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Abstract
Due to new technologies, a profusion of products is released onto store shelves and the Internet, resulting in a special choice
condition termed hyperchoice. Past research onwhether hyperchoice deteriorates decision experience is mixed. The present study
hypothesizes the experience in the scenario of hyperchoice may be moderated by individual characteristics, including numeracy
and age differences. A total of 116 older adults and 112 younger adults were recruited from Amazon Mechanical Turk. Along
with the Rasch-based numeracy scale, each participant completed a consumer and a gamble choice task. In both tasks, the number
of options being presented to participants was manipulated to create a hyperchoice condition (sixteen options) and a simple-
choice condition (four options). Dependent variables were post-choice difficulty and satisfaction. Multiple regressions were
performed with SPSS 24.0 to test the hypothesis. As a result, hyperchoice was related to greater decision difficulty in both choice
tasks. Moreover, there was an interaction between numeracy and hyperchoice in the gamble task. Specifically, whereas higher
numerate participants’ experienced difficulty and satisfaction were relatively stable between the two choice conditions, lower
numerate participants experienced more difficulty and dissatisfaction in the hyperchoice condition than in the simple-choice
condition. Additionally, compared to younger adults, older adults reported greater decision difficulty and lower decision satis-
faction, regardless of choice condition. The study supported the notion that the specific effect of hyperchoice was moderated by
individual factors. The study implied merchants should adopt strategies to ease decision experience and advocated for numeracy
education.
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Due to new technologies and competitive pressures, a profu-
sion of new products is released onto store shelves and onto
the Internet every day, making consumers of all ages face a
glut of purchase alternatives. Accordingly, researchers coined
the terminology “hyperchoice” as a condition, similar to ‘in-
formation overload,’ in regard to consumerism whereby an
‘ever-increasing amount of buying occurs amidst an ever-
increasing amount of new products, brands, and brand exten-
sions’ (Mick et al. 2004). In academic literature, such a phe-
nomenon is also termed choice overload (Scheibehenne et al.
2010), overchoice effect (Gourville and Soman 2005), and
too-much-choice effect (Scheibehenne et al. 2009).

Conceptually, hyperchoice may adversely affect deci-
sion experience because its excessive number of options

overwhelms decision makers’ cognitive capacity and drain
people’s psychological energy (Iyengar and Lepper 2000;
Mick et al. 2004). However, as reviewed below, past re-
search on the effect of hyperchoice on decision experience
was not consistent. How hyperchoice affects decision
maker’s feeling remains unclear. In the global pandemic
of COVID-19, as people are largely confined to their
homes, individuals are more likely to pursue online shop-
ping and thus face more hyperchoice scenarios. For in-
stance, an Amazon search of ‘face masks’ results in over
100,000 results-each varying in price, style, count per pack,
brand, purpose, reusability and adjustability. Hence, it is
more imperative to unpack the effect of hyperchoice. The
present study attempts to fill the gap by hypothesizing and
testing the interaction between individual characteristics
and hyperchoice. Specifically, we aim to show how peo-
ple’s experience in the scenario of hyperchoice may depend
on their age and numeracy, two important characteristics
that affect intellectual activities and decision making. We
present our rationale and relevant literature below.
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Mixed Results of Hyperchoice

Even though hyperchoice provides abundant alternatives, some
studies have found that the scenario also leads to challenges and
worse decision experience. In a classical study regarding
hyperchoice, Iyengar and Lepper (2000) compared choices of
jams and chocolates, where options were as many as 30 and as
few as six. Participants felt making choices in the hyperchoice
condition more difficult, and subsequently reported lower sat-
isfaction as well as more regret over their choices. The authors
of this study believe that the root of these results stemmed from
participants having too much freedom of choice, creating more
unwanted responsibility (Iyengar and Lepper 2000). Similarly,
Larceneux et al. (2007) carried out two experiments applied to
the jewelry-watchmaking market and manipulated the number
of products. As a result, when faced with more products, par-
ticipants experienced more negative effects on attraction and
desire to make a choice. In addition to choosing tangible con-
sumer goods, recent studies on dating partner (D’Angelo and
Toma 2017), vacation destination (Thai and Yuksel 2017) and
electricity service provider (Jilke et al. 2016) selections also
found greater dissatisfaction and regret when decisions were
made in a hyperchoice relative to a simple-choice condition.

Contrary to the findings above, a meta-analysis with 50
published and unpublished experiments revealed that there
was no significant impact of hyperchoice (or choice overload)
on participants’ satisfaction with their choices (Scheibehenne
et al. 2010). However, this study also found significant vari-
ability in effect size across the experiments included in the
meta-analysis, indicating a potential moderating effect in the
function of hyperchoice. Chernev, Bocknholt, & Goodman
(2015) performed another meta-analysis based on 51 studies
from 21 published articles and found the overall effect of
hyperchoice was significant. Most importantly, the study
identified two extrinsic factors (choice set complexity and
decision task difficulty) and two intrinsic factors (preference
uncertainty and decision goal) that moderated the effect of
hyperchoice on decision experience. Thus, although the two
meta-analysis studies did not agree on the main effect of
hyperchoice, both implied the importance of possible moder-
ation effects. In line with this notion, Lee (2017) asked partic-
ipants to select a backpack out of a variety of options. It was
found that although increasing the assortment complexity de-
creased choice satisfaction in general, such effect was less
evident in participants with a higher level of need for variety
than in participants with a lower level of need for variety. In
other words, the need for variety moderated the effect of
hyperchoice on choice satisfaction. The present study aims
to continue unpacking the moderation effect on hyperchoice.
Specifically, the study focuses on two individual characteris-
tics: age differences and numeracy. As discussed below, we
chose these two intrinsic (subjective) factors because they are
fundamental and critical to decision making.

Hyperchoice and Age Differences

Previous research has demonstrated the effect of age differences
on decision making, as shown in the comparisons between older
adults and younger adults (e.g., Chen and Sun 2011; Dror et al.
1998; You et al. 2019). For example, Chen and Sun (2011) found
that compared to younger adults, older adults were more likely to
adopt simple heuristic strategy in a simulated yard sale task. With
the world’s older population growing rapidly (He et al. 2016),
fostering a better understanding of how aging affects decision
making is increasingly more pertinent to older people themselves,
as well as to marketers and to public policy makers. Adult abilities
can stay stable for many years; unfortunately, the general pattern
for the aging process is decline in memory, processing speed,
language, visuospatial skills, and executive functioning abilities
(Gluck et al. 2016; Harada et al. 2013). The decline of cognitive
abilities may lead to decision difficulty. For example, in a food
choice study, older adults had more difficulty in selecting and
utilizing relevant nutritional information from a complex environ-
ment that contained both relevant and irrelevant information com-
pared to their younger counterparts (Cole and Gaeth 1990). Thus,
understanding decision experience in older adults is particularly
meaningful given the aging demographic trends.

Hyperchoice applies to medical decision making in the era of
aging and can lead to worse decision experience. Take Medicare
Part D (drug plans) in the United States as an example. Medicare
Part D provides the opportunity for beneficiaries (mostly are over
65) to purchase insurance coverage to pay for the cost of prescrip-
tion drugs.While such drug plans help the beneficiaries control the
cost of buying drugs, one significant issue is the relatively large
number of available drug plans to choose from. For example, in
2008, most states provided over 53 plans (Tanius et al. 2009). In
2019, on average, beneficiaries had 48 different plans to select
from (Kaiser Family Foundation, 2019). Contrary to the traditional
idea that more is better in decision making (Payne et al. 1993), the
large number of options was considered to be too complicated by
73% of older responders (Kaiser Family Foundation 2006). Not
surprisingly, the complex choice set of Medicare Part D received
criticisms. For instance, as cited in Reed et al. (2008), one older
adult proclaimed, “I’m 85, do I have to go through this nonsense?
I’m trying to absorb all the information, but it’s ridiculous. Not just
ridiculous, it’s scary. If there was a single card and it was admin-
istered by Medicare, and it got the cost of drugs down – wonder-
ful, marvelous”.

As previously stated, aging generally leads to systematic de-
clines in cognitive processing. Working memory, a key compo-
nent to decision making and other intelligent activities, is also
sensitive to cognitive decline, which can be problematic when
older decision makers need to compare a number of alternatives
(Carpenter and Yoon 2012). Thus, in line with the findings in the
Medicare example described above, the study predicts that older
adults in comparison to younger adults will experience greater
difficulty when facing a surfeit of options.
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Hyperchoice and Numeracy

Making decisions usually involves dealing with numerical infor-
mation. For example, in consumer choices, people often need to
process numerical information such as prices, discounts, and cus-
tomer ratings. In financial decision making, people need to com-
prehend probability to evaluate risk. Therefore, the ability to pro-
cess numerical information is related to decision making.
According to Peters and Bjalkebring (2015), numeracy refers to
the cognitive ability to understand, process, and utilize numerical
information. Moreover, lower numeracy has been found to be
associated with biased decisions (Peters and Bjalkebring 2015).
For example, in intertemporal choices, lower numerate people
were more likely to select the sooner, smaller gains over the later,
larger gains, and hence, made more impulsive choices (Sinayev
and Peters 2015; Cheng 2020). In gamble choices, lower enumer-
ate participants were more likely to deviate from the expected
utility axiom (Jasper et al. 2017). In medication-related decisions,
lower numerate people were less likely to adopt the best possible
solution because they could not appropriately utilize and compre-
hend numerical information such as survival rate and treatment
effectiveness (Reyna et al. 2009).

Conceptually, with more options, lower numerate people may
experience amore difficult time to comprehend and utilize numer-
ical information because doing so may cause them to encounter
cognitive overload. Hence, hyperchoice may impose some extra
challenges on lower numerate people.As numeracy is increasingly
popular in research on decision making (Cokely et al. 2018), the
present study aims to advance knowledge of both hyperchoice and
numeracy by testing a possible connection between the two.

Hypothesis and Methodological Setting

This study aims to test the possible moderation effect of age
differences and numeracy in people’s decision experience in
the scenario of hyperchoice. Specifically, as introduced above,
the study hypothesizes the negative impact of hyperchoice on
decision experience tends to be stronger in older adults than in
younger adults, and/or in lower numerate people than in
higher numerate people.

In addition to the hypothesis above, the present study aims to
advance the knowledge of hyperchoice with two methodological
settings (contexts). First, most past studies adopted consumer
choice tasks (as an example, see Table 1 in the two meta-
analysis studies stated above). The present study examines wheth-
er the effect of hyperchoice can be generalized to another decision-
making domain by adding a gamble choice task.

Second, in past research, a common approach used to test the
hyperchoice effect asked participants to make selections/
evaluations between a simple-choice condition (fewer options)
and a hyperchoice condition (more options). A possible limitation
of such an approach is that participants’ feelings might be

confounded with factors other than the amount of information.
To illustrate, a retired person wants to select a state to relocate.
In the hyperchoice condition, the options are twelve Midwestern
states. In the simple-choice condition, the options are Florida and
Texas. The personmay prefer the simple-choice condition because
there are not too many options. Alternatively, the person may
simply want to find a warm place to relocate, and hence, feels
the simple-choice condition is more appealing. In the second sce-
nario, the person’s feelings are confounded by climate. To address
this issue, the characteristics (besides quantity) should be held at a
comparable level between different choice conditions. For in-
stance, in one of the experiments in Iyengar and Lepper (2000),
students were asked to select an essay topic from a hyperchoice
condition (thirty topics) and a simple-choice condition (six topics).
The authors stated, “Careful attention was given to selecting essay
topics that were comparable in difficulty.”However, it is not clear
whether all published studies did so. The control of characteristics
or quality was not stated in all previous studies. In the present
study, to hold the characteristics of the conditions constant, we
present exactly the same options between the simple-choice and
hyperchoice conditions. The difference is that in the simple-choice
condition, we present four options in each trial and participants go
through four trials separately; whereas in the hyperchoice condi-
tion, we present sixteen options altogether. Our purpose is to in-
crease the internal validity of our manipulation of the choice con-
ditions. More details are found below in the Methods section.

Methods

Participants

The study was approved by the Institution Review Board (IRB)
before data collection. Participants were recruited from Amazon’s
Mechanical Turk (MTurk) under the restriction that they were
U.S. residents (based on ownership of a U.S. bank account). To
motivate participants, the present study paid $3.00 for 30 min,
which is relatively generous compared to the median hourly wage
of $1.38 (Horton and Chilton 2010).

Participants were recruited from MTurk with two separate
online surveys.1 One survey recruited older adults over the
age of 59 while the other survey targeted younger adults
whose age was between 18 and 30. Other than the age require-
ment stated in the recruitment post, the content of the surveys
was identical. To doublecheck that participants met the age re-
quirement, participants were asked to report their age after com-
pleting the choice tasks and psychological scales. Those who
reported a wrong age (e.g., someone who took the older adults

1 Following some previous studies (e.g., Reed et al. 2008), we employed two
generation cohort samples to represent the two age groups. Additionally, the
age requirements were based on a pilot study. For more details please refer to
the Appendix.
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survey but reported an age younger than 59) were removed. One
hundred and twenty-four participants took the older adult survey.
Eight participants were removed because they reported a wrong
age or failed to complete at least 50% of items. Another one
hundred and twenty-eight participants took the younger adults
survey. Sixteen participants were removed because they reported
a wrong age, failed to report an age, or completed less than 50%
of items. Thus, the effective sample size was one hundred and
sixteen for the older adult group, and one hundred and twelve for
the younger adult group. For demographic variables please refer
to the Results section.

Given that this study involves cognition, some might be con-
cerned with whether some participants, particularly in the older
adult group, may have major cognitive impairments such as de-
mentia. We used two approaches to address this concern. First,
recruited participants needed to have a high reputation on the
platform of MTurk (at least a 95% approval ratings from their
previous HITs—the default setting in MTurk in which many re-
searchers use). Second, in the older adult group, there were four
participants who answered all numeracy questions incorrectly.
When taking a closer look at these participants’ responses, there
was no clearly odd response for other questions. Additionally, as
reported below, scores on numeracywere comparable between the
two age groups. Thus, we believe our sample was not contami-
nated by significant cognitive impairments.

Sensitivity analysis was performed with G*Power 3.1.9 to es-
timate the effect sizes with the current sample size. Statistical
power was set at .80 with an α of .05. As a result, the study had
sufficient power to detect a coefficient of determination (R2) of .07
in a multiple regression with five individual predictors (age differ-
ences, gender, education, numeracy, and choice condition) and
two double interactions (between age and choice condition, and
between numeracy and choice condition; as introduced below).
Such a coefficient of determination was smaller than the median
level (.13) defined by Cohen (1988).

Materials & Procedures

Participants completed web-based questionnaires via Qualtrics,
where consumer and gamble choice tasks were given along with
a numeracy scale, and a demographic survey, as listed below.

Decision-Making Tasks and Choice Condition Manipulation
(Hyperchoice Vs. Simple Choice)

In the present study, each participant completed two choice tasks:
a consumer choice task involvingmattresses and a gamble choice
task. To test the hypotheses, each choice task had two versions.
The first version employed a simple, non-hyperchoice condition,
while the second version employed amore complex, hyperchoice
condition. Participants were randomly assigned into one of the
two versions. The assignment of the simple-choice and
hyperchoice conditions remained the same for participants across

the two choice tasks. For example, if a participant was assigned a
simple-choice condition in the mattress choice task, that meant
that participant was also assigned a simple-choice choice condi-
tion in the gamble choice task. After completing each choice task,
participants were asked to report their experience. As shown in
the appendix, therewas no significant difference in demographics
and numeracy between participants in the hyperchoice condition
and participants in the simple-choice condition.

Consumer choice task The products used for consumer deci-
sion making were mattresses varying in price and customer
rating out of 100.We chose to use mattresses as the product in
the consumer choice task because most Americans believe
finding a suitable mattress will improve quality sleep, which
is an important aspect of well-being for all ages. For instance,
using a sample of 1500 adults ages 25 to 55, the National
Sleep Foundation (2010) reported that “about 9 in 10 adults
rated that having a comfortable mattress (92%) in getting a
good night’s sleep is important.”

As described, the mattress task included two choice condi-
tions: a hyperchoice condition and a simple-choice condition.
In the simple-choice condition, there were four separated tri-
als. In each trial participants were presented with four mat-
tresses and were asked to choose one out of four. In the
hyperchoice condition, 16 mattresses were presented simulta-
neously, and participants were asked to pick four out of 16
mattresses.2 The set size between the two choice conditions
(four options vs. 16 options) was also adopted in Chernev
(2003). Across the four trials, the mattresses were never re-
peated. In other words, the mattresses in both choice condi-
tions were identical—simply shown in different presentation
formats (sixteen simultaneously vs. four per trial). For the
mattresses, the prices ranged from $351 to $1089, with a mean
of $709 and standard deviation of $211. The rating (out of
100) ranged from 32 to 97, with a mean of 63 and standard
deviation of 19.

Gamble choice taskAfter completing the mattress choice task,
participants were asked to respond to the gamble choice task.
Each gamble choice option gave a probability statement of
winning a certain amount of money. Again, participants were
randomly assigned into either the hyperchoice condition or the
simple-choice condition. Similar to the mattress choice task,
in the hyperchoice condition, participants selected four

2 While we understood that selecting four mattresses did not perfectly reflect
decisions in everyday life, as discussed earlier, the present study aimed to
make characteristics other than amount of information as similar as possible
between the choice conditions. Thus, following the simple-choice condition,
we asked participants in the hyperchoice condition also to make four choices
before reporting their experience. It is worth noting that making trade-offs
between internal and external validities are common in psychological research
(Morling 2015). On the other hand, selecting multiple options is the gamble
choice task mimics the everyday life activity better (e.g., investing multiple
stock portfolios).
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gambles out of 16. In the simple-choice condition, there were
four trials, and in each trial participants selected one option out
of four. The options were identical between the hyperchoice
and simple-choice conditions. Across the 16 options, the mon-
ey ranged from $87 to $578, with a mean of $342 and standard
deviation of $136. The probability ranged from .11 to .94,
with a mean of .51 and standard deviation of .27.

Dependent variables: decision satisfaction and decision diffi-
culty As for dependent variables, following the important work
in this domain (e.g., Chernev 2003; Iyengar and Lepper 2000;
Scheibehenne et al. 2009), the study employed self-report mea-
sures. Participants completed two five-point Likert scales after
completing each choice task. The first scale asked, “Are you
satisfied with your (mattress choice or gamble choice) deci-
sions?”with 1 indicating highly satisfied and 5 indicating highly
dissatisfied. The second scale stated, “I found the (mattress or
gamble) decision-making task difficult” with 1 representing
highly agree and 5 representing highly disagree.

Rasch-Based Numeracy Scale

Developed by Weller et al. (2013), the Rasch-Based Numeracy
Scale consists of eight numeric-entry-type items. Example ques-
tions from the numeracy scale include, “Imagine that we roll a
fair, six-sided die 1000 times. Out of 1000 rolls, howmany times
do you think the die would come up as an even number?,” and
“In the ACME PUBLISHING SWEEPSTAKES, the chance of
winning a car is 1 in 1000. What percent of tickets of ACME
PUBLISHING SWEEPSTAKES win a car?” The score for nu-
meracywas computed as the rate of correct responses (number of
correct responses out of eight). In the current sample, the
Cronbach’s α of the numeracy scale was .74.

Demographic Survey

Participants were asked to report their age with an open-ended
question. Gender was coded with 1 as male and 2 as female.
Race was measured with six options: 1: White; 2: Black or
African American; 3: American Indian or Alaska Native; 4:
Asian; 5: Native Hawaiian or Pacific Islander; and 6: Other.
Education was coded by six levels in order: 1: high school
graduate (high school diploma or equivalent including GED);
2: some college but no degree; 3: Associate’s degree in college
(2-year); 4: Bachelor’s degree in college (4-year); 5: Master’s
degree; 6: Doctoral degree or Professional degree (JD, MD).

Data Analysis Approach

SPSS 24.0 was used for data analyses. Descriptive statistics
were first reported to show demographic variables and perfor-
mance on numeracy. To test the main effect of hyperchoice, as
well as the interactions between hyperchoice and age

differences and numeracy, four multiple regressions were per-
formed, with decision difficulty or decision satisfaction in one
choice task as the outcome variable, and age differences, gen-
der, education, choice condition (hyperchoice vs. simple-
choice), numeracy, interaction between choice condition and
age differences, and interaction between choice condition and
numeracy as the predictors. To avoid potential multicollinearity
led by the interaction terms, before performing the regressions,
the variables of age differences and numeracy were centered
with their means. The variable of choice condition (hyperchoice
vs. simple-choice) was dummy coded, with simple-choice con-
dition as the reference level. In all four regressions, the smallest
observed Tolerance was .43, which was greater than the cut-off
values of .1 or .2 as proposed by other researchers (Belsley et al.
1980; Hair et al. 2010). Therefore, multicollinearity did not
appear to be an issue in our analyses.

For the predictor of age differences, it is worth noting that
there was little difference in statistical significance or conclusion
between treating age differences with two categories (0 = older
adult group, 1 = younger adult group) and treating age differ-
ences with all collected values (a variety of numerical values
collected from participants). However, we chose to treat the var-
iable of age differences with all collected values for two reasons.
First, treating age differences with just two categories ignored the
individual differences in age within each of the group. Second,
when using age differences with the collected values, the R2 (as
reported in Table 2) was higher in all models than when using
age differences with two categories. The aforementioned ap-
proach of treating age as a continuous variable in regression
was also adopted in Finucane and Gullion (2010).

As reported below, the interaction between numeracy and
choice condition was significant on decision difficulty and
decision satisfaction in the gamble choice task. To unpack
the interaction, we divided participants into a low numeracy
group (correct response rate ≤ .625, 47.8% of participants) and
a high numeracy group (correct response rate > .625, 52.2% of
participants). In our sample, using the correct response rate of
.625 as the cut-off value was similar to using median split to
create two groups. We did not use the regular approach of
mean ± 1SD to create groups because numeracy was not nor-
mally distributed (see the Results section).3 It is worth noting
that the approach of using median split to create a higher and a
lower numeracy group was also adopted in other studies on
numeracy (Peters et al. 2009; Peters et al. 2014; Peters and
Bjalkebring 2015).

3 With the original numeracy data, the skewness was −.73, which was at a
moderate skew level. However, the skewness increased to −1.01 after applying
the natural-log transformation. Consistently, the Q-Q plots of numeracy devi-
ated from the diagonal line to a larger extent after using the natural-log trans-
formation. Previous research also indicated that log-transformation might in-
crease skewness in some cases (Feng et al. 2014). Therefore, the current study
adopted the original values rather than the transformed values of numeracy as
the predictor when running regression analyses.
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Results

Demographic Variables

Table 1 shows the demographic variables between the two
groups. There was a significant difference in age between
the two groups, t(226) = 49.47, p < .001, Cohen’s d = 6.58.
The difference in education between the two groups was at a
marginally significant level, t(226) = 1.77, p = .078, Cohen’s
d = 0.24, probably because some younger adults have not had
sufficient time to complete their degrees. The younger adult
group appeared to be slightly more racially diverse in race
than the older adult group.

Numeracy

For numeracy, its score was the rate of correct responses.
Figure 1 (a-c) displays the distribution of the rate for all par-
ticipants, older adults and younger adults. As can be seen, in
each figure, fewer than 5 % of participants answered all ques-
tions incorrectly or correctly. Thus, the current sample did not
face an obvious floor or ceiling effect. Additionally, the dis-
tribution in each figure was somewhat negatively skewed,
with about half of participants answering six or seven items
correctly and another half answering five items or fewer in-
correctly. The difference between the two age groups did not
reach a strict significance level, Mann-Whitney U = 1.78,
p = .075, median numeracy in older adults = .63 (IQR = .47),
median numeracy in younger adults = .75 (IQR = .38).4

Effects of Age Differences, Numeracy and Choice
Condition on Decision Difficulty and Decision
Satisfaction in the Gamble Choice Task

In the gamble choice task, after making their decisions, par-
ticipants reported (1) how much difficulty they experienced
when making those decisions (a smaller number represented
greater experienced difficulty), and (2) whether they were sat-
isfied with their decisions (a smaller number represented
greater decision satisfaction). Across the participants, the
mean (SD) of decision difficulty and decision satisfaction in

the gamble choice task were 3.46 (1.21) and 1.96 (0.81), re-
spectively. Within the task, greater experienced difficulty was
associated with lower satisfaction, implying good validity of
our measures: r(225) = −.46, p < .001 in the gamble choice
task. Tables 2 illustrates the effects of demographic variables,
numeracy and choice condition on decision difficulty and de-
cision satisfaction in the gamble choice task.

As shown in Table 2, in the gamble choice task, older
individuals reported greater decision difficulty than younger
individuals. Moreover, older adults also were less satisfied
with their decision. Unlike our predictions, age differences
did not interact with choice condition (hyperchoice vs. simple
choice). Hence, age was generally negatively related to deci-
sion experience in the gamble choice task.

In terms of the effect of choice condition, regarding deci-
sion difficulty, the main effect of choice condition was signif-
icant, indicating that hyperchoice condition was generally as-
sociated with greater decision difficulty. Furthermore, choice
condition also interacted with numeracy on both decision dif-
ficulty and decision satisfaction in the gamble choice task.
Following the approach of unpacking the interaction as stated
above, Figs. 2 and 3 depict the interactions between numeracy
and choice condition. As shown in Fig. 2, in the gamble
choice task, the variation in experiencing difficulty between
the two choice conditions was smaller in higher numerate
participants than in lower numerate participants. A contrast
analysis confirmed this: F(1,224) = 5.36, p = .020. In other
words, higher numerate participants experienced a similar lev-
el of difficulty (F(1,224) = 0.001, p = .978) whereas lower nu-
merate participants experienced more difficulty (F(1,224) =
10.41, p = .001) in the hyperchoice condition than in the
simple-choice condition.

As shown in Fig. 3, in the gamble choice task, a
contrast analysis indicated that higher numerate partici-
pants and lower numerate participants displayed differ-
ent trends of satisfaction between the hyperchoice and
simple-choice conditions, F(1,224) = 6.85, p = .009.
More specifically, higher numerate participants had rel-
atively stable satisfaction between the hyperchoice and
simple-choice conditions, F(1,224) = 1.85, p = .175. By
contrast, lower numerate people were more dissatisfied
in the hyperchoice condition than in the simple-choice
condition, F(1,224) = 5.37, p = .021.

Table 1 Demographic variables between the two groups

Age range Mean Age (SD) Females to
Males Ratio

Mean Education
Level (SD)

Ethnicity/Race

Older adults 59–96 67.88 (9.06) 69 to 47 4.14 (1.53) 105 White, 5 Black or African American, 2 Asian
American, 4 other or multiracial

Younger adults 18–29 23.97 (2.53) 53 to 59 3.83 (1.17) 70 White, 18 Black or African American, 12 Asian
American, 1 Native American, 11 other or multiracial

4 Using independent t-test did not change the significance of the result.
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Effects of Age Differences, Numeracy and Choice
Condition on Decision Difficulty and Decision
Satisfaction in the Consumer Choice Task

In the mattress choice task, the mean (SD) of decision diffi-
culty and decision satisfaction was 3.39(1.16) and 2.06(0.81),
respectively. Similar to the gamble choice task, there was a
significant relationship between decision difficulty and deci-
sion satisfaction, r(226) = −.39, p < .001.

Table 3 presents the regression results on decision experi-
ence in the mattress choice task. As for the effect of age dif-
ferences, there were two similarities between the gamble and
mattress choice tasks. First, age was negatively related to ex-
perienced difficulty. Second, there was no significant interac-
tion between age differences and choice condition. Thus, the
effect of age differences were relatively consistent in
our study. For the effect of choice condition, similar
to the gamble choice task, we found participants expe-
rienced more difficulty in the hyperchoice condition
than in the simple-choice condition in the mattress
choice task. However, unlike the gamble choice task,
there was no interaction between numeracy and choice
condition for choosing mattresses. A possible reason
might be that numerical information was more abstract
(e.g., probability) in the gamble choice task than in the
mattress choice task, and hence, demanded greater in-
volvement of numeracy in the gamble task, particularly
in the hyperchoice condition.

Discussion

With the rise of the number of options people have to choose
from nowadays, the hyperchoice decision-making process has
become common. The present study expanded the findings of
hyperchoice and decision experience in three domains. First,
while past studies on hyperchoice overwhelmingly focused on
consumer choice, the current study further extended the re-
search to the gamble choice field. Second, our work exhibited
a moderation effect on hyperchoice. Hence, we not only pro-
vided support to the conclusions of the past meta-analysis
studies (Chernev et al. 2015; Scheibehenne et al. 2010) but
also shed more light on how hyperchoice specifically affected
decision experience. Third, research on numeracy has more
recently gained popularity because it is critical to decision
making and a variety of other cognitive functions (Ghazal
et al. 2018). The present study advanced the knowledge of
both numeracy and hyperchoice by building a novel connec-
tion between the two. Below we discussed our main findings,
implications, and limitations, respectively.

Main Findings

Overall, the present study found hyperchoice either had a
main effect or interacted with numeracy on decision experi-
ence. First, in both gamble and consumer choice tasks,
hyperchoice was positively associated with decision

Table 2 Effects of demographic
variables, numeracy and choice
condition on decision difficulty
and decision satisfaction in the
gamble choice task

Outcome variable Predictors B(SE) R2 F

Difficulty .17 6.33, p < .001

Age differences −.01(.005), p = .006
Education .01(.06), p = .868

Gender .24(.16), p = .120

Numeracy .55(.47), p = .247

Choice condition −.31(.15), p = .037
Choice condition * Age differences .001(.007), p = .892

Choice condition * Numeracy 1.24(.63), p = .050

Satisfaction .08 2.60, p = .013

Age differences .01(.003), p = .004

Education .02(.04), p = .711

Gender .15(.11), p = .193

Numeracy .52(.34), p = .124

Choice condition .07(.11), p = .494

Choice condition * Age differences −.007(.005), p = .120
Choice condition * Numeracy −1.14(.45), p = .011

Decision difficulty: a smaller value indicated greater decision difficulty.

Decision satisfaction: a smaller value indicated greater satisfaction.

Choice condition: dummy coded with simple-choice = 0 and hyperchoice =1.

Gender: male = 1 and female = 2.
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difficulty, indicating that increasing the number of options
was related to more experienced difficulty.

Second, beyond the main effect, the function of
hyperchoice was complex in the gamble choice task due to
its interaction with numeracy. As depicted in Fig. 2, whereas
higher numerate people’s experienced decision difficulty
remained relatively constant between the hyperchoice and

Fig. 1 (a-c). Distribution of numeracy correct response rate

Fig. 2 Interaction between choice condition and numeracy in decision
difficulty in the gamble choice task

Fig. 3 Interaction between choice condition and numeracy in decision
satisfaction in the gamble choice task
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simple-choice conditions, lower numerate people felt much
more difficulty in the hyperchoice condition than in the
simple-choice condition. Additionally, as shown in Fig. 3,
lower numerate people were less satisfied with their decision
in the hyperchoice condition than in the simple-choice condi-
tion. By contrast, higher numerate people’s satisfaction was
stable between the two choice conditions, probably because
they had sufficient ability to seek satisfying options in both
choice conditions. Thus, the findings implied that lower nu-
merate people were more sensitive to the challenges imposed
by hyperchoice. When there were more options to weigh in,
lower numerate people faced more difficulty and were less
satisfied.

Third, unlike the gamble choice task, hyperchoice did not
interact with numeracy in the consumer choice task.
Numeracy did not have a significant main effect in this task
either. We believe the difference in the function of numeracy
between the gamble choice task and the consumer choice task
was because the gamble choice task was more complex in
numerical information. For example, compared to price and
customer rating, probability was more abstract and difficult to
comprehend. Thus, with a list of probabilities, lower numerate
people might face some extra challenges in the hyperchoice
condition in the gamble choice task. Hence, the specific effect
of hyperchoice may also depend on the type of choice tasks.

Fourth, compared to younger adults, older adults had great-
er decision difficulty in both tasks, and lower decision satis-
faction in the gamble choice task. Notably, the variable of age

differences did not interact with hyperchoice or numeracy,
even though we purposely widened the age gap between the
two groups when recruiting participants. Thus, the findings
suggested that the impacts of hyperchoice and numeracy on
decision experience was similar between younger adults and
older adults. While our study found older adults generally had
more negative decision experience in both choice conditions
in the gamble and consumer choice tasks, the reasons were not
immediately clear. There are some possible interpretations.
First, declined cognitive capacity and mental and physical
energy could make it more difficult for older adults to go
through and analyze options, even when the number of op-
tions is limited. Second, older adults have more life experi-
ences and knowledge and as a result, they may have higher
expectations. Thus, regardless of how many options are being
presented to them, they might believe there is always a better
option somewhere, making them less likely to be satisfied.
Third, socioemotional selectivity theory posits that because
older adults increasingly recognize that they have limited time
left to live, they become more motivated to optimize positive
emotional experiences in the “here and now” (Carstensen,
2006). As there is no dominant option and trade-offs have to
be made in both choice conditions, older adults may feel the
choices are difficult to make to optimize their experience, and
hence, are not satisfied. From another perspective, younger
adults may feel they have more time and opportunities.
Thus, they are less likely to be stressed when making deci-
sions. Fourth, given that older adults have higher expectations

Table 3 Effects of demographic
variables, numeracy and choice
condition on decision difficulty
and decision satisfaction in the
consumer choice task

Outcome variable Predictors B(SE) R2 F

Difficulty .13 4.49, p < .001

Age differences −.009(.005), p = .049
Education −.03(.06), p = .638
Gender −.08(.15), p = .584
Numeracy .61(.47), p = .191

Choice condition −.41(.15), p = .006
Choice condition * Age differences −.001(.007), p = .851
Choice condition * Numeracy .49(.62), p = .431

Satisfaction .06 1.98, p = .060

Age differences .001 (.003), p = .828

Education .10 (.04), p = .011

Gender .27 (.11), p = .016

Numeracy .36 (.34), p = .290

Choice condition .04 (.11), p = .745

Choice condition * Age differences −.002 (.005), p = .740

Choice condition * Numeracy .05 (.45), p = .917

Decision difficulty: a smaller value indicated greater decision difficulty.

Decision satisfaction: a smaller value indicated greater satisfaction.

Choice condition: dummy coded with simple-choice = 0 and hyperchoice =1.

Gender: male = 1 and female = 2.
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and motivation to seek emotionally meaningful experience,
maybe choice options used in the present study or the overall
experience of taking this survey were not “meaningful; there-
fore, they were not satisfied. Similarly, older adults might be
more likely to make repeat decisions. Thus, when faced with
making a new decision or not given options that they have
tried before, older adults might be less likely to be satisfied as
well as find the decision-making process more difficult.
However, we are mindful that the exact mechanisms underly-
ing the relationship between age and decision experience de-
mand further research.

Implications

The present study generated several implications. First, while
most past research employed consumer choice tasks to exam-
ine the hyperchoice effect, the present study demonstrated that
such an effect could be extended to a gamble choice task. Our
findings indicated the effect of hyperchoice (and its interaction
with other factors) may be common in the field of judgement
and decision making. Future studies can further examine how
hyperchoice affects other decision tasks such as intertemporal
choice and moral dilemma tasks.

Second, from a practical perspective, the study implied that
merchants should try to ease the process of decisionmaking in
the presence of hyperchoice. There are a few strategies to
consider. One strategy, as adopted by the wholesale giant
Costco or the global discount supermarket ALDI, is to limit
product selection. This strategy was echoed in a study on
holiday destination choice (Thai and Yuksel 2017). The au-
thors suggested travel agencies use a screening tool to narrow
down the range of options and present a customized portfolio.
Similarly, for wedding dress consultants, their goal is to nar-
row wedding dress options down based on the bride’s prefer-
ence to find the “perfect” dress. Another strategy is related to
the presentation format of the options. In the present study,
participants in both hyperchoice and simple-choice conditions
faced same options. The difference was that options in the
hyperchoice condition were presented altogether whereas op-
tions in the simple conditions were presented in separated
groups. Thus, to improve decision experience, merchants
can exhibit goods in groups and sequentially rather than in a
holistic cluster. Additionally, Hoch, Bradlow, & Wansink
(1999) showed customers were more satisfied when options
were displayed in an organized than a randommanner. Hence,
online merchants should strengthen the filter function so that
consumers can rank the items based on their preference. For
example, for apartment searching, units can be sorted by the
number of bedrooms, number of bathrooms, price,
pet allowance, garage/parking availability and other factors.

Third, the study further highlighted the importance of nu-
meracy in decision making. Past studies have found low nu-
meracy is associated with inferior decision outcomes (Cheng

2020; Reyna et al. 2009; Sinayev and Peters 2015). The pres-
ent study extended the findings to decision experience and
found lower numerate people faced extra challenges in the
scenario of hyperchoice. Hyperchoice gains popularity nowa-
days, and people need to deal with abstract and complex nu-
merical information commonly (e.g., build an investment
portfolio for retirement). Thus, the study advocated for math
and numeracy education (Gravemeijer et al., 2017), especially
in countries with “math crisis” (Anderson, 2016). Some recent
studies found game-based learning and learning via virtual
social networks could increase students’ motivation in learn-
ing (Partovi and Razavi 2019; Razavi 2018; Sung et al. 2012).
Thus, from a practical perspective, it may be beneficial for
schools to incorporate such techniques in numeracy learning.

Limitations

This study has some limitations that should be acknowledged.
First, one main goal of the present study was to examine how
older adults experience hyperchoice scenarios in the era of
information explosion. Hence, following some previous stud-
ies as cited earlier, we employed an older adult group and a
younger adult group. While this design allowed us to describe
decision experience in the older adults by making compari-
sons between the two age groups, one limitation was that
middle-aged adults were not tested. Thus, our study did not
capture the decision experience from a full developmental
perspective, meaning comparisons between younger and older
age groups may not reveal the complete developmental trajec-
tories of decision making across the lifespan. Moreover, our
study did not depict the consumer behavioral pattern compre-
hensively as the middle-aged persons are the main consumers
in the society. To address these issues, future research should
include participants with a wide range of ages (or break age
into smaller life stage groups) to better reveal the effect of age
on decision making in a variety of choice conditions.

Second, our sample was not particularly racial/ethnically
diverse; consequently, our study was not informative about
the relationship between race/ethnicity and hyperchoice. As
diversity gains its importance in the current society, investi-
gating the relationship between race/ethnicity and decision
making would definitely add to the literature.

In addition, following previous studies (e.g., Iyengar and
Lepper 2000; Lee 2017; Scheibehenne et al. 2009, 2010), the
current work employed self-report measures to index subjective
decision experience.While suchmeasures are informative, peo-
ple may have different interpretations of the numerical values
on the Likert scale. Future research could further adopt dynamic
objective measures such as eye-tracking and mouse-tracking
(e.g., Cheng and González-Vallejo 2017; Reeck et al. 2017)
to depict decision experience in the scenario of hyperchoice.

Lastly, the present study manipulated the hyperchoice con-
dition with 16 options. While 16 options went beyond binary
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choices employed in many studies, the number might still be
smaller than what people actually experience in everyday life
(the Amazon and Medicare examples described in the
Introduction). To enhance external validity, future studies
may further increase the number of options to examine how
people make decisions. Similarly, while the present study
employed consumer and gamble choice tasks, it is possible
that the effects of hyperchoice could be extended to more
consequential decisions such as health-care choices and larger
financial investment decisions (e.g., buying a house).

Conclusion

The present study suggests that hyperchoice conditions
generally impose greater challenges in participants.
Furthermore, its specific effect might be moderated by
individual characteristics and decision task type.
Therefore, beyond the main effect, future studies on
hyperchoice should take contextual and personal factors
into account to better understand how hyperchoice af-
fects decision making. Our findings also advocate for
numeracy education and strategy development to ease
decision experience in the scenario of hyperchoice.
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Appendix

Age requirements

The age ranges in the present work (18–30 for younger adults
and over 59 for older adults) were based on a pilot study in
which we tested the study materials in older adults in a senior
care facility and younger adults in a college. The purpose of
the pilot study was to make sure the study materials made
sense to participants. In the pilot study, the age ranges were
18–30 and over 59 for younger and older adults, respectively.
Hence, in the formal study, we continued using the same age
ranges to recruit participants.

It is worth noting that the distinct age requirements between
the two groups were arbitrary; however, we did so for two
reasons. First, the present study collected data from MTurk.

One potential limitation of MTurk is that there are more
younger adults than older adults (Hitlin 2016).
Consistently, in Lee’s (2017) study about hyperchoice,
more than 80% of participants recruited from MTurk
were below 30, and only 6.5% were above 50. Thus,
in order to ensure the study had sufficient older adult
participants and to detect the possible psychological ex-
perience in them, we purposely separated older adults
and younger adults with two independent surveys.

Second, some previous studies examining the effect
of age differences on decision making and other cogni-
tive functions (e.g., working memory) adopted two gen-
eration cohort samples (i.e., two independent age
groups). More specifically, in one study testing the ef-
fect of aging and choice set size on decision making,
the ages for the younger adult group and the older adult
group were 18–24 and 60–94, respectively (Reed et al.
2008). Similarly, in a study examining the relationship
of age differences and attitude toward risk, the ages for
the younger and older participant groups were 16–23
and 63–87, respectively (Rolison et al. 2012). In the
field of working memory, a study on effect of aging
and reward anticipation employed two age groups with
20–27 for the younger adults and 65–78 for the older
adults (Thurm et al. 2018). One goal of the current
work was to test older adults’ decision experience in
the scenarios with different choice set sizes. Therefore,
following these studies, we employed two generation
cohort groups that allowed us to compare younger
adults and older adults.

Demographics and numeracy comparisons between
the two choice conditions

Independent t-tests were performed in age and education be-
tween those in the hyperchoice condition and those in the
simple-choice condition. As a result, there was no significant
difference in age, t(226) = .14, p = .887, meanhyperchoice =
46.10, meansimple choice = 46.53. Similarly, there was no sig-
nificant difference in education, t(226) = .24, p = .810, mean-

hyperchoice = 3.97, meansimple choice = 4.01.
A chi-square test was conducted to test if there was an

association between gender and choice condition.
Consequently, the test did not reach the statistical significance
level, chi-square = 3.01, p = .083, indicating gender was
equally distributed between the two choice conditions.

Additionally, as indicated in the main text, numeracy was
not significantly different between the two choice conditions.

An independent t-test was conducted to compare numeracy
between the two choice conditions. There was no significant
difference in numeracy between hyperchoice condition
(mean = .65) and simple-choice condition (mean = .62),
t(226) = .51, p = .483.
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