOM in various specific contexts. The actual number
in the circle of the person spreading NWOM is another area
of future research. The density of the population likely influ-
ences the reach of the broadcaster of NWOM.

Future research can also examine if the same issues occur
in online environments. It may even be possible that trac-
ing and monitoring NWOM and PWOM is facilitated by
online data collection. There may be the ability to monitor
the valence of word of mouth and then contact the instigator
to establish the chosen messaging motivations.
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