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Abstract 
The uncertainty stimulus likes a double-edged sword that affects the user’s 
psychology and behavior. On the one hand, people generally have a tendency 
to avoid uncertainty, so uncertainty stimulus will hinder people’s decision of 
buying behavior; On the other hand, researchers have found that the appro-
priate use of uncertain stimulus can prompt users to make purchase behavior 
decisions. Based on the theoretical research and business practice, this paper 
systematically sorts out the related research of nearly 30 years, and compre-
hensively reviews the research on the influence effect of uncertain stimulus 
from the perspective of user psychology and behavior. More specifically, this 
paper basically answers three questions about the core issues of uncertainty: 
“What is a valid form of uncertain stimulus”, “Why does uncertain stimulus 
effective”, “How does the effect of uncertainty stimulus change”. Finally, by 
constructing the model of the relationship between the uncertain stimulus 
and the user’s psychology and behavior, this paper points out the main cha-
racteristics of the existing research and the future research direction, so as to 
provide reference for the follow-up research on the research of uncertainty. 
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1. Introduction 

Whether it is “The black swan” (Taleb, 2007) or “The gray rhino” (Wucker, 
2016), many behavioral decisions made by users are based on the possibility of 
an uncertain stimulus (Tversky & Kahneman, 1982). The role of uncertainty sti-
muli is two-sided. On one hand, there are uncertainty stimuli that people avoid 
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(Gneezy et al., 2006). For example, uncertainty of economic development due to 
novel coronavirus in 2020, uncertainty of earnings due to stock market risk, etc. 
(Taleb, 2007; Wucker, 2016). On the other hand, there are uncertainty stimuli 
that people pursue (Abuhamdeh et al., 2015). For example, Raffles held by mer-
chants, blind box products, etc. (Goldsmith & Amir, 2010; Xu & Dukes, 2019).  

As early as the 1920s, academics began to conduct systematic research on un-
certainty stimuli (Knight, 2012). Classical theories of behavioral decision making 
such as “Expected utility theory”, “Prospect theory”, and “Uncertainty effect” all 
argue that users are risk averse (Tversky & Kahneman, 1979; Von Neumann & 
Morgenstern, 1944; Gneezy et al., 2006), so that the greater the uncertainty sti-
mulus, the more likely the user is to make behavioral decisions such as avoid-
ance and abandonment, etc. (Wu, 1999; Gao & Gudykunst, 1990; Buhr & Dugas, 
2002). Therefore, in order to increase transaction success rates, merchants often 
provide more information through product packaging, labeling and even virtual 
reality (VR) technology to eliminate uncertainty concerns for users and inves-
tors (Kostis & Ritala, 2020; Sielicka-Różyńska et al., 2020; Lye et al., 2020). 
However, in the 21st century, a growing number of researchers have found that 
uncertainty stimuli exhibit unexpectedly positive effects, especially when applied 
them to commercial activities (Ruan et al., 2018; Shen et al., 2018; Hill et al., 
2016; Sevilla & Meyer, 2020; Guo et al., 2019; Moon & Nelson, 2019). Rather 
than leading to user aversion, the appropriate use of uncertainty stimuli enables 
firms to motivate users’ decision in a more cost-effective manner (Goldsmith & 
Amir, 2010; De Vries & Zhang, 2020; Nuryakin &Munro, 2019), or promote 
without compromising the brand image (Tan et al., 2019). Therefore, the 
two-sided nature of the effect of uncertain stimulus effects is an important issue 
to investigate. 

Existing related studies focus on business decisions and strategies under un-
certainty stimuli (Bonaime et al., 2018), less systematic and comprehensive ex-
amination of the utility of uncertainty stimuli from the perspective of user beha-
vior, and most studies have focused singularly on the effects of uncertainty sti-
muli positively (Hsee & Ruan, 2016; Gaertig, 2019) or negatively (Gneezy et al., 
2006), lacking a comparative study of the two-sided nature of the effects of 
uncertainty stimuli. To fill this gap, this paper mainly synthesizes relevant re-
search in the past 30 years to systematically sort out the two-sided role of uncer-
tainty stimuli from the perspective of user psychology and behavior and to sug-
gest the future research direction of uncertainty stimuli. To summarize, this pa-
per mainly answers the following three questions: what are the effective forms of 
uncertainty stimuli? Why do uncertainty stimuli work? How does uncertainty 
stimulus work? 

2. What Is a Valid Form of Uncertainty Stimulus? 
2.1. Implications of Uncertainty Stimuli 

Uncertainty refers to both the variability and unpredictability of future events 
(Taleb, 2007) and the cognitive state that individuals are in due to the presence 
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of unknown information (Loewenstein, 1994). Uncertainty manifests itself in 
different ways for different user involvement contexts (Goldsmith & Amir, 2010; 
Abuhamdeh et al., 2015; Whitchurch et al., 2011) (see Table 1).  

Table 1 summarizes the effective forms of uncertainty and their theoretical 
supports. Uncertainty stimulus is closely related to the context in which the us-
ers finds themselves, specifically including uncertainty gains or uncertainty 
losses faced by individuals or firms in economic decision making (Von Neu-
mann & Morgenstern, 1944; Tversky & Kahneman, 1979); uncertainty promo-
tions used by businesses (Laran & Tsiros, 2013); competitive uncertain outcomes 
in competitions (Abuhamdeh et al., 2015); uncertain rewards in corporate in-
centives for employees or sweepstakes (Shen et al., 2018), and so on. Although 
the effective forms of uncertainty are diverse, their causes can be essentially sum-
marized in two categories: the probabilistic perspective and the informational 
perspective. 

The probability perspective is the mathematical and statistical view that un-
certainty is linked to the probability of the outcome of an event (Laran & Tsiros, 
2013). In existing research, some scholars do not explicitly give outcome proba-
bilities in their studies, i.e., they create uncertainty through fuzzy probabilities 
(Goldsmith & Amir, 2010; Shen et al., 2018); other group of scholars studied us-
ers’ psychological and behavioral responses at different probability values by 
manipulating specific probabilities to influence subjects’ perceptions of uncer-
tainty stimuli (Shen et al., 2014; Laran & Tsiros, 2013). 

The informational perspective refers to uncertainty due to lack of information 
and limited knowledge (Hsee & Ruan, 2016; Hill et al., 2016; Ruan et al., 2018). 
“Information gap theory” is widely accepted in psychological research (Hsee & 
Ruan, 2016). The information gap is the gap between what a person “already 
knows” and what he or she “wants to know” (Loewenstein, 1994), and this gap 
leads to uncertainty about the final outcome (Ruan et al., 2018). Thus, hiding 
information is a good way to create uncertainty. For example, in commerce, 
many businesses will keep information about new products confidential to at-
tract consumer attention (Hill et al., 2016). 

2.2. The Two Sides of the Uncertainty Stimulus 

Although scholars have defined uncertainty stimuli from different perspectives 
and have produced a number of research results, there is still no conclusive an-
swer as to whether uncertainty stimuli inhibit or facilitate user behavior. 

Under the “homo economicus” perspective, traditional theories focus on eco-
nomic outcomes, arguing that people are risk-averse and tend to avoid uncer-
tainty. Psychologically, uncertainty stimuli tend to bring negative emotions (Gao 
& Gudykunst, 1990; Wu, 1999; Buhr & Dugas, 2002), furthermore, these nega-
tive emotions accompany the various stages of uncertainty (Gordon, 2003). 
Firstly, people feel stressed in the face of uncertainty (Gao & Gudykunst, 1990). 
Secondly, if the uncertainty cannot be resolved quickly, people reveal their worry 
and feel anxious (Wu, 1999). Finally, when people learn that they have made a 
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wrong choice, they will have further feelings of regret and frustration (Mandel & 
Nowlis, 2008). Behaviorally, expected utility theory argues that in the presence of 
risky outcomes, such as gambling, lottery and insurance, the higher an individu-
al’s risk aversion, the lower the expected utility, and the more likely they are to 
reject outcomes with high uncertainty (Rabin, 2000). Prospect theory further 
demonstrating that people prefer certainty over uncertainty gains (Von Neu-
mann & Morgenstern, 1944). Moreover, the expected utility of an uncertain 
outcome may even be lower than the expected utility of the worst outcome 
(Gneezy et al., 2006). 

 
Table 1. Effective forms of uncertainty and their causes. 

Forms Representative studies Causation Theoretical foundation Main ideas 

Uncertainty  
gains 

Von Neumann &  
Morgenstern (1944) 

probability expected utility theory 
Human beings are absolutely rational and seek to 
maximize expected utility 

Gneezy et al. (2006) probability uncertainty effect 
Users evaluate the uncertainty stimulus even lower 
than the worst outcome 

Uncertainty  
losses 

Tversky & Kahneman 
(1979) 

probability certainty effect 
In uncertainty gains, users are risk-averse; in  
uncertainty losses, users are risk-seeking 

Uncertainty  
promotions 

Goldsmith & Amir  
(2010) 

probability optimism 
No significant difference in effect between  
uncertainty and certainty promotions 

Laran & Tsiros (2013) 
Probability;  
Information gap 

positive emotional  
experiences 

When the user is rational, the uncertainty stimulus 
inhibits consumption; when the user is emotional, the 
uncertainty stimulus promotes consumption 

Shen et al. (2014) probability 
positive emotional  
experiences 

When users focus on the process, the positive  
experience generated by the uncertainty incentive 
motivates them to commit more resources 

Hill et al. (2016) Information gap curiosity 
By creating a sense of mystery, merchants can engage 
the user’s curiosity and motivate purchase 

Mazar et al. (2016) probability diminishing sensitivity 
In the case of equal expectations, the uncertainty 
stimulus not only motivates users to buy, but to buy 
more 

Ruan et al. (2018) Information gap curiosity 
The process of creating and resolving uncertainty 
leads to an enjoyable experience for the user and a 
positive brand perception 

Uncertainty  
results 

Abuhamdeh et al. (2015) Information gap suspense 
Users prefer competitive games with uncertain  
outcomes over perceived competitiveness 

Vosgerau et al. (2006) Information gap 
positive emotional  
experiences 

Even if you don’t know the end result beforehand, 
watching a replay is far less exciting than watching it 
live 

Norton et al. (2007) Information gap ambiguity 
Ambiguity in relationships creates more likeable 
emotions 

Whitchurch et al. (2011) Information gap 
positive emotional  
experiences 

Women will find men who are unclear about their 
attitudes more attractive 

Uncertainty  
rewards 

Shen et al. (2018) probability 
positive emotional  
experiences 

Resolving uncertainty as a mental reward will  
motivate repetitive user behavior 

Source: Based on relevant literature. 
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Unlike traditional decision models that focus on economic outcomes, in the 
last decade researchers have focused more on the spiritual enjoyment of uncer-
tainty (Loewenstein, 1994; Shen et al., 2018). Psychologically, uncertainty stimuli 
can lead to positive affective experiences such as suspense, fun, and excitement. 
Vosgerau et al. (2006) and Abuhamdeh et al. (2015) found that people enjoy the 
excitement and suspense brought about by uncertainty in activities such as live 
television and competitive gaming. Laran & Tsiros (2013) found that people in-
terested in uncertainty promotion. Whitchurch et al. (2011) and Norton et al. 
(2007) point out knowing more about people or things conversely makes people 
or things less attracted to others. Behaviorally, Goldsmith & Amir (2010) were 
the first to experimentally demonstrate the positive effects of uncertainty pro-
motions, finding that consumers had equal purchase intentions for uncertainty 
promotions (a pack of chocolate truffles or two chocolate bars) and certainty 
promotions (a pack of chocolate truffles). Mazar et al. (2016) further demon-
strated through mathematical modeling that under equal expectations uncer-
tainty promotions have better utility. Shen et al. (2014, 2018) successively sug-
gest that uncertainty stimuli can enhance people’s resource investment in the 
process and repetitive behavior. Hsee & Ruan (2016) even find that people will 
act to address uncertainty even when negative outcomes are expected. 

3. Why Are Uncertainty Stimuli Effective? 

By outlining the effective forms of uncertainty stimuli, it can be found that re-
search on the effective effects of uncertainty stimuli can be roughly divided into 
two stages: the first stage (1920s-1990s) scholars generally believe that uncer-
tainty stimuli have an inhibitory effect on user behavior. In the second stage 
(1990s-present), scholars are increasingly concerned about the facilitative effect 
of uncertainty stimuli on user behavior. The mechanisms by which uncertainty 
stimuli inhibit or facilitate user psychology and behavior will be further explored 
in this section to explain why uncertainty stimuli are effective. 

3.1. Inhibition Mechanisms of Uncertainty Stimuli on User  
Psychology and Behavior 

The mechanism of the inhibitory effect of uncertainty stimuli on user psycholo-
gy and behavior can be explained by both cognitive and affective mechanisms. 

3.1.1. Cognitive Mechanisms 
Cognition refers specifically to the knowledge, beliefs, and values that guide an 
individual’s behavior a specific situation (Homer & Kahle, 1988). The “rational 
person” is an important assumption of behavioral economics, which holds that 
individuals make decisions taking into account the value of all outcomes and 
their probabilities, and then seek to maximize the expected value (Von Neu-
mann & Morgenstern, 1944). In this cognitive perspective, expected utility 
theory, prospect theory and uncertainty effect all suggest that uncertain stimuli 
will reduce the user’s assessment of uncertainty benefits, thus exhibiting risk 
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aversion in behavior. 
Expected utility theory (Von Neumann & Morgenstern, 1944) lays down the 

basic form of the expected utility function. 

( )
1

n

i i
i

U p u x
=

= ∑  

where, ( )iu x  and ip  respectively represent the expected value of the outcome 
of the event and the probability of its occurrence. The theory holds that the util-
ity function U is concave and has decreasing marginal utility, so the expected 
value of the user will be lower than that of the deterministic event. 

Prospect theory further finds that when the expected utility is equal or even 
higher with uncertainty, most people will still choose the certainty benefits, that 
is the certainty effect (Tversky & Kahneman, 1979). Unlike expected utility 
theory, prospect theory holds that probability p  is also a function ( )II p , and 
proves that ( ) ( )1 1II p II p+ − < . It can be seen from this: 

( ) ( ) ( ) ( ) ( ) ( ) ( )1 2 1 21 1II p u x II p u x p u x p u x∗ + − ∗ < ∗ + − ∗  

Thus, the expected value of the user will be lower in prospect theory than in 
expected utility theory. 

Expected utility theory and prospect theory both argue that the expected utili-
ty of an uncertainty event lies between the best and worst outcome expectations. 
However, in complex decision situations, Gneezy et al. (2006) found that people 
underestimate uncertainty gains, even below the expectations of the worst out-
come, referring to this phenomenon as the uncertainty effect, where the uncer-
tainty stimulus leads to a cognitive bias that unreasonably underestimates un-
certainty gains, thus making users prefer certainty gains over uncertainty gains. 

3.1.2. Affective Mechanisms 
Emotions are subjective feelings and states of an individual that can significantly 
affect cognition and behavior such as memory and how information is processed 
(Kaufmann G, 2003). According to the traditional theory, uncertainty stimuli 
will bring negative emotions such as fear, frustration and worry to the user, 
which in turn will inhibit the user’s behavior (Wu, 1999). Gao & Gudykunst 
(1990); Buhr & Dugas (2002) pointed out that in the influence of uncertainty 
stimuli, the inhibitory effects of “anxiety” and “regret” are particularly signifi-
cant. 

Anxiety is the user’s concern about uncertain outcomes (MacLeod et al., 
1991). Wu (1999) argues that anxiety creates an additional psychological burden 
on users and causes them to overestimate the probability of poorer outcomes 
and therefore needs to be included in the decision model. Regret is a negative 
feeling when one realizes that other choices might have turned out better 
(Loomes & Sugden, 1982), and can be divided into “expected regret” and “expe-
rienced regret”. Expected regret stems from the user’s imagination of the conse-
quences of a potential failure, so that predictive behavior instead impairs the us-
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er’s own experience (Mandel & Nowlis, 2008). Experience regret is the negative 
experience of the outcome of a wrong decision (Raeva et al., 2010). In conclu-
sion, the affective mechanism perspective recognizes that uncertainty inhibits 
user behavior because it brings negative feelings such as anxiety and regret. 

3.2. Facilitation Mechanisms of Uncertainty Stimuli on User  
Psychology and Behavior 

The mechanism of the facilitative effect of uncertainty stimuli on user psycholo-
gy and behavior can also be explained by both cognitive and affective mechan-
isms. 

3.2.1. Cognitive Mechanisms 
“Innate optimism theory” and “Information gap theory” are two key theories 
from the cognitive perspective to explain the facilitative effect of uncertainty 
stimuli on user behavior. 

Innate optimism theory holds that people’s subjective probabilities tend to be 
higher than their actual probability values, which is a cognitive bias due to indi-
vidual cognitive bureaucracy. It mainly includes the following three aspects: 
First, overly positive self-evaluations. It refers to the fact that most people have a 
positive view of themselves (Greenwald, 1980), and that highly distorted evalua-
tions of one’s own character and abilities tend to bias individuals’ judgments of 
uncertainty stimuli (Taylor & Brown, 1988). In fact, it is the same as people want 
to believe that “good things come to those who do good things” (Lerner, 1965). 
Therefore, overly positive self-evaluation will eliminate users’ aversion to risks 
and they can expect to get the optimal results. Second, control illusion. It argues 
that users often believe that random events are controllable when confronted 
with uncertain stimuli (Presson et al., 1996). Research has shown that people’s 
beliefs about personal control sometimes go beyond what is reasonable (Taylor 
& Brown, 1988). Third, unrealistic optimism. It argues that people overestimate 
the probability of an outcome they expect or underestimate the probability of an 
outcome they do not expect (Ailawadia et al., 2014). In the case of uncertainty 
promotions, for example, users are confident that they will get the highest dis-
counts (Dhar et al., 1999), draw the best prizes (Goldsmith & Amir, 2010) or get 
a chance to get a free ticket (Mazar et al., 2016). Thus, uncertainty stimulus can 
act as a motivator through users’ optimistic perceptions. 

Different form optimism theories which are concerned with the outcome of 
uncertainty stimuli, information gap theory places more emphasis on process 
(Hsee & Ruan, 2016; Ruan et al., 2018). The information gap theory reveals that 
when users pay attention to their existing knowledge gap, uncertainty will lead 
to the information gap and the ensuing sense of curiosity (Loewenstein, 1994). 
And curiosity is considered a key motivating factor that drives people’s behavior. 
The information gap theory agrees that curiosity is a negative state that people 
act to eliminate (Jones et al., 1961; Frisch & Baron, 1988). Recently, the role of 
curiosity in business research and practice has also received increasing attention, 
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as Hill et al. (2016) show that “mystery” is a powerful sales tool for retailers and 
can stimulate consumers’ willingness to purchase. Ruan et al. (2018) also dem-
onstrated experimentally that the use of uncertainty stimuli in advertising cam-
paigns can be effective in enhancing brand image and user favorability. 

3.2.2. Affective Mechanisms 
A large body of marketing literature has demonstrated that positive emotions 
can promote user purchase behavior (Strack & Deutsch, 2006; White & McFar-
land, 2009). Also based on the focus on the process of uncertainty stimuli, recent 
research has found that uncertainty brings a host of positive emotional expe-
riences, including surprise, fun and pleasure, and ultimately contribute to user 
behavior. 

Laran & Tsiros (2013) demonstrated that uncertainty promotions in emotion-
al decision making can evoke multiple positive emotions, mainly through fun to 
improve consumers’ willingness to purchase. Shen et al. (2014) proved that un-
certain rewards can bring excitement to users, so users invest more resources, 
including time, money and effort, in the process of pursuing uncertain rewards. 
Shen et al. (2018) also found that when users resolve uncertainty, they will get a 
kind of spiritual reward. Compared with simple material reward, users prefer the 
pleasure of resolving uncertainty and more likely to adopt repetitive behaviors. 

Above all, the mechanism of the effect of uncertainty stimuli on user psy-
chology and behavior is summarized in Table 2. Specifically, the uncertainty 
stimuli affect user behavior primarily through cognitive and affective mechan-
isms. When users focus on economic outcomes, uncertainty tends to stimulate 
negative emotions and behaviors as an inhibition effect; when users overestimate 
the probability of the optimal outcome out of optimism, or out of curiosity and 
the pleasure of the uncertainty process, uncertainty can be facilitated by positive 
emotional experiences. 

4. How Does the Effect of Uncertainty Stimulus Change? 

The question of how does the effect of uncertainty stimulus change answers the 
utility boundaries of the uncertainty stimulus. The mechanism of effect of an 
uncertain stimulus is composed of two core elements. One is the uncertain sti-
mulus itself, which is the subject of the mechanism, and its effect is related to its 
type and characteristics; the other is the user, which is the object of the mechan-
ism, and its effect is related to the user’s behavioral characteristics. Therefore, 
when discussing how the effects of an uncertain stimulus change, the following 
three points are the main focus: the type of uncertain stimulus, the characteris-
tics of the uncertain stimulus, and the characteristics of the user. 

4.1. Types of Uncertainty Stimuli 

Based on the division of potential benefits, the uncertainty stimuli can be divided 
into positive and negative uncertainty (Wilson et al., 2005; Bar-Anan et al., 2009).  
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Table 2. Mechanisms of the effect of uncertainty stimuli on user psychology and beha-
vior. 

Effect Mechanisms Theory Representative studies 

  Expected utility theory Von Neumann & Morgenstern, 1944 

 Cognitive Prospect theory Tversky & Kahneman, 1979 

  Uncertainty effect Gneezy et al., 2006 

Inhibition  Anxiety MacLeod et al., 1991 

 Affective  Wu, 1999 

  Regret Loomes & Sugden, 1982 

   Mandel & Nowlis, 2008 

  Overly positive self-evaluations Greenwald, 1980 

   Lerner, 1965 

  Control illusion Presson et al., 1996 

 Cognitive Unrealistic optimism Ailawadia et al., 2014 

Facilitation   Dhar et al., 1999 

  Information gap theory Loewenstein, 1994 

   Ruan et al., 2018 

  Suspense Abuhamdeh et al., 2015 

 Affective Interesting Shen et al., 2018 

  Excitement Shen et al., 2014 

Source: Based on relevant literature. 
 

Positive uncertainty is uncertainty associated with positive events (e.g., unknown 
gifts, shopping mall raffles, etc.) (Wilson et al., 2005; Lee & Qiu, 2009). Con-
versely, negative uncertainty is associated with negative events (e.g., unexpected 
losses) (Tversky & Kahneman, 1979). Positive events are favorable in general, 
then positive uncertainty can positively stimulate user behavior by making the 
user imagine the prospect and evoking a positive affective experience (Wilson et 
al., 2005; Bar-Anan et al., 2009; Faraji-Rad & Pham, 2017). However, negative 
events are often worrisome, and its uncertainty amplifies the many negative 
emotions that can inhibit user behavior (Calvo & Castillo, 2001). 

4.2. Characteristics of Uncertainty Stimuli 

The characteristics of the uncertainty stimulus focus on the degree of uncertain-
ty and the likelihood that it will be resolved. 

4.2.1. Degree of Uncertainty Stimulus 
“Moderate” uncertainty stimuli are most effective in motivating users (Loe-
wenstein, 1994; Hill et al., 2016; Hsee & Ruan, 2016). How to define “moderate”? 
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From a probabilistic perspective, most of the literature suggests that uncertainty 
stimuli are most effective when the probability of each outcome is equal, that is, 
when uncertainty is highest (Hill et al., 2016; Shen et al., 2014). In competitive 
matches, Abuhamdeh et al. (2015) demonstrate that users prefer to participate in 
an evenly matched match, when the scores are close and the uncertainty of the 
outcome is highest. In terms of the information gap, too high uncertainty (i.e., 
large information gap) will only confuse people, but too low uncertainty (i.e., 
small information gap) will not attract users’ attention (Loewenstein, 1994). 
Therefore, researchers will also seek to find an appropriate point to control for 
the amount of information stimulated by uncertainty (Hill et al., 2016). 

4.2.2. Whether the Uncertainty Stimulus Can Be Resolved 
There are two accounts of the impact of whether uncertainty can be resolved or 
not. Traditional economic decision theory suggests that users tend to resolve 
uncertainty quickly, and are even willing to lose some gain for it (Wu, 1999). 
Thus, uncertainty that can be resolved quickly works better (Shen et al., 2018). 
Modern psychological theories, however, argue that although uncertainty has 
the expectation that it can be resolved, which increases its positive utility (Kruk 
et al., 2004), it does not have to be resolved quickly. Because uncertainty offers 
the potential to create positive experiences (Ruan et al., 2018), and because the 
appeal of uncertainty stimuli is in the process of creation and resolution, an ap-
propriate delay in resolving uncertainty can provide the user with room for im-
agination (Chew & Ho, 1994; Loewenstein, 1994) and can also have a positive 
impact (Chew & Ho, 1994; Hill et al., 2016). 

4.3. User Characteristics  

First of all, the more rational users are concerned more with economic benefits, 
and in most cases uncertainty stimuli are not economically optimal (Gneezy et 
al., 2006; Goldsmith & Amir, 2010), so rational people are avoidant of uncer-
tainty stimuli. In other words, uncertainty stimuli are more effective for emo-
tional users (Goldsmith & Amir, 2010; Laran & Tsiros, 2013; Shen et al., 2014). 
Second, Laran & Tsiros (2013) argue that the key to determining whether the 
impact utility of an uncertainty stimulus is inhibited or facilitated depends on if 
the user’s decision contains emotion or not. They propose a decision framework: 
in emotional decisions, uncertainty is beneficial; in cognitive decisions, uncer-
tainty is harmful. This is because uncertainty in emotional decisions gives people 
a greater sense of surprise (Laran & Tsiros, 2013), whereas uncertainty in cogni-
tive decisions gives people less information (Loewenstein, 1994). Thirdly, whether 
users are outcome-focused or process-focused also affects the impact utility of 
uncertainty stimuli. The more the users focus on the outcome of the uncertainty 
stimulus rather than the process, the less effective the uncertainty stimulus will 
be. Users who focus on the process are more likely to experience the positive ex-
perience that the uncertainty stimulus can provide (Le Menestrel, 2001; Shen et 
al., 2014). 
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5. Conclusion and Future Research Direction 
5.1. Findings of the Research 

Through a systematic literature review and summary, this paper answers three 
fundamental questions about uncertainty stimuli: what, why, and how. The basic 
logic of these three questions is shown in Figure 1. 

To answer the question “what is a valid form of uncertain stimulus”, the main 
forms of uncertainty stimulus have been explored, which includes uncertainty 
losses, uncertainty gains, uncertainty promotions, uncertainty results and un-
certainty rewards. It can be acted as independent variables in the uncertainty 
mechanism (Goldsmith & Amir, 2010; Laran & Tsiros, 2013). To answer the 
question “why does uncertain stimulus effective”, the influence mechanism of 
uncertainty stimuli have been analyzed. Specifically, uncertainty stimulus act as 
a double-edged sword on user behavior through cognitive and affective mechan-
isms (Wu, 1999; Mandel & Nowlis, 2008; Goldsmith & Amir, 2010; Ruan et al., 
2018). To answer the question “how does the effect of uncertainty stimulus 
change”, the utility boundaries of uncertainty stimulus have been discussed. To 
be specific, it includes user characteristics, types and characteristics of uncer-
tainty stimulus, which can be acted as moderators in the research framework. 
(Laran & Tsiros, 2013; Wilson et al., 2005; Hill et al., 2016; Ruan et al., 2018). 

 

 
Figure 1. Integration framework for the psychological and behavioral effects of uncertainty stimuli on users. 
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5.2. Business Practice 

First, uncertainty stimulus exist in a variety of valid forms such as uncertainty 
gains, uncertainty promotions and uncertainty rewards, which are highly rele-
vant to the context in which they are applied (Gneezy et al., 2006; Mazar et al., 
2016; Shen et al., 2018). Therefore, companies should consider the diversity of 
forms when using uncertainty stimulus and use a combination of uncertainty 
incentives depending on the purpose and context. For example, consumers can 
be motivated to buy the products through a variety of uncertainty stimuli such 
as blind boxes (lucky bags), probabilistic free price and probabilistic discounts 
(Nuryakin & Munro, 2019; Mazar et al., 2016; Laran & Tsiros, 2013). For the en-
terprise, employees can also be motivated to work through uncertainty rewards 
(Shen et al., 2018). 

Second, uncertainty stimulus influence user behavior through affective and 
cognitive mechanisms, where affective mechanisms include user’s positive and 
negative emotional feelings towards uncertainty stimulus (Shen et al., 2018; Wu, 
1999; Mandel & Nowlis, 2008). Uncertainty stimuli have a positive impact on 
user behavior only when they provide a positive experience for the user. There-
fore, companies need to consider users’ emotional responses. For example, a 
company can increase the impact of an uncertainty stimulus by designing the 
appearance of the stimulus in a way that makes it more appealing to users and 
increases their positive feelings towards it (Laran & Tsiros, 2013). Additionally, 
Cognitive mechanisms refer to the user’s mastery of information about the un-
certainty stimulus (Loewenstein, 1994; Ruan et al., 2018). Therefore, companies 
need to consider the user’s receptivity to the information generated by the un-
certainty stimulus. In practice, firms can increase user curiosity by concealing 
part of the product information in order to enhance the impact of the stimulus 
uncertainty (Ruan et al., 2018). 

Third, the boundary conditions under which uncertainty stimulates changes 
in utility can also provide insights into business practice. First of all, compared 
with rational users, emotional users are more likely to prefer uncertainty stimu-
lus (Laran & Tsiros, 2013). Therefore, before launching an uncertainty promo-
tion, businesses can carefully study the behavioral characteristics of the target 
users and adopt an appropriate uncertainty promotion strategy based on the us-
er profile. Secondly, while negative uncertainty is unpopular with consumers, 
positive uncertainty is like a “Kinder Joy” that offers unknown surprises to con-
sumers. Therefore, businesses can take advantage of users’ positive reactions to 
positive uncertainty and use it in many business promotions. Positive uncer-
tainty rewards can be used to reward users for their participation (reviews, rec-
ommendations, sharing, etc.), to increase the sense of surprise and interest in the 
rewards, and to further increase repeat participation (Ruan et al., 2018). In addi-
tion to for-profit projects, many public service activities, such as in “reverse lo-
gistics” (Chan et al., 2020), can also attract users to recycle plastic bottles, card-
board boxes and used batteries by using positive uncertainty rewards. Last but 
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not least, Moderate uncertainty has the greatest impact utility (Hill et al., 2016; 
Ruan et al., 2018). Therefore, firms need to consider what constitutes a mod-
erate. For example, when drawing a blind box, when should the consumer know 
what is in the blind box? 

5.3. Future Research Direction  
5.3.1. Affective Mechanisms of Uncertainty Stimuli and Their Scale  

Development 
Affective mechanisms play a crucial mediating role between uncertainty stimuli 
and user decision behavior, and a growing number of scholars are studying us-
ers’ psychological feelings (Strack & Deutsch, 2006; White & McFarland, 2009; 
Abuhamdeh et al., 2015). Accurate measurement of positively experienced emo-
tions is fundamental to the study of mediation effect, but there are still no stan-
dardized scales among them. 

Most of the existing literature roughly mention that users’ positive expe-
riences could be the motivation of uncertainty stimuli (Shen et al., 2014; Shen et 
al., 2018; Ruan et al., 2018), but there is little in-depth discussion on refining the 
affective dimension. On the one hand, using a holistic concept such as “positive 
experience” to measure user emotions fails to capture the complex, dynamic and 
diverse psychological feelings of users in an uncertain environment (Wilson et 
al., 2005; Hsee & Ruan, 2016). On the other hand, even if some studies consider 
specific emotional dimensions, they only measure single dimensions such as 
“fun,” “suspense,” and “excitement,” which is a biased generalization (Laran & 
Tsiros, 2013; Abuhamdeh et al., 2015; Hill et al., 2016). In addition, psychologi-
cal feelings are quite subjective and dynamic, and current research lacks uniform 
standards. In summary, future research needs to further develop scales with ge-
neralizability and validity based on clarifying and refining the dimensions of us-
er’s positive experience, not only to distinguish the importance of a single di-
mension but also to understand the interactions between the dimensions. 

5.3.2. Focus on Incentives and Penalties for Uncertainty 
From a behavioral perspective, uncertainty stimuli, like traditional incentive theo-
ries, emphasize rapid and efficient feedback, and like reinforcement theories that 
include positive and negative reinforcement (Baker et al., 2004), uncertainty sti-
muli can likewise be divided into uncertainty rewards and uncertainty punish-
ments. As mentioned earlier, the incentive effect of uncertainty rewards that in-
clude a positive outlook is significant (Wilson et al., 2005; Bar-Anan et al., 2009; 
Lee & Qiu, 2009), but little literature has discussed the role of uncertainty penalties. 

In prospect theory, Tversky & Kahneman (1979) found that people tend to 
choose uncertainty losses between certainty and uncertainty losses because the 
pain of the loss is often greater than the pleasure of receiving the same amount. 
As a result, uncertainty penalties will be more popular with users (Tversky & 
Kahneman, 1992) because optimists will believe that they will draw smaller pe-
nalties, and therefore the incentive effect will be less pronounced. In different 
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industries, especially in small and medium-sized enterprises (SMEs), where pe-
nalties such as fines are an important means for organizations to motivate their 
employees. Are uncertainty penalties more effective than rewards? This issue is 
well worth studying. 

5.3.3. The Use of Uncertainty Stimuli in Gamification 
Gamification is the use of game elements to create game-like experiences for us-
ers in non-game contexts to influence their motivation and behavior (Mor-
schheuser et al., 2019; Xu et al., 2019). The research on gamification emerged in 
the field of education and subsequently shone in business fields such as crowd-
sourcing innovation, employee and user motivation (Feng et al., 2018; Xu, 2020). 
The main gamification elements used in research and business practice are lea-
derboards, badges, and points, but these motivational elements are currently only 
applied in deterministic situations (Faiella & Ricciardi, 2015). In fact, uncertain-
ty and mystery are both important components of games (Seaborn & Fels, 2015) 
and can be a major consideration in gamification design. 

Some would mistakenly believe that uncertainty stimuli can only be applied in 
gambling or gaming situations, or that gamification is a game, which is one-sided 
(Shen et al., 2018). This paper argues that uncertainty stimuli can also be applied 
in serious situations, such as advertising campaigns and boring jobs (Ruan et al., 
2018). Serious decisions can be made fun through uncertainty stimulation, and it 
is this ability to make non-gaming situations as enjoyable as gaming situations 
that is the core content of gamification (Etkin, 2016). Given the high degree of 
congruence between uncertainty stimuli and gamification, the playful use of un-
certainty stimuli should be an important direction for future research that will 
greatly enrich the theoretical study of uncertainty and gamification. 

5.3.4. Gaining from Uncertainty: Anti-Fragile Stimulus 
Although it has not been established which of the two sides of uncertainty sti-
mulation is stronger or weaker (Shen et al., 2018; Abuhamdeh et al., 2015), the 
research trend in the past decade shows that scholars are gradually focusing on 
the positive motivational effect of uncertainty stimulation on users (Shen et al., 
2018). However, most of the current research on uncertainty stimuli has been 
conducted from the perspective of the user as a passive object. Research has fo-
cused on detecting how different types of uncertainty stimuli motivate user be-
havior (Faraji-Rad & Pham, 2017). Future research could attempt to examine the 
perspective of users as active subjects and explore what characteristics are cha-
racteristic of groups that actively seek and even challenge uncertainty, always 
succeed in overcoming unexpected uncertainty, and are able to grow against the 
odds under the pressure of heavy uncertainty risk. These characteristics can be 
extended from the user to the firm, allowing users and firms to structure their 
behavior and business models in an anti-fragile manner (Taleb, 2007), thereby 
increasing their creativity to withstand risk shocks and improve their resilience 
after a Sudden crisis. This has important implications for the development of 
real businesses in complex and changing environments. 
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