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A B S T R A C T

Although skepticism is involved in technical change and scientific revolutions, surprisingly, the literature lacks a 
systematic analysis of the different forms, causes, and roles of skepticism in the diffusion of innovation.

This paper defines, identifies and models different types and causes of skepticism and their role in technology 
adoption. The paper identifies and studies: skepticism involving the characteristics of the technology and the 
producer; skepticism that induces to disbelieve market signal; and comparative skepticism i.e., skepticism pro
duced by an unbalance relationship between the perceived complexity of the problem and the solution.

Among the theoretical findings of the paper and regarding skepticism on market signals, we found that the 
non-differentiability and oscillation of diffusion rates occur if individuals use the information on diffusion rates 
as proxy of the probability of technology working and modify this probability according to their skepticism.

1. Introduction

Expensive social campaigns and high R&D investments in new 
technology for process or product innovation that are designed to 
improve social well-being or increase the competitiveness of firms often 
produce late results or fail. Market barriers, e.g., economic, organiza
tional, cultural, technological, political, and infrastructural issues, are 
recognized as the most significant causes of these failures.

These barriers define the conditions in which the potential adopter 
will trust the characteristics of the proposed solutions, but these con
ditions are not in line with the adopter’s conditions, wishes, or 
objectives.

There are also conditions under which the characteristics and 
promises of the offered technological solutions are not trusted. This 
paper addresses these types of attitudes, which we refer to as skepticism.

Although skepticism is one of the most common attitudes toward 
innovation and can trigger or brake technical change and scientific 
revolutions, a systematic analysis of its different forms, causes and roles 
in innovation adoption and diffusion is lacking.

In Sections 2.1, we discuss the existing definitions and meanings of 
skepticism, its different origins, how it can be measured. and the general 
findings on the role of skepticism in product and innovation adoption. 
Section 2.1.2 explicilty reports the definition of technology skepticism 
we have adopted in our research.

Section 2.2 proposes a classification of skepticism based on three 
criteria:

a) the type of objects that are not trusted;
b) the degree of selectivity; and.
c) the degree to which skepticism is planned by the potential adopter.

In terms of the types of objects that are not trusted, the paper focuses 
on:

1) specific or generic characteristics of the product, the producer, the 
brand as solutions to a given problem (analyzed in Section 3);

2) market signals (discussed in Section 4);
3) skepticism emerging from the comparison between the perceived 

complexity of the problem and the perceived complexity of the 
offered solution (presented in Section 5).

Concerning dimensions b) and c), we focus on a low technological 
specificity – a low degree of planned skepticism.

Since all types of skepticism may be triggered by communication and 
advertising, we discuss how skepticism emerges in advertising and offer 
suggestions to prevent or reduce skepticism through communication 
strategies (Section 6).

2. Technology skepticism

2.1. Technoskepticism versus technology skepticism

Aside from the definitions of skepticism in the philosophical 
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literature (Greco, 2008) and those involving scientific paradigm shifts (i. 
e., institutional norms, according to which “no claims to truth are held 
sacred” (Koertge, 2008; Merton, 1973), the literature on innovation 
diffusion provides no explicit definition of technology skepticism. It is 
often viewed as a negative reaction to technological stress (i.e., an 
adaptive response caused by an inability to adapt to new technologies in 
a healthy manner) (Brod, 1984; Salanova, 2003; Salanova et al., 2013), 
or as generated by potential threat of technology, e.g., the fear of job loss 
akin to Luddites (Mellor et al., 2015). This type of reactions are usually 
named technoskepticism.

In our approach, we follow the etymology of skepticism focusing on 
the semantic dimension of distrust, disbelief, etc., as adopted in the field 
of consumer behavior. This perspective emphasizes attitudes toward a) 
overly enthusiastic communication about the benefits and effectiveness 
of technology; b) some specific charactertistic of the technology that 
may generate doubts on technology effectiveness, rather than solely 
focusing on the potential threats posed by the technology. We define 
these attitudes as technology skepticism.

2.1.1. A definition of technology skepticism
The term skepticism originates from sképsis—research, or doubt—

with the same root as the Greek verb sképtesthai, which means to 
distinguish, to examine. Doubt and skepticism can thus be seen as 
oscillation between two opposite poles (e.g., old versus new ideas, 
known versus unknown solutions) and the lack of correspondence be
tween them. The opposite of skepticism is trust. Trust originates from 
the proto-Indo-European root deru, which means being solid, a generator 
of comfort, protection, and consolation (etimonline.com/word/trust). 
Disbelief is the lack of the old English geleafa belief, faith, and the old 
german ga-laubon: to hold dear, esteem, and trust. According to these 
etymologies, disbelief can be seen as an attitude toward somebody or 
something that is not effective in protecting and solacing. (etimonline. 
com/word/disbelief).

Morel and Pruyn (2003) developed the concept of consumer skep
ticism toward new products (CSTNP) as the tendency to question all 
aspects of a new product. (Hernandez et al., 2019; Morel and Pruyn, 
2003). These authors discuss whether skepticism is a personal trait or a 
context-induced state. Both these hypotheses are plausible. Specific 
conditions can induce heterogeneous but temporal reactions, triggering 
different skeptical behaviors.

Morel et al. (2003) also explain the difference between skepticism, 
doubt, disbelief, and distrust. Doubt originates from insufficient infor
mation. Disbelief and distrust do not imply information scarcity but 
rather attitudes toward the credibility of information.

A more consolidated literature related to advertising (Obermiller 
et al., 2005; Obermiller and Spangenberg, 2000; Raziq et al., 2018) 
considers skepticism as synonymous with disbelief. However, disbelief is 
more definite than skepticism. Distrust is synonymous with cynicism 
and not with skepticism. However, these definitions are too generic and 
are not able to characterize the different types of skepticism. Sometimes, 
without any further investigation of the causes of the low diffusion rates 
of a technology, skepticism is the label associated with the later adopters 
(Lemos, 2008).

In this paper we adopt the following general definition of skepticism. 
In contrast with technoskepticism that collects reactions to technology 
adoption induced by economic and cultural market barriers, technology 
skepticism regards the lack of trust on or disbelieve toward information 
concerning, directly or indirectly, the effectiveness of a proposed tech
nology and/or on some of its components.

Following the given definition, while technology skepticism leads to 
a transformation of the received information on technology perfor
mance, technoskepticism induces a rejection without transforming the 
information about it.

2.1.2. Dimensions of technology skepticism
Inspired by consumer skepticism, technology skepticism can be 

analyzed considering different types of reaction to information about a 
technology.

A cognitive response refers to the rational evaluation of information 
and claims provided by companies. Consumers may be skeptical if they 
find inconsistencies, lack of evidence, etc.

An affective responses identifies the emotional response of con
sumers toward marketing messages or brands. Skepticism may arise if 
consumers feel manipulated or misled by emotional appeals.

Behavioral reactions describes all the actions taken by consumers in 
response to their skepticism, such as seeking more information about the 
technology, engaging in extensive research before making a purchase, or 
avoiding certain brands altogether.

A situational response is a form af skepticism that varies depending 
on the context or situation. For example, consumers may be more 
skeptical of new or unfamiliar products compared to well-established 
brands.

Finally, a socially-inspired response describes social influences that 
can shape consumer skepticism, hearing negative experiences or reviews 
from friends or family members.

All the listed reactions describe above can be rearranged into three 
dimensions:

- the object toward which technology skepticism is directed;
- the degree of specificity of the skepticism;
- the degree of planning.

Form of control, which can vary from low or very high, that inhibits 
the instinctual acceptance of theories, products, and technologies.

There is, however, skepticism at first sight that is not planned i.e., it 
is not the effect of the top-down control, and appearing as a reaction 
induced by conditions of fear or high risk.

The theory of controlled inhibition (Anderson and Weaver, 2009), 
which increases with age, explains how skepticism evolves and changes.

In childhood, individuals have not learnt how to control over over
reactions. There is no skepticism in children’s eyes (see, for instance, 
Piaget’s experiment explained in Houdé and Borst, 2014). Age activates 
superior cognitive functions, and top-down control inhibits instinctual 
behaviors. However, it has been observed that elderly people with 
specific diseases like Alzheimer often show disinhibited cognitive 
functions (Migliaccio et al., 2020). By contrast, high skepticism toward 
novelty that is instinctual and not planned increases with age (Behforuzi 
et al., 2019).

Additionally, intergenerational conflicts often involve skepticism 
toward novelty and old solutions. This means that skepticism toward 
novelty or toward old technologies (focused on specific characteristics of 
technology or facing the technology holistically) are higher than the 
degree of trust in friendly and family relationships.

2.2. How techno skepticism is measured

Jahanmir and Lages (2016) introduced and measured skepticism to 
assess the case of late adopters of mobile phones. To characterize late 
adopters and involve academics and users, the cited authors adopt a 
confirmatory factorial analysis of 50 items from users’ characteristics 
(Lemos, 2008; Rogers et al., 2014) and other dimensions from the 
innovation literature. Based on the factorial analysis, these authors 
developed a nine items questionnaire. Three questions were related to 
skepticism: SK1 I approach innovations with a skeptical and cautious air. 
SK2 I often fear high-tech a little bit. SK3 I can be stubborn in resistance 
to buying new product.

Morel et al. (2003) developed a questionnaire to assess consumer 
skepticism with 20 items. The questionnaires asks if consumer doubts 
product performance, ease of use, durability, scarcity, value for money, 
and novelty.

Obermiller et al. (2005) proposed an advertising skeptical scale 
(SKEP) consisting of 9 items on a 10-point scale.
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An indirect way to assess skepticism is, of course, measuring trust or 
disbelieve. Yamagishi and Yamagishi (1994) developed a general trust 
scale of 6 items. However, this questionnaire is too generic and it is not 
focused on technology, product or advertising (as done by Soh et al., 
2009).

2.2.1. General findings
Several studies discuss the role of skepticism on the acceptance of 

green (green skepticism) and sustainable products (Goh and Balaji, 
2016; Kahraman and Kazançoğlu, 2019; Luo et al., 2020; Testa et al., 
2021); the detection of barriers to the adoption of innovative technol
ogies and innovative services in the Internet of Things era (Chouki et al., 
2019; Mani and Chouk, 2018); brand (Hawass, 2013; Hernandez et al., 
2019) and label trust (Aji, 2017; Cho and Taylor, 2020); and food con
sumption (Činjarević et al., 2018).

All these analyses highlight how the negative effect of skepticism 
rapidly spreads in the market. Late and skeptical adopters appear to be 
socially active (Moore-Shay and Lutz, 1988). Induced by skepticism and 
its correlation with age and gender, word of mouth rapidly reduces 
innovation diffusion (Obermiller and Spangenberg, 2000). Negative 
expectations about the efficacy of new solutions spread among similar 
groups or different generations (Buss and Schaninger, 1987; Childers 
and Rao, 1992; Moore-Shay and Lutz, 1988). The effect is to block the 
diffusion of innovation and related information.

However, the literature lacks a general framework for modeling and 
forecasting the effect of technology skepticism on technology diffusion.

2.3. The three dimensions of technology skepticism

The first classification is based on the type of objects that are not trusted 
in. As mentioned in the introduction, we consider skepticism regarding 
the characteristics of the technology, skepticism related to the market 
signals (e.g., diffusion rates as a proxy of the effectiveness of the tech
nology), and comparative skepticism involving the characteristics of the 
original problem and the technology proposed as the solution. (See 
Table 1)

The second classification details the degree of selectivity. For instance, 
a high degree describes a “cognitive -rational” skepticism regarding 
specific subsystems or individual sub-technologies embedded in the 
proposed solution. A low degree characterizes some of the characteris
tics of the artifacts, such as age and price.

The third classification involves the degree to which skepticism is 
planned by the potential adopter. Skepticism can be planned or un
planned depending on potential users’ education (Cottrell et al., 2022), 
and if planned, it does not necessarily correlate with the personal skills 
and competencies used in a profession. Planned skepticism may be 
oriented toward maintaining the status quo and the fear of losing 
reputation and consensus. However, unconscious or unplanned skepti
cism can also be observed among professionals. Cognitive biases are 
observed, for instance, in medical decision-making, such as anchoring 
(Furnham and Boo, 2011) and priming (Mussweiler and Strack, 1999; 
Strack and Mussweiler, 1997; Tversky and Kahneman, 1974). Confir
mation bias (Cai et al., 2020; Nickerson, 1998) usually originates from a 
lack of critical judgment. However, a lack of criticism of rooted beliefs 
leads to skepticism about future solutions and innovation. Confirmation 
bias induces criticism about new situations and novelty. Observations 
usually do not confirm new theories which need to be supported by more 
empirical evidence. A skeptical person will emphasize cases of failure 
instead of collecting evidence about innovation success.

2.4. Types of skepticism considered here

This paper analyzes skepticism with low degrees of selectivity and 
planning. In fact, we do not focus on a specific case or technology. This 
approach is also in contrast to Moore (2003), who assumes a high degree 
of planned skepticism, as if a skeptical person would deliberately 

propose more reasons that justify their rejection than those considered 
by an enthusiastic adopter. Our choice corresponds to the skepticism of a 
nonexpert technology adopter or a potential final user who is not 
interested in specific technical problems but rather in whether the 
technology works for their purposes (see Fig. 1). We plan to analyze 
other types of skepticism in the future. (See Fig. 1.)

3. Skepticism toward the characteristics of technology (and the 
producers)

Among the characteristics of a technology that do not require a high 
degree of skill, we consider the age, price and, in general, the probability 
that the technology will work, i.e., all the characteristics of the tech
nology that can already be perceived without carrying out any technical 
or specific tests.

3.1. Age of the technology

One key characteristic of technology involving skepticism is its age. 
This type of skepticism is affected or triggered by the following:

1) disbelief vs attraction to rare or unexpected events;
2) the paradigm of efficiency vs the strength of old solutions.

Table. 1 
Structure of the paper.

Arguments Sections and 
subsections of the 
paper

Introduction Section 1
Preliminaries Definitions of skepticism Subsection 2.1, 

subsub sections 2.1.1
Definition of technology 
skepticism adopted int the 
paper

2.1.2

Origins of skepticism 2.1.3
Measuring skepticism 2.1.4
Empirical findings 2.1.5
Classifications and types of 
skepticism covered in the paper Subsections 2.2- 2.3

Skepticism toward 
characteristics of the 
technology

Subsection 3.1, 
subsubsections 3.1.1, 
3.1.2

Price and quality Subsection 3.2
Skepticism on brand and 
producer reputation Subsection 3.3

General skepticism on the 
probability that the technology 
works

Subsections 3.4 – 3.5

Skepticism toward 
market signals

Section 4 and 
Appendices B, C

Comparative skepticism Section 5

Skepticism arising from 
communication ad 
advertising

Skepticism depending on 
marketing intensity and 
technology specific 
communication i.e., skepticism 
arising from B2B rather than 
B2C strategies

Section 6, subsection 
6.1 and Appendix A

Skepticism due to the 
imbalance in communication 
between capturing bottom-up 
attention (which generates 
surprise) and informing 
potential adopters (which 
reduces surprise)

Subection 6.2

Comparative skepticism Subsection 6.3
Discussions and 

conclusions
Section 7
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3.1.1. Disbelief vs. attraction to rare or unexpected events
Rare and unexpected results trigger bottom-up attention in people. 

Trust or skepticism results from different types of attention given to 
novel and rare events. Since skepticism derives from an overcontrol of 
the characteristics and performance of a technology that initially appear 
viable, skepticism emerges by controlling and modifying the first posi
tive reaction expressed in bottom-up attention.

Unexpected facts or novelty not necessary come from updated or new 
technologies.

In fact, if people are attracted to novelty only because an unexpected 
result triggers bottom-up attention, they may differ in the type of nov
elty they prefer. Today, old but effective technologies (e.g., the astro
labe, or an automaton of ‘600) are less commonly observed than the 
sextant, the GPS, or an advanced robotic solution. Therefore, an old 
technology may also be a novel for very young generations.

Some people are therefore attracted by the novelty of the future, with 
less interest and more skepticism toward old technologies (as is typical 
of young people). On the other hand other people are attracted by the 
“novelty” of the past and are not interested in and distrust future solu
tions (as observed in elderly people). Finally, some potential adopters 
are attracted by novelty, irrespectively of the age of the technology.

3.1.2. The paradigm of efficiency vs the strength of past technologies
It is generally believed that innovation improves the capability of 

human beings to overcome unsolved problems or to better solve old 
ones. Therefore, if we believe in technological progress, we should argue 
that a technology T’ improves human needs better than a technology T if 
T’ appears after T’. In other words, there are operations that T’ can do 
that T cannot. We call this assumption “the strength of new technolo
gies” or “the paradigm of efficiency”. This assumption is the basis of 
skepticism toward old technologies.

However, because of the necessity of complementary and updated 
technologies to work, the new solutions are effective only in restricted 
scenarios. When external conditions compromise the use of 

complementary technologies and or specific source of energies, updated 
technologies does not work. In that conditions we assists to the 
“revenge” of old technologies that often works independently to the 
evolution of technological paradigms. This is the “strength” of old 
technologies.

For instance, let us consider three technologies: an oil lamp, a candle, 
and an electrical lamp.

An oil lamp (T) would have also worked in the era of the candle and 
electrical lamps. This was also the case for a candle in the early era of oil 
lamps and electric lamps. However, the electrical lamp could not have 
been produced or work in the eras of early oil lamps and candle 
production.1

The paradigm of efficiency triggers skepticism of old technologies, 
the strength of old technologies supports skepticism of the new ones.

3.2. Price and quality

Price is one of the most important factors that induces skepticism. 
Here, skepticism works in the opposite direction to economic barriers: 
too low prices reduce adoption. Ashraf et al. (2010) show how, in a 
lower-income country, higher prices of a solution for disinfecting water 
stimulate product use. Hardesty et al. (2002) demonstrate that a high 
price positively influences highly skeptical advertising consumers. Yin 
et al. (2020) show that consumers are more skeptical of hotels that adopt 
low-price green practices, than of hotels adopting high-price images. 
Skepticism may emerge whenever the price is not proportional to the 
complexity and quality of the solution and the importance/complexity 
of the problem.

As a technology becomes more common, reduced purchasing prices 
may also induce skepticism in late adopters if they believe in the supe
riority of a costly but updated new version of the original product. This is 
not always the case. For instance, the paradigmatic case of Windows XP 
and Windows Vista. Relatively low-quality packaging can induce skep
ticism regarding the ability of the solution to work. Therefore, investing 

Fig. 1. Types of skepticism (SK) and those analyzed in the present paper (red circles). (For interpretation of the references to color in this figure legend, the reader is 
referred to the web version of this article.)

1 From the suggested perspective a current technology T’ can be effective in a 
past scenario S of technology T, only if T’ is an incremental innovation with 
respect to the past technology T. Otherwise, T’ is a radical innovation, if 
compared with T.There are, of course, some exceptions that strongly depend on 
the availability of complementary technologies. It is the case of past technol
ogies that do not work in current scenarios such as old TVs that need a specific 
tuner to capture the digital signal. However, it is also the case of digital TVs that 
do not work in an analogical signal scenario.
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in industrial design is essential not only to improve ergonomic and easy- 
to-use technologies but also to reduce skepticism. Concerning price 
promotion, de Pechpeyrou and Odou (2012) observe how skepticism 
produces discounted savings and the reduced purchase intention of 
promotional offers.

We suspect that the observed incongruity between the price and 
quality of technology design triggers skepticism - however this needs 
empirical validation.

3.3. Skepticism about a technology depending on the producer and brand 
reputation

The reputation of producers and brands plays a fundamental role in 
triggering or reducing skepticism toward technology.

Vanhamme and Grobben (2009) assessed how consumers perceive 
the effort of corporate communication aimed at restoring reputation. 
They conclude that corporate social responsibility (CSR) claims induce 
skepticism, i.e. these claims are “too good to be true”, in the case of 
companies with a short CSR history.

Reputation is a challenge for young, smart and innovative companies 
such as university spin-offs that develop new technologies. The mech
anism through which a company, by transferring its reputation to its 
technology, brand, or technologies, prevents skepticism is not clear, and 
there is not a unique solution. The complexity of the problem is 
increased by the nonlinearity between the effort to increase credibility 
and the reaction of potential adopters. It seems that if companies make 
too much effort to improve their reputation, then the level of consumer 
skepticism increases. For instance, marketing intensity is negatively 
related to reputation for technological innovation (Hoflinger et al., 
2018). However, technology-specific communication may increase 
market barriers (see Section 6).

3.4. Skepticism and the probability that the technology will work

All the conditions under which potential users distrust the charac
teristics of a solution, we can consider the following implicit question: 
considering the characteristics, or considering the technology holisti
cally, will it work? This question depends on the expected surprise of the 
technology’s outcome.

A general way to model skepticism as a function of technology 
characteristics is to focus on the degree of surprise embedded in the 
transferred information, i.e., considering the technology as a random 
variable X of its outcomes and the expected surprise that the technology 
will work as the entropy associated with X.

3.4.1. Technology representation
To model technology, we can use its description offered through 

advertising or described in the user’s manual, or detailed in a registered 
patent, or alternatively, we can consider its ability to solve problems or 
both. Therefore, we can represent a technology X using the frequency of 
linkages among words that describe it or using probabilities associated 
with the technology’s outcomes. We follow the second case. For 
simplicity, we consider a simple technology that produces a single 
outcome k, solving a specific problem with probability p, i.e., k is the 
given outcome if X solves the problem. The expected value of X is 
EV(X) = pk.

3.4.2. How a skeptic transforms the declared probability that the 
technology will work

Let p be the declared probability that technology X will solve the 
problem or, rather, it is the probability of observing an expected 
outcome. In line with definition of skepticism proposed in 2.1.2, a 
skeptical subject will modify p, obtaining Sk(p, s) as a function of her 
degree of skepticism s: 

Sk(p, s) = p(1 − s) (1) 

and the expected value of X for a skeptic (s > 0) is EV(X, s) = kp(1 − s).
The fact that skeptical people will start from p to evaluate X can be 

considered the effect of anchoring. s can be exogenous to the informa
tion received or dependent on it. Instead of a direct and subjective 
evaluation of the technology, the idea of an original transformation of p 
is explained by considering that people process the information coming 
from direct communication such as advertising, or through their social 
network.

In this latter case, let us consider a particular value of s. When s = p, 
the skeptical evaluation of X decreases with p. If p is 1, i.e., certainty, the 
skeptical evaluation is Sk(1) = 0. When the probability of observing the 
outcome is relatively low, skeptical people accept p. The difference be
tween the probability that X will solve the problem and subjective 
judgment is small. When s = p, the effect of an increase in probability p 
on Sk is 1-2p. That is, it is negative for p > 1/2. This radical skepticism 
(when p = 1, Sk = 0) can be too strong, and we can generalize Sk as: 

Sk(p, α, σ,m) = p(α − σpm) (2) 

For α = 1, σ = s, and m = 0, expression (2) is reduced to (1), and 
skepticism does not depend on the original probability, i.e., probability 
is scaled by a factor (1 − σ).

For σ ∕= 0, m ∕= 0, the subjective transformation of the original 
probability is not linear. Therefore, σ and m control the non-linear 
component of skepticism in modifying probability p.

Fixing α = 1, the expected subjective value of technology X is 
EV(X, 1, σ,m) = kp(α − σpm), and for α > 0, it is sufficient 
p >

̅̅̅̅̅̅̅̅̅̅̅̅
α

σ(1+m)
m
√

to observe a decrease in Sk induced by a p increase.

Therefore, given the degree of skepticism expressed by parameters p,
α,σ,m, the subjective expected value of the technology can be expressed 
as: 

EV(p, α, σ,m, k) = k p(α − σpm) (3) 

3.4.3. Negative probabilities
When σpm > α, the subjectively transformed probability 

p(α − σpm) is negative.
The analysis can be reduced by considering only probabilities in the 

traditional 0–1 range. However, negative probabilities can be consid
ered, as in the case of quantum dynamics (Dirac, 1942; Feynman, 1991). 
We follow the subjective interpretation of probability according to De 
Finetti (Cifarelli and Regazzini, 1996).

From this perspective, the probability of an event x is the price a 
person will consider fair to pay a ticket of a lottery that gives $1 if x 
occurs; otherwise, $0. Therefore, a negative probability means that the 
subject asks for money for participating in the lottery, e.g., to compen
sate for time lost waiting for x. A greater than one probability can be 
associated with an agent that assigns a greater than $1 value to the time 
necessary to observe x. This interpretation solves interesting paradoxes 
such as the penny auction (Shubik, 1971).

3.4.4. Skepticism and expected surprise
We can reformulate the analysis conducted in the above section in 

terms of entropy – expected surprise.
In effect, Shannon’s quantitative measure of information H(X) also 

relies on entropy of a random variable that can be interpreted as ex
pected surprise. The expected surprise associated with a technology X is 
given by H(X) := –

∑
x∈Xp(x)log p(x). Tsallis (2022) introduced a gener

alized formula for entropy – expected surpise: Sq ≡ k 1–
∑W

i=1
pq

i
q− 1 . For 

∑W
i=1pi = 1, 

Sq ≡
k

q − 1
∑W

i=1
pi
(
1 − pq− 1

i
)

(4) 

The maximum entropy corresponds to the highest level of ignorance 
of the outcome of a random variable, i.e., the maximum expected 
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surprise. For instance, the entropy associated with tossing a fair coin is 
–(0.5log(0.5) + 0.5log(0.5)), which is greater than that in any other case 
of unfair coins. Consumers tend to trust products that do not imply too 
much uncertainty about future outcomes. However, in a complex and 
uncertain world, consumers are skeptical of offers that are too opti
mistic, i.e., a condition of very low entropy.

Note that, putting m = q-1, α = σ = 1 in (3) we obtain expression (4), 
i.e., how skeptics transform information regarding technology outcomes 
is a function of the expected surprise and influences the subjective ex
pected value of the technology. See Fig. 2.

Consumers therefore usually consider prices and the other charac
teristics of the product as a function of the product’s capacity to reduce 
the expected surprise when it appears under a personal threshold and 
over the level of too low entropy. Over a declared probability p* that the 
technology works (p* is an internal cut-off) or a characteristic of the 
product that induces a specific level of entropy, the subject transforms 
p’ > p* as a function Sk of the subject’s skepticism, obtaining p” < p*. At 
p”, however, it is associated the expected surprise H(p”). If H(p”) > H* 
(H* is an internal threshold), the technology is not adopted. Fig. 3
represents the process.

4. Skepticism toward market signals

The above sections have analyzed the effect and causes of skepticism 
as the means through which potential adopters weigh up the probability 
that the technology will work in relation to some of the product’s 
characteristics. In this section we consider how skepticism involves the 
transformation of received market signals about the technology. The 
market signal we consider is the diffusion rate of the technology as a 
proxy of its effectiveness. We study the effects of skepticism (trans
forming market signals) on the diffusion rates of a given technology.

Therefore, while in the previous section, p was the declared proba
bility that the technology will work, in the following sections p is the rate 
of technology adoption.

4.1. Models of innovation diffusion

The simplest way of modeling innovation diffusion derives from 
studies on contagion diffusion.

(Rubinow, 1975).
Let us consider virus contagion in a population of N individuals. 

There is no recovery time. Once infected, agents do not change their 
health condition or social habits. In the unit time, new infections are 

proportional to the number of interactions between infected I(t) and not 
infected N(t) = N-I(t), given the probabilities of contagion c and inter
action l. 

dr(t)
dt

= ar(t)r(t) = cI(t)N(t) = aI(t)(N − I(t) ) (5) 

with a = cl.
Integrated with the separation of variables, the ordinary nonlinear 

differential equation in (1) shows the logistic behavior for the rate of 
contagion i(t) = I(t)/N over time.

Now, we replace contagion with technology adoption, and we obtain 
the simplest model to mimic innovation diffusion. The model expressed 
in (5) is the continuous analogue of the discrete process of a binary 
decision (to adopt or not).

N does not change during the process, i.e., the sum of adopters and 
potential adopters is constant (Sharif and Ramanathan, 1981).

To forecast the sales of products such as televisions, and inaugurating 
a growing literature and different applications (Lawton and Lawton, 
1979; Lekvall and Wahlbin, 1973; Mahajan and Muller, 1979; Webber 
et al., 1972; Peres et al., 2010; Ratcliff and Doshi, 2012; Sidorov et al., 
2021) Bass (1969) divided potential adopters N-r(t) into two subgroups: 
innovators and followers. In the group of innovators, new adoption 
depended only on interactions between other innovators (i.e., external 
influence is zero). New adoptions from the group of followers depended 
on interactions with both innovators (Coleman et al., 1966; Hamblin 
et al., 1973) and followers (Mahajan and Peterson, 1978; Sharif and 
Ramanathan, 1981; Griliches, 1957; Mansfield, 1961), which are related 
to the Gompertz function, as observed by Martino (1987). In different 
approaches, there is a time lag between interaction and adoption 
(Murray, 2002). Additionally, the total number of adopters N can 
change over time (Mahajan and Peterson, 1978; Sharif and Ramanathan, 
1981). Jain et al. (1991) modified Bass’s model by considering supply 
restrictions. Bayus (1993) and Peterson and Mahajan (1978) investi
gated the generation and management of technology-substituted and 
subsequent product generations. Narasimhan (1989) integrated diffu
sion models with pricing expectations. Other authors added profitability 
as a diffusion driver (Davies et al., 1979). In the early 1980s, other 
scholars complicated the Bass’s original model with stochastic 
behaviors.

Advanced diffusion models have included micro-behaviors such as 
awareness and the decision-making stage (Kumar et al., 2022; Yu and 
Wang, 2006). However, Bass’s model is still the most adopted and 
empirically tested in the case of durable goods diffusion. However, the 
models mimic single-product diffusion, while the decision to adopt is 
usually comparative (comparing alternatives), or sequential (new 
technologies replace old ones). A coevolution following Lotka-Volterra 
(Lotka, 1956; Rubinow, 1975) applied models of technology sub
stitutions. Models with multiple substitutions have been proposed (the 
related literature started with Marchetti and Nakicenovic, 1979).

Arthur et al. (1994) introduced technology diffusion with increasing 
returns. This approach adopts the Polya-urn model and its extensions 
(Dosi et al., 2019). At time t, the probability that a technology (a ball of a 
given color i) will be adopted (i.e., it is drawn and a new one is added to 
the urn) is a (non-linear) function of the distribution of colors in the urn 
at time t-1. Non-linearity produces unbalanced and unpredictable mar
ket dynamics. To the best of our knowledge, there are no models of 
innovation diffusion and skepticism.

4.2. A dynamic model of technology diffusion and skepticism

In the unit time, new adoptions depend on two factors: (1) potential 
adopters N-P(t) that meet adopters P(t). They can be informed of the 
value of technology by interaction; (2) potential adopters that search for 
global information on the probability that the technology will solve a 
given problem. They adopt the rate of diffusion as a proxy of this Fig. 2. Diffusion of innovation and subjective evaluation.
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probability. They also modify information (market signals) according to 
their skepticism and adopt the technology if the subjective evaluation 
exceeds a personal benchmark B. This is the case for adoption without 
interaction.

The first-order nonlinear differential equation that explains p as the 

rate P(t)/N of adoption in the interval time is: 

dp(t)
dt

= γ(1 − p)(ap+(1 − a)Φ(p, dt) ) (6) 

Fig. 3. Decision-making process for skeptical subjects.

Fig. 4. Impact of skepticism on innovation diffusion.
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where Φ(p, dt){1 p(α − σpm) > B, 0 otherwisewhere Φ(p,dt){1 p 
(α-σpm) > B; otherwise 0, and m,B are the minimum values of mi and the 
minimum level of Bi for i ∈ a(N − P(t) ).

Therefore, considering t0 = 0 and by the separation of variables, we 
obtain the rate of technology diffusion p(t) when Φ(p, dt) = 1 as: 

p(t) = 1 −
1

(
N

1− N − a
)

eγt + a
(7) 

And, of course, 

p(t) =
1

1 + (N − 1)e− γat (7 ’ ) 

when Φ(p, dt) = 0.
See Appendix B for the detailed steps from Eqs. (6) to (7).

4.3. Innovation diffusion and skepticism: how to observe the logistic curve

4.3.1. Initial observations
A first qualitative analysis of the effect of skepticism induced by the 

model expressed in Eq. (7) is the presence of non-differentiable points in 
the diffusion rate curve. It is, of course, related to the benchmark B < 1 
that triggers adoption without interaction.

The second effect of skepticism depends on the magnitude of 
parameter a, i.e., the percentage of potential adopters that make de
cisions influenced by their interaction with adopters. Skepticism induces 
a long gestation and duration of the first phase of technology uptake (as 
also done by parameter γ). See Fig. 4.

4.3.2. Skepticism, non-linearity and oscillation of diffusion rates
Comparing the two cases of σ = 0 and σ = 1 with m varying from 0.5 

to 5, in expression (6), we can observe the linear and non-linear effects 
of skepticism on diffusion rates.

When a skeptic interiorizes the received market signals p(t) (i.e., the 
diffusion rate) and according to the benchmark B he decides to adopt, he 
modifies the diffusion rate p(t + 1). A new skeptic and potential adopter 
will interiorize p(t + 1), but the transformed value could be lower than B 
so that she does not adopt the technology. Therefore, skepticism can 
produce oscillations (i.e., delays) in diffusion rates. As observed, when 
p >

̅̅̅̅̅̅̅̅̅̅̅̅
α

σ(1+m)
m
√

, p(α − σpm) decreases as p increases. Therefore, for a suf

ficiently low benchmark B, the subjective transformation of the proba
bility could be lower than B. This, of course, reduces the diffusion rates, 
restoring conditions for adoption. Therefore, oscillations emerge when: 

B <
dSk(p)

dt
=

dSk(p)
dp

dp
dt

= (α − σ(1 + m)pm )γ(1 − p)(ap + (1 − p) ) (8) 

There is no oscillation when B is greater than the above formula and, 
in general, for p = p0 = 1/N in Eq. (8).

Fixing a threshold B, oscillation is induced by the non-linear effect of 
skepticism (m = 1). Oscillation also emerges in diffusion models with 
delay. They are of type dp

dt = ax( − x(t − t*)) and involve sine and cosine 
functions as solutions. In these models, oscillation depends on the fix
ation of t* instead of the probability that the technology effectiveness 
will meet a given threshold.

The observed effects suggest how to detect skepticism from data on 
technology diffusion. See Fig. 4.

4.4. Model limitations

The most important limitation of the model proposed in Section 4 is 
the overly strong assumption that a potential adopter can observe global 
market signals. According to a more realistic hypothesis, potential 
adopters obtain only local information. Agent-based models can over
come this limitation. However, skeptics prefer personal research on 

global signals rather than local information obtained through in
teractions with adopters. They do not trust such information, and 
skeptics subjectively transform market information quite independently 
of such interactions. Another limitation of this approach is that market 
properties are considered “on average” as the mean or the sum of indi
vidual behaviors. However, market properties may reflect individual 
behaviors only for those decision-makers that evaluate technology 
without interaction. However, this might not be the case for subjects 
influenced by their networks. The complexity of the interaction induced 
a rejection of the equilibrium hypothesis. Therefore, global properties 
cannot be ex ante deduced by observing micro behaviors (Kirman, 
2010).

4.5. Model extensions

This section discusses how diffusion models can integrate users’ 
characteristics and skepticism.

Let us consider the relationship between skepticism and age. This 
correlation is paradigmatic of the approach to follow when integrating 
the model with the personal characteristics of the potential adopters. To 
model the relationship between skepticism and age, it is sufficient to 
operate on the form of Sk (expression 2) and/or expression (6), e.g., m 
(t) = E-t, where E is the life expectancy.

Therefore, in the last case, expression (6) is a starting point for 
modeling variables that affect skepticism over time and their indirect 
impact on technology diffusion expressed in (6). Skepticism can also 
modify the internal benchmark, which can increase over time according 
to age. The empirical analysis suggests which sources of skepticism the 
models should include.

5. Comparative skepticism

Returning to the question in Section 3.4 about whether the tech
nology will work, this is more targetted at engineers. An end user is 
likely to answer another question. Will the technology solve my prob
lem? If we extend the analysis from the technology characteristics as a 
solution to the problems that the technology is trying to solve, another 
type of skepticism arises. Trieste et al. (2022) describe the skepticism 
that emerges when one compares the perceived complexity of the 
problem and the complexity of the proposed solution.

Irrespectively of their effectiveness, new theories, approaches, 
technologies, etc., may be perceived as being too simple or too complex 
compared with the perceived complexity of the problem. This is the case 
for Columbus’s egg and the engineer’s effect, respectively (Trieste et al., 
2022).

Technology complexity is defined according to four dimensions: 
knowledge quantity, quality, heterogeneity and scarcity embedded in 
the artifact.

Jahanmir and Lages (2016) found a positive correlation between 
skepticism and the need for product simplicity. In elderly people, 
smartphones diffuse slowly not only because of the expected learning 
curve, but also because elderly people and younger people have 
different perceptions of the problems that smartphones can solve. If 
Jahanmir et al. (2016) had analyzed or asked respondents to describe 
the problems a smartphone could solve, they would have understood the 
importance of comparative skepticism. For elderly people, smartphones 
are more complex than the degree of complexity they assign to the 
original problem solved by traditional mobile phones (Yap et al., 2022). 
Younger people have different problems e.g., connectivity and memory 
capacity for navigating the internet. Therefore, insisting on smartphone 
performance and functions triggers more skepticism since the gap be
tween the complexity of the problem and the solution increases for 
elderly people.

Miscommunication can increase adoption barriers rather than 
convince potential adopters, compromising the diffusion of viable so
lutions. This type of communication trap is described by Watzlawick 
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et al. (2011).

5.1. Comparative skepticism and technology adoption

The perceived difference between the complexity associated to a 
problem and the proposed solution is a source of skepticism. Parameter 
m of the expression (2) can embed this difference. 

Sk = p
(

α − σp
1

d(P,S)

)

where d(P,C) is the distance between the complexity associated to 
problem P and solution S. As this difference goes to zero (problem and 
solution complexity are balanced), the non-linear component of skep
ticism disappears.

Empirical analysis is necessary to evaluate, through questionnaires. 
The complexity associated to problem and solution and forecast the 
defree of skepticism associated with p.

6. Skepticism and communication

Adopting the general idea that communication is related with all the 
dimensions of technology characteristics, market signals and compari
son between problem’ and solution’s complexity, the three kinds of 
skepticism are triggered by communication and through communication 
we may prevent or reduce skepticism.

6.1. Skepticism depending on marketing intensity and technology-specific 
communication

Aside from personal perceptions of product characteristics, skepti
cism is related to the reactions to advertisements regarding the tech
nology’s characteristics and strengths.

However, defining the right amount of marketing intensity and 
technology communication is not easy. A very simple model can explain 
this problem.

The probability of technology adoption depends on marketing in
tensity M and technology communication T. However, market intensity 
can generate skepticism Sk(M), and technology communication pro
duces market barriers MB(T). 

p(M,T) = M − Sk(M)+T − MB(T)

We model the skepticism that arises from M and market barriers from 
T as follows: 

Sk(M) = (M − m)
2 

MB(T) = 1 − (T − t)2 

where m and t represent two thresholds. Over them, skepticism in
creases with M (it is the effect of marketing intensity on skepticism) and 
market barriers decrease with T because of learning, respectively.

Therefore, the critical point of p(M, T) (½ + m, t -½) is a saddle point 
(see appendix A).

One solution is a strong differentiation of B2B and B2C strategies in 
which technology communication is the only considered strategy (B2B) 
or is completely avoided and replaced by market intensity in B2C 
strategies.

6.2. Surprise, communication strategies, and skepticism: a suggested 
interpretation

According to the AIDA model (Iwamoto, 2023), the purpose of 
advertising is to stimulate attention (A), provoke interest (I), create 
desire (D) in the consumer for the product, and activate a purchasing 
action (A). New stimuli, or information-inducing surprises, can trigger 
bottom-up attention. Great surprises or storytelling that postpones or 
delays the use of a product as the solution to the represented needs can 
be very engaging (Storr, 2020). However, between engaging attention to 
adopting the technology, some steps require the opposite strategy, i.e., 
reducing the expected surprise of the technology’s characteristics. The 
adopter, however, is not memoryless, so he compares the information 
that was used to attract and engage them with the information that was 
used to convincing them to adopt. A strong imbalance between these 
opposite strategies can lead to skepticism. Increasing the credibility and 
reputation of the sender of the message and/or of the communication 
channels may prevent this imbalance and increase the chances of 
adopting the technology.

6.3. Comparative skepticism and communication strategies

To prevent or neutralize comparative skepticism and boost tech
nology adoption, we need to reduce the gap between the perceived 
complexity of the problem (P) and the perceived complexity of the so
lution (S). The related communication strategy depends on the skills and 
competences of the market target.

Fig. 5 reports a taxonomy of communication strategies depending on 
a) the type of the Columbus egg and the engineer’s effect and b) the type 
of market target.

7. Discussion and conclusions

This paper offers a general framework for taking into account the 
different forms of technology skeptics, and offers some criteria of 
skepticism detection and mitigation (see Section 6 and Fig. 5). Howe
verwe consider skepticism involving nonspecific technological charac
teristics and naive consumers. Future analyses will suggest how the 
personal characteristics of potential adopters, product stimuli and 
market signals generate specific kinds of skepticism, how they affect 
technology adoption and diffusion, and how to tackle them.

The framework and presentation of different kinds of skepticism 
should therefore be of interest to academics, technology developers and 
evaluators, as well as product and marketing managers.
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Appendix A. Critical points for the probability of technology adoption as a function of market intensity, technology communication, 
and their side effects (skepticism, and market barriers)

The critical points of: 

p(M,T) = M − (M − m)
2
+T − 1+(T − t)2 
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are obtained under the conditions that the first partial derivatives of p go to zero. 

pM(M,T) = 0⇒1 − 2(M − m) = 0⇒M = m+1/2 

SkT(M,T) = 0⇒1+ 2(T − t) = 0⇒T = t − 1/2 

The Hessian matrix of the second partial derivatives is indefinite (the determinant is negative).

-2 0
0 2

Therefore, m + ½, t-½ is a saddle point of p.

Appendix B. Derivation of expression (7)

From (6) and by separating the variables, we obtain: 
∫

dp
(1 − p)(ap + 1 − a)

=

∫

γdt 

Now, the indefinite integrals expressed above are: 
∫ dp

(1− p)(ap+1− a) = log
(

p + 1− a
a

)

− log(1 − p) + c1 and 
∫

γdt = γt+ c2.

Fig. 5. Communication strategies for preventing comparative skepticism.
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The definite integrals are given by: 
∫ p

p0

ds
(1 − s)(as + 1 − a)

=

∫ t

t0
γdf (1) 

Considering the indefinite integrals above, we obtain: 
[

log
(

s +
1 − a

a

)

− log(1 − s)
]p

p0

= [γf ]tt0 

We obtain: 

log
(

p+
1 − a

a

)

− log (1 − p) = γt+ c0 

where log
(

p0 +
1− a

a

)

− log (1 − p0)+ γt0 = − c0 .

Taking the exponentials, we obtain: 

p + 1− a
a

1 − p
= c1eγt (2) 

where c1 = ec0 .
We can multiply both sides of (2) by (1-p). Alternatively, we can change the variable u = 1 − p so that p = 1 − u. (B2) becomes: 

1 − u + 1− a
a

u
=

1
au

− 1 = c1eγt (3) 

Therefore: 

1
au

= c1eγt +1 (4) 

So that: 

u =
1

a(c1eγt + 1)
. (5) 

Since p = 1-u, we obtain: 

p = 1 −
1

a(c1eγt + 1)
. (6) 

To obtain c1, we consider the value of p at t = 0: 

p0 = 1 −
1

a(c1 + 1)

so that: 

c1 =
1

a(1 − p0)
− 1 =

1 − a(1 − po)

a(1 − p0)
(7) 

Substituting c1 expressed in (7) in (6), we obtain: 

p(t) = 1 −
1

1− a(1− po)
(1− p0)

eγt + a
. (8) 

Finally, assuming that p0 = 1
N , we obtain: 

c1 =
1 − a(1 − po)

(1 − p0)
=

N− aN+a
N

N− 1
N

=
N − a(N − 1)

N − 1
=

N
N − 1

− a 

and (8) becomes: 

p(t) = 1 −
1

(
N

N− 1 − a
)

eγt + a
. (9) 

Appendix C. Function of R to generate Figs. 2 and 4, based on expressions (6), (7) and (7’)

# modification of market signals (See Fig. 2.)
pp<-function(p,p_1,p_2,m){
p*(p_1-p_2*p^m)}
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# case of m as a function of age; see section.
pp2<-function(p,p_1,p_2,t){
p*(p_1-p_2*p^(80-t)}
# expression for p(t) as reported in (7)
f1<-function(N, a, g,t,t1){
1-1/((N/(1-N) -a)*exp(g*t)+a)}
# expression for p(t) as reported in (7’)
f2<-function(N,a,g,t,t1){
1/(1+(N-1)*exp(-a*g*t))}
# function of p(t) over time:
# differences between simulation parameters and model parameters: g=γ, p1=α, p2=σ
# t1 = t0, where t2 is the right bound of the interval time considered.
PL<-function(N,a,g,m, B, p_1, p_2,t1,t2, h, r){
tt<-seq(t1: t2)
b<-seq(t1: t2)
b[1]<-1/N
for(i in 1:(length(tt)-1)){
if(pp(b[i],m,p_1,p_2)<B){
b[i+1]<-f2(N, a,g, tt[i+1], t1)}
else {
b[i+1]<-f1(N, a,g, tt[i+1], t1)}
}
plot(b~tt, type="l", ylim=c(0,1), xlab="t", ylab="p(t)", xlim=c(t1, t2), lty=h, col=r)}
#Fig. 2
prob<-seq(0,1, by=0.01)
q<-seq(-4,4,by=0.25)
m<-seq(1: length(prob))
for(i in 1: length(q)){
for(j in 1: length(prob)){
m[j]<-pp(prob[j], 1,1,q[i])}
plot(m~prob, type="l", xlim=c(0,1), ylim=c(-2, 1), main="", xlab="p", ylab="EV(p, m)/k")
par(new=TRUE)}
#Fig. 3.
par(mfrow=c(2,2))
#basic model without skepticism
#effect of a on diffusion
a<-seq(0.2,1, by=0.2)
for(i in 1: length(a)){
PL(1000, a[i], 0.2, 0, 1, 1,0,0, 200,i,1)
par(new=TRUE)}
par(new=FALSE)
# effect of m on diffusion with benchmark B=0.5
m<- seq(0.5, 3, by=0.5)
for(i in 1: length(m)){
PL(1000, 0.6, 0.5, m[i], 0.6, 1, 1,0, 50,i,1)
par(new=TRUE)}
par(new=FALSE)
###### Effect of B
B<- seq(0.2, 1, by=0.2)
for(i in 1: length(B)){
PL(1000, 0.6, 0.5, 2, B[i], 1, 1,0, 50,i,1)
par(new=TRUE)}
par(new=FALSE)
#oscillation
PL(100, 0.4, 0.5, 1, 0.2, 1, 0,0, 200,1,1)
par(new=TRUE)
PL(100, 0.4, 0.5, 1, 0.2, 1, 1,0, 200,2,1)
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