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In e-commerce settings, shoppers can navigate to product-specific pages on which
they are asked to make yes-or-no decisions about buying a particular item. Beyond
that target, there are often other products displayed on the page, such as those
suggested by the retailers’ recommendation systems, that can influence consumers’
buying behavior. We propose that display items that come from the same category
as the target product (matched) may enhance target purchase by increasing the
attractiveness of the presented opportunity. Contrasting this, mismatched display items
may reduce purchase by raising awareness of opportunity costs. Eye-tracking was used
to explore this framework by examining how different types of displays influenced visual
attention. Although target purchase rates were higher for products with matched vs.
mismatched displays, there was no difference in fixation time for the target images.
However, participants attended to mismatched display items for more time than they did
for matched ones consistent with the hypothesized processes. In addition, increases in
display attractiveness increased target purchase, but only for matched items, in line
with supporting the target category. Given the importance of relative attention and
information in determining the impact of display items, we replicated the overall purchase
effect across varying amounts of available display information in a second behavioral
study. This demonstration of robustness supports the translational relevance of these
findings for application in industry.

Keywords: retail, e-commerce, attention, decision making, choice-behavior, consumer neuroscience,
eyetracking, neuromarketing

INTRODUCTION

The rise of e-commerce has expanded the scope of retail design and the range of consumer choice
settings. As one example, a carefully planned brick and mortar grocery store layout or planogram
creates specific product adjacencies that shoppers can become accustomed to, like knowing the
eggs are “always” near the milk. However, the flexible nature of digital item displays online allows
for rapid updating of the choice context across multiple stages of a shopper’s decision, with the
possibility of viewing a particular product in settings that differ across pages designed for search,
interest, selection, and purchase (see also Häubl and Trifts, 2000; Senecal et al., 2005).
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Along similar lines, digital retail has created distinct and/or
novel purchase decision steps and pathways. Generally speaking,
models of the consumer decision-making process, or “decision
funnels,” begin with generalized awareness of a product, perhaps
as a member of a larger set of options (e.g., Gourville and Norton,
2014). They proceed to narrow, with some form of engagement or
information-seeking about more constrained consideration sets,
to evaluation of specific options leading to a purchase decision or
decisions. When shopping online, consumers in the information
seeking and evaluation stages can arrive at product pages that
are designed around a single option. In this setting, consumers
can evaluate the product, and are prompted to move forward in
deciding whether or not to select it for purchase via buttons for
“add to cart” or “buy now.”

Though the purpose of individual item pages is to offer
more information about a specific product, it is common to
have other information, including other products, visible on
the screen. In many such settings the firm’s recommendation
system might display a set of similar products within the same
general category. Alternately, the retailer may cross-promote
products from different categories that they (or their algorithms)
believe will also appeal to the shopper. These display sets are
not central to the consumer’s choice of whether (or not) they
want to purchase the target, which is the primary purpose of
the page. They are often intended to increase overall basket
size by complementing or supplementing that decision, and can
even appear “subsequent” to purchase or add-to-cart buttons,
lower down on the page. However, they alter the choice context,
and thus have the potential to influence the choice itself
(e.g., Bettman et al., 1998).

Prior research using neuroscientific methods suggests that
non-choice items do elicit decision-related evaluations, including
representation of their value in areas such as ventral striatum
and mPFC (e.g., Lebreton et al., 2009; Tusche et al., 2010; Levy
et al., 2011; Smith et al., 2014). In addition, it has been shown
that a network of areas including pregenual ACC and ventral
striatum automatically encodes the average value of a set of items
if they are viewed together, regardless of whether a person is just
browsing or making an active choice (Shenhav and Karmarkar,
2019). These findings suggest that display items’ values are likely
to be represented in corticostriatal reward-related circuitry even
when a consumer is focused on the target. Given this evidence, it
seems likely that shoppers attend to display items when present,
however briefly, and that these products could be integrated into
the decision process.

Behavioral studies involving attractive but unavailable
“phantom” items, as well as product stockouts, have shown
how non-choice items can influence decisions in various
ways (e.g., Pratkanis and Farquhar, 1992; Farquhar and
Pratkanis, 1993; Fitzsimons, 2000; Scarpi and Pizzi, 2013;
Trueblood and Pettibone, 2017). The nature of these effects
can depend on whether consumers learn that the option is
unavailable before or after making their choice (Pratkanis
and Farquhar, 1992; Scarpi and Pizzi, 2013). Fundamentally
though, these non-choice items are offered to the consumer
as meaningful elements in an active choice set and indeed
are able to create the same kinds of biases that would be

expected if they were still valid options under consideration
(e.g., Doyle et al., 1999).

The display items presented on a target product’s e-commerce
page are not necessarily unavailable, but they are “non-choice”
because they are peripheral to the focal yes-or-no target purchase
decision. Previous work has shown that they exert an influence
that is dependent on their similarity to the target products
(Karmarkar, 2017; Friedman et al., 2018). Karmarkar (2017)
showed that purchase intent for a target item is increased when
display and target items come from the same product category,
and decreased when display and target items’ categories are
mismatched. This effect is consistent with findings that high value
phantom products enhance interest in the most similar options
that are still available (e.g., Pettibone and Wedell, 2000). Notably,
though, the relative value of the display items as compared to the
target does not influence purchase (Karmarkar, 2017; Friedman
et al., 2018). This lies in contradiction of many choice framing or
decoy effects that arise from comparisons of value among options
in a choice set (e.g., Huber et al., 1982; Simonson, 1989; see also
Louie et al., 2013; Webb et al., 2021).

Overall, then, it does not appear that consumers are processing
display items as active or valid choice options. Instead we
propose that display items create choice frames or contexts that
influence the attractiveness of the purchase decision rather than
impacting the perceived value of the target. This distinction
can be considered as analogous to the distinction between
transaction and acquisition utility (e.g., Thaler, 1985). While the
definition of transaction utility is based on price perceptions,
we propose a similar type of context-dependent “category-based”
transaction value mechanism created by congruency between the
item and the display.

In particular, our framework suggests two contributing
mechanisms. First, display-only items that match the target
product category may serve to enhance purchase intent by raising
the attractiveness or appeal of an in-category purchase. This
predicts that increased attractiveness of the display items in the
matched condition could increase purchase likelihood, which
we test in different ways across Study 1 and 2. Second, prior
work demonstrating that consumers often neglect opportunity
costs when making yes or no choices (e.g., Northcraft and
Neale, 1986; Jones et al., 1998; Frederick et al., 2009; Spiller,
2011; Greenberg and Spiller, 2016). In particular, such studies
showed that reframing a choice from buy/don’t buy to buy this
product/keep themoney for other products reduces purchase intent
by reminding people of other opportunities for those funds (e.g.,
Frederick et al., 2009). Mismatched display-only items offer a
conceptual parallel to that manipulation by raising the salience
of other item categories within the current decision context and
engaging shoppers’ attention and processing related to those
categories. While matched displays may frame a choice as “Given
this category, do you want to buy this item,” mismatched displays
may reframe it as “Given that you could spend money on any of
these categories, do you want to buy this particular item?”

The proposed mechanisms offer complementary hypotheses
related to information processing when considering a target
product in the presence of other display-only items. First, given
that increased attention is correlated with increased purchase
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intent (e.g., Krajbich et al., 2010; Krajbich et al., 2012), it may
be that shoppers pay more attention to the target item in the
matched condition than in the mismatched condition. Similar
logic then suggests that shoppers may pay more attention to the
display items in the mismatched condition than the matched
condition. Specifically, if the mismatched display items are
raising awareness of the value of other categories, they would be
predicted to capture additional attention.

In Study 1, we use an eye-tracking experiment to examine
these hypotheses directly using purchase decisions about a
target product made in the presence of other product images.
This design features a highly simplified version of the detailed
information that consumers might face on a firm’s site. To
help address this, in Study 2, we replicate the display-set effects
in contexts that feature more information–price and product
labels for the display items as well as the target items–speaking
to the relevance of these findings for practical applications.
Collectively this work offers an enhanced understanding of
how non-choice product information, such as that generated
by e-commerce recommendation systems, can influence interest
and/or evaluation stages of the decision process in ways that
impact subsequent purchase.

STUDY 1

Methods
The design of this study was approved by the Harvard Business
School’s Internal Review Board. Sixty-six individuals under the
age of 40 participated in the eye-tracking experiment. Fixation
detection rate was measured as the Tobii Pro Studio “weighted
gaze samples” statistic calculated by dividing the number of
eyetracking samples that were correctly identified by the total
number of samples. Eight of the participants had a fixation
detection rate that fell below 50%, and were excluded from
analysis, leaving a sample of 58 (MAge = 24.43, F = 25).
The study was conducted as an independent experiment in a
single 30–45 min session that did not include other studies or
surveys beyond those reported. All participants were informed
that the study involved eye-tracking in the recruitment process,
gave consent prior to engaging in study activities and were
given additional opportunities to ask questions and/or withdraw
consent after the complete task instructions were explained.

Participants viewed the tasks on a computer screen, using
a keyboard to move through the instructions and a mouse
to indicate their choices and ratings. Stimuli presentation and
data collection were conducted using the Tobii Studio software
(v3.4.3) and a Tobii X2-60 eye-tracker (1920 × 1080 recording
resolution, 60 Hz sampling rate, 4◦ accuracy). After individual
calibration of the eye-tracker, it was explained that participants
would be asked to decide whether they wanted to purchase
several different target products, but that additional products or
images would be displayed on the screen. Targets were familiar
consumer products selected based on an age demographic of
18–40 years old, drawn from a range of categories such as office
supplies, gifts, apparel, and personal electronics. Participants
were further informed that they would not be able to choose

or receive any of the display-only images that they might see
during the experiment.

On each of the 36 decision trials, a fixation cross was presented
at the center of the top third of the screen for 1 s. The screen
automatically advanced to show the main stimulus, in which
the target product was presented in the center of the screen
together with text indicating its name and its price (Figure 1).
The target was flanked by two display-only images falling into
one of three conditions: landscapes, category-matched products,
and category-mismatched products (Figure 1). Landscape images
were selected to avoid the presence of distinct landmarks or
strong individually differentiating features. Each “product page”
(stimulus presentation) was shown for 5 s. After this, the screen
automatically advanced and participants used a computer mouse
selected their willingness to buy the target from the following
set of choices [Strong No, No, Weak No, Weak Yes, Yes, and
Strong Yes] (as in Karmarkar, 2017). The rating period was self-
paced; after participants selected their response they clicked on
a “Finished” button to submit the answer, and the next trial
automatically began.

An extended description of the stimuli and trial information
can be found in the Supplementary Methods. Briefly, 36
products that were widely available for retail purchase and
generally desirable for the 18–40 year old demographic were
chosen as target items. Purchase trials across the landscape,
matched and mismatched conditions were intermixed across
conditions, although all participants saw the target items
presented in the same order. Stimulus presentation across
conditions was counterbalanced among participants, such that
for each target item, approximately one third of the participants
viewed it with matched display products, approximately one third
viewed it with mismatched display products, and the rest viewed
it with landscape images. This design was intended to prevent
condition-specific effects from depending on (or correlating
with) the nature or attributes of any particular target item
or its category.

Visual areas of interests (AOIs) used for measuring the
duration of fixation times were centered on product image
(target, left display image, and right display image) as well as on
the target product label text and target price text (see Figure 1
for illustration). The focal item presentation was standardized
across all trials and categories with the item in a black outlined
box at the center of the screen, with a rectangular AOI extending
50 px beyond this object (AOI: 171754 px). The landscape non-
choice AOIs were all identically sized (103041 px), and represent
the largest AOIs other than the target. This offers a conservative
control for the other matched and mismatched conditions since
the large landscape AOIs had the highest probability of capturing
fixations. While display items varied in size, across all stimuli
AOIs were non-overlapping and defined with a 50 pixel border
beyond the underlying image/text boundaries. Fixations were
classified with an I-VT filter (Tobii Pro Studio). Given varying
rates of fixation detection across participants, fixation duration
analyses reflect trials in which shoppers allocated a non-zero
amount of attention to the AOIs studied.

Participants were endowed with $15 at the start of the
experiment independently of the main study compensation, and
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FIGURE 1 | Study 1 sample presentation stimuli. Shaded areas in the Matched condition illustrate the nature of AOI placement for the target image, display images,
target label, and target price. Images are for illustration purposes only. See experimental materials for exact stimuli.

their choices were incentive compatible. Participants learned that
one of their decisions would be selected at random to count “for
real” at the end of the study. If the participant had selected any of
the three no answers, they retained the full endowment. If they
had selected any of the three yes answers, they paid the listed
item price from their endowment, retained any residual funds,
and received the chosen product in the mail.

After the eye-tracking portion of the experiment, participants
engaged in a behavioral rating survey (Qualtrics XM) for each
of 108 products (36 targets, 24 matched display products, 24
mismatched display products, and 24 unseen display products).
Landscape images were not included in the ratings. For each item,
participants used a computer mouse to indicate whether they
remembered viewing the item during the primary task on a four
point scale labeled [Definitely No, Maybe No, Maybe Yes, and
Definitely Yes] and then rating their liking for the item on a seven
point scale ranging from Do Not Like to Like Very Much. Three
participants did not have enough time during the experimental
session to complete these ratings, resulting in a sample size of
n = 55 for analyses related to liking and recall.

Statistical analyses (behavior, eye-tracking, and their
combined relationships) were conducted by importing the
aggregated data into Stata/SE software. Study materials and a
link to the OSF repository of the individual eyetracking raw data
files can be found here: https://researchbox.org/304.

Results
While the six-point decision response scale was initially used
to keep methods consistent with prior demonstrations of this

effect (e.g., Karmarkar, 2017), for the purposes of incentive
compatibility, purchase responses across the scale were collapsed
into yes and no. This approach was also considered more
representative of the yes/no choice that was explained to
participants and that would be normally made on a retailer’s site.
As a result, purchase data is modeled as a binary choice in the
following analyses.

While a range of factors can influence purchasing decisions,
there is reasonable agreement that such choices are likely
to reflect individual preferences for the good, balanced with
sensitivity to its price (see also Prelec and Loewenstein, 1998;
Knutson et al., 2007; Karmarkar et al., 2015). Thus as a control
for the overall quality of the decision process captured by this
experiment, the binary purchase decision was modeled with a
mixed-effect logistic regression on target liking and target price
(Model Wald X2 = 300.89, p < 0.001). To represent the potential
variance in individual purchasing likelihood, susceptibility to
the effects, and the within-subjects design, the model included
subject random effects (n = 55 groups, three participants did not
complete the liking ratings). As might be expected, there was
a significant positive coefficient on liking (b = 1.43, SE = 0.08,
p < 0.01) and a negative overall effect of price (b = −0.12,
SE = 0.03, p < 0.001). This analysis suggests that the choice
process evoked by this task is consistent with meaningful
considerations of costs and benefits as they might occur in real
world purchasing. However, it is important to acknowledge that
liking ratings were taken at the end of the study, and it is thus
possible that they could have been influenced by the purchase
decisions made during the task (e.g., Botti and Iyengar, 2004).
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We then tested the impact of display on choice behavior
across the three display conditions (landscape, matched and
mismatched). This was done with a mixed-effects logistic
regression with dummy variables for the matched and
mismatched conditions (yielding the landscape condition
as the reference), and subject random effects. As shown in
Table 1, this analysis revealed a significant effect of the matched
display (b = 0.313, SE = 0.140, p = 0.026), and no significant
effects of the mismatched display (b = 0.02, SE = 0.143, p = 0.886;
as compared to the landscape condition.) Post hoc comparisons
of coefficients further demonstrated that purchase likelihood was
higher in the matched condition compared to the mismatched
one (p = 0.0365). Complementing this analysis, Figure 2A
illustrates the average number of purchases, or “yes” responses
that participants made during the twelve incentive compatible
decisions in each condition. The increased purchase rate in
the matched vs. mismatched condition is consistent with prior
demonstrations of display-set effects (e.g., Karmarkar, 2017;
Friedman et al., 2018).

A broader model of the impact of condition on purchase
captured additional factors that might influence choice during the
stimulus evaluation period. Specifically, it included target item
price and variables for attention as measured by the total duration
of fixation time (in ms) spent in the AOI centered on the image of
the target product or the two display images (Note this influences
the number of observations retained in the model, as fixations
may not have been detected in all trials for all participants). As
seen in Table 1, there was again a significant effect of the matched
but not mismatched displays, accompanied by negative effects
of price. In addition, consistent with the assumptions made in
our framework, attention to the target item had a significant
positive relationship with purchase likelihood, while attention to
the display images had a significant negative relationship with
target purchase.

Reflecting our specific hypotheses, we predict that attention
to the target might be increased in the matched vs. mismatched
conditions, reflecting the relationship between attention and
purchase likelihood (e.g., Krajbich et al., 2010; Krajbich et al.,
2012). Mixed effects regression on the fixation duration for
the target revealed a significant negative effect for both the

TABLE 1 | Mixed effects logistic regressions examining factors related to
target purchase.

Purchase Purchase

Match 0.313* (0.140) 0.555** (0.179)

Mismatch 0.0206 (0.144) 0.281 (0.185)

Price −0.0865** (0.0305)

Target Fixation Duration 0.389** (0.132)

Display Fixation Duration −0.448** (0.169)

Model Wald X2 6.35* 33.42***

# obs 2088 1574

# groups 58 58

All models conducted with subject random effects.
Standard errors in parentheses.
*p < 0.05, **p < 0.01, ***p < 0.001.

FIGURE 2 | Study 1 results. (A) Number of purchases (incentive compatible
“yes” decisions) made in each experimental condition. (B) Average of the total
fixation time spent on the target image per trial in the matched (M = 1.21,
SE = 0.0301) and mismatched (M = 1.19, SE = 0.0312) conditions.
(C) Average of the total fixation time spent on the display images per trial in
the matched (M = 0.755, SE = 0.0222) and mismatched (M = 0.816,
SE = 0.0246) conditions. Error bars reflect standard error. *p < 0.05.

matched (b = −0.240, SE = 0.031, p < 0.001) and mismatched
(b = −0.266, SE = 0.031, p < 0.001) displays (Table 2). Thus
participants spent relatively less time attending to the target
items when they were part of a multi-product display compared

TABLE 2 | Mixed effects regressions of total fixation times detected in target or
display item AOIs.

Target Fixation Display Items Fixation

Matched −0.240*** (0.031) 0.278*** (0.0290)

Mismatched −0.266*** (0.031) 0.340*** (0.0293)

Model Wald X2 87.67*** 147.39***

#obs 2006 1606

#groups 58 58

All models conducted with subject random effects.
Standard errors in parentheses.
***p < 0.001.
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to when they were presented with landscape images. However,
our post hoc comparison of coefficients found no significant
difference between the times for the matched and mismatched
conditions, suggesting that the category of the display products
did not influence the amount of attention paid to the focal item
(p = 0.406, mean fixation duration times shown in Figure 2B)1.

A complementary hypothesis suggests that individuals attend
more to the display items in the mismatched condition,
suggesting an increased attention to outside options and
opportunity costs, compared to the matched one. As shown in
Table 2 (right column), mixed effects regressions showed that
total fixation time (summed across the AOIs for the left and right
display images) was increased for both the matched (b = 0.278,
SE = 0.29, p < 0.001) and mismatched (b = 0.33, SE = 0.029,
p < 0.001) products compared to the landscape images. In
addition, a test for equality of coefficients revealed a significant
difference for the mismatched display items such that they were
attended to for longer (p < 0.023; mean fixation duration times
shown in Figure 2C).

A few patterns emerge from this data. First, attention
meaningfully differs between the landscape and the two product
display conditions. Thus the presence of recognizable products
appears to engage processes that go beyond those evoked by
the mere presence of visual information unrelated to the target.
Second, attention to the target item remains similar across
matched and mismatched product displays, but the mismatched
display items themselves capture more attention than the
matched ones. This is consistent with our hypothesis that the
mismatched display items decrease purchase of the target by
highlighting the values and consideration of outside options
and/or categories.

In addition to the absence of differences in fixation time
on the target image, there was no significant effect of display
condition on target recall or on target liking ratings. Specifically,
regressing target liking on the condition dummy variables (with
subject random effects) demonstrated no significant coefficient
for the matched (b = 0.0744, SE = 0.098, p = 0.45) or mismatched
(b = 0.012, SE = 0.098, p = 0.902) displays (with landscape again
serving as the reference). Regressing target recall on condition
(with subject random effects) also showed no significant effect
for either matched or mismatched displays (match: b = 0.0227,
SE = 0.0223, p = 0.307; mismatch: b = 0.018, SE = 0.0223,
p = 0.414).

This suggests that the matched display items might exert
an influence on the decision process overall rather than the
target value in particular. Our framework proposes that matched
display items are acting as supporting evidence for purchase
within the target category, despite being unavailable themselves.
If this were the case, more preferred display items would be
expected to be more effective at increasing purchase likelihood
for the target (see also Karmarkar, 2017), though the prediction
for the mismatched condition is less clear.

1Regression analyses conducted on fixation times spent on the target label AOI
and target price AOI similarly failed to find differences between the two display-
item conditions.

We conducted a mixed effects logistic regression with subject
random effects on the influence of display-item liking and
condition (match vs. mismatch only) on the yes/no purchase
decisions. Display-item liking was coded as the averaged liking
ratings for the two display items presented in the trial. The model
found a significant interaction between display-item-liking and
condition (b = 0.49, SD = 0.100, p < 0.001). There was no main
effect of display-item-liking (b = 0.017, SD = 0.071, p = 0.808),
and a negative effect of the matched (vs. mismatched) condition
(b =−1.78, SD = 0.44, p< 0.001). To interpret the interaction, we
examined the impact of liking for the display items on purchase
for the 12 trials in the mismatched and 12 trials in the matched
conditions in separate models (Table 3). In the matched case,
a mixed effects logistic regression showed that average display-
item liking had a significant positive effect on purchase in line
with our predictions (p < 0.001; number of observations reflects
that one participant had one missing liking rating). However,
the effects of display-item liking were not significant when
modeled for the mismatched condition (p = 0.626). Again, this
analysis is accompanied by the caveat that display liking ratings
were conducted after the main choice task. Thus they may
have been influenced by the display conditions and/or purchase
decisions themselves.

Collectively our results suggest that these purchase decisions
rely on perceptions of the full set of visible items rather than the
information specific to the target item. For example, target liking,
target fixation, and target recall were similar across matched
and mismatched conditions despite differences in purchase rates.
Instead, the purchase-relevant differences that did arise were
primarily related to the display items and their relationship to
the target. This offers an interesting clarification on the role
of the display, suggesting that its impact is on the decision
process rather than focused on the decision target. This is
further reinforced by the differences between the landscape
trials and the trials where the “non-choice” images were of
recognizable products.

While the sparse design of Study 1 allows for more precise
inferences about attention, it does reflect an information
asymmetry between the target and display options. Thus
marketers may ask whether display-set effects are still expressed
when the display items also bear descriptive labels and prices, or
whether an increased availability (and thus increased salience)
of display-item information might moderate the results. In

TABLE 3 | Mixed effects logistic regressions of purchase on liking ratings for the
display items in the matched or mismatched trials.

Matched Only Trials Mismatched Only Trials

Purchase Purchase

Display Liking 0.581*** (0.081) −0.0382 (0.078)

Model Wald X2 51.69*** 0.24

#obs 659 660

#groups 55 55

All models conducted with subject random effects.
Standard errors in parentheses.
***p < 0.001.
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addition, while Study 1 shows that that liking for the individual
display products is correlated with purchase of the target, our
framework also proposes that this increased liking increases the
overall attractiveness of the “offer,” reflecting the complete set of
items. Thus in Study 2, we test the robustness of the purchase
effects across varying amounts of available information for the
non-target products, and also examine the relationship between
purchase likelihood and the value of the overall set.

STUDY 2

Methods
The research protocol was approved by the University of
California, San Diego, Internal Review Board. Four hundred
and fourteen individuals completed this study online for
monetary compensation via the Amazon Mechanical Turk
platform (MAge = 37, F = 204). The reported sample reflects
the exclusion of 69 participants who failed to correctly
answer two comprehension questions (All participants received
compensation, regardless of their performance). First, on the
instruction screen, participants were asked to type in the words
“I understand” to indicate their comprehension of the task
instructions. Second, at the end of the survey participants were
asked “Out of all of the items you saw in the survey, which
one do you think you would be the most likely to buy if you
were in a store?” Participants who left the question blank, or
entered in inappropriate text (e.g., “GOOD” or “nice survey”)
were qualified as exclusions.

All participants assented to participate following reading
an information sheet, and then filled in a “captcha” image
recognition puzzle (not used for exclusion). Participants were
randomly assigned to one of six experimental conditions based
on a 2 × 3 between-subject design that varied the categories of
the display options (Matched vs. Mismatched) and the individual
item information (Control, Label Only, and Label + Price). The
stimuli in the control condition used the same presentation
design as the matched and mismatched conditions in Study 1,
in which a descriptive text label and price was only available for
the target item. In the label condition, a descriptive text label
was presented together with all three products, and no price
information was listed. Finally, in the label + price condition, a
descriptive text label and price was presented for all three of the
visible products. All participants were asked to imagine that they
were shopping for themselves online, and that they would see a
display from an online store. They further learned they would
be indicating whether they would buy the item specified in the
center of the screen. Participants viewed the stimuli for 4 s, and
then indicated their purchase intent on a six-point scale from
Strong No to Strong Yes. Participants made decisions for three
different items (three trials)–an art print, a game, and bath towels.
These decisions were hypothetical, such that participants did not
receive any of the items they viewed. Following the decision task,
participants also rated the attractiveness of the display of items
overall (comprised of target and display items) on a seven-point
scale from Not at all Attractive to Very Attractive.

Results
Although this experiment measured purchase intent in a
hypothetical situation, for consistency with Study 1 and improved
external validity, purchase intent ratings were translated into
a binary purchase decision. Thus the no answers (Strong No,
No and Weak No; 1–3 on the scale) were coded as 0, and the
yes answers (Weak Yes, Yes, and Strong Yes) were coded as 1.
This purchase decision was modeled with a mixed effects logistic
regression with dummy variables for the matched condition, label
condition, and label + price condition as well as subject random
effects (estimated using Stata/SE software). This demonstrated a
significant effect of the matched condition (b = 0.386, SE = 0.120,
p < 0.001). However, there was no significant effect of the
different information presentations as indicated by the label term
(b = −0.007, SE = 0.147, p = 0.961) or the label + price term
(b = 0.101, SE = 0.146, p = 0.488; test for equality of label and
label + price, p = 0.457). These effects are reflected in Figure 3,
which shows the average number of products purchase in each
condition. Given that these decisions were not incentivized,
participants may not have been as focused on the choice as a
yes/no decision. However, the same pattern of findings arises
when the data was analyzed by examining the full response scale
instead of a binary purchase representation2. Thus the display-set
effect was robust to varying the amount of available information
about the display items, such as their labels and prices.

We examined the effects of the various conditions on the
perceived overall attractiveness of the offer using an ANOVA with
repeated-measures representing the three within-subject offers
(art, game and towels; estimated using SPSS software). There
was a main effect of display-only item category on the perceived
attractiveness of the overall offer, such that matched sets were
perceived as more attractive (M = 4.38, SE = 0.078) compared
to mismatched sets (M = 3.913, SE = 0.078; F(1,406) = 17.63,

2Using SPSS software, an ANOVA with repeated-measures across the three
product decisions using the full response scale revealed a significant main effect
of display item category such that purchase intent was significantly higher for
matched displays (M = 3.3, SE = 0.065) compared to mismatched displays
(M = 2.88, SE = 0.064; F(1,408) = 21.104, p< 0.001). There was no significant effect
of information condition (F(2,408) = 0.048, p = 0.953), nor was there a significant
interaction effect (F(2,408) = 0.231, p = 0.794).

FIGURE 3 | Study 2 results. Number of purchases (“yes”) decisions made in
each of the six between-subject experimental conditions. ***p < 0.001.
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p < 0.001)3. There was no significant main effect of the three
information conditions (F(2,406) = 0.647, p = 0.524) nor was
there a significant interaction between category and information
(F(2,406) = 1.27, p = 0.282). These results suggest the display-
set effect was not impacted by including the display items’ labels
and prices. In addition, the between-subjects nature of this
study means that participants were rating offers that featured
the same exact target products, which might have been expected
to dominate the value of the offers since they were the only
items under consideration in the purchase decision. However,
an important limitation is that it is possible that the display
items in the mismatched condition were perceived to be less
valuable than the display items shown in the matched condition.
In addition, these ratings were taken after the purchase choice,
and thus might reflect the decision itself. Conservatively then,
this data may be best described as consistent with the proposal
that matched display-only items increase the attractiveness of the
decision opportunity as a whole.

DISCUSSION

When shopping online, it is common to see information about
other options displayed on product pages otherwise dedicated
to facilitating the purchase of a specific target item. These
display items are often generated by recommendation systems
with the intent of spurring additional or subsequent buying
considerations. Here, however, we replicate findings that display
items can interact with and influence purchase likelihood of the
target depending on whether they are matched or mismatched
to the target’s category (Karmarkar, 2017; Friedman et al., 2018).
We used eye-tracking to enhance our understanding of this effect
by exploring how attention, as measured by fixation duration,
might vary across those conditions. We provide novel evidence
that neither attention to (nor valuation of) the target changes
depending on the nature of the display, despite differences in
purchase rates. However, there are significant differences related
to the display items, consistent with a framework in which display
items act in multiple ways to change the perceptions of the overall
decision rather than only perceptions of the target.

We hypothesized that mismatched display items might
raise awareness of opportunity costs and/or engage competing
consideration of other categories (e.g., Jones et al., 1998;
Frederick et al., 2009; Spiller, 2011). In line with this, (conditional
on shoppers allocating a non-zero amount of attention to the
display-only items) Study 1 demonstrated that they spend more
time looking at the display items when the target and the display
come from different (mismatched) categories than when they
come from the same (matched) category. This is consistent with
recent results connecting increased opportunity cost salience
with decreases in purchase of a target item (Smith et al.,
2019). This suggests the inclusion of otherwise neglected product
categories effectively change the scope of the question being
asked, broadening the focus beyond a single product category,
and potentially introducing other types of attribute evaluations

3Two participants did not complete the display attractiveness ratings.

and associations. Notably, the increase in fixation times on
mismatched items might also be more broadly described as an
increased saliency compared to the matched items ones. Matched
items may be more fluent or easily processed under the same
conceptual schema as the target. Thus the salience of mismatched
items might relate to additional engagement related to retrieval of
non-target category information, estimates of value and different
attributes and purchase criteria.

For matched categories, we proposed that the display items
could act as reinforcing or positive evidence, increasing the
category’s attractiveness and thus increasing the attractiveness
of the decision as a whole. A similar prediction is made by the
set-fit effect (e.g., Evers et al., 2014) in which sets that appear
to “fit together” by an organizational principal are perceived
to be more attractive than mismatched collections. Supporting
this, Study 1 found that increases in the perceived value of
the display items increase purchase likelihood for matched (but
not mismatched) displays, and Study 2 showed that the overall
offering (target + display) is rated as more attractive when the
display items match the target category.

The design of the eye-tracking stimuli in Study 1 examined
shopper attention in a simplified setting. Though our analyses
focused on product images, only the target product was also
accompanied by a descriptive text label and price information. It
is likely that this additional information, particularly price, would
be available for display items as well in commercial settings. This
would suggest more competition for consumers’ attention, and
raises the possibility that attention would vary in ways other
than the ones tested, leading to different purchasing outcomes.
To address these concerns, in Study 2 we demonstrated that
the display-set effect replicates in settings involving identical
available information across target and display items (e.g., text-
label only, and text-label with price). Though introducing price
information can bias preferences (e.g., Lee et al., 2015) our results
suggest that doing so does not disrupt the display-set effect.
This offers additional translational value of these findings for
practical application.

One limitation to these results is that non-target items are
presented as display-only, meaning that participants have no
way to access or choose them. This is intended to reflect
the nature of an online product-specific page, by focusing
the participants’ decision-making ability on the target item.
It also allows us to study the display set phenomenon
in ways that are distinct from phantoms or stockouts,
which are presented as attractive valid choice options that
are then revealed to be unavailable (e.g., Pratkanis and
Farquhar, 1992; Farquhar and Pratkanis, 1993; Fitzsimons,
2000). However, it is more rigid than a normal e-commerce
experience. While it’s often true that shoppers are farther
along the decision funnel by the time they arrive at a specific
product page, they do retain the ability to switch over to
display items’ pages, or navigate there subsequently to select
multiple products for purchase. This raises an opportunity
for future research about how the magnitude of display
effects may depend on the relative switching costs, budget
limitations, or inertia in forgoing the current offer to explore
different opportunities.
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Additional considerations arise from the detection of fixations
and the spatial organization of the stimuli on the screen in these
experiments, as illustrated in Figure 1. This design was chosen
to highlight the target product in the center, to “embed” the
target in the context of the display items, and also to allow
for clear identification of attention (fixation) on the display vs.
target images. However, an absence of observed fixations in an
AOI could reflect an absence of attention, or could arise from
the variance in fixation detection across participants and across
trials (or as cross classification as a saccade). Thus our analyses
and ensuing results are conditional on detection of at least one
fixation in the relevant AOIs. In addition, there is an interesting
question of whether eye movements between the target and
display information (saccades) could be used to investigate
differences in the qualitative type of process or comparisons made
during matched and mismatched trials. The current design may
interfere with interpretation of such analyses because shifts in
gaze between display items involve longer distances and can be
interrupted by the target. Thus from a conceptual standpoint,
varying the positions of the display and target images, would be a
useful addition to future studies.

This research centers on the impact of display congruency
in ways that align with a frequently encountered piece of
the e-commerce decision-making process: when shoppers have
landed on a particular product page. As outlined in prior
work, we can consider online shopping behavior leading up
to this situation as either experiential or goal-directed (e.g.,
Hoffman and Novak, 1996; Novak et al., 2003). Our setting
makes no assumptions about the consumers’ wants or needs
prior to presenting the item, and is agnostic as to whether the
product page was found by accident, direct or outside link. As
such, our findings reflect more of an experiential or browsing
process as defined by Novak et al. (2003). Thus they offer a
useful complement to findings from research investigating the
congruency of options in which shopping decisions are being
made with a specific goal in mind (e.g., Reinholtz et al., 2015;
Friedman et al., 2018). For example, Friedman et al. (2018)
show that the presence of alternatives decreases purchase rates
of a target item overall, but similar ones decrease purchase
less than dissimilar ones. The authors lay out a goal theoretic
model in which adding similar alternatives largely preserve the
focal goal, but dissimilar ones diminish it by raising competing
non-focal goals. In our studies, participants are not guided by
an a priori goal, rather the likelihood of purchase is driven
by endogenous preferences for the individual items and likely
influenced by preference construction elicited by the immediate
context (e.g., Bettman et al., 1998). Thus while the relative pattern
of lower purchase rates arising from incongruent display items is
conserved, the display-set effects suggest that matched products
actually enhance purchase rates for experiential consumers.

Finally, this work offers a potentially useful parallel between
a common incentive compatible study methodology and
the consumer decision process online. Like many consumer
neuroscience experiments, Study 1 involves a series of purchase
decisions, with one choice being selected at random to
“count for real” at the end. A practical purpose of this is
to ensure that a single endowment can provide sufficient

funds for participants to make multiple choices without
raising budget constraints. However, this process can also
reflect the idea of having participants select which options
they “would” purchase by adding them to a shopping cart
throughout the study, with checkout at the end, which
does resemble the progression of e-commerce experiences.
While academic studies can sometimes face challenges with
external validity, this experiment structure highlights distinct
opportunities for customer behavior research related to
how display information impacts digital baskets that persist
over site visits, wish lists, and other forms of purchase
intentions that may be unique to the online experience (see
also Senecal et al., 2005; Kukar-Kinney and Close, 2010;
Popovich and Hamilton, 2020).
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