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Abstract

It is common for daily online shopping platforms to use different statistical formats (e.g., frequency vs.
percentage, positive vs. negative frames) to present online reviews. We designed two studies to test
whether the recently proposed "love of large numbers" theotry always exists and whether consumers have
biases in the processing of online review information. The results revealed that the frequency format
induced higher purchase intentions than the percentage format with a small quantity of reviews, a
negative review valence, or a positive review frame, whereas the percentage format induced higher
purchase intentions than the frequency format with a large quantity of reviews, a positive review valence,
or a negative review frame. These findings suggest consumers’ behaviors sometimes violate the "/ove of
large numbers" theory and show that single presentation format of online reviews used by current platforms
may result in consumers’ perceptual bias. Therefore, the platform should present multi-dimensional
information about the number of reviews in a standard way to reduce this bias.
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1 Introduction

The rate of online shopping has increased rapidly. In China, for example, in June 2020, the number of
online shoppers had reached 749 million (China Internet Network Information Center [CNNIC], 2020). On the
first day of the 2020 Double Eleven shopping promotion, online shopping transactions amounted to 498.2 billion
yuan (about 77 billion US dollars; hangzhou.gov.cn, 2020). Online reviews are a key factor in influencing
consumers’ online shopping (De Pelsmacker et al., 2018; Nguyen et al., 2018). CNNIC (2016) reports that 77.5%
of online consumers browse online reviews on the Internet. According to our survey of 140 randomly selected
consumers, 91.43% decide whether to buy a product depending on review quantity and valence.

An important phenomenon that we observe is that daily online shopping platforms present online
reviews in different formats. Some (Taobao.com and Tmall.com) use the frequency format (e.g., positive reviews:
1,672; total reviews: 1,823), while others (JD.com and Vip.com) use the percentage format (e.g., positive review
ratio: 91.7%; total reviews: 1,823; see Figure 1).

Some scholars have found that when consumers make shopping decisions, they exhibit the /owe of large
numbers (Powell et al.,, 2017). That is, consumers exhibit a strong bias favoring more-reviewed (and, thus,
apparently more popular) products. On the one hand, the popularity of the product represents its quality to some
extent (Chen, 2008). On the other hand, in accordance with the law of large numbers, if a product's evaluation is
based on a large number of reviews, then it will be considered more reliable. But in the reality of online shopping,
the presentation of online review information is very complex and diverse, involving frequency vs. percentage,
positive and negative, many vs. few reviews, and so on. Do consumers always express a reliable preference for
more-reviewed products? If consumers’ purchase intentions are affected by the statistical format, then if platforms
present online reviews in only one format, this may result in more perceptual bias and affect consumers' shopping
choices. This may be unscientific.
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Therefore, we conducted this research to test whether the recently proposed "love of large numbers" theory
always exists and whether consumers have biases in the processing of online review information. Our goal is to
provide guidelines for developing a more scientific and objective way of presenting online reviews.

In our research, we combined the presentations of review information on online shopping platforms in real
situations. We found that the statistical information in online reviews involves four main variables: the statistical
format, the review quantity, the review valence, and the review frame. Each variable, alone, may affect consumers’
decisions, or the interaction of several variables at once may influence consumers' purchase intention. Therefore,
the effect of each variable and the possible interaction effects of the four will be discussed in the following
sections.
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2 Theoretical Background and Hypotheses Development
2.1 Statistical Format: Frequency vs. Percentage

Frequency and percentage are the two forms of numerical representation that affect individuals’ information
focus, processing difficulty, and numerical evaluation (Dackermann et al, 2018; Romero et al., 2018). The
numerator is more focused than the denominator in the frequency format, sometimes leading to a ratio bias in
judgment (fuzzy-trace theory, Reyna, 2004). For example, patients perceived the cancer mortality rate (1286/10000)
as higher than the actual cancer mortality rate (24.14/100) (Reyna & Brainerd, 2008). Investors may think non-
proportionally Investors pay more attention to how much a stock has fallen, not the proportion (Shue,
Townsend, 2021), in other words, they value absolute values (numbers) more than rates. Therefore, if the
numerical information in product reviews is presented in the frequency format, because the total number of
reviews is different for each product, the format will not help consumers make the most-informed judgments and
choices. According to the basic assumption of the frequency hypothesis, humans have directly experienced
frequencies, or counts, throughout their evolutionary history, making frequencies easier to understand compared
to decimals or probabilities expressed on a 0 to 1.0 scale (i.e., normalized), which do not occur in nature (Brase,
2002). In general, information in the frequency format is more intuitive but harder to calculate and compare (Akl

et al.,, 2011), whereas information in the percentage format is more accurate but more abstract (Waters et al.,
2000).

2.2 Review Quantity

Consumers often evaluate products by relying on review quantity (Sotiriadis & Van Zyl, 2013): They perceive
a larger review quantity as representing a more popular product (Powell et al., 2017) and as being associated with a
higher demand (Zhu& Zhang, 2010) because a larger review quantity often represents social approval (Zhang et
al., 2013).

2.3 Review Valence

Review valence refers to the proportion of negative (or positive) reviews to total reviews (Yang et al., 2016).
It is a key indicator for perceiving the quality of products (Katz & Lazarsfeld, 2006). Many studies have reported
that the higher the proportion of negative reviews, the worse consumers perceive the product to be and the lower
the intentions of consumers to purchase the product (e.g., Lu et al., 2013).

2.4 Review Frame

Framing refers to the positive or negative description of an objective event (Kahneman & Tversky, 1979).
Online reviews can be presented as a 90.6% applause ratio (positive frame) or as a 9.4% bad review ratio (negative
frame).
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Prospect theory shows an obvious framing effect: negative frames loom larger than positive frames
(Kahneman & Tversky, 1979). In online shopping, researchers have observed that negative reviews have a greater
impact on consumers than do positive reviews (Yang& Mai, 2010; Yin et al., 2014).

2.5 Statistical Format with Small vs. Large Review Quantity

In the frequency format, calculating the relative ratio (positive reviews/total reviews) occupies more
cognitive load, leaving people with less energy or attention to process the total reviews. In the percentage format,
the ratio is ready-made, and people have adequate energy to process the total reviews (Lee et al., 2019). The
advantages and disadvantages of the total reviews are highlighted more in the percentage format than in the
frequency format (Petrova et al., 2018). A large total of reviews should be perceived better in the percentage (vs.
the frequency) format, and a small total of reviews should be perceived as worse in the percentage (vs. frequency)
format. Therefore, we assume the following:

H1: The percentage format will induce higher purchase intentions than the frequency format with a large review
quantity, whereas the frequency format will induce higher purchase intentions than the percentage format with a
small review quantity.

2.6 Statistical Format with Positive vs. Negative Review Valence

The difference in the difficulty of processing frequency versus percentage may influence individuals’
evaluation of information valence (McKechnie et al., 2012). The frequency format is more difficult to process
than the percentage format, resulting in more distortion in valence evaluation (Lee et al., 2019). This makes the
positive outcome less positive and the negative outcome less negative in the frequency (vs. percentage) format
(Petrova et al., 2018). For instance, the advantage of positive review valence will be less obvious in the frequency
format because of the difficulty of calculating the exact ratio. Similarly, the disadvantage of negative review
valence will be less obvious in the frequency (vs. percentage) format due to the calculation difficulty. We
hypothesize the following:

H2: The percentage format will induce higher purchase intentions than the frequency format in the positive
review valence, whereas the frequency format will induce higher purchase intentions than the percentage format in
the negative review valence.

2.7 Statistical Format with Positive vs. Negative Review Frame

According to fuzzy-trace theory, when reasoning and making decisions, people tend to rely on their
memories to extract the essence of information, even when they can remember, verbatim, the details (e.g.,
quantitative) of such information (Reyna & Brainerd, 2008). So, in the frequency format, due to confusion created
by overlapping or nested classes, people focus on the salient gist—often comparisons between numerators—at
the expense of focusing on denominators (Reyna, 2004; Srivastava & Koukova, 2018). If the numerator
information is more prominent, we speculate that in a positive frame, the frequency format (e.g., positive reviews:
22,400; total reviews: 23,300) would highlight the positive numerator information more than the percentage
format (e.g., positive review ratio: 96.41%; total reviews: 23,300) would; however, in a negative frame, the
frequency format (e.g., negative reviews: 900; total reviews: 23,300) would highlight the negative numerator
information more than the percentage format (e.g., negative review ratio: 3.86%; total reviews: 23,300) would. The
latter is more likely to arouse consumers' loss aversion, so that they overestimate the percentage of the number of
negative reviews, thus leading to negative bias or valence distortion (Yang & Mai, 2010; Yin et al, 2014).
Conversely, the percentage format allows consumers to get a more accurate estimate of the percentage of negative
reviews. We hypothesize that the framing effect would be more obvious in the frequency format than in the
percentage format.

H3: The frequency format will induce higher purchase intentions than the percentage format in a positive review
frame, whereas the percentage format will induce higher purchase intentions than the frequency format in a
negative review frame.

3 An Overview of the Current Research

We conducted two studies to test our hypotheses. In Study 1, we designed standard experimental scenarios,
adopted a within-subjects design, and selected daily necessities, electronic products, and travel goods as materials.
In Study 2, we designed emulation online shopping scenarios, adopted a between-subjects design, and selected
clothing, food, and household appliances as materials to further test these hypotheses.

To detect a medium effect size of 0.25 at 95% power (x =.05), we ensured that there were at least 141
participants in Study 1 (within-subjects design), and 960 participants in Study 2 (between-subjects design).
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4 Study 1
4.1 Participants, Materials, and Procedure

A 2 (statistical format: frequency vs. percentage) X 2 (review quantity: large vs. small) X 2 (review valence:
positive vs. negative) X 2 (review frame: positive vs. negative) within-subjects experimental design was adopted to
test our hypotheses. We selected three daily online products—daily necessities (shampoo), electronic products (a
headset), and travel goods (a suitcase)}—and provided online reviews, with 16 versions.

Consider the suitcase as an example.

Freguency, large quantity, positive valence, positive frame condition: Suitcase A: number of positive reviews: 14,922;
total reviews: 15,423;

Percentage, large quantity, positive valence, positive frame condition: Suitcase B: percentage of positive reviews: 96.75%;
total reviews: 15,423;

Freguency, large quantity, positive valence, negative frame condition: Suitcase C: number of negative reviews: 501; total
reviews: 15,423

Percentage, large quantity, positive valence, negative frame condition: Suitcase D: percentage of positive reviews: 3.25%;
total reviews: 15,423;

Frequency, small quantity, positive valence, positive frame condition: Suitcase E: number of positive reviews: 149; total
reviews: 154;

Percentage, small gnantity, positive valence, positive frame condition: Suitcase F: percentage of positive reviews: 3.25%;
total reviews: 154 (see Table 1 for other versions and product materials).

Table 1 Experimental Materials (in Study 1)

Shampoo Headset Suitcase
Frequency format Percentsge Frequency format Percentage Frequency format Percentage
format format format
The number of The percentageof  The number of The percentageof  The number of The percentage of
positive reviews: positive reviews: positive reviews: positive reviews: positive reviews: positive reviews:
Positive 76,111; 89.41%; 20,600; 88.41%; 13,110; 85.00%;
frame
the number of the number of the number of the number of the number of the number of
Large reviews: 85,124 reviews: 85,124 reviews: 23,300 reviews: 23,300 reviews: 15,423 reviews: 15,423
qr::::y The number of The percentageof  The number of The percentageof  The number of The percentage of
negative reviews: negative reviews: negative reviews: negative reviews: negative reviews: negative reviews:
Negative 9,013; 10.59%; 2,700; 11.59%; 2,313; 15.00%;
frame
the number of the number of the number of the number of the number of the number of
Nesa_“"e reviews: 85,124 reviews: 85,124 reviews: 23,300 reviews: 23,300 reviews: 15,423 reviews: 15,423
J:,:::; The number of The percentageof  The number of The percentageof ~ The number of The percentage of
positive reviews: positive reviews: positive reviews: positive reviews: positive reviews: positive reviews:
Positive 76; 89.41%; 206; 88.41%; 131; 85.00%;
frame
the number of the number of the number of the number of the number of the number of
Smail reviews: 85 reviews: 85 reviews: 233 reviews: 233 reviews: 154 reviews: 154
qr::::y The number of The percentageof  The number of The percentageof  The number of The percentage of
negative reviews: negative reviews: negative reviews: negative reviews: negative reviews: negative reviews:
Negative ; 10.59%; 27; 11.59%; 23; 15.00%;
frame
the number of the number of the number of the number of the number of the number of
reviews: 85 reviews: 85 reviews: 233 reviews: 233 reviews: 154 reviews: 154
The number of The percentageof  The number of The percentageof  The number of The percentage of
positive reviews: positive reviews: positive reviews: positive reviews: positive reviews: positive reviews:
Positive 83,120; 97.65%; 22,400; 96.14%; 14,922; 96.75%;
frame
the number of the number of the number of the number of the number of the number of
Large reviews: 85,124 reviews: 85,124 reviews: 23,300 reviews: 23,300 reviews: 15,423 reviews: 15,423
qr::::y The number of Thepercentageof  The number of The percentageof ~ The number of The percentage of
negative reviews: negative reviews: negative reviews: negative reviews: negative reviews: negative reviews:
Negative 2,004; 2.35%; 900; 3.86%; 501; 3.25%;
frame
the number of the number of the number of the number of the number of the number of
Rositive: reviews: 85,124 reviews: 85,124 reviews: 23,300 reviews: 23,300 reviews: 15,423 reviews: 15,423
J:,:::; The number of The percentageof  The number of The percentageof  The number of The percentage of
positive reviews: positive reviews: positive reviews: positive reviews: positive reviews: positive reviews:
Positive 83; 97.65%; 22a; 96.14%; 1a9; 96.75%;
frame
the number of the number of the number of the number of the number of the number of
Small reviews: 85 reviews: 85 reviews: 233 reviews: 233 reviews: 154 reviews: 154
qr::,::y The number of Thepercentageof  The number of The percentageof  The number of The percentage of
negative reviews: negative reviews: negative reviews: negative reviews: negative reviews: negative reviews:
Negative & 2.35%; 9; 3.86%; s; 3.25%;
frame
the number of the number of the number of the number of the number of the number of
reviews: 85 reviews: 85 reviews: 233 reviews: 233 reviews: 154 reviews: 154

The participants were asked to browse a series of products (randomly presented) with online review
information and then to indicate their purchase intentions for these products (on a scale ranging from 1 = very
unwilling to buy to 7 = very willing to buy). Cronbach’s @ =.93. Based on the calculated sample size given above, we
selected 150 patticipants (64 females; My, = 24.58, SD = 3.54) from Sojump (http://www.Wijx.cn), an online
platform similar to Mechanical Turk or Qualtrics, which is used to launch nationwide e-surveys in China. We paid
each participant ¥5 (¥1 = $0.14). Nine participants who did not pass the game rule comprehension test were
excluded.
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To determine the thresholds for a small/large review quantity and a positive/negative review, we conducted a
preliminary study (IN = 100) to ask the participants (from the same formal study pool) to indicate the thresholds
for a small and large review quantity and a positive and negative review for the shampoo, headset, and suitcase,
respectively, based on their online shopping experience. We then calculated the mean and standard deviation of
the reported thresholds and determined the formal experimental materials. Furthermore, we conducted a post-
check to test whether our thresholds matched the participants’ experiences. For instance, the participants were
asked the following questions: 1) Based on your online shopping experience for a shampoo, a total of 85,124
reviews is: A: large; B: small. 2) For a shampoo, 97.65% positive reviews and 2.35% negative reviews are: A: a
positive valence; B: a negative valence (see Table 2 for analysis and Appendix A for all the post-check items).

Table 2 The Post-Check Analysis (in Studies 1 and 2)

Perq;ntage . of Perceptage _ of Number of reviews
positive reviews negative reviews
High Low Low High Large Small
Value setting 97.65% | 89.41% | 2.35% | 10.59% |85124 |85
Shampoo g:;plfifﬁzn;%; f o5 | 709% | 929% | 794% | 972% | 95.7%
Value setting 96.14% | 88.41% | 3.86% | 11.59% | 23300 | 233
Headset g:;plfifﬁzn;%; f o430 | 688% | 922% | 738% | 943% | 97.9%
Value setting 96.75% | 85% 325% | 15% 15423 | 154
sultcase g:;plfifﬁzn;%; flozeve | 745% | 915% | 76.6% | 943% | 97.2%
Value setting 98.28% | 82.76% | 1.72% | 17.24% | 11637 | 116
Hat gf;plfzﬁzn;;f; 9930, | 773% | 97.9% | 709% | 943% | 95.7%
Value setting 99.07% | 83.64% | 0.93% | 16.36% | 42829 | 428
s gf;plff;f;n;f; 9930 | 688% | 97.9% | 688% | 972% | 93.6%
Value setting 97.24% | 78.73% | 2.76% | 2127% | 36275 | 362
N gf;plff;f;n;f; f g5 | 787% | 93.6% | 837% | 95% 92.9%
4.2 Results

A 2 (statistical format: frequency vs. percentage) X 2 (review quantity: large vs. small) X 2 (review valence:
positive vs. negative) X 2 (review frame: positive vs. negative) analysis of variance (ANOVA) was conducted. The
results showed that the main effect of the review quantity was significant, F(1, 140) = 19.40, p <.001, 7> =.12: the
more reviews a product had, the more likely consumers were to buy it (M= 4.10, SD = 1.62, M= 3.74, SD =
1.46). The main effect of review valence was significant, F(1, 140) = 473.01, p <.001, np? =.77: when the review
valence was positive, consumers were more likely to buy the product (Mpse= 4.59, SD = 1.39, Myggari= 3.25, SD
= 1.42). The main effect of review frame was significant, F(1, 140) = 303.93, p <.001, np? =.69: participants’
purchase intentions were higher in a positive frame (M = 4.51, SD = 1.41) than in a negative frame (M = 3.32, §D
= 1.47). The main effect of the statistical format was insignificant, F(1, 140) = 0.81, p =.776, ,*> <.01.

More importantly, we found three important interactions. First, the interaction between statistical format
and review quantity was significant, F(1, 140) = 153.00, p <.001, np2 =.52; see Figure 2a, left side). When the total
number of reviews for a product was large, participants exhibited a higher willingness to buy in the percentage
format (M= 4.32, §D = 1.62) than in the frequency format (M = 3.88, SD = 1.60), F(1, 140) = 62.15, p <.001, n,?
=.31. Conversely, when the product had a small number of total reviews, participants showed a higher willingness
to buy in the frequency format (M= 3.97, §D = 1.45) than in the percentage format (M= 3.50, §D = 1.44), F(1,
140) = 59.91, p <.001, 2 =.30, supporting H1.

Second, the interaction between the statistical format and review valence was significant, F(1, 140) = 130.83,
P <.001, np? =.48; see Figure 2b, left side). When the review valence was positive, participants’ purchase intentions
were higher in the percentage format (M= 4.75, §D = 1.32) than in the frequency format (M = 4.42, SD = 1.44),
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F(1, 140) = 40.30, p <.001, np? =.22. However, when the review valence was negative, participants’ purchase
intentions were higher in the frequency format (M = 3.42, SD = 1.436) than in the percentage format (M= 3.08,
SD = 1.38), (1, 140) = 36.71, p<.001, np2 =.21, supporting H2.

Third, the interaction between statistical format and review frame was significant, F(1, 140) = 54.59, p <.001,
Ny =.28; see Figure 2c, left side). In the positive frame, participants had a higher willingness to buy in the
frequency format (M= 4.65, $D = 1.33) than in the percentage format (M= 4.37, D = 1.47), (1, 140) = 20.48, p
<.001, np2 =.13. In contrast, in the negative frame, participants had a higher willingness to buy in the percentage
format (M = 3.45, §D = 1.57) than in the frequency format (M = 3.20, SD = 1.35), F(1,140) = 22.51, p <.001, n,?
=.14. This evidence supports H3.

Additionally, the four-way interaction among statistical format, review quantity, review valence, and review
frame was significant, F(1, 140) = 30.51, p <.001, n,> =.179; see Figure 2d). When the review quantity was small
and the review valence positive, the frequency format in a positive review frame induced the highest purchase
intention, F(3, 560) = 69.74, p<.001, n,> =.27 (frequency format in a positive frame: M = 5.00, §D = 1.21;
percentage format in a positive frame: M = 4.64, SD = 1.22; frequency format in a negative frame: M = 4.04, §D
= 1.32; percentage format in a negative frame: M = 3.71, §D = 1.16).

When the review quantity was large and the review valence positive, the percentage format in a positive
review frame induced the highest purchase intention, I(3, 560) = 48.62, p<.001, 7,2 =.21 (percentage format in a
positive frame: M = 5.62, §D = 0.91; frequency format in a positive frame: M = 527, SD = 1.13; percentage
format in a negative frame: M = 5.02, §D = 1.17; frequency format in a negative frame: M = 3.38, §D = 1.27).

When the review quantity was small and the review valence negative, the frequency format in a positive
review frame induced the highest purchase intention, F(3, 560) = 31.58, p<.001, np? =.15 (frequency format in a
positive frame: M = 4.12, §D = 1.16; percentage format in a positive frame: M = 3.38, D = 1.22; frequency
format in a negative frame: M = 2.73, §D = 1.11; percentage format in a negative frame: M = 2.28, D = 1.00).

When the review quantity was large and the review valence negative, the frequency format in a positive
review frame induced the highest purchase intention, F(3, 560) = 109.10, p<.001, n,? =.37 (frequency format in a
positive frame: M = 4.22, §D = 1.42; percentage format in a positive frame: M = 3.85, §D = 1.41; percentage
format in a negative frame: M = 2.80, D = 1.29; frequency forrnat in a negative frame: M = 2.62, §D = 1.19).
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In this study, the participants browsed through the products and online review information on the online
shopping interface using a mobile terminal; however, we wanted to test our hypotheses in more realistic online
shopping scenarios. Furthermore, to reduce mutual interference among experimental conditions, we adopted a
between-subjects design: 2 statistical format X 2 review quantity X 2 review valence X 2 review frame. We also
selected other products from the categories of clothing (a baseball cap), food (nuts), and electronic appliances (a
television) to further test our hypotheses.

The variable manipulation was the same as in Study 1 (Table 3), but the experimental scenarios were more
similar to real online shopping (Figure 3). The participants were asked to look at these online shopping interfaces
and then to indicate their purchase intentions for the selected products (on a scale ranging from 1 = very umwilling

to buy to T = very willing to buy). Cronbach’s @ =.69.

Table 3 Experimental Materials (in Study 2)

Baseball cap Nuts Television
Frequency format ercentage Frequency format Rescentage Frequency format Percentape
format format format
The number of Thepercentageof ~ The number of The percentageof ~ The number of The percentage of
positive reviews: positive reviews: positive reviews: positive reviews: positive reviews: positive reviews:
Positive 9,631; 82.76%; 35,822; 83.64%; 28,559; 78.73%;
frame
the number of the number of the number of the number of the number of the number of
La r.ge reviews: 11,637 reviews: 11,637 reviews: 42,829 reviews: 42,829 reviews: 36,275 reviews: 36,275
qr:::ﬁ:y The number of Thepercentageof ~ The number of The percentageof ~ The number of The percentage of
negativereviews:  negativereviews:  negative reviews: negativereviews:  negativereviews:  negative reviews:
Negative 2,006; 17.24%; 7,007; 16.36%; 7,716; 21.27%;
frame
the number of the number of the number of the number of the number of the number of
Negétive reviews: 11,637 reviews: 11,637 reviews: 42,829 reviews: 42,829 reviews: 36,275 reviews: 36,275
J;::rle The number of The percentageof  The number of The percentageof ~ The number of The percentage of
positive reviews: positive reviews: positive reviews: positive reviews: positive reviews: positive reviews:
Positive 96; 82.76%; 358; 83.64%; 285; 78.73%;
frame
the number of the number of the number of the number of the number of the number of
Srr!all reviews: 116 reviews: 116 reviews: 428 reviews: 428 reviews: 362 reviews: 362
r
q::,l,i:y The number of The percentageof ~ The number of Thepercentageof — The number of The percentage of
negativereviews:  negativereviews:  negative reviews: negativereviews:  negativereviews:  negative reviews:
Negative 20; 17.24%; 70; 16.36%; 77; 21.27%;
frame
the number of the number of the number of the number of the number of the number of
reviews: 116 reviews: 116 reviews: 428 reviews: 428 reviews: 362 reviews: 362
The number of The percentageof ~ The number of Thepercentageof — The number of The percentage of
positive reviews: positive reviews: positive reviews: positive reviews: positive reviews: positive reviews:
Positive 11,437; 98.28%; 42,431; 99.07%; 35,274; 97.24%;
frame
the number of the number of the number of the number of the number of the number of
Large reviews: 11,637 reviews: 11,637 reviews: 42,829 reviews: 42,829 reviews: 36,275 reviews: 36,275
qr:avrl::y The number of Thepercentageof  The number of The percentageof ~ The number of The percentage of
negativereviews:  negativereviews:  negative reviews: negative reviews: negativereviews:  negative reviews:
Negative  200; 1.72%; 398; 0.93%; 1,001; 2.76%;
frame
the number of the number of the number of the number of the number of the number of
Positive reviews: 11,637 reviews: 11,637 reviews: 42,829 reviews: 42,829 reviews: 36,275 reviews: 36,275
vr;‘:::le The number of Thepercentageof  The number of The percentageof ~ The number of The percentage of
positive reviews: positive reviews: positive reviews: positive reviews: positive reviews: positive reviews:
Positive 114; 98.28%; 424; 99.07%; 352; 97.24%;
frame
the number of the number of the number of the number of the number of the number of
Small reviews: 116 reviews: 116 reviews: 428 reviews: 428 reviews: 362 reviews: 362
qr:::,el:v The number of Thepercentageof ~ The number of The percentageof ~ The number of The percentage of
negativereviews:  negativereviews:  negativereviews:  negativereviews:  negativereviews:  negative reviews:
Negative 2; 1.72%; 4; 0.93%; 10; 2.76%;
frame
the number of the number of the number of the number of the number of the number of
reviews: 116 reviews: 116 reviews: 428 reviews: 428 reviews: 362 reviews: 362
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Based on the calculated sample size given above, we collected 963 valid participants (540 females; Mage =
30.70, SD = 7.85) from Sojump (http://www.Wijx.cn) and paid each of them ¥5 (¥1 = $0.14).

The thresholds for a small/large review quantity and a positive/negative review were set the same as in Study
1, and the post-check is reported in Table 2, suggesting a successful manipulation of review quantity and valence.

5.2 Results

A 2 statistical format X 2 review quantity X 2 review valence X 2 review frame ANOVA was conducted. The
results showed that the main effect of review valence was significant, F(15, 947) = 85.21, p <.001, np? =.08. When
the review valence was positive, the participants were more likely to buy the product (Mppim= 5.13, SD = 1.14,
Mygain= 4.50, SD = 1.17). The main effect of review frame was significant, F(15, 947) = 123.09, p <.001, np?=.12:
participants’ purchase intentions were higher in a positive frame (M = 5.19, §D = 1.11) than in a negative frame
(M =4.43, §D = 1.16). The main effects of review quantity and statistical formatwere insignificant ( F(15, 947) =
0.123, p =.726, 0,2 <.01; F(15, 947) = 0.619, p =.431, ny2 =.01).

Similar to Study 1, we found a significant interaction between statistical format and review quantity, (15,
947) = 46.82, p <.001, np? =.05; see Figure 2a—right side). When the total number of reviews was large, the
participants exhibited a higher willingness to buy in the percentage format (M= 5.09, D = 1. 21) than in the
frequency format (M =4.57, §D = 1.16), F(1, 947) = 29.11, p <.001, np? =.03. Conversely, when the total number
ofreviews was small, the participants showed a higher willingness to buy in the frequency format (M= 5.00, D =
1.12) than in the percentage format (M= 4.58, §D = 1.20), F(1, 947) = 18.33, p <.001, np?=.02, supporting H1.

Further, the interaction between statistical format and review valence was significant, F(15, 947) = 14.86, p
<.001, np? =.02; see Figure 2b, right side). When the review valence was positive, participants’ purchase intentions
were higher in the percentage format (M= 5.29, §D = 1.09) than in the frequency format (M = 4.97, SD = 1.10),
F(1,947) = 10.77, p =.001, np? =.01.
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However, when the review valence was negative, participants’ purchase intentions were higher in the
frequency format (M = 4.61, SD = 1.14) than in the percentage format (M= 4.40, SD = 1.20), F(1, 947) = 4.71, p
=.030, np,? =.01, supporting H2. It is noteworthy that we did not find a significant interaction between statistical
format and review frame, F(15, 947) = 1.81, p =.179, n,? <.01, and, thus, Study 2 did not support H3. We discuss
this in the General Discussion section.

Additionally, the four-way interaction among statistical format, review quantity,review valence, and review
framewas significant, F(15, 947) = 6.07, p =.014, 7,2 =.0006; see Figure 2d). Consistent with Study 1, when the
number of reviews was small and the review valence positive, the frequency format in a positive review frame
induced the highest purchase intention, F(1, 947) = 15.93, p<.001, np2 =.02 (frequency format in a positive frame:
M = 5.64, §D = 0.86; percentage format in a positive frame: M = 5.06, SD = 1.28; frequency format in a negative
frame: M = 4.98, §D = 1.03; percentage format in a negative frame: M =4.64, SD = 0.90).

When the review quantity was large and the review valence positive, the percentage format in a positive
review frame induced the highest purchase intention, F(1, 947) = 20.11, p<.001, np? =.02 (percentage format in a
positive frame: M = 6.18, §D = 0.52; percentage format in a negative frame: M = 5.22, §D = 0.87; frequency
format in a positive frame: M = 4.74, SD = 1.12; frequency format in a negative frame: M = 4.49, §D = 1.28).

When the review quantity was small and the review valence negative, the frequency format in a positive
review frame induced the highest purchase intention, F(1, 947) = 44.31, p<.001, np? =.05 (frequency format in a
positive frame: M = 5.06, SD = 1.00; percentage format in a positive frame: M = 4.86, SD = 1.18; frequency
format in a negative frame: M = 4.32, §D = 1.18; percentage format in a negative frame: M = 3.81, §D = 0.99).

When the review quantity was large and the review valence negative, the frequency format in a positive
review frame induced the highest purchase intention, F(1, 947) = 49.82, p<.001, np? =.05 (frequency format in a
positive frame: M = 5.00, SD = 0.88; percentage format in a positive frame: M = 4.91, §D = 1.10; frequency
format in a negative frame: M = 4.02, §D = 1.15; percentage format in a negative frame: M = 3.99, §D = 1.09).

6 General Discussion

This research explored whether the recently proposed "/love of large numbers" theory always exists and whether
consumers have biases in the processing of online review information in online shopping under the conditions of
different statistical formats, review quantities, valences, and frames. The two main findings from our studies were
as follows: 1) the frequency format induced higher purchase intentions than did the percentage format, with a
small review quantity, a negative review valence, or a positive review frame; and 2) the percentage format induced
higher purchase intentions than did the frequency format, with a large review quantity, a positive review valence,
or a negative review frame.

Theoretically, these findings suggest that people are irrational in terms of processing information and that
their purchase intentions are influenced by the way in which information is presented. This supports the theories
of bounded rational decision-making, heuristics, and fuzzy-trace theory (Gigerenzer & Hoffrage, 1995; Reyna,
2004). The focus of information and the processing accuracy differed between the two statistical formats: the
numerators were more focused in the frequency format, whereas the denominators (total reviews) were more
focused in the percentage format, and the process of ratio was less accurate in the frequency (vs. percentage)
format. These differences led us to conclude that, with a positive review frame, a small review quantity, or a
negative review valence, the frequency format was superior to the percentage format; and, witha negative review
frame, a large review quantity, or a positive review valence, the percentage format was superior to the frequency
format. However, it is worth noting that we did not observe a significant interaction effect between the statistical
format and review frame in Study 2. We speculate that the emulation scenarios in Study 2 involved excess
information (e.g., product price, titles and photos, reviews). This information may have diverted participants’
attention to the numerators of the reviews, weakening the effect of the statistical format. More importantly, our
results cast doubt on the finding of the love of large numbers (Powell et al., 2017). We found that it is not necessarily
the total number of reviews that has a decisive effect on consumers' purchase intention; rather, we found an
interaction between the number of positive (or negative) reviews and the format in which they were presented.
For example, we found that consumers preferred the products with a large number of reviews only when the
number of positive (or negative) reviews was presented in the percentage format, while the /ove of large numbers was
not supported when the number of positive (or negative) reviews was presented in the frequency format.

Regarding practical applications, the current research provides inspiration and guidelines for online shopping
platforms to design their presentation of products’ online reviews. Our findings suggest that with respect to the
frequency vs. the percentage formats, one is not always superior to the other; rather, there are variations according
to review frame, quantity, and valence.
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Our research explored the number of reviews from a multi-dimensional perspective and found that single
presentation format of online reviews used by current platforms may result in consumers’ perceptual bias.
Therefore, the platform should present multi-dimensional information about the number of reviews in a standard
way. For example, it should present not only the number of positive or negative reviews, but also the percentage
in addition to the absolute number, so as to help consumers make more accurate and rational decisions.

6.1 Limitations

First, to ensure information equivalence, we presented total reviews in both statistical formats. In daily online
shopping, online shopping platforms sometimes present percentage information without total reviews (e.g.,
positive review ratio: 96.41%). On the one hand, we speculate that, compared to the percentage format with total
reviews, the percentage without total reviews may induce higher purchase intentions in cases in which there are
fewer reviews because the disadvantage of total reviews is hidden. On the other hand, the percentage without total
reviews may induce lower purchase intentions in cases with a large number of reviews because the advantage of
total reviews is also hidden. Future studies should explore this topic further.

Second, in the manipulation of review valence, this study did not include the situation in which review
valence is too negative (e.g., a less than 50% positive review ratio) because on real online shopping platforms,
product review valences are generally between 80% and 100% (positive review ratio), and products with a review
valence lower than 80% will be removed from online “shelves” (Ma et al., 2017). Future studies can further
explore the effect of the statistical format in cases with a negative review valence.
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