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Abstract

This paper, which is based on a heuristic-systematic dual-process model, identifies the
boundary conditions of the nine-ending pricing effect when nine-ending and zero-ending
prices are separately, jointly, and sequentially evaluated. Study 1 proves the occurrence of
the nine-ending effect in separate, but not joint, evaluation conditions. Study 2 adds an extra
sequential evaluation mode to Study 1 and measures actual quantitative estimations with a
shopping budget. The results are consistent with those from Study 1. The results of Study 3
demonstrate that the perceived price difference between nine- and zero-ending digits with
different leftmost digits is greater in the separate-evaluation mode than it is in the joint-
evaluation mode. In Study 4, task complexity is manipulated and the results show that no
nine-ending effect is observed when cognitive capacity, which is induced by greater task
complexity, exceeds the capabilities that people possess.

[ Keywords ] nine-ending pricing effect, evaluation modes, heuristic-systematic model
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1. Introduction

The research streams of the nine-ending pricing strategy, which is widely used among
retailers, have shown inconsistent results. In the initial stage of research, there exists doubt
about the effect of nine-ending pricing on magnitude perception (e.g., Gabor and Granger,
1964), and more recent research has indicated that people’s responses are not affected by a
very small price change (e.g., Monroe, 2003; Monroe and Lee, 1999).

However, Bizer and Schindler (2005) provide evidence supporting the effectiveness of
nine-ending prices via the drop-off mechanism, and Thomas and Morwitz (2005) find
evidence of a left-digit effect and distance effect. Stiving and Winer (1997) explain the nine-
ending price endings by referring to level and image effects. Researchers provide some
explanations for nine-ending effect, but why are there so many inconsistent results?
Combined with Evaluability Hypothesis proposed by Hsee (1996) to explain how joint and
separate evaluation modes may reverse consumers’ preference, this article infers that the
possible reason for the inconsistence may be caused by the different evaluation modes (joint
and separate evaluation modes).

Most of these experimental conditions evaluate the nine-ending effect separately (e.g.,
Bizer and Schindler, 2005; Manning and Sprott, 2009). Only Thomas and Morwitz (2005)
study lets people evaluate prices in joint mode, but their experiments focus on measuring the
price magnitude perception of the target price after comparing this magnitude with the
reference price of the same product. In other words, the target prices of two products are not
being directly compared side by side as in the real world (e.g., product prices printed on
direct mail [DM], in-store shelves, and on the Internet; see Appendix Figure 1 and 2). In
order to determine whether nine-ending pricing influences actual purchasing decisions when
nine-ending and zero-ending prices are presented side by side or sequentially, as in the real
world,' this article investigates how different evaluation modes influence the nine-ending
effect both in theory and practice.

According to the preceding discussion, we develop a conceptual framework based on a
heuristic-systematic dual-process model (HSM), which states that people may make a

decision based on either a systematic process or a heuristic process, to explore the boundary

1 According to single-option aversion, which documents that people have the desire to search when faced
with a single option (Mochon, 2013), consumers tend to recall a reference price from their prior
experience and memory, or compare the prices of the similar products near the target one. That is, in daily
life, joint and sequential evaluation modes are used by consumers more frequently than separate
evaluation mode.
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conditions of nine-ending effects, and to extend the research to incorporate different
evaluation modes. Experimental results are presented and concluding remarks are provided

together with implications and directions for future research.

2. Literature Review
2.1 Evaluation Modes: Separate, Joint and Sequential

The Evaluability Hypothesis maintains that it is more difficult to evaluate the
desirability of values associated with certain attributes than those associated with others, and
that compared to easy-to-evaluate attributes, difficult-to-evaluate attributes will have a
greater influence on joint evaluation (JE) than on separate evaluation (SE) (Hsee, 1996;
Hsee, Loewenstein, Blount, and Bazerman, 1999). As these terms imply, SE refers to the
condition where two stimulus options are separately presented and evaluated, whereas JE
refers to the condition where two stimulus options are presented and evaluated side by side at
the same time (Goldstein and Einhorn, 1987). These evaluation modes are utilized to argue
against normative decision theories, which suggest that regardless of the way preferences are
elicited, people’s preferences remain unchanged; in reality, people may display different or
even reverse preferences within two normatively equivalent evaluation conditions (Hsee,
1996; Schmeltzer, Caverni, and Warglien, 2004). Hence, the preference for stimulus options
changes according to the evaluation condition.

For example, Hsee (1996) has designed a second-hand dictionary scenario to examine
the amount that people say they are willing to pay. Dictionary A contains 10,000 entries and
looks new; Dictionary B contains 20,000 entries and has a torn cover. The results show that
people will assign a higher price to dictionary A ($24) than to dictionary B ($20) when they
make their judgment in the SE mode. However, in the JE condition, the opposite results
occur: people assign a higher price to dictionary B ($27) than to dictionary A ($19). In this
example, the number of entries is regarded as a difficult-to-evaluate attribute in the SE mode;
thus, the easy-to-evaluate attribute, “new” versus “old,” has a greater influence on the
people, who are more willing to pay for Dictionary A than Dictionary B. Conversely, as the

Evaluability Hypothesis® proposes, people will compare the difficult-to-evaluate attribute in

2 Although researchers use Evaluability Hypothesis to explain the comparisons among two or more attributes,
it is reasonable to compare the single attribute of price in this article. Based on prior studies, price may play
a dual role in consumers’ product evaluations at the same time. For example, Bornemann and Homburg
(2011) present that consumers may interpret price information as either an indicator of quality or an
indicator of monetary sacrifice when evaluating a product. That is, the extension of Evaluability Hypothesis
is suitable and acceptable here.
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the JE mode and put more weight on this attribute than they do in the SE mode. Stated
differently, a preference reversal occurs in the joint condition.

According to Bettman and Kakkar (1977) study, they present that the information
format in which information is given has a great influence on the information processes
(Kleinmuntz and Schkade, 1993; Schkade and Kleinmuntz, 1994). We can infer, therefore,
that SE and JE, which are different information formats, may affect the judgment and
decision-making processes used by people. Consistent with the Change-of-Process Theory,
which states that the processes by which people combine information vary as a function of
the task (Mellers, Chang, Birnbaum, and Ordoéfiez, 1992), we maintain that the preference
between price and rating will be reversed by many factors, such as the display of information
and the demand of cognitive effort (Garbarino and Edell, 1997; Payne, 1982). It is therefore
reasonable to suppose that people will make more effort to judge the difficult-to-evaluate
attributes in the JE condition when simultaneously comparing them to easy-to-evaluate
attributes. In other words, more cognitive effort will be required when making a decision in
the JE mode than in the SE mode. Similarly to the comparisons of single attribute of price,
consumers may recall the possible reference price of this product intuitively in the SE mode,
whereas they may make much cognitive effort to compare nine- and zero-ending prices first
and then judge whether having to recall another reference price in JE mode.

Explained in terms of HSM, if people need to exert a lot of mental effort in performing
a task, they tend to use a systematic process for judgment and decision making; conversely,
people will use a heuristic process if less effort is exerted to judge and make decisions
(Chaiken, 1980, 1987; Chaiken and Maheswaran, 1994). Thus, this paper infers that people
will tend to use a systematic process in the JE mode when simultaneously comparing nine-
and zero-ending prices and a heuristic process in the SE mode.

In addition to extending Hsee (1996) Evaluability Hypothesis to include the SE and JE
conditions, this study investigates a third condition, the “sequential evaluation” (SQE)
condition, which is examined alongside the other two. It is constructed as the midpoint
between the SE and JE conditions with the stimulus options evaluated back-to-back in a
sequence (Moore, 1999). Bartels (2006) further explains that consumers may make an
absolute judgment first and then take the first price as a reference price to make a possible
comparative judgment strategy when facing a sequential mode. The significance of the SQE
mode is that it is becoming more and more common in the real world. For example, people
often click “next” button page by page to browse the information on products when they try

to buy things on the Internet. Even in physical retail stores, people may also remember
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information presented in the first store they visited, and then compare it with the information
given in the next store. In both conditions of the virtual and physical stores, the sum of
cognitive effort required to judge nine- and zero-ending prices in the SQE mode is midway
between the SE and JE modes: more effort to make a comparative judgment is required than
in the SE condition and less effort to recall a reference price is required than in the JE

condition.

2.2 Nine-Ending Pricing Effect

Prices can be segmented into two elements: (1) the leftmost digit and (2) the digits to
the right of the leftmost digit, which are known as the ending digits (Bizer and Schindler,
2005; Coulter, 2001). The literature shows mixed evidence as to whether people perceive
products with nine-ending prices to be much lower in price than ones with zero-ending
prices that are one cent or one dollar higher. Several theories have been proposed to explain
the preponderance of nine-ending prices. Stiving and Winer (1997) have explained these
theories and broadly categorized them into image effect and level effect, which are two
consumer behavioral explanations. Image effect includes two aspects: price image and
quality image. Stiving and Winer (1997), and Baumgartner and Steiner (2007) maintain that
price image indicates that the products are on sale and at the lowest price when the prices
end in 99, and quality image assumes that odd prices are considered low-quality products,
while even prices indicate high-quality merchandise (Gendall, Holdershaw, and Garland,
1997; Schindler, 1991, 2001, 2006; Schindler and Kibarian, 1996, 2001; Stiving, 2000).

Level effect can be categorized into three aspects: “rounding down”, “left-to-right
comparison”, and “memory effect”. The rounding down mechanism (drop-off mechanism) is
commonly proposed in support of the effect of nine-ending pricing on magnitude perception
(Bizer and Schindler, 2005; Brenner and Brenner, 1982; Schindler, 1984; Stiving and Winer,
1997). According to this theory, when people see a price, they pay very little or no attention
to the ending digits; hence, the term “price ending drop off” (Manning and Sprott, 2009;
Schindler, 1991; Schindler and Kirby, 1997). For example, when people see a price of $199,
they may perceive the price ending digits as zero, making the price virtually equivalent to
$100. They may also see the price as $200. The former circumstance reflects the tendency of
people to drop off or give less attention to the ending digits of a price.

Bizer and Schindler (2005) have developed a new experimental approach to
demonstrate numerical drop-off and avoid two major causes of failures in research into the

nine-ending pricing effect. These two causes are high variation among open-ended responses
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in free-recall tasks (e.g., short-term price recall in the study of Schindler and Kibarian, 1993)
and unrealistic conditions (e.g., the several minutes given to respondents to examine an
advertisement showing only one price in the study of Schindler and Kibarian, 1993).
Respondents in the study of Bizer and Schindler (2005) were asked to make quantitative
estimations of the number of items with either nine-ending prices (e.g., $2.99, $4.99) or
zero-ending prices one penny higher (e.g., $3.00, $5.00) that could be purchased given a
total budget of $73. If people do indeed drop off the last digits of a nine-ending price during
the perception process, then this would make the perceived price much smaller than it
actually is (e.g., perceiving $2.99 as $2.00), which would cause the quantitative estimation of
items with nine-ending prices to be much greater than that of items with zero-ending prices,
as more items could be purchased within a given budget for a lower perceived price (Bizer
and Schindler, 2005). For example, the number of items that could be purchased for $73 for
the prices $2.99 and $3.00 is practically the same (24.3 items vs. 24.4 items). However, if the
actual price of $2.99 is perceived as $2.00 or a price somewhere between $2.00 and $3.00 by
dropping off the ending digits, then the quantitative volume that could be purchased for $73
would be much greater (more than 24.3 items, at least) than that given a price of $3.00.
Stiving and Winer (1997) propose that rounding down and left to right comparison are
not similar, but closely related. Rounding down and left to right comparison seem
indistinguishable and lead to identical results when the left-hand digits are different;
however, left to right comparison may be regarded as a modified version of rounding down
when the left-hand digits are the same. In addition, memory effect, which takes into
consideration an individual’s limited memory capacity, means that people merely remember
the first digits of a price and have poorer memories for odd prices than for even prices.
Consistent with the later studies of Thomas and Morwitz (2005), Stiving and Winer (1997)
propose that the nine-ending pricing effect is the left-digit effect, indicating that it is the
change in the leftmost digit, rather than the ending digit to its right, that influences the

magnitude perception of numerical symbols.

2.3 The Link between Evaluation Modes and the Nine-Ending Effect

As prior research indicates, there are two important influences on the nine-ending
pricing effect that need to be investigated further. These are cognitive effort and evaluation
mode. With regard to cognitive effort, most explanations of the nine-ending effect assume
that some kind of heuristics involving mental effort is involved in price evaluation. For

example, according to the moderator called distance effect, as examined by Thomas and
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Morwitz (2005), the farther (closer) the two prices being compared, the less (greater) the
efforts in encoding the magnitude of the nine-ending prices, in regard to the left-digit effect.
They also prove that people will more likely rely on a simplifying leftmost-heuristic for the
judgment of the nine-ending effect under a high cognitive load. Stiving and Winer (1997)
demonstrate that people will easily tend to use a rounding down or left-to-right heuristic
without expending the extra mental processing efforts to evaluate the nine-ending effect
(Coulter, 2001; Schindler and Chandrashekaran, 2004). A study based on cognitive effort by
Schindler and Warren (1988) finds that the effect of nine-ending prices depended on the
amount of attention people paid to the decision to purchase. Furthermore, Bizer and
Schindler (2005) propose that a mental drop-off will occur upon immediate perception of the
price. In summation, the heuristic process with a low cognitive effort is the main focus of
previous nine-ending effect research. However, the HSM shows that it is important to
understand the mechanism whereby people become involved in a systematic process and
what decisions are chosen after their involvement in this condition. Along with Garbarino
and Edell (1997), Bizer and Schindler (2005) further review the research on cognitive effort
and maintain that humans often switch to heuristics that may cause inaccurate decisions,
biased responses, and preference reversals due to their limited cognitive resources. Thomas
and Morwitz (2005) also discuss whether or not awareness and cognitive effort can mitigate
the nine-ending effect, but they do not empirically test these issues. Above-mentioned studies
all indicate that cognitive effort is a key factor in determining whether or not the effects of
nine-ending pricing appear.

The other important key is the evaluation mode. Although various experimental
conditions have been constructed to investigate the nine-ending and zero-ending pricing
effects, they are mostly evaluated separately in experimental designs (e.g., Bizer and
Schindler, 2005; Manning and Sprott, 2009). Only Thomas and Morwitz (2005) study has
people evaluating prices in comparison, but their experiments only measure the price
magnitude perception of the target price after comparing it to the standard price. That is, the
two target prices are not directly compared side by side as in the real world. What is more,
all of the previous research has ignored the evaluation mode of SQE. Given the nine-ending
research on cognitive effort, along with the HSM provided by Chaiken (1980), this article
infers that the occurrence of the nine-ending effect will depend on the amount of cognitive
effort expended. In conclusion, the nine-ending effect will occur in a heuristic decision-
making process when the decision is made in the SE mode; however, no effect will occur in

a systematic process when the decision is made in the JE mode, which requires more
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cognitive effort.

2.4 Research Hypotheses

This paper first proposes that when nine-ending and zero-ending prices are set as
stimulus options in SE and JE conditions, the nine-ending pricing effect will be manifest in
the former but diminished in the latter. In the SE condition, nine-ending and zero-ending
prices are presented and evaluated independently; thus, there is no comparison target for
each price. This makes people have to rely only on their mental cues of the prices. The
consequence corroborates the findings of Stiving and Winer (1997) research. People are
more likely to be influenced by the left-digit heuristic, which results in an underestimation of
the perceived value of the nine-ending price as the numerical digits of both prices are
converted into magnitudes. This means that the difference between the allocated positions of
nine-ending and zero-ending prices on an internal analog magnitude scale will be significant.

However, in the JE mode, the nine-ending and zero-ending prices are comparison
targets for each other since they are presented and evaluated simultaneously. This condition
promotes people to make more cognitive effort comparing the nine-ending and zero-ending
prices,’ and this means that people will be more likely to use a systematic process than a
heuristic process. Consequently, they will perceive that the minor difference in the ending
digits (i.e., one cent/dollar difference) may cause a difference between the two prices in the
leftmost digits. Although they will still perceive the price digits as a whole, indicating an

analog representation, the perception of the prices on a mental analog magnitude scale will

3 According to prior studies on separate and joint evaluation modes, individuals might take different

cognitive efforts to evaluate the easy-to-evaluation and difficult-to-evaluation attributes. Although no
studies mentioned that consumers would take more cognitive efforts on the joint evaluation mode than on
the separate evaluation, it is reasonable to infer the possible phenomenon. First, this research manipulated
only one attribute (price) for participants to evaluate nine-ending and zero-ending digits separately or
jointly. In separate evaluation mode, participants might directly use a heuristic to judge that nine-ending
digit price would be cheap, but zero-ending digit price would be not. Conversely, in joint evaluation
mode, people saw the nine-ending and zero-ending digits price simultaneously, and then they had to pay
much attention to judge or compare if the products with nine-ending or zero-ending digits price had any
difference. Thus, more cognitive efforts may be taken in the joint evaluation than in the separate
evaluation whether there was difference or not.
In addition, this research also examined the nine-ending pricing effect by quantitative estimations. In
separate evaluation mode, individuals would possibly answer that they could purchase more products
based on the simple heuristic (nine-ending digits price is cheap). Conversely, people had to judge or
compare if two products with nine-ending or zero-ending digits were different, and then calculate the
possible quantitative estimations for two products. In other words, much cognitive efforts would be taken
in the joint evaluation mode to evoke a systematic process. In sum, it was possible that consumers would
make more cognitive efforts to evaluate two different prices in JE modes than in SE modes.
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no longer be influenced by an anchoring heuristic that focuses on the difference in the
leftmost digits, and the difference between the allocated positions of nine-ending and zero-
ending prices on the analog magnitude scale will be very insignificant. This will, in turn,
diminish the influence of the difference in the leftmost and ending digits between nine-
ending and zero-ending prices. Given these inferred effects, the following hypothesis is
proposed:
H1: The difference in magnitude perception between nine-ending items and zero-
ending items priced one level higher is greater in the separate evaluation condition

than in the joint evaluation condition.

Following Bizer and Schindler (2005), the experimental condition in this study involves
quantitative estimations of the number of items that can be acquired for a given budget (e.g.,
how many $199 items can be purchased for $2000). However, Bizer and Schindler (2005)
procedure is extended by considering both separate and joint evaluation conditions. In the SE
condition, the quantitative estimations of nine-ending and zero-ending prices are carried out
independently by two groups of people. In the JE condition, these quantitative estimations
are carried out simultaneously, or side by side, by the same groups of people. Under the
mechanism of HSM, it is proposed that the nine-ending pricing effect is manifested when the
two types of prices are evaluated separately, but that it diminishes when they are evaluated
side by side, or jointly.

Since quantitative estimations of nine-ending and zero-ending prices are done
independently in the SE condition, there is no comparison target for each price. As H1 would
also seem to indicate, people can only rely on their mental cues of the prices, which makes
them more likely to ignore, or drop off, the ending digits of the prices and use an anchoring
heuristic to perceive the value on the leftmost digits by converting the numerical digits of
both prices into a magnitude (e.g., perceiving $199 as $100). The quantitative estimation of
items with the dropped off price is much greater than the actual number of items that can be
purchased within the same budget. Since the nine-ending pricing effect is manifested in the
SE condition, the quantitative estimations of nine-ending priced items are greater than those
of zero-ending priced items one level higher (e.g., $199 vs. $200).

In the JE condition, the quantitative estimations of nine-ending and zero-ending priced
items are carried out simultaneously; thus, the two prices become comparison targets for
each other, which greatly increase cognitive effort. As cognitive effort increases, people are

more inclined to use a systematic process than a heuristic process. Thus, they are more likely
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to perceive that the minor difference in the ending digits (i.e., one cent/dollar difference)
causes the difference in the leftmost digits between the two prices. This means that their
perception of value is no longer influenced by an anchoring heuristic that focuses on the
leftmost digits, and they are more likely to perceive the nine-ending price as a whole
representation, which makes their price perception equivalent to the actual price itself.
Eventually, as the nine-ending pricing effect diminishes, there will be no significant
difference in the quantitative estimations between items with nine-ending prices and those
with zero-ending prices one level higher (e.g., $199 vs. $200). The following hypothesis
summarizes these inferred effects:
H2: The difference between quantitative estimations of nine-ending and zero-ending
priced items will be greater in the separate evaluation condition than in the joint

evaluation condition.

As H1 and H2 might be seen to imply, the comparison of the stimulus options needs
more cognitive effort in the SQE condition than in the SE condition. However, the amount of
cognitive effort in the SQE condition is still lower than that in the JE condition. It is
therefore proposed that the nine-ending pricing effect manifests in the SQE condition to a
degree between that of the SE and the JE conditions. More precisely, the effect of nine-
ending pricing in the SQE condition is expected to be greater than that in the JE condition
but less than that in the SE condition.

Previously, it was proposed that the quantitative estimations of nine-ending priced items
are greater than those of zero-ending priced items in the SE condition, whereas no significant
difference exists between quantitative estimations of nine-ending and zero-ending priced
items in the JE condition. Given the expectation regarding the SQE condition that has just
been proposed, we can therefore infer that the difference between quantitative estimates of
nine-ending and zero-ending priced items in the SQE condition will be greater than that in
the JE condition but less than that in the SE condition. The following hypothesis states this
inference:

H3: The difference between quantitative estimations of nine-ending and zero-ending
priced items in the sequential evaluation condition will be less than that in the
separate evaluation condition but greater than that in the joint evaluation

condition.
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3. Methodology

To understand the boundary conditions of the nine-ending price effect, four studies have
been conducted on the basis of prior studies, including experimental designs, procedure and
the variable manipulations. First, Study 1 focused on how SE and JE modes influenced the
nine-ending effect. By rating the price perception, participants showed the difference in price
perception between nine-ending and zero-ending prices in SE and JE modes. To generalize
the findings, Study 2 manipulated three different kinds of evaluation modes (SE, JE and SQE
modes) and measured the perception of practical purchases of nine-ending and zero-ending
priced items as manipulated by Bizer and Schindler (2005) to simulate the product
purchasing instead of a price-perceived judgment (Study 1). Based on level effect, Study 3
examined the other kind of the nine-ending pricing effect with the same and different left-
hand digits to strengthen our findings. Finally, to provide evidence in support of the
inference of heuristic-systematic dual-process model, task complexity has been manipulated
to demonstrate the possible theoretical link and to examine an inverted U-shape relationship

of task complexity on nine-ending pricing effects as Keller and Staelin (1987) showed.

3.1 Study 1

The aim of Study 1 was to examine whether the difference in magnitude perception
between nine-ending and zero-ending prices is greater in the SE condition, in which the nine-
ending pricing effect is expected to manifest, than in the JE condition, in which the nine-
ending pricing effect is expected to diminish. If the difference in magnitude perception is
greater in the SE condition, then H1 is supported.
3.1.1 Method

One hundred and forty-six undergraduate students, seventy-two males and seventy-four
females, were recruited from a large southern university. This study utilized a one-factor,
three-level (separate nine ending, separate zero ending, and joint nine ending and zero
ending) design. The stimuli for this study were nail clippers, batteries, and baseball caps. The
particular products were chosen for one reason: they are commonly seen yet rarely
purchased. Hence, it was expected that the participants would be familiar with the products
but not their prices, which would prevent people’ judgment from being influenced by their
subjective selling price. There were two items within each product category, each with
different fictional brand names (S and K) and ending prices (nine- and zero-ending one

dollar higher). The prices of the S-branded nail clippers, battery, and baseball cap were
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manipulated to have nine-ending prices with lower values in the leftmost digits ($1.99,
$2.99, $6.99), whereas the prices of the K-branded nail clippers, battery, and baseball cap
were manipulated to have zero-ending prices with higher values in the leftmost digits ($2.00,
$3.00, $7.00). The participants were randomly divided into three subgroups, each of which
was randomly assigned to one of three conditions: SE of nine-ending prices, SE of zero-
ending prices, and JE of both ending prices. In the SE condition, the participants saw only
one kind of price, either a nine-ending or zero-ending one. By contrast, in the JE condition,
they saw both kinds of prices side by side at the same time.

The participants were informed that they needed to shop for three products: nail
clippers, a battery, and a baseball cap. Within each product category, there were two brands:
S and K. Three types of questionnaires, which included product descriptions (brand name
and price) and pictures, were prepared. Each participant received one of the three alternative
questionnaires, which inquired into the three S-brand products, three K-brand products, or
three products from both brands. In the first two conditions, the participants saw only one
product of a specific brand on one page, whereas those in the third condition saw products of
the same category from both brands on one page.

3.1.2 Dependent Variable

Based on the studies of Coulter and Coulter (2007), and Thomas and Morwitz (2005),
Study 1 had participants answer questions regarding pricing perception by responding to the
following two statements: “The product price of S-/K-brand is expensive/high-priced” for
each product on two five-point Likert scales (1 = very disagreeable, 5 = very aggreable).
3.1.3 Results

An ANOVA was performed for perceived price magnitude. The evaluation condition by
nine-ending price was significant (£#(3,187) = 3.08, p < 0.05; nail clippers: #(1,189) =4.12,p
< 0.05; battery: F(1,189) =4.26, p < 0.05; baseball cap: F(1,189) =4.41, p <0.05). In the SE
condition, the mean magnitude perception of nine-ending prices was lower than that of zero-
ending prices for the nail clippers (M, = 3.32 vs. M, = 2.63, t = 3.39, p < .001); battery (M, =
3.70 vs. M, = 3.06, t = 3.59, p < .001); and baseball cap (M = 3.64 vs. M, =294, t = 3.36, p
<.001). However, in the JE condition, the difference in mean magnitude perception between
nine-ending and zero-ending prices was not significant for the nail clippers (M, = 2.98 vs. M|
=2.85,t=.68, p>0.1); battery (M, = 3.47 vs. M = 3.38, t = 0.42, p > 0.1); or baseball cap
(M, =3.09 vs. M, = 2.98, t = .58, p > 0.1). In conclusion, the nine-ending pricing effect
increased the perceived magnitude of the difference between nine-ending and zero-ending

prices in the SE condition, but not the JE condition. Hence, H1 was supported.
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3.1.4 Discussion

The results from Study 1 support H1, which postulates that the difference in magnitude
perception between nine-ending and zero-ending prices is greater in the SE condition than in
the JE condition. The results also support Hsee (1996) proposal that stimulus options (nine-
ending and zero-ending prices) become relatively easier to evaluate when presented
simultaneously (jointly) rather than individually (separately). Compared to the SE condition,
there was very little difference in the mean magnitude perception between nine-ending and
zero-ending prices one level higher (e.g., $1.99 vs. $2.00) in the JE condition, indicating that

the nine-ending pricing effect was weakened in the joint condition.

3.2 Study 2

Study 2 was conducted to further test H2 and H3, which pertain to the differences in the
nine-ending pricing effect among the separate, sequential, and joint evaluation conditions. In
contrast to Study 1, which focused on the psychological interpretation of price perception,
Study 2 utilized the perception of practical purchases of nine-ending and zero-ending priced
items as manipulated by Bizer and Schindler (2005) to simulate the product purchasing
instead of a price-perceived judgment. This manipulation may not only improve the
generalization of this article but also be closely related to the real world by examining
whether the difference in quantitative estimations between nine-ending and zero-ending
priced items is greatest in the SE condition, least in the JE condition, and midway in the SQE
condition (H2 and H3).
3.2.1 Method

Study participants were a random sample of consumers (n = 158) recruited from a large
hypermarket. The sample consisted of 78 males and 80 females with a mean age of 31.4
(over two-thirds were between 25 and 55 years). Over half the respondents reported being
married, and over half completed an associate, bachelor’s, or graduate degree. Three-fourths
were employed full time (including self-employed, with < 5% unemployed and looking for
work). The sample was predominantly middle class (almost two-thirds reported an annual
household income between $40,000 and $180,000, 4% earned > $180,000, 16% reported
earning < $50,000, and 10% preferred to not respond to the income question).

This study utilized a one-factor, four-level (separate nine ending, separate zero ending,
joint nine ending and zero ending, and sequential nine ending and zero ending) design. The
participants were asked to make quantitative estimations of three products (nail clipper,

battery, and baseball cap) within a given budget. There were two items within each product
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category, each with different fictional brand names (S and K) and ending prices (nine- and
zero-ending one dollar higher). The prices of the S-branded nail clippers, battery, and
baseball cap were manipulated to have nine-ending prices with lower left-digit values ($1.99,
$2.99, $6.99), whereas the prices of the K-branded nail clippers, battery, and baseball cap
were manipulated to have zero-ending prices with higher left-digit values ($2.00, $3.00,
$7.00). A budget was given for each product category ($47 for the nail clippers; $43 for the
batteries; $228 for the baseball caps) for both brands/ending prices.

The budget figures were manipulated so that diverse quantitative results would be
generated for each product to prevent inadequate estimations (e.g., the same estimate for all
three products). The participants were randomly divided into four subgroups, each of which
was randomly assigned to one of four conditions: SE of nine-ending prices, SE of zero-
ending prices, JE of both ending prices, and SQE of both ending prices. In the SE condition,
the participants only saw either a nine-ending or zero-ending price, but not both. In the JE
condition, they saw both prices side by side at the same time. In the SQE condition, they saw
products of the same category from two different brands independently shown back to back.
After receiving the questionnaires, the participants were asked to calculate the maximum
number of products at the offered price that could be purchased within a budget for each
product category.

3.2.2 Dependent Variable

Participants answered questions regarding pricing perception by responding to the
statement, “How many $ priced products can you buy with a $§  budget?”
with integer numbers based on their calculation. To determine whether the drop-off
(rounding down) heuristic among quantitative estimates made by the participants was
consistent with the nine-ending effect, each estimate was allocated to one of three categories,
as proposed by Bizer and Schindler (2005). The three categories were accurate estimation,
drop-off error, and non-drop-off error. For example, quantitative estimates of 23 or 24 were
categorized as accurate estimations, since participants could purchase 23.6 nail clippers
priced at $1.99 within a budget of $47.

Quantitative estimations influenced by the nine-ending effect that resulted in the price
ending being ignored or minimized were categorized as drop-off errors. In the example
given, if participants perceived the price of the nail clippers as $1.00, then their perception
was anchored by the leftmost digit and they ignored, or dropped off, the other digits leading
to a quantity estimation of 47. Quantitative estimations between 24 (accurate) and 47 (price

ending drop-off) were all classified as drop-off errors. Estimates that could not be classified
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as either accurate estimations or drop-off errors were considered non-drop-off errors. In the
example of the $1.99 nail clippers, quantity estimations greater than 47 or less than 23 were
categorized as non-drop-off errors; that is, errors that point to an incorrect overestimation or
underestimation due to various possible factors, including arithmetic mistakes, inattention,
carelessness, and so on (Bizer and Schindler, 2005).
3.2.3 Results

An ANOVA was performed for quantitative estimations. The interactions of evaluation
conditions and nine-ending effect were significant in the scenarios of nail clipper and baseball
cap showed in Table 1 (Nail clipper: Difference , = 1.75 vs. Difference, = 0.7 vs. Difference,,

=0.59, F, ., (2,231) =244, p ., . < 0.1; Baseball cap: Difference; = 3.55 vs.
Difference,, = 0.48 vs. Difference,, = 0.36, F, . (2,231) =252, p, . . <0.1), but

insignificant in the case of the battery (Difference,, = 0.39 vs. Diﬁ”erenceSQE =0.12 vs.
Difference,, = 0.1, F, ., . (2,231) = 0.53, p,,_ ... . = 0.95). That is, the differences in mean
price perceived quantitative estimations of nine-ending and zero-ending prices in the SQE
condition was smaller than that in the SE condition but greater than that in the JE condition.
Besides, stimuli in SE and JE conditions were also significant for the nail clippers and
baseball cap (Difference, = 1.75 vs. Difference, = 0.59, F, (1,163) = 10.35, p., < 0.01;
Difference,, = 3.55 vs. Difference,, = 0.36, F, (1,163) =8.64, p_ < 0.01), but not
significant for the battery (Difference , = 0.39 vs. Difference,, = 0.1, F,  (1,163)=1.40,p,,
= (0.254). Most of the results, as expected, showed that the difference of quantitative
estimations between nine- and zero-ending digits was greater in JE mode than in SE mode.
These findings were re-confirmed and consistent with the findings in Study 1.

In order to examine the error analyses as proposed by Bizer and Schindler (2005), the
quantitative estimations were also classified according to their consistency with the nine-
ending pricing effect by calculating the difference in percentage between nine-ending and zero-
ending prices among each response type. However, the battery stimulus was excluded because
of its insignificance (see Table 2). The results demonstrated that the accuracy percentage in
zero-ending digit was almost the same in SE, SQE, and JE modes (Nail clipper: Accurate , =
83% vs. Accurate, = 80% vs. Accurate, = 76%; Baseball cap: Accurate,, = 77% vs.
Accurate, o8 = 70% vs. Accurate,, = 82%), but the accuracy percentage in nine-ending digit was
least in the SE condition, followed by the SQE and the JE condition in the products of the nail
clippers and baseball caps (Nail clipper: Accurate , = 44% vs. Accurate,, = 61% vs. Accurate,,
= 68%; Baseball cap: Accurate,, = 41% vs. Accurate , = 57% vs. Accurate . = T1%).

Consistent with H2 and H3, the findings, an decreasing difference with the order of SE,
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SQE, and JE modes between nine- and zero-ending digits, proved that people would be
influenced by nine-ending effect only in SE condition, but not in SQE and JE modes (Nail
= 39%, Difference = 19%, Difference = 8%; Baseball

ACCU-SQOE ACCU-JE

= 13%, Difference = 11%). Besides, the

ACCU-JE

clipper: Difference

ACCU-SE

= 36%, Difference

ACCU-SQE

cap: Difference, ., .,
results of the zero-ending digits with drop-off error were similar to the results of accuracy
rate that the percentage of drop-off error in zero-ending digits was almost the same in SE,
SQE, and JE modes (Nail clipper: Drop-off-errory, = 11% vs. Drop-off-error, = 13% vs.
Drop-off-error,. = 15%; Baseball cap: Drop-off-error, = 15% vs. Drop-off-error , = 25%
vs. Drop-off-error, = 15%). Conversely, the percentage of drop-off error in nine-ending
digits was greatest in the SE condition, followed by the SQE and the JE condition for of the
nail clippers and baseball caps (Nail clipper: Drop-off-error,, = 50% vs. Drop—oﬁ”—errorSQE =
28% vs. Drop-off-error . = 22%; Baseball cap: Drop-off-error, = 50% vs. Drop—oﬁ‘-errorsg
= 30% vs. Drop-off-error .= 20%).

Combined with the difference between nine- and zero-ending digits, the findings

E

showed that the influence of the drop-off mechanism was greatest in SE mode, but with less

influence in SQE and JE modes as H2 and H3 predicted (Nail clipper: Diﬁ’erencemop_w =39%,
Diﬁ‘erencemwsgﬁ = 15%, Diﬁ’erencemwﬁ = 7%; Baseball cap: Diﬁ’erencemapﬁ = 35%,
Difference DropsoE 5%, Dlﬁ’erenceDW = d%).
Table 1 Results in Study 2
Mean of Perceived Quantitative Estimations Interaction @
9-Ending Price 0-Ending Price Difference F(2,231) P-value
Nail clipper
SE 2417 22.42 1.75
SQE 23.55 22.85 0.70 2.44 0.084*
JE 23.15 22.56 0.59
Battery
SE 14.29 13.90 0.39
SQE 14.85 14.73 0.12 0.53 0.950
JE 14.69 14.59 0.10
Baseball Cap
SE 36.00 32.45 3.55
SQE 34.33 33.85 0.48 2.52 0.082*
JE 33.54 33.18 0.36

* Significant at 0.1 significance level.
@ Interaction: Interaction of the difference between nine- and zero-ending price magnitude among SE,
SQE, and JE modes.
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Table 2 Percentage of the Response Types in SE, SQE and JE Modes in Study 2

Nail Clipper Baseball Cap
Response Type Accu.? Drop.® NonD.c Total Accu. Drop. NonD. Total

SE 0-Ending 83% 1% 6% 100% 7% 15% 8% 100%
9-Ending 44% 50% 6% 100% 41% 50% 9% 100%
Difference® 39% 39% 0% 36% 35% 1%

SQE 0-Ending 80% 13% 7% 100% 70% 25% 5% 100%
9-Ending 61% 28% 1% 100% 59% 24% 17% 100%
Difference 19% 15% 4% 1% 1% 12%

JE 0-Ending 76% 15% 9% 100% 82% 15% 3% 100%
9-Ending 68% 22% 10% 100% 69% 22% 9% 100%
Difference 8% 7% 1% 13% 7% 6%

@ Accu.: The percentage of accurate

® Drop.: The percentage of drop-off error

¢ NonD.: The percentage of non-drop-off error

4 Difference = |the percentage of 0-ending — the percentage of 9-ending|

Hence, all of the findings proved that people tend to use a heuristic process (a drop-off
or rounding down heuristic) in SE modes more than in SQE and JE modes. Finally, because
of the relatively smaller percentage in the group of non-drop-off error than accurate and
drop-off error, the results of Study 2 were reliable.

3.2.4 Discussion

The results of Study 2 support H2 and H3, which postulate that the difference in
magnitude perception between nine-ending and zero-ending prices differs between SE and
JE conditions and among the SE, SQE, and JE conditions during the process of making
quantitative estimations. Among the actual consumers, the nine-ending pricing effect was
greatest in the SE condition, followed by the SQE and the JE condition. The difference in
perception between nine-ending and zero-ending prices also provides support for the
findings of Thomas and Morwitz (2005), and Bizer and Schindler (2005). The results also
support the Evaluability Hypothesis of Hsee (1996).

As previously mentioned, the nine-ending pricing effect, which leads to rounding down
the price ending, is an outcome of the leftmost heuristic. The greater the leftmost effect, the
more drop-off errors that will occur. As shown in Table 2, the difference in the percentage of
drop-off errors between nine-ending and zero-ending prices is greater in the SQE condition
than that in the JE but smaller than that in SE condition. These findings demonstrate that the

nine-ending pricing effect is manifested in the SQE condition more strongly than in the JE

89



HURHAR M RAE T RSB BER b 00 1B TR 2 5]~ T & SO 3T A5

condition but less strongly than in the SE condition. In brief, all of the findings prove that
people tend to use a heuristic process in SE modes, but a systematic process in SQE and JE
modes.

Finally, a possible explanation for the insignificance of the perceived quantitative
estimation of the battery stimulus is that the maximum number that could be purchased
within a given budget was relatively smaller (14.4 items for a $2.99 battery) than that of the
other two stimuli (23.6 items for $1.99 nail clippers and 32.6 items for a $6.99 baseball cap).
This made its quantitative estimation comparatively a more cognitive process than that of the

others, which diminished the nine-ending pricing effect.

3.3 Study 3

Study 2 demonstrated that influence of JE and SQE modes were similar on the nine-
ending effect. Toward this end, the aim of Study 3 was designed to examine the nine-ending
pricing effect from various perspectives between SE and JE modes. According to the left-
digit effect, when people encounter multi-digit prices they pay most attention to the leftmost
digit, which has a more dominant influence on their magnitude perception than the other
digits to its right. It follows that the nine-ending pricing effect is more likely to be
manifested when the nine-ending price and zero-ending price one dollar higher have
different leftmost digits (e.g., $199 vs. $200). While previous studies have adopted different
leftmost digits between nine-ending price and zero-ending prices, this research sets these
leftmost digits at the same value (e.g., $129 vs. $130). This diminishes the dominance of the
leftmost digit in price perception when comparing nine-ending and zero-ending prices one
dollar higher.

Since the difference in magnitude perception is smaller between nine-ending and zero-
ending prices with the same leftmost digits than between those with different leftmost digits,
without the anchoring of the leftmost digit, the nine-ending and zero-ending prices are
allocated onto locations on the mental analog magnitude scale (Dehaene, 1997; Dehaene,
Dupoux, and Mehler, 1990) not far from each other. As a result, the influence of the nine-
ending pricing effect diminishes since nine-ending prices are no longer perceived to be much
smaller than zero-ending prices one dollar higher, regardless of the way they have been
evaluated (separately or jointly). When the leftmost digits are the same for both nine-ending
and zero-ending prices, the nine-ending pricing effect diminishes to the extent that the
difference in the perceived price magnitude between these two kinds of prices is viewed as

insignificant in both separate and joint evaluation conditions.
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Combined with the inference from H1 that the difference in the perceived price
magnitude between nine and zero-ending prices is greater in the separate evaluation
condition than in the joint evaluation condition, we further propose that there is an
interaction among the following: the leftmost digits, which are either the same or different,
the two evaluation modes, and the difference in the perceived price magnitude between nine-
and zero-ending digits. This inference leads to Hypothesis 4, which states:

H4: There is an interaction among the same and different leftmost digits, the two
evaluation modes on the difference in the perceived price magnitude between nine-
and zero-ending digits, such that the nine-ending effect with different leftmost
digits is greater in the SE condition than JE condition, although no nine-ending

effect occurs in either condition when the leftmost digits are the same.

3.3.1 Method

Two hundred seventy undergraduate students (one hundred fifty-eight males and one
hundred twelve females) were recruited from a large southern university. Two factors were
utilized: the same and different leftmost digits, with three levels: separate nine-ending,
separate zero-ending, and joint nine-ending and zero-ending figures. The stimuli for this
study were the same as in Study 1, and the prices of S-branded items in the same leftmost
group (the experiment group) were manipulated so they had nine-ending prices ($1.19,
$2.39, $3.59), whereas prices of K-branded items were manipulated so they had zero-ending
prices one cent higher ($1.20, $2.40, $3.60). Participants were randomly divided into three
subgroups. Each subgroup made its evaluations in one of the three modes: the SE of nine-
ending prices, SE of zero-ending prices, and the JE of both ending prices. With the exception
of the prices in the experiment group, all of the price manipulations in Study 3 were the same
as in Study 1.
3.3.2 Results

The perceived price magnitude was submitted to an ANOVA and the results are shown
in Table 3. First, the results of the comparisons among the evaluation modes (SE and JE),
same and the different leftmost digits, and the difference of the perceived price magnitude of
nine- and zero-ending digits were significant (nail clippers: F(3,56) = 54.160, p < 0.01;
battery: F(3,56) = 13.539, p < 0.01; baseball cap: F(3,56) = 8.616, p < 0.01). Second, the
difference in the mean price magnitude perception in the separate group between nine-ending
and zero-ending prices in the same and different leftmost digits were significant in
comparison (nail clippers: F(1,28) = 43.978, p < 0.01; battery: F(1,28) = 10.560, p < 0.01;
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baseball cap: F(1,28) = 6.900, p < 0.05).

Furthermore, in order to make sure what the determination of the nine-ending effect
was, we examined both groups of with and without the same leftmost digits individually, and
the results showed a significance only in different leftmost digits with separate modes (nail
clippers: M, = 3.11 vs. M, = 2.62, t = 7.142, p < 0.01; battery: M, = 3.57 vs. M, =2.95,t =
11.570, p < 0.01); baseball cap (M, = 3.72 vs. M, = 3.29, t = 3.812, p < 0.01), but no
significance in the same leftmost digits with separate modes (nail clippers: M = 2.89 vs. M,
=2.74, F=0.997, p = 0.347; battery: M, = 3.14 vs. M = 3.01, F'= 1.594, p = 0.223; baseball
cap: M, =3.28 vs. M, =3.09, FF=1.930, p = 0.182).

Table 3 Results in Study 3

Modes With Group® Without Group® Interactione

Nine? Zero® Diff.f Nine Zero Diff. F(3,56) P-value

Nail Clipper SE 2.74 2.89 0.15 2.62 3.11 0.49
54.160 0.000***

JE 2.89 2.91 0.02 2.71 2.82 0.1

Battery SE 3.01 3.14 0.13 2.95 3.57 0.62
13.539 0.000***

JE 3.16 3.22 0.06 3.13 3.28 0.15

Baseball Cap SE 3.09 3.28 0.19 3.29 3.72 0.43
8.616 0.000***

JE 3.31 3.35 0.04 3.18 3.41 0.23

= With group: With the same leftmost digits group

> Without group: Without the same leftmost digits group

¢ Interaction: Interaction between with and without the same leftmost digits groups
¢ Nine: The mean of perceived price magnitude with nine-ending

e Zero: The mean of perceived price magnitude with zero-ending

" Diff.: Difference of the mean between zero- and nine-ending

*** Significant at 0.01 significance level.

Finally, the differences of mean magnitude perceptions in the joint group between nine-
ending and zero-ending prices in the same and different leftmost digits were insignificant in
comparison (nail clippers: F(1, 28) = 1.684, p = 0.205; battery: F(1, 28) = 0.373, p = 0.546;
baseball cap: F(1, 28) = 0.254, p = 0.618). That is, as expected, the evaluation with joint
mode in Study 3 influences the disappearance of nine-ending effect. In addition, as long as
participants were manipulated in the groups of the joint mode, the nine-ending effect were
both insignificant (nail clippers, battery, and baseball cap: (1) with the different leftmost in
joint mode: M, = 2.82 vs. M, = 2.71, F = 0.336, p = 0.569; M = 3.28 vs. M, = 3.13, F =
0.649, p =0.433; M =3.41 vs. M =3.18, F'=2.522, p = 0.130; (2) with the same leftmost in
joint mode: M, = 2.91 vs. M, = 2.89, F = 0.089, p = 0.769; M = 3.22 vs. M = 3.16, F' =
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0.894, p=0.413; M =3.35 vs. M = 3.31, F=0.332, p = 0.601).

Therefore, when both nine-ending and zero-ending prices had the same leftmost digits,
the nine-ending pricing effect diminished, and the differences in the price magnitude
perception between two kinds of prices were not significant in both SE and JE conditions,
thus supporting H4.

3.3.3 Discussion

Results from Study 3 support H4 that differences in magnitude perceptions between
nine-ending and zero-ending prices are insignificant in both SE and JE conditions when their
leftmost digits are the same. In contrast to the results of Study 1, Study 3 shows that when
the leftmost digits of nine-ending and zero-ending prices are one level apart (e.g., $1.99 vs.
$2.00), the differences in mean magnitude perception between nine-ending and zero-ending
prices are relatively smaller in both SE and JE conditions, and the variations of these
differences between SE and JE conditions are also insignificant for all three stimuli.
Therefore, when nine- and zero-ending prices have the same leftmost digits, participants are
more likely to make similar perceptions for both kinds of prices regardless of the changes in
price ending digits and how they are presented or evaluated. This finding supports Thomas
and Morwitz (2005) inference that the leftmost digit has a more dominant influence over
people’s magnitude perception than do the other digits to its right when multi-digit prices are

being perceived.

3.4 Study 4

According to the basis of cognitive effort, the predictions that the evaluation modes
would moderate the nine-ending effect were supported and proved in Studies 1, 2, and 3. In
Study 4, task complexity, which was most often used to examine the role of cognitive effort
on product evaluations, was manipulated to re-examine the bounded nine-ending effect in
order to more accurately test the strength of the evaluation modes. To understand the role of
task complexity, we might imagine that we are preparing to buy some cookies in a store.
There are usually several different brands with different packaging and different flavors, and
this wide array of choices increases the difficulty and complexity of making a comparison
between items (similar to Appendix). It also has an impact on our shopping time and on what
we will finally purchase. As Keller and Staelin (1987) study indicates, task complexity has
an inverted U-shape relationship with effective decisions. That is, people make an additional
cognitive effort initially, which increases the effectiveness of decision making. Clearly,

complex tasks require more cognitive effort, as Campbell and Gingrich (1986) have

93



HURHAR M RAE T RSB BER b 00 1B TR 2 5]~ T & SO 3T A5

proposed (Bettman, Johnson, and Payne, 1990; Bettman and Kakkar, 1977; Campbell, 1988;
Jiang and Benbasat, 2007). However, decision effectiveness begins to decline until task
complexity reaches a reversed point induced by an individual’s limited cognitive capacity
(Swait and Adamowicz, 2001). In sum, cognitive loading is an important factor in decision
switching (Garbarino and Edell, 1997).

In view of these studies and the HSM, this paper maintains that if the increasing
demand on cognitive capacity induced by greater task complexity exceeds what people may
possess, there will be an increased tendency to use a heuristic process that will lower
cognitive effort and response time. In other words, the difference in the perceived price
magnitude between nine- and zero-ending digits will keep on increasing in the JE mode
when the task becomes more and more complex. No nine-ending effect will occur both in the
SE and JE modes when the degree of task complexity exceeds an individual’s cognitive
loading because people will just make a rash judgment. Following the study of Thomas and
Morwitz (2005), Study 4 tries to explore the bounded effect of nine-ending prices with
increasing degrees of task complexity in the different evaluation modes and measure the
response time so as to confirm which processes people tend to use. The following hypothesis
is proposed:

HS: The greater the task complexity, the less cognitive effort is expended in the JE
mode, and the less difference in the perceived price magnitude between the SE and

JE modes.

3.4.1 Method

One hundred undergraduate students (sixty-one males and thirty-nine females) were
recruited from a large southern university. The stimuli were the same as in Studies 1, 2, and
3. There were two items of perceived price magnitude within each product category, each
with different fictional brand names (nail clippers: S and K; battery: R and T; baseball cap: P
and U) and ending prices. The prices of the stimuli were manipulated to have a nine-ending
price with a lower value in the leftmost digits (S: $1.99; R: $2.99; P: $6.99), whereas the
prices of the K, T and U-branded nail clippers were manipulated to have a zero-ending prices
with higher values in the leftmost digits ($2.00, $3.00, and $7.00). This study utilized a
between-subjects design with one factor (price magnitude) and five-levels (separate: S, K;
joint: S-K, S-K-R-T, S-K-R-T-P-U). The participants were randomly divided into eight
subgroups and were only asked to state the perceived price magnitude of S and K. In order to

resolve the order effect, a counterbalance design was used. For example, S-K-R-T and R-T-
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S-K both comprised one half of the S-K-R-T group; S-K-R-T-P-U comprised only one third
of the S-K-R-T-P-U group and R-T-S-K-P-U and R-T-P-U-S-K comprised the other two-
thirds. The results showed no order effect among these groups.

3.4.2 Dependent Variable

Study 4 had participants answer questions regarding pricing perception by responding
to the same statements as Study 1. Besides, following the study of Thomas and Morwitz
(2005), Study 4 measured the response time that is often used by numerical cognition
researchers to determine the cognitive processes used by participants (e.g., Dehaene, 1997,
Dehaene et al., 1990; Hinrichs, Yurko, and Hu, 1981). Chaiken (1980) also proposes that the
response time one spends on finishing a task can be regarded as a good way of measuring
cognitive effort. In brief, the shorter the response time one needs to evaluate the price
magnitude, the more likely that person is in a heuristic process. By contrast, the longer the
response time, the more likely the nine- and zero-ending digits are being evaluated in a
systematic process.

3.4.3 Results

In Study 4, in order to re-confirm the boundary conditions of nine-ending effect, we used
an ANOVA to examine the results. As shown in Table 4, the interaction among two evaluation
conditions, high and low task complexity, and nine- and zero-ending prices was significant
(F(3,76)=14.330, p < 0.01). That is, the difference of perceived price magnitude between SE
and JE was a decreasing curve when task complexity was increasing (see Figure 1).
Furthermore, in order to re-confirm the inference that the increasing degree of task complexity
would play an important role on nine-ending effect, first, the difference between SE and JE in
S-K was examined and showed the significance (Difference, = 1.03 vs. Difference, = 0.23,
F . (1, 38) = 32916, p < 0.01). This finding was consistent with Study 1 that nine-ending
effect occurred under the tasks that are less complex. Secondly, the difference in S-K-R-T was
also significant (Difference, = 0.91 vs. Difference,, = 0.24, F_ . (1, 38) = 15.344, p < 0.01).
This finding also proved the hypothesis that nine-ending effect was supported when the
degree of task complexity did not exceed an individual’s cognitive loading.

Combined with both of the results, the existence of nine-ending effect was re-confirmed
to be the same as that in Study 1 under less complex conditions. However, as expected, the
difference in S-K-R-T-P-U, a condition with high task complexity that may exceed one’s
(1,38)
=0.468, p = 0.498). These results not only re-confirmed H5 that the more task complexity, the

cognitive burden, was insignificant (Difference , = 0.90 vs. Difference,, = 0.77,F_,, ..,

less nine-ending effect between the comparison of the difference of the perceived price
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magnitude in SE and JE modes, but also were consistent with the results of Study 1.
3.4.4 Response Time

In order to measure the differences in cognitive effort between SE and JE modes, Study
4 recorded the response time following the studies of Garbarino and Edell (1997), and
Thomas and Morwitz (2005). Comparisons among each group were then made. For example,
the total response time shown in Table 5 of S and K (M = 13.1 sec, M, = 12.6 sec, M, =
25.7 sec) was compared with the response time of S-K in JE (M_, = 33.5 sec), yielding a
difference in response time of 7.8 sec. The curve plotted by the difference of response time
in each group is shown in Figure 2, and the results indicate a decreasing curve that is
proportionate to task complexity.
3.4.5 Discussion

As predicted, the results from Study 4 proved a boundary condition of the nine-ending
effect that presented a decreasing curve of the difference in perceived price magnitude
between SE and JE modes. That is, increasing degrees of task complexity in different
evaluation modes influenced individuals to use a heuristic or systematic process to estimate
the nine-ending prices. Furthermore, the results of the differences in response time showed a
consistent decreasing curve that followed the difference in perceived price magnitude. More
precisely, Study 4 indicated that people may tend to use a heuristic process to evaluate prices
when the higher complexity of the JE condition requires more cognitive effort exceeding
one’s limited cognitive capacity and less response time; by contrast, they tend to use a
systematic process to estimate nine-ending prices when the complexity of the condition does

not exceed their cognitive capacity.

Table 4 Results in Study 4

Modes  Mean of Perceived Price Magnitude Interaction®

Nine-Ending Zero-Ending Diff. = Diff. © F(1,38) P-value

S-K SE 3.16 4.19 1.03
0.90 32.916  0.000***

JE 3.73 3.96 0.23

S-K-R-T SE 3.25 4.16 0.91
0.67 15.344  0.000***

JE 3.81 4.05 0.24

S-K-R-T-P-U  SE 3.27 4.17 0.90

0.13 0.468 0.498
JE 3.62 4.39 0.77

= Diff.: Difference of mean of perceived price magnitude between nine- and zero-ending price

° Diff.: Difference of mean of perceived price magnitude between SE and JE modes

¢ Interaction: Interaction among evaluation modes and the difference of nine- and zero-ending prices
*** Significant at 0.01 significance level.
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Table 5 Difference of Response Time in Study 4

Separate Mean of Time* Joint Mean of Time Difference™*
S 13.1 S-K 33.5 7.8
K 12.6 S-K-R-T 31.1 5.4
Total 25.7 S-K-R-T-P-U 23.1 -2.6

* The units of time are all seconds.
** Difference = mean of time in joint -total mean of time in separate
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Figure 1 The Relationship between Figure 2 The Relationship between
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Price Magnitude and Group Time and Group

4. General Discussion
This research offers evidence of the boundary conditions of the nine-ending effect.
First, Study 1 demonstrates that the magnitude perception of nine-ending prices is lower than
that of zero-ending prices one level higher (e.g., $1.99 vs. $2.00) when the prices are
evaluated individually (SE condition), and that no significant difference in perception
between nine-ending and zero-ending prices exists when both prices are evaluated
simultaneously (JE condition). That is, the nine-ending effect may only occur in the

condition of SE mode as prediction.
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In order to generalize the findings, Study 2 utilizes an experimental simulation of a real-
life purchasing situation to provide further evidence of the nine-ending pricing effect in the
SE condition and its diminishing effect in the JE and SQE conditions. The results also show
evidence of the influence of nine-ending pricing on quantitative estimations, which is
greatest in the SE condition, followed by the SQE and the JE conditions.

Study 3 extends the left-to-right comparison to confirm the different nine-ending
effects. The results reveal that there is an insignificant difference in both SE and JE
conditions when both prices have the same leftmost digits. That is, when nine- and zero-
ending prices have the same leftmost digits, participants are more likely to make similar
perceptions for both kinds of prices regardless of the changes in price ending digits and how
they are presented or evaluated.

Study 4 shows a boundary of the nine-ending effect as the task complexity increases,
and it supports our inference regarding the cognitive effort presupposed by HSM. In brief,
consumers may tend to use a heuristic to evaluate prices when the higher complexity
requires more cognitive effort exceeding one’s limited cognitive capacity and shorter
response time; by contrast, they tend to use a systematic process to estimate nine-ending
prices when the complexity of the condition does not exceed their cognitive capacity.
Combined with Studies 3 and 4, these results not only show a boundary for the nine-ending
effect regardless of the leftmost digits, the task complexity, or whether single or multiple
prices are presented, but they also support our inference regarding the cognitive effort

presupposed by HSM.

4.1 Theoretical and Practical Implications

The present article contributes to the understanding of the cognition processing of
prices. In contrast to the experimental approach of prior research, in which nine-ending and
zero-ending prices are often separately evaluated, this article extends joint and sequential
evaluation conditions with the intention of inducing realistic purchasing behavior. The
findings, first, support our hypotheses that people will make different judgment by different
evaluation modes, and extend the evaluation modes to compare with one single attribute,
price, ignored in previous evaluation research. Although Thomas and Morwitz (2005) use the
similar evaluation modes to compare the price magnitude, they only focus on measuring the
price magnitude perception of the target price after comparing this magnitude with the

reference price of the same product, and merely use higher level difference between two
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prices than this research does. Second, this article develops a conceptual framework based on
HSM to explore the boundary conditions of nine-ending effects. With the link of cognitive
effort measured by response time, the findings may not only show a better explanation than
distance effect, and resolve the inconsistent results showed in previous research, but also
extend the methodological of evaluation modes with a new perspective by HSM.

Besides, the more cognitive effort would be that joint evaluation makes participants
aware of the retailer’s attempt to influence their price magnitude perception, and this in turn
causes them to adjust for the 99 cents and thus encode 2.99 as 3.00. The less cognitive effort
would be that when the 9-ending and 0-ending prices are presented side by side (2.99 vs.
3.00), then the analog representation of 2.99 is assimilated towards 2.00. Both the results are
compatible with Study 4; participants might be less likely to correct under conditions of
cognitive load or when the distance between the prices on the internal analog scale is large.
In other words, these results show that mitigation of left-digit anchoring is difficult because
it requires cognitive resources.

Finally, the evidence concerning the boundary conditions of nine-ending effect have
been examined and presented interesting results that many conditions will diminish the
influence of nine-ending digit and re-confirm the influence of leftmost digit on nine-ending
effect as Thomas and Morwitz (2005) and Manning and Sprott (2009) have. Future
researchers, therefore, have to be more careful in examining the nine-ending effect.

The results of the present research offer practical implications for predicting actual
purchasing behavior, as people constantly encounter buying circumstances involving either
separate or joint evaluations in daily life (Hsee, 1996). However, this article adds a
sequential comparison to improve the evaluation modes and examines the influence on nine-
ending effect. The diversity in evaluation conditions provides an advantage in marketing
campaigns depending on the managerial approach. For instance, if the retailers want to create
the nine-ending effect (the perception of a much lower price), nine-ending priced items could
be only advertised (e.g., on a DM) or might be sold in the obvious place (e.g., cash register
desk or entrances to the stores) to make consumers use the SE mode to judge the price
information. The example may apply to the physical in-store allocation or on-line of
products. In addition, providing very simple illustrations (even only a big price tag) or
complicated information of the products (over-cognitive loading for a consumer) may

increase the nine-ending effect and raise the revenues.
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4.2 Limitations and Future Studies

Although the present research offers support for the varying influence of nine-ending
pricing in different evaluation conditions, several research questions remain unanswered.
One question is whether the difference in magnitude perception between nine-ending and
zero-ending prices is affected by cultural background. The participants of the present
research in general share a fairly similar cultural background. Hence, the results of the
present research may not apply to those who come from different cultural backgrounds.
Thus, future research could be conducted to examine whether the degree of the effect of
nine-ending pricing on magnitude perception in the SE and JE conditions differs between
participants of different cultural backgrounds (e.g., Chinese vs. American).

Another research question is whether different monetary units affect the research
outcome. For example, the smallest units used in Korea are mainly ¥10, and the conditions

in which nine-ending digits are presented may make a difference.
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