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Abstract: There is an increasing concern about the trustworthiness of online reviews as there is no
editorial process for verification of their authenticity. This study investigated the decision-making
process of online consumers when reacting to a review, with the reputation score of the reviewer and
the number of previous reviews incorporated along with anonymous and non-anonymous reviews.
It recruited 200 participants and developed a 3 × 2 × 2 × 2 × 2 mixed experimental study, with the
independent variables being the reaction to a review of a restaurant at 3 levels, the reputation score at
2 levels, the number of previous reviews at 2 levels, the valence of the reviews at 2 levels, and the
level of anonymity at 2 levels. Five dependent variables were analyzed: level of trust, likelihood
of going to the restaurant, a choice question of whether to go to the restaurant, confidence in the
decision and the NASA-TLX workload. This study found that the reputation scores complemented
the reaction to a review, improving the trust in the information and confidence in the decision made.
The findings suggest that incorporating a user rating scale such as the reputation score of a user
deters people from writing false or biased reviews and helps improve their accuracy. Although no
significant effect of level of anonymity was found in this study, additional personal information
about the users writing the review such as photos or other social media links may make a significant
difference in the decision-making process.
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1. Introduction

Because of the Internet, online review portals in the form of electronic word-of-mouth (eWOM)
have become a key source for consumers to obtain detailed information from people sharing their
past experiences [1]. eWOM is defined as “any positive or negative statement made by potential,
actual, or former customers about a product or company made available to a large audience of both
people and institutions via the Internet” [2]. People share this information in the form of blogs
(e.g., tumblr.com), reviews on consumer review websites (e.g., yelp.com, google reviews), e-commerce
websites (e.g., amazon.com, alibaba.com), or the official product website (e.g., nike.com, marriot.com,
earlestreetkitchenandbar.com). In addition to consulting with friends and relatives, consumers today
rely on eWOM for valuable information about products, especially for the hospitality, healthcare,
e-commerce and tourism industries [3–5], meaning their decision making has become influenced by
this eWOM information [6]. These reviews are important as they offer an avenue for consumers to use
for judging a product’s quality and value before buying it. For this reason, consumers tend to use
eWOM to obtain information to reduce their level of uncertainty about a product [7]. According to
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Bilgihan, Peng and Kandampully [8], eWOM impacts more than $10 billion in purchases every year,
with 81 percent of the people using the Internet to obtain advice from their followers on these social
networking sites and 74 percent indicating these opinions influenced their decisions.

However, these online reviews are considered an imperfect source since the information posted
generally is not subject to an editorial process for verification [9]. More importantly, these reviews are
difficult to judge since they may be biased towards a product or a service such as a restaurant [10], and
the content posted on the Internet containing such opinion spam, inappropriate or fake reviews written
to sound authentic, can easily deceive the information consumer. This opinion spam can range from
posting negative reviews about competitors to damage their reputations to posting positive reviews to
offset the negative ones as in the case of the Belkin product incident on Amazon where the business
development representatives offered to pay people to write positive reviews about their products [11].
Another common issue with eWOM is people trying to remain anonymous, by either choosing not to
include their personal information or providing fake identities with their reviews. This issue creates
doubt in the minds of the readers regarding the reliability of the information [12].

As this analysis suggests, trustworthiness is a critical factor in the online review system.
A trustworthy review is one “that is perceived by the reader as the honest, sincere, truthful, and
non-commercial opinion of a customer who has experienced a product or a service” [13]. This trust
relationship leaves a person vulnerable and dependent on the one who is trusted, resulting in giving
up some degree of control or power [14,15]. Trust involves being able to predict the behavior, integrity,
honesty and moral character of the other person. In face-to-face interactions, people can see a number
of cues such as the body language and facial expressions of the person. However, in an online
environment, these cues about personal identity are limited, depending only on pictorial or textual
information and, thus, affecting the level of trust [14]. In addition to being limited, these cues in the
virtual environment may not be credible [16].

To assist the consumers in having trust and understanding the credibility of the information
and making a more informed decision, many websites such as yelp.com and tripadvisor.com have
established supplementary decision aid systems that provide additional cues, for example a rating
score of the product, a linked Facebook profile of the reviewer, a personal profile of the reviewer on the
product website, photos uploaded by the reviewer, the number of previous reviews written by the
reviewer and users voting in the form of thumbs up or down to a review of the product (yelp.com,
tripadvisor.com). eBay has moved one step further to include one of the simplest and best known
online reputation scoring systems, providing the reputation score of the product seller [17]. On this
site, after each transaction, the buyer has the option to leave comments about the seller in addition to
providing a positive, negative or neutral rating based on their experience. The seller, who is receiving
the rating, gains a +1 point for a positive rating, 0 for a neutral rating or a −1 for a negative rating,
which is then added to his feedback score [18].

Different cues in the virtual environment affecting trust and source credibility which subsequently
influence decision making have been extensively researched in the domain of hospitality. For example,
Sparks and Browning [19] investigated the effect of cues such as review valence, defined as the positive
or negative orientation of information about a situation; review framing strategy; review target; and
the presence of consumer generated numerical rating on the user’s choice and perception of trust [20].
They found a higher level of trust on positively framed reviews, which subsequently increased the
consumer’s booking intention. They also observed that easy-to-evaluate information such as star
ratings for products played a large role in users’ purchase decisions. Similarly, de Matos and Rossi [21]
also found the valence of the eWOM to play a vital part in influencing consumer behaviors like trust
and satisfaction. In a study focused on the perceived credibility of the reviews, Xie, Miao, Kuo and
Lee [22] found the presence of personal identifying information of a reviewer had a positive effect
on the credibility of a review. Further, these researchers observed that the user’s intention to book a
hotel was influenced by negative eWOM information irrespective of their initial impression. They
found this influence to be intensified when the personal identifying information of the reviewer was
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available. Similarly, Chih, Hsu and Ortiz found that interpersonal determinants such as tie strength and
homophily, and information determinants such as source trustworthiness and customer endorsements
had a significant positive effect on the perceived eWOM credibility [23]. Kim, Kandampully and
Bilgihan also found a similar relationship between homophily and tie strength with source credibility
which in turn influenced their attitude towards eWOM [24]. In addition, Ismagilova, Dwivedi, and
Slade found that as the frustration level of the user increased, they perceived the helpfulness of the
eWOM to be negative [25].

In general, a number of studies have found attribute performance, i.e., the user’s actual experience
with the product, to be an important predictor of eWOM behaviors [26,27]. In a study examining
the restaurant experiences that trigger a positive eWOM, Jeong and Jang [26] found that choosing
to share a positive experience is related to the food price, quality, satisfaction and good atmosphere,
whereas according to Boo and Kim [28], consumers with previous experience with eWOM, i.e., those
who have previously checked online reviews or blogs, and prefer to use e-mail as a communication
tool, tend to write negative reviews when they have faced an unsatisfactory experience. Wang, Li
and Liu also found that the eWOM information quality affected consumer’s use behavior [29], while
Qahri-Saremi and Montazemi found that in addition to a user’s prior experience with online services,
their motivation to elaborate eWOM influenced the negativity bias associated with it [30]. Vermeulen
and Seegers [31] found positive eWOM to have stronger effects of improved awareness and hotel
considerations for lesser known hotels. However, Doh and Hwang [32] found that the credibility of
these eWOM is damaged in the long run if all are positive. Similarly, the response of hotel managers to
negative eWOM reduced users’ purchase intentions as they perceived the responses to be commercially
oriented and, thus, less credible [33,34]. Additionally, a user’s previous eWOM experience drove their
frequency and intention of engaging in eWOM [35]. Similarly, Nam, Baker, Ahmad and Goo found
that dissatisfaction with previous experiences led users to not trust the eWOM on an online review
website [36], while Liu, Jiang and Zhou found in their research that the experience of the eWOM poster
had a positive effect on a user’s trust in the information [37]. In addition, the number of eWOMs
and the platform on which they are posted were also seen to influence consumer decision making,
with an increase in the number resulting in a higher probability of the user being willing to buy the
product [38,39]. Similarly, Wang and Li found the more complete the eWOM the more satisfied the
user was with the website [40]. The study conducted by Maslowska, Malthouse, and Viswanathan [41]
investigating the effects of price and exposure to a review in addition to review valence and volume
found the effect of valence on purchase probability to be the strongest when the number of reviews
was high, consumers read the reviews and the product was expensive. Mauri and Minazzi [33] also
saw a similar effect for review valence.

Previous research, as explained above, has extensively focused on perceived credibility, trust and
consumer behavior, along with the subsequent decision made based on eWOM. However, there is
limited research investigating the decision-making process of online consumers when provided with
eWOM and other decision aids such as the reputation score of a user, reactions to a review and the
number of previous reviews. To address this knowledge gap, especially in the hospitality industry,
this study focuses on the decision-making process of consumers in a restaurant evaluation system.
Klein’s Data-Frame Theory of Sensemaking was used to characterize the human behavior involved in
interpreting data from online review portals [42].

Data-Frame Theory of Sensemaking

The sensemaking process, which is initiated in response to an inadequate understanding of a
situation, consists of developing meanings, arranging events into a framework and then questioning
the initial perception. Asking questions about the prior perception of a problem or situation increases
our understanding of the perceived information, followed by further attempts to obtain and integrate
additional information, thus leading to a fuller understanding of the situation. The sensemaking
process is the underlying mechanism for the naturalistic decision-making process, explaining how



Multimodal Technol. Interact. 2020, 4, 32 4 of 21

users make sense of the information in a real-world setting [42–45]. The ultimate goal of sensemaking
is to develop an understanding that includes adequate information about the current state of the
situation to support informed decision making [46]. Sensemaking is, thus, the process of creating
situation awareness in uncertain situations [47,48].

The macrocognitive model proposed by Klein et al. [43] provides an understanding of the cognitive
phenomena found in real-world scenarios. This framework consists of 6 elements: planning, problem
detection, sensemaking, adaptation, coordination and naturalistic decision making. Sensemaking,
which is a key function in this model, is based on the data frame theory of knowledge representation
proposed by Minsky [49], who suggested that when people identify a new situation requiring a
substantial change in their current viewpoints, they select a structure from memory, called a frame,
which is then adapted to fit the new context.

According to Klein, Phillips, Rall and Peluso [45], humans try to make sense of a situation by
starting from an explanatory framework, which organizes relationships as causal, spatial, temporal or
functional. Specifically, a frame facilitates defining the elements in the scenario and identifying their
significance within a context. An important characteristic of this model is the closed loop process
introduced through the data frame theory, which suggests that data are used to identify this frame,
which, in turn, determines what data are considered next as shown in the top of Figure 1 [42].
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According to this model, sensemaking includes the seven activities of mapping the data to the
frame, elaborating a frame, questioning a frame, preserving a frame, comparing frames, reframing,
and constructing or finding a frame, any one of which can be the starting point for the process. As this
analysis of the data-frame model suggests, sensemaking is a complex cognitive activity triggered by a
need to find more information and involving finding data based on an initial framework, organizing
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information into representations, and refining and modifying these representations based on the
new information.

In this study, we incorporated the reputation score (rating system) of a user instead of a restaurant
to ensure the authenticity of the user comments and to avoid consistent false or biased reviews.
In addition, we looked at the effectiveness of decision aids, such as reactions to a review and number of
previous reviews along with the valence of the reviews and anonymity of the user posting the reviews.
There has been no previous experimental study looking at these variables, and we believe our study
would help in aiding the users have a better understanding of the authenticity of the information and
subsequently make an educated decision. Specifically, this work attempts to answer the following
research questions (RQ’s):

• RQ1. What is the effect of decision aids and level of anonymity on the level of trust in the reviews?
• RQ2. What is the effect of decision aids and level of anonymity on the likelihood rating (choosing

or rejecting the restaurant) based on the reviews?
• RQ3. What is the effect of decision aids and level of anonymity on the level of confidence in the

decision based on the reviews?

2. Methods

2.1. Participants

A priori power analysis was conducted to calculate the sample size with medium population
effect size (f = 0.25) at a significance level of 0.05 and power of 0.95. This analysis suggested a sample
size of 144 participants. However, to be on the conservative side and to equally divide the number of
participants among the 4 levels of 2 between subject groups, we recruited a total of 200 participants
with a mean age of 36.8 (SD = 9.54). These participants, recruited from Amazon Mechanical Turk,
a crowdsourcing marketplace, were Mechanical Turk Master Workers. These Master Workers are those
who have consistently completed Human Intelligence Tasks (HITs) and provided high-quality results,
as indicated by the requester approval rates. The Master Worker qualification is given based on the
statistical models developed to analyze all the workers using the requester and marketplace provided
data points [50]. Each participant completed one randomly assigned condition. The demographic
details of the participants are provided in Table 1:

Table 1. Demographic information.

Variable (N = 200) Number %

Gender

Male 107 53.5
Female 93 46.5

Education

High School 26 13.0
Some college 49 24.5

Associate degree 26 13.0
Bachelor’s degree 85 42.5
Graduate degree 14 7.0

Use of smart phone

Yes 197 98.5
No 3 1.5
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Table 1. Cont.

Variable (N = 200) Number %

Use of social networking sites like Facebook, LinkedIn or Twitter

Yes 197 98.5
No 3 1.5

Frequency of social network site visit

Less often than 1 day a week 4 2.0
1 to 2 days a week 17 8.5
3 to 5 days a week 24 12.0
About once a day 53 26.5

Several times a day 99 49.5
Missing 3 1.5

2.2. Apparatus

The study was created and the data collected using the Qualtrics Research Suite, and the
participants accessed and completed it through Amazon Mechanical Turk. It was divided into three
sections: an initial pre-test demographic questionnaire; a set of 12 single restaurant reviews and related
questions including whether to go to the restaurant, the level of trust in the information, the likelihood
of going to the restaurant and the level of confidence in the decision made; and the NASA-TLX
workload assessment questionnaire [51]. Since past research has shown that individuals frequently use
yelp.com, a crowd sourcing review platform for information seeking purposes [52], we downloaded
the reviews related to the food and the service of the restaurant from this website.

The reviews were selected based on an analysis of their emotional tone using Linguistic Inquiry
and Word Count (LIWC) text analysis technology [53]. The emotional tone scores range from 0 to
100, with a score near 100 suggesting a positive tone, i.e., a supportive review, and a score near
0 suggesting a negative tone, i.e., a non-supportive review. In this study, we consistently chose
reviews with emotional tone scores of 99 for the supporting reviews and 1 for the non-supporting ones.
In addition, to determine the valence of the experimental stimuli, a pilot study was conducted with 10
participants, where each participant was provided with a review and was asked to categorize it as
supporting or non-supporting. An interrater reliability analysis using the Fleiss’ Kappa statistic was
conducted to determine consistency in the scoring of the response among the raters. The raters were in
complete agreement on the valence of the review stimuli used for the study, κ = 1.0, 95% CI [0.94, 1.06],
p < 0.001. Additionally, manipulation check was conducted on all levels of the independent variables
manipulated in the study.

2.3. Experimental Design

The study used a mixed experimental design with the within-subject variables being the reaction
to a review, the reputation score and the number of previous reviews:

• Reaction to a Review: examined at three levels: no reaction, thumbs up and thumbs down.
• Reputation Score: examined at two levels: high reputation (5 star) and low reputation (1 star).
• Number of Previous Reviews: Examined at two levels: large number of previous reviews (~1000)

and low number of previous reviews (~10).

The between-subjects variables were valence of the reviews and the level of anonymity:

• Valence of Reviews: examined at two levels: supporting reviews and non-supporting reviews.
• Level of Anonymity: examined at two levels: completely anonymous reviews (no personal

information was provided) and non-anonymous reviews (personal information such as name, age
and location were provided).
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Examples of the reviews used in this study can be seen in Figures 2–4:Multimodal Technol. Interact. 2020, 4, x FOR PEER REVIEW 7 of 21 
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2.4. Dependent Variables

Five variables were analyzed to determine the effect of the independent variables:

• Response to the choice question about whether to go to the restaurant (measured on a binary scale
as yes/no)

• Level of trust in the information (measured on a 7-point Likert scale with 1 being the lowest and
7 being the highest)

• Likelihood of going to the restaurant (measured on a 7-point Likert scale ranging from extremely
unlikely to extremely likely)

• Confidence level in the decision (measured on a 7-point Likert scale with 1 being the lowest and
7 being the highest)

• NASA-TLX workload (measured on a scale from 0 to 100)

2.5. Procedure

On the day of the study, participants first read the informed consent form and agreed to participate.
They were then randomly assigned to one of the four study conditions shown in Figure 5, after which
they completed a pre-test questionnaire asking for demographic information as well as information
regarding their experiences using the Internet and social networks. Next, they read a review of a
restaurant. To minimize order effects, the restaurant reviews were presented in a randomized order.
Each review was followed by a set of questions including one about whether to go to the restaurant,
the level of trust in the information, the likelihood of going to the restaurant and the level of confidence
in the decision made. After the participants completed all 12 randomly assigned restaurant reviews,
they were asked to complete the NASA-TLX workload assessment. Upon completing the experimental
study, the participants received their monetary gift.
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2.6. Hypotheses

To study the effects of decision aids and the level of anonymity on the decision-making process,
the following research hypotheses were developed:

Hypothesis 1 (H1). The number of previous reviews moderates the relationship between the reputation score
and the level of trust. Specifically, the level of trust for a review increases as the number of previous reviews and
the reputation score increase.
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Hypothesis 2 (H2). The relationship between the likelihood of going to a restaurant and the reputation score is
moderated by the number of previous reviews. Specifically, the likelihood to visit a restaurant increases as the
number of previous reviews and the reputation score increase.

Hypothesis 3 (H3). The reputation score moderates the relationship between the reaction to a review and the
level of trust. Specifically, the participants will have an increased level of trust in the review as the reputation
score increases and the reaction to a review changes from people disapproving it (thumbs down) to approving it
(thumbs up).

Hypothesis 4 (H4). The relationship between the likelihood of going to a restaurant and the reaction to a
review is moderated by the reputation score. Specifically, the likelihood of going to a restaurant increases as the
reputation score increases and the reaction to a review changes from people disapproving it (thumbs down) to
approving it (thumbs up).

Hypothesis 5 (H5). The participants will have an increased level of trust when they view a non-anonymous
review compared to an anonymous review.

Hypothesis 6 (H6). The participants will be more likely to visit the restaurant when they view a non-anonymous
review compared to an anonymous review.

3. Results

IBM SPSS Statistics 24 was used to analyze the data. An LSD adjustment was applied to
the four-way interactions, three-way interactions, simple three-way interactions, simple two-way
interactions and simple main effects, with statistical significance being evaluated at the p < 0.05 level.
All simple pairwise comparisons were evaluated at an alpha level of 0.05.

3.1. Trust

A five-way mixed ANOVA was conducted to determine the effects of the reaction to a review, the
reputation score, the number of previous reviews, the valence of the reviews and the level of anonymity
on trust. The four-way and five-way interactions were not statistically significant. However, there
was a statistically significant three-way interaction among reaction to a review, reputation score and
valence of the review, F (1.899, 372.282) = 7.47, p = 0.001, ε = 0.950. Within this three-way interaction,
we found a statistically significant simple two-way interaction between reaction to the review and
reputation score for supporting reviews, but not for non-supporting reviews. Subsequently, a simple
main effect and post-hoc analysis, reported below, were conducted to compare the significant mean
differences. Figure 6 is a graphical representation of the three-way interactions, and Table 2 provides
the resulting mean values of level of trust.

Table 2. Mean values of level of trust.

Independent Variables
Mean SD

Valence of the Review Reputation Score Reaction to a Review

Supporting

High
Thumbs up 5.68 1.18
No reaction 5.66 1.11

Thumbs down 4.50 1.46

Low
Thumbs up 3.70 1.41
No reaction 3.31 1.52

Thumbs down 3.18 1.62
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We found a statistically significant simple main effect of reaction to a review with a high reputation
score and supporting review, F (1.622, 159.002) = 80.81, p < 0.001, ε = 0.811. The participants trusted
the reviews with a thumbs-up reaction more than the thumbs-down reaction, with a significant mean
difference of 1.19, 95% CI (0.94, 1.43), p < 0.001 and the no reaction more than the thumbs-down
reactions, with a significant mean difference of 1.16, 95% CI (0.94, 1.38), p < 0.001.

We also found a statistically significant simple main effect of reaction to a review with a low
reputation score and a supporting review, F (1.746, 171.067) = 8.39, p = 0.001, ε = 0.873. The participants
again trusted the reviews with a thumbs-up reaction more than the no reaction, with a significant
mean difference of 0.39, 95% CI (0.15, 0.63), p = 0.002; and the thumbs-up reaction more than the
thumbs-down reaction, with a significant mean difference of 0.52, 95% CI (0.21, 0.82), p = 0.001.

Overall, these results suggest that the users had a higher level of trust when the reputation score
of an author of a review was high compared to a low reputation score. A supporting review with
a high reputation and a thumbs up or no reaction resulted in a higher level of trust compared to
a thumbs-down reaction. However, with a high reputation, the level of trust was similar between
reviews with a thumbs-up reaction and no reaction. For a low reputation score and a supporting
review, the level of trust was significantly higher for a thumbs-up reaction than for no reaction and a
thumbs-down reaction. This result suggests that with a low reputation score, additional cues in the
form of reactions to a review increase trust among the users. When the reviews are non-supporting,
there seems to be no difference in the trust among the users irrespective of having a reaction to a review
or a reputation score.

3.2. Likelihood

A five-way mixed ANOVA was conducted to determine the effects of reaction to a review,
reputation score, number of previous reviews, valence of the reviews and level of anonymity on
the likelihood of going to the restaurant. We found a statistically significant four-way interaction
among reaction to a review, reputation score, number of previous reviews and valence of the reviews,
F (2, 392) = 9.52, p < 0.001. Subsequently, we found a simple three-way interaction between number of
previous reviews, reputation score and reaction to the review for both supporting and non-supporting
reviews. On further analyzing the simple two-way interactions, significant effects were found between
reputation score and reaction to the review with a high number of previous reviews but not for a
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low number of reviews. Finally, a simple main effect and post-hoc analysis, reported below, were
conducted to compare the significant mean differences. Figure 7 is a graphical representation of the
four-way interaction, and Table 3 provides the mean values of the likelihood scores.

Table 3. Mean values of the likelihood scores.

Independent Variables
Mean SDValence of the

Review
Number of

Previous Reviews
Reputation

Score
Reaction to a

Review

Supporting High

High
Thumbs up 5.95 0.92
No reaction 6.03 0.84

Thumbs down 4.62 1.53

Low
Thumbs up 4.01 1.47
No reaction 3.15 1.37

Thumbs down 2.63 1.33

Non-supporting High

High
Thumbs up 2.12 1.37
No reaction 2.04 1.32

Thumbs down 2.43 1.26

Low
Thumbs up 2.43 1.27
No reaction 2.75 1.31

Thumbs down 3.30 1.44
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We found a statistically significant simple main effect of reaction to a review with a large number
of previous reviews and a high reputation score for supporting reviews, F (1.510, 147.957) = 66.35,
p < 0.001, ε = 0.755. The participants were more likely to go to the restaurant when they viewed a
thumbs-up reaction than a thumbs-down reaction, with a significant mean difference of 1.33, 95%
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CI (1.02, 1.64), p < 0.001, and a no reaction than a thumbs-down reaction, with a significant mean
difference of 1.41, 95% CI (1.10, 1.73), p < 0.001.

We also found a statistically significant simple main effect of reaction to a review with a large number
of previous reviews and a high reputation score for non-supporting reviews, F (1.876, 187.642) = 4.15,
p = 0.019, ε = 0.938. The participants were more likely to go to the restaurant when they viewed a
thumbs-down reaction than a no reaction, with a significant mean difference of 0.39, 95% CI (0.12, 0.65),
p = 0.005.

The results showed a statistically significant simple main effect of reaction to a review with
a large number of previous reviews and a low reputation score for supporting reviews, F (1.676,
164.247) = 42.52, p < 0.001, ε = 0.838. The participants were more likely to go to the restaurant when
they viewed the thumbs-up reaction than the no reaction, with a significant mean difference of 0.86,
95% CI (0.54, 1.18), p < 0.001; the thumbs-up reaction than the thumbs-down reaction, with a significant
mean difference of 1.38, 95% CI (1.04, 1.73), p < 0.001; and the no reaction than the thumbs-down
reaction, with a significant mean difference of 0.53, 95% CI (0.30, 0.75), p < 0.001.

The results also showed a statistically significant simple main effect of reaction to a review with a
large number of previous reviews and a low reputation score for non-supporting reviews, F (1.837,
183.709) = 25.83, p < 0.001, ε = 0.919. The participants were more likely to go to the restaurant when
they viewed a thumbs-down reaction than a no reaction, with a significant mean difference of 0.55,
95% CI (0.31, 0.78), p < 0.001; a thumbs-down reaction than a thumbs-up reaction, with a significant
mean difference of 0.87, 95% CI (0.60, 1.15), p < 0.001; and a no reaction than a thumbs-up reaction,
with a significant mean difference of 0.33, 95% CI (0.11, 0.54), p = 0.003.

Overall, these results suggest that the users were more likely to go to the restaurant when they
saw a supporting review with a high reputation, a large number of previous reviews and a thumbs-up
reaction or no reaction than a thumbs-down reaction. As expected, the users were less likely to go to the
restaurant after reading a supporting review with a low reputation score compared to a high reputation
score. When reading these reviews with low reputation scores, reviews with a thumbs-up reaction
acted as an additional cue for the users compared to no reaction. Thus, the users had a higher likelihood
score and also higher trust in this information than that with no reaction or a thumbs-down reaction.

A non-supporting review with a thumbs-down reaction indicated that the previous users disagreed
with the review and their assessment of its poor quality while a thumbs-up reaction suggested that the
previous users supported the reviews and poor quality of the restaurant. Hence, users were more likely
to go the restaurant with a thumbs-down reaction compared to no reaction and a thumbs-up reaction.

3.3. Probability of Choosing Whether to Go to the Restaurant

A multilevel binomial logistic regression was conducted to predict the probability of choosing
whether to go to the restaurant. The no category (not to go to the restaurant) was selected as the
initial reference category. We found a statistically significant three-way interaction among reaction to
a review, reputation score and valence of review, F (2, 2363) = 3.68, p = 0.025. Within this three-way
interaction, we found a statistically significant simple two-way interaction between reaction to the
review and reputation score for both supporting and non-supporting reviews. Subsequently, simple
main effect and post-hoc analysis was conducted to compare the significant mean differences. All the
simple main effect analyses were significant except the reaction to a review for non-supporting reviews
with a high reputation. Figure 8 is a graphical representation of the three-way interaction, and Table 4
provides the mean probability values.
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Table 4. Mean probability of going to the restaurant.

Reaction to a Review

Valence of Reviews:
Supporting

Reputation No Reaction Thumbs-Up
Reaction

Thumbs-Down
Reaction

High 0.99 0.98 0.73
Low 0.25 0.59 0.11

Valence of Reviews:
Non-Supporting

Reputation No Reaction Thumbs-Up
Reaction

Thumbs-Down
Reaction

High 0.04 0.05 0.08
Low 0.10 0.09 0.25
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The results showed a statistically significant simple main effect of reaction to a review with
high reputation scores for supporting reviews, F (2, 2363) = 19.96, p < 0.001. The participants had a
higher probability of going to the restaurant when they viewed the review with no reaction than the
thumbs-down reaction, with a significant mean difference of 0.25, 95% CI (0.18, 0.33), p < 0.001 and the
thumbs-up reaction than the thumbs-down reaction, with a significant mean difference of 0.25, 95% CI
(0.17, 0.32), p < 0.001.

We found a statistically significant simple main effect of reaction to a review with low reputation
scores for supporting reviews, F (2, 2363) = 49.08, p < 0.001. The participants had a higher probability
of going to the restaurant when they viewed the thumbs-up reaction than the no reaction, with a
significant mean difference of 0.34, 95% CI (0.24, 0.44), p < 0.001; the thumbs-up reaction than the
thumbs-down reaction, with a significant mean difference of 0.48, 95% CI (0.38, 0.57), p < 0.001; and no
reaction than the thumbs-down reaction, with a significant mean difference of 0.14, 95% CI (0.06, 0.22),
p = 0.001.

We also found a statistically significant simple main effect of reaction to a review with low
reputation scores for non-supporting reviews, F (2, 2363) = 8.95, p < 0.001, but not for high reputation
ones, F (2, 2363) = 1.51, p = 0.221. The participants had a higher probability of going to the restaurant
when they viewed the thumbs-down reaction than no reaction, with a significant mean difference of
0.16, 95% CI (0.08, 0.23), p < 0.001 and the thumbs-down reaction than the thumbs-up reaction, with a
significant mean difference of 0.17, 95% CI (0.09, 0.24), p < 0.001.
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Similar to the trend found for the likelihood of going to the restaurant, users reading a supporting
review with a high reputation and a thumbs-up reaction or no reaction showed a higher probability of
going to the restaurant compared to a thumbs-down reaction, whereas with supporting reviews with a
low reputation score, a thumbs-up reaction indicated a higher probability compared to no reaction and
a thumbs-down reaction. As explained previously, a non-supporting review with a thumbs-down
reaction indicated that the previous users disagreed with the review and their assessment of its poor
quality. Hence, users had a higher probability of going to the restaurant compared to no reaction and a
thumbs-up reaction.

3.4. Confidence Level

A five-way mixed ANOVA was conducted to determine the effects of reaction to a review,
reputation score, number of previous reviews, valence of the reviews and level of anonymity on the
confidence level. The four-way and five-way interactions were not statistically significant. However,
we found a statistically significant three-way interaction among reaction to a review, reputation score
and valence of the reviews, F (1.775, 347.803) = 9.65, p < 0.001, ε = 0.887. Within this three-way
interaction, we found a statistically significant simple two-way interaction between the reaction to
the review and the reputation score for both supporting and non-supporting reviews. Additional
simple main effect and post-hoc analyses were conducted to compare the significant mean differences,
as reported below. The simple main effects for both supporting and non-supporting reviews with
low reputation scores were not significant. Figure 9 is a graphical representation of the three-way
interaction, and Table 5 provides the mean values of confidence level.

Table 5. Mean values of confidence level.

Independent Variables
Mean SDValence of the Review Reputation Score Reaction to a Review

Supporting High
Thumbs up 5.76 1.00
No reaction 5.72 0.95

Thumbs down 4.76 1.26

Non-supporting High
Thumbs up 5.69 1.25
No reaction 5.47 1.25

Thumbs down 5.02 1.40
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We found a statistically significant simple main effect of reaction to a review with a high reputation
score and supporting review, F (1.597, 156.526) = 58.15, p < 0.001, ε = 0.799. The participants were more
confident in their decision when they viewed the thumbs-up reaction than the thumbs-down reaction,
with a significant mean difference of 0.99, 95% CI (0.75, 1.23), p < 0.001, and the no reaction than the
thumbs-down reaction, with a significant mean difference of 0.95, 95% CI (0.73, 1.17), p < 0.001.

We also found a statistically significant simple main effect of reaction to a review with a
high reputation score and non-supporting review, F (1.783, 178.348) = 19.25, p < 0.001, ε = 0.892.
The participants were more confident in their decision when they viewed the thumbs-up reaction than
the no reaction, with a significant mean difference of 0.22, 95% CI (0.03, 0.41), p = 0.022; the thumbs-up
reaction than the thumbs-down reaction, with a significant mean difference of 0.67, 95% CI (0.42, 0.92),
p < 0.001; and the no reaction than the thumbs-down reaction, with a significant mean difference of
0.45, 95% CI (0.24, 0.66), p < 0.001.

Overall, these results suggest that the users were more confident after reading a supporting review
with a thumbs-up reaction or no reaction compared to a thumbs-down reaction. However, when the
review was non-supporting, the thumbs-up reaction acted as an additional cue which made the user
more confident than no reaction. Although a thumbs-up reaction for a non-supporting review resulted
in the users choosing not to go to the restaurant, they were more confident in their decisions. On the
other hand, a thumbs-down reaction for a non-supporting review led to a higher likelihood of a user
going to the restaurant but with reduced confidence in the decision.

3.5. Non-Significant Results

There was no statistically significant interaction or main effects of the independent variables on
the NASA-TLX workload indicators.

4. Discussion

This study examined the effects of the decision aids of reputation score, reaction to a review and
number of previous reviews on the decision-making process of users reading an online consumer
review as well as the effect of the anonymity of the user posting the reviews and the valence of the
reviews. This study applied Klein’s data-frame theory of sensemaking to investigate how the users
interpreted this information [42,44]. According to this theory, the initial stimuli act as the anchors for
the initial understanding of the situation, forming what is referred to as the initial frame. Based on the
literature on reviews and decision aids, we consider the initial frame in the user’s mental model to
be formed by the reviews of the restaurant [54]. Subsequent cues shaped the way the reader further
developed this initial frame and made sense of the information. The data-frame theory suggests that
consumers elaborate their frame by extending their understanding, i.e., by seeking additional data to
confirm their initial frames when the information is straightforward and no surprises or inconsistencies
are observed [45]. In this study, when the participants were presented with a supporting review with a
thumbs-up reaction and a high reputation score, they recognized that the additional cues (decision
aids) supported their initial frames. The confirming cues explain their high scores on the likelihood
and probability of going to the restaurant, their trust in the information and their confidence in their
decisions. A similar sensemaking pattern was observed for supporting reviews with no reaction and a
high reputation score, the high reputation score serving as data confirming the users’ initial frames.

According to the data-frame theory, when users are presented with information that contradicts
their expectancy, they doubt their initial frames, questioning them [45]. In this study, when the
participants were shown supporting reviews with thumbs-up reactions but low reputation scores, they
appeared to realize that the latter cue did not support their initial frames, beginning to question whether
their previous understanding (based on the initial frame) was correct. According to the data-frame
theory, this examination of the accuracy of the frame leads to either preserving it by explaining the
inconsistency or seeking a new frame by finding new anchors [45]. Based on the results of this study,
the participants explained the inconsistency in making the decision to go the restaurant as they placed
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significant emphasis on the supporting review and the thumbs-up reaction. However, because of the
inconsistency, they had an average level of trust and confidence in their final decisions. A similar
sensemaking pattern of questioning the frame and preserving the initial frame was seen when the
supporting reviews were accompanied by thumbs-down reactions and a high reputation score.

When the participants were presented with supporting reviews with thumbs-down reactions and
low reputation scores, the data elements were not consistent with their initial frames. In this study
since these cues contradicted the initial frame, the participants replaced it with a new one, i.e., not
to go the restaurant, which was confirmed by their low likelihood and probability scores. The mean
level of trust measured across the condition was also low, indicating that the participants did not trust
this contradicting information. A similar sensemaking pattern of questioning and replacing the initial
frame was observed when the participants read a supporting review with a low reputation score and
no reaction.

When the participants were presented with a non-supporting review, the initial stimulus formed
through the initial frame was not to go to the restaurant. On seeing a thumbs-up reaction and a high
reputation score with this non-supporting review, participants may not have expected this seeming
contradiction in the data elements. However, upon further consideration, they discovered that these
additional cues support that the quality of the restaurant is as bad as the non-supporting reviews
suggest, causing the participants to believe that the restaurant is not a good choice, a conclusion
supported by the low likelihood and probability scores and relatively high level of trust and confidence
in their decisions. A similar sensemaking pattern was seen for a non-supporting review with a
thumbs-up reaction and low reputation, albeit at a lower level of confidence since the reputation of the
reviewer was low.

When the participants were presented with a non-supporting review with a thumbs-down
reaction and a high reputation, the contradicting information led them to question their initial frames.
The reviewer had a high reputation, yet the review had been downvoted, indicating that others
disagreed with the negative review. While the participants could have replaced their initial frames
and decided to go to the restaurant, the data show that they preserved them perhaps because of the
negative valence of the review. The participants also had little trust in the information due to such
contradicting information, perhaps also explaining their unwillingness to replace their initial frames.
When the participants were shown non-supporting reviews with thumbs-down reactions and low
reputation scores, they realized that the cues and their initial frames did not agree, these additional
cues causing them to rethink their initial mental models. A thumbs-down reaction to a non-supporting
review indicates that the users suggest the restaurant is not bad. While the participants could have
developed a new frame to go to the restaurant based on the data elements, the results from this study
found that they preserved their initial frames, perhaps because the additional cues did not convince
them to replace their initial mental models.

Participants reading a non-supporting review with no reaction and a high reputation score chose
to trust the review and confidently decided not to go to the restaurant by elaborating their initial frame
with the cues obtained from the reputation score. A similar sensemaking pattern was observed for a
non-supporting review with no reaction and a low reputation score as participants decided not to go
to the restaurant. However, they were not confident in their decision due to the lack of cues to support
their decision and the low reputation score.

The findings from this study indicate that supporting reviews result in a higher likelihood and
probability of going to the restaurant compared to non-supporting reviews, results supported by prior
studies on the impact of eWOM on the likelihood of completing a scenario [19]. As explained by
Fiske [55], people tend to pay more attention to negative information than positive, believing that it
suggests a cautious approach. The results from this study agree with this analysis because when the
participants read a non-supporting review, they did not replace their initial mental model (i.e., not to
go to the restaurant), choosing to be cautious. In addition, like Sparks and Browning [19], this study
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found that heuristics, like reputation scores as cues, function as indicators for informed and efficient
decision making.

This study also extended the previous work conducted by Ponathil, Agnisarman, Khasawneh,
Narasimha, and Madathil [56] which focused on the effectiveness of reaction to a review alone on the
trust, confidence and likelihood scores. We found a significant difference between thumbs up/down
compared to no reaction on these dependent variables when the reputation score was included as an
additional cue, while the previous study did not find any significant differences. Supporting reviews
with a low reputation resulted in significant differences with a thumbs-up reaction compared to no
reaction, and for non-supporting reviews there was significant difference between a review with a
thumbs-down reaction compared to no reaction. This demonstrates the contribution of reputation
score in conjunction with reaction to a review in the decision-making process.

Previous work conducted by Ponathil et al. [56] found that a reaction to a review alone did not
result in a significant difference in the trust, confidence and likelihood scores among the users when
they read a review with thumbs-up reaction compared to no reaction, meaning that reactions alone in
the form of thumbs up do not make a significant contribution towards the decision making process.
In this study, when a reputation score was included with the reactions to a review, supporting reviews
with a low reputation resulted in a significant difference in the dependent variables among the users
for a review with a thumbs-up reaction compared to no reaction, and for non-supporting reviews there
was significant difference between a review with a thumbs-down reaction compared to no reaction,
demonstrating the contribution of both the reaction to a review and reputation score in the decision
making process.

We expected that the non-anonymous reviews would enhance the sensemaking process by
providing additional cues for decision making [57]. However, we found that the trust in the information,
the likelihood and the probability of going to the restaurant, and confidence in the decision were
not significantly different between non-anonymous and anonymous reviews. One potential reason
for this finding may be because the user’s personal information included in the non-anonymous
review was not sufficient for increasing the trust in the system. Additional data elements other than
name, age and location like a photo of the user and/or links to social media accounts may enhance the
sensemaking process. Another potential reason could be the participants predominantly focused on
the data elements like reaction to a review and the reputation score of a user while making a decision;
if this is the case, then providing other data would not add insight into the primary reason for reading
the review, i.e., to decide whether to go to the restaurant.

5. Conclusions and Limitations

This study evaluated the effect of cues in the form of decision aids as well as anonymity of the user
and valence of reviews on the trust in the information, the likelihood and probability of going to the
restaurant and the level of confidence in the decision. As expected, users presented with a supporting
review with a thumbs-up reaction and a high reputation scored the highest on the dependent variables,
while supporting reviews with a thumbs-down reaction and a low reputation had the lowest. Similarly,
when the participants read a non-supporting review with a thumbs-down reaction, they decided to
go the restaurant although they were not confident in their decisions. Similar to Liu and Park [58],
we also found that in the online environment where consumers have limited resources for making
an educated decision about a product, information about a reviewer’s historical data in the form of
decision aids like the reputation score improved the trust and usefulness of a review. These findings
can be implemented in the online review portals so that the users can decide which information to
trust based on the cues. Further, perhaps incorporating this practice would deter people from writing
false or biased reviews and improve their accuracy, thus helping the users differentiate between the
companies that rely on biased reviews to draw customers from those that do not. Future studies could
explore this aspect.
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This research contributes to the literature by outlining specific aspects of eWOM that the consumers
consider in making a decision. Our expectation that the participants would have significantly more
trust in the information, the likelihood and probability of going to the restaurant, and confidence
in their decision when they were presented with non-anonymous reviews compared to anonymous
reviews was not met in this study. Future studies could include supplementary personal information
in addition to the factors considered in this study to aid the sensemaking process. Furthermore, since
the study was conducted remotely, we could not include a post-test think aloud session to collect
qualitative feedback, a limitation of the study. Future studies could collect these data to help enhance
our understanding of the reasoning behind the decisions made as well as providing user feedback
on ways to improve trust in the system. We also could not answer any doubts or questions the
participants had about the study as a result of it being remote. Conducting an in-person study in the
future would address this limitation. In addition, future studies can incorporate multiple reviews for
a user’s decision making instead of a single review, another limitation of this study. Finally, along
with multiple reviews, multiple restaurants and different information architecture designs could be
explored to determine the most efficient and effective system of information portrayal.
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