Apps Matter:

Search Dynamics and Platform Design *

David P. Byrnef Nicolas de Roos? Matthew S. Lewis’
Xiaosong Wl Charon Jiawei Yang"

Abstract

This paper examines how price transparency platforms shape consumer search be-
haviour. We study FuelCheck, a real-time station-level gasoline price disclosure
platform in New South Wales, Australia, which was initially available through a
website and later expanded to a dedicated mobile app. Using daily FuelCheck
search records matched to station-level retail fuel prices from 2016 to 2019, we es-
timate dynamic search responses to price increases and price decreases in 124 rural
non-cycling markets.

The results reveal two main patterns. First, consumer search responds imme-
diately to both price increases and price decreases, consistent with a short-run
salience channel. After impact, however, search becomes asymmetric: responses
are more persistent following price increases than price decreases. This provides
direct evidence of asymmetric consumer search, a key demand-side mechanism be-
hind the “rockets and feathers” phenomenon. Second, the mobile app substantially
increases overall platform use. The estimated long-run level of search rises sharply
after the app launch, consistent with lower access and monitoring costs. However,
the evidence that the app significantly changes the degree of search asymmetry is
limited.

These findings show that transparency policies depend not only on whether
information is disclosed, but also on how it is delivered. App-based access can
substantially increase consumer engagement, even if it does not fully eliminate
asymmetric attention to price movements.

JEL Classification: D22, D43, D83, L81
Keywords: Apps; Search; Platform Design; Adoption; Information Sharing; Retail

Gasoline

*We thank the BIO Lab for helpful feedback and suggestions.

"Department of Economics, Univ ersity of Melbourne, byrned@unimelb.edu.au.
fSchool of Management, University of Liverpool, nicderoos@gmail.com.

$John E. Walker Department of Economics, Clemson University, mslewis@clemson.edu.
IDepartment of Economics, University of Melbourne, andy.wul@unimelb.edu.an.

I Department of Economics, University of Melbourne, charon.yang@unimelb.edu.au.


mailto:byrned@unimelb.edu.au
mailto:nicderoos@gmail.com
mailto:mslewis@clemson.edu
mailto:andy.wu1@unimelb.edu.au
mailto:charon.yang@unimelb.edu.au

1 Introduction

Retail prices in many consumer markets adjust asymmetrically to changes in costs. A

common pattern, often described as rockets and feathers, is that prices respond quickly
to cost increases but fall only gradually when costs decline. This behavior has been
documented across a wide range of industries, including gasoline retailing, and remains
a central empirical puzzle in industrial organization (Bacon, 1991; Bakucs et al., 2014;

Borenstein et al., 1997; Frey and Manera, 2007; Peltzman, 2000).

Two broad explanations have been proposed. One emphasizes coordinated or tacit rm
conduct, where rms rapidly pass through cost increases but delay price reductions
(Borenstein et al., 1997; Verlinda, 2008). The other emphasizes consumer search. In
search-based models, rms face less competitive pressure when consumers search less,
and prices can remain high even after costs fall. If consumers search more when prices
rise but search less when prices fall, asymmetric price adjustment can arise even in the
absence of explicit coordination (Lewis, 2011; Tappata, 2009; Yang and Ye, 2008).

A key challenge in distinguishing between these explanations is that consumer search is
rarely observed directly. Most empirical studies infer search behavior from price out-
comes, making it di cult to assess whether asymmetric pricing re ects rm conduct or
asymmetric consumer search. As a result, existing evidence provides limited guidance on
how consumers actually respond to price movements.

This paper addresses this challenge by providing direct dynamic evidence on asymmetric
consumer search. Central to our approach is the idea that consumer search intensity is
not xed, but depends on how easily consumers can access and process price information.
In many markets, these search costs are shaped by the design of the platforms through
which information is delivered. Digital platforms do not merely transmit information;
they structure the path through which users encounter it and determine the costs incurred
at each step of the search process. Interface features such as browser-based access versus
native mobile applications, query friction, default location settings, and push noti cations
can materially a ect how frequently consumers monitor prices and how quickly they
respond to price changes (Chen and Yao, 2017; Dinerstein et al., 2018; Fradkin, 2017,
Ghose et al., 2014; Ursu, 2018).

This perspective raises a natural question. When a price transparency platform shifts
from browser-based access to a mobile app, does this simply relocate existing search ac-
tivity to a di erent access mode, or does it reduce search frictions enough to change the
level and dynamics of consumer search? The answer is particularly important in mar-
kets where asymmetric pricing may be sustained by asymmetric consumer attention. If
consumers search more persistently after price increases than after price decreases, rms



may face stronger competitive pressure when prices rise than when they fall. Conversely,
if mobile access lowers search costs or delivers price information passively through no-
ti cations, platform design may a ect both overall engagement and the asymmetry of
search responses.

We study this question using time-varying, market-level search data from the Australian
retail gasoline market, together with a platform upgrade that changed how consumers
accessed price information. The setting is FuelCheck, a government-run fuel price trans-
parency platform in New South Wales. FuelCheck requires service stations to report
current fuel prices, which are then disclosed to consumers in real time. The platform was
initially available through a website and was later extended to a dedicated mobile app.
Importantly, the app did not change the underlying disclosure policy or the information
reported by stations. Instead, it changed the mode of access: consumers could obtain
the same real-time station-level price information through a smartphone-based interface
with lower access costs, automatic location-based search, and personalised price alerts.

This website-to-app transition provides a useful setting for studying the role of platform
design in consumer search. In the website-only period, consumers had to actively visit
the website, enter a location, and inspect the resulting list or map of station prices.
The mobile app reduced this practical search cost by placing FuelCheck directly on the
user's phone and displaying nearby prices using the user's current location. At the same
time, the app introduced directional push noti cations, such as alerts when prices fall
below a chosen threshold or when a nearby station o ers a cheaper price. These features
imply that the app may have a ected search through two distinct channels: a symmetric
reduction in the cost of accessing price information, and an asymmetric change in how
favourable price information could be delivered to consumers.

To organise the empirical analysis, we develop a stylised framework that separates three
motives for platform use. First, consumers may use FuelCheck for current price compar-
ison when the posted price they observe is high relative to their reference price. Second,
consumers may use the platform for dynamic price monitoring. Third, large price changes
may generate a short-run salience response, prompting consumers to check prices imme-
diately regardless of the direction of the change. The framework generates four testable
hypotheses. Price changes should generate immediate search responses in both directions,
re ecting short-run salience {1); after impact, search should become asymmetric, with
more persistent responses following price increases than price decredd2y;(the mobile

app should increase overall platform usage by lowering access and monitoring cost3 )

and, if directional push noti cations are empirically important, the app should reduce
search asymmetry 4).

We test these hypotheses by combining daily anonymised FuelCheck search logs with



station-level retail fuel prices. The main sample covers observations from September 17,
2016, to August 1, 2019, and focuses on 124 rural non-cycling markets with retained
FuelCheck search activity. We focus on rural non-cycling markets because large urban
markets may be strongly a ected by recurring retail gasoline price cycles, which can gener-
ate search dynamics related to predictable cycle timing rather than responses to ordinary
price movements. We aggregate retained consumer-facing search hits and station-level
prices to the market-by-date level, and estimate a dynamic panel speci cation that de-
composes price changes into positive and negative components over a 14-day horizon.
The speci cation allows both price-response coe cients and search persistence to dier
before and after the app launch, while controlling for market xed e ects, time trends,
day-of-week e ects, and month-of-year e ects. Inference uses Driscol{Kraay standard
errors to allow for serial correlation and cross-sectional dependence.

The empirical results reveal two distinct phases of consumer search. Before the app
launch, search rises immediately after both price increases and price decreases, with
similar impact responses in magnitude, consistent with a short-run salience or attention
channel through which price movements prompt consumers to check fuel prices. After im-
pact, however, the responses diverge: search remains more persistent after price increases
than after price decreases, and formal tests reject symmetry across the dynamic response
horizon. This provides direct evidence that consumers are more likely to continue search-
ing when prices rise than when prices fall, consistent with search-based explanations of
the \rockets and feathers" phenomenon.

The app results tell a clear story about platform design. After the app launch, the
estimated long-run level of search rises sharply, by 2.406 log points, consistent with
the app reducing the cost of accessing and monitoring price information. Making price
information available through a website is not equivalent to making it accessible through
a mobile app.

At the same time, the evidence that the app changed the degree of search asymmetry
is limited. The post-app responses to price increases and price decreases appear more
balanced than in the website-only period, but formal tests generally fail to reject that the
app left the degree of asymmetry unchanged. Thus, the mobile app increased consumer
engagement substantially, but did not provide strong evidence of eliminating asymmetric
attention to price increases and price decreases.

These ndings matter for the design of transparency policies. Price disclosure is often
evaluated by whether information is publicly available. The results in this paper sug-
gest that availability alone is not su cient. The channel through which information is
delivered can shape whether consumers use it, monitor it, and act upon it. In mar-
kets where consumer search disciplines rm behaviour, app-based access may strengthen



transparency interventions by making information easier to access and more salient.

The remainder of the thesis is organised as follows. Section 2 describes the FuelCheck
regime and contrasts the web interface with the mobile app. Section 3 develops the con-

ceptual framework and hypotheses. Section 4 details the measurement of search activity

and retail prices. Section 5 outlines the empirical strategy. Section 6 presents the baseline

dynamic search responses to price changes. Section 7 examines the e ect of the mobile
app on overall platform use and search asymmetry. Section 8 provides descriptive evi-

dence on cross-market di erences in platform use. Section 9 reports robustness checks.
Section 10 concludes.

1.1 Related literature

This paper contributes to three strands of literature. First, it contributes to the literature

on the economics of platform design. Evidence from other settings shows that interface
design can meaningfully shape consumer behaviour. Comparing Airbnb's full interface
to a degraded Craigslist-style version, Fradkin (2017) show that availability Itering and
personalised ranking reduce search costs and transaction frictions. Using hotel click-
stream data, Chen and Yao (2017) nd that sorting and Itering tools expand search
and raise utility. Exploiting a major search-interface redesign on eBay, Dinerstein et al.
(2018) document lower prices and compressed dispersion for homogeneous goods following
usability improvements. Related work on ranking rules shows that utility-based and
position-biased ranking can reallocate attention and surplus even when the underlying
product setis xed (Ghose et al., 2014; Ursu, 2018). Our contribution is to study platform
design in a policy setting where the information disclosed to consumers remains xed, but
the mode of access changes from a website to a mobile app. This allows me to isolate how
app-based access a ects the level, and direction-speci ¢ dynamics of consumer search.

Second, this study contributes to the literature on asymmetric price adjustment. A large
empirical literature documents that prices often rise faster than they fall, a pattern com-
monly described as \rockets and feathers" (Bacon, 1991; Bakucs et al., 2014; Borenstein
et al., 1997; Frey and Manera, 2007; Peltzman, 2000). One explanation emphasises coor-
dinated or tacit rm conduct, especially in retail gasoline markets (Borenstein et al., 1997;
Verlinda, 2008). A complementary explanation focuses on consumer search. Search-based
models show that asymmetric price adjustment can arise when price increases induce ad-
ditional consumer search, while price decreases reduce consumer search, allowing rms
to face weaker competitive pressure when costs fall (Lewis, 2011; Tappata, 2009; Yang
and Ye, 2008).Empirical work provides evidence consistent with this mechanism by link-
ing search intensity, consumer behaviour, and asymmetric pass-through across settings
(Chandra and Tappata, 2011; Genakos et al., 2024; Genakos and Pagliero, 2022; Lewis and



Marvel, 2011; Remer, 2015). Our contribution is to provide direct dynamic evidence on
asymmetric consumer search using observed platform usage rather than inferring search
behaviour from retail price outcomes. We show that search responds immediately to both
price increases and price decreases, consistent with short-run salience, but becomes more
persistent after price increases than after price decreases.

Finally, this paper contributes to the literature on retail gasoline markets and price trans-
parency. Existing work studies spatial competition, consumer learning, station choice,
reference prices, and information frictions in gasoline markets (Byrne and De Roos, 2017,
2019, 2022; Houde, 2012; Knittel and Tanaka, 2019; Levin et al., 2017, 2022; Nishida and
Remer, 2018; Pennerstorfer et al.,, 2020). This paper adds to that literature by using
high-frequency platform-side microdata from a government price transparency tool. The
setting allows me to observe how consumers actually use disclosed price information and
how this behaviour changes when access shifts from a web interface to a mobile app.
We show that app-based access substantially increases overall platform use, but provides
limited evidence of eliminating asymmetric search responses. This distinction highlights
that transparency policies depend not only on whether information is disclosed, but also
on how that information is delivered and used.

2 FuelCheck launch and platform design

Our study centres on FuelCheckf{ttps://www.fuelcheck.nsw.gov.au/app ), a government-
run fuel price transparency platform in New South Wales (NSW), Australia. NSW is
Australia's most populous state, with nearly 8.5 million residents, accounting for around
31% of the national population. The retail gasoline market in NSW provides a useful
setting for studying consumer search because fuel prices vary substantially across stations
and over time, while consumers can in principle compare nearby stations before purchase.

2.1 Policy

FuelCheck was introduced by the NSW state government as a real-time fuel price dis-
closure policy. Under the policy, service stations are required to report their current
fuel prices to the government, and these prices are made publicly available to consumers
through the FuelCheck platform. The policy therefore changed the information environ-
ment on the demand side of the retail gasoline market by allowing consumers to observe
station-level prices before deciding where to purchase fuel.

To de ne local gasoline markets, we use the Australian Bureau of Statistics' classi ca-
tion of Urban Centres and Localities (UCL), which represent areas of concentrated urban
development. Unlike administrative boundaries, UCL more closely approximate the eco-



nomic footprint of towns and cities, and therefore better capture the geographic areas
over which consumers search and stations compete. Within this framework, we focus on
the 124 rural markets with at least some retained FuelCheck search activity during the
sample periodt

The focus on rural markets is important for the empirical design. In large urban mar-
kets, observed search activity may be strongly a ected by retail gasoline price cycles,
as consumers can time their purchases around predictable phases of price increases and
decreases. By contrast, rural markets are less exposed to cycle-driven search dynamics.
Focusing on these markets therefore provides a cleaner setting in which to examine the
dynamics of consumer search and how changes in platform design a ect consumer search
behaviour.

2.2 FuelCheck website

FuelCheck was o cially launched as a web-based platform on 24 August 2016. Their
search-log data are available from 17 September 2016 onward, which de nes the start of
the empirical sample. The website allowed consumers to search for real-time fuel prices by
entering a postcode or suburb name. Figure 1 illustrates the FuelCheck website. Panel
A shows the default homepage as viewed in a web browser. A consumer can enter a
location in the central search box and click the large blu&earchbutton. The platform

then returns a list of nearby service stations and their current prices for selected fuel

types.

Panel B shows an example of the resulting search output for Albury, a border town in
southern NSW. By default, the website displays current Ethanol 94 (E10) and Unleaded
91 RON (U91) gasoline prices within the selected postcode, together with stations from
nearby postcodes. The results list nearby stations and their real-time prices, allowing
consumers to identify cheaper options before purchase.

From the consumer's perspective, the website reduced the cost of price comparison by
replacing physical search with online search. However, web-based search still required
consumers to actively visit the website, enter a location, and compare the listed prices.
In this sense, the initial FuelCheck website made price information publicly available but
still relied on active consumer engagement.

1Appendix A maps these 124 markets, showing that they are dispersed across the state.



Figure 1: FuelCheck Price Search Website

Panel A: Homepage

Panel B: Search Results Page

2.3 FuelCheck mobile app

The FuelCheck mobile application was o cially launched on 11 October 2017. Their app-
related search-log data are available from 9 November 2017 onward, which de nes the
start of the post-app period in the empirical analysig. Government materials described

2To date, FuelCheck has become a widely used consumer tool in NSW. NSW Government materials
reported a total customer count of 2.7 million in February 2026 (NSW Government, 2026). As of May



the app as extending the existing website service:
\The app provides all of the services that the website did, plus more."

The app was introduced as the o cial mobile version of FuelCheck, shifting the platform
from a website-only service to a smartphone-based channel. Importantly, the launch did
not change the underlying disclosure policy. Service stations were still required to report
current fuel prices, and consumers continued to observe real-time station-level prices
through FuelCheck. What changed was the mode of access: consumers could now use
the same government-provided price information through a dedicated mobile app rather
than only through a web browser.

2.4 App features

The FuelCheck mobile app changed consumer search through two channels. First, it
lowered the searcg cost of accessing price information. Second, it introduced asymmetric
push noti cations that could deliver favourable price information without active search.

Lower platform search cost. Figure 2 illustrates the app features that lower the
practical cost of accessing FuelCheck. Panel A shows the app icon. Prior to the launch of
the FuelCheck app, consumers who wished to obtain price information on mobile devices
had to access FuelCheck through a web browser. In this setting, the primary application
in use was a generic browser such &afari or Chrome rather than FuelCheck itself.

By contrast, the dedicated app placed the FuelCheck logo directly on the user's mobile
screen. This made the availability of real-time fuel price information more visible and
salient, and may have encouraged more frequent price checking (Blake et al., 2021; Brown
et al., 2010; Castilla and Haab, 2013; Chetty et al., 2009; Rasch et al., 2020).

Panel B shows the default homepage. The app automatically detects the user's location
and displays current prices for Ethanol 94 (E10) and Unleaded 91 RON (U91) gasoline
at nearby stations; Albury is used as an example in the gure. This feature reduced the
e ort required to obtain price information. Before the app launch, consumers had to
open a web browser, navigate to FuelCheck, enter a postcode or suburb, and click the
search button. With the app, this process was streamlined to a single step: once opened,
the app could use the user's current location and display nearby stations and prices on a
map. This one-tap access reduced the search cost of obtaining relevant price information
relative to visiting the FuelCheck website through a browser (Karle et al., 2025).

2026, the app is also highly rated by users, with ratings of 4.8 out of 5 on the Australian Apple App
Store and 4.5 out of 5 on Google Play.



Figure 2: FuelCheck app and lower platform search cost

Panel A: App icon Panel B: Homepage

Asymmetric push noti cations. Figure 3 illustrates the app's noti cation-related
features. Panel A presents the App Store description of the FuelCheck app. The de-
scription highlights features that made search more personalised and portable, including
the ability to save favourite stations and addresses, receive alerts for favourite stations or
when prices fall below a chosen threshold, and identify cheap stations along a ttip.

Panel B shows the noti cation settings menu. The settings allow users to receive alerts
when prices drop, when a favourite station becomes the cheapest option, or when a
nearby station o ers a cheaper price. The app may, for example, notify a user that \I
found a cheaper price. ABC Station is now selling U91 at 160." Such noti cations allow
information to reach consumers without requiring active platform use (Donnelly et al.,
2024; Fong et al., 2015; Luo et al., 2014). Importantly, the alerts are asymmetric in
direction: they are primarily triggered by favourable price opportunities, such as price

3The app also includes aMy Trip feature, which allows drivers to identify stations along a speci ed
route and lIter results by price range. This feature may improve the relevance of consumers' consideration
sets by re ning the spatial scope of search. Since this channel primarily operates through the spatial
dimension of station choice, while our empirical analysis focuses on the time-series dynamics of price
monitoring, we abstract from this feature in the model.

10



decreases or cheaper nearby stations, rather than by price increasks.

Figure 3: FuelCheck app and asymmetric push noti cations

Panel A: App Store Panel B: Noti cation settings

Taken together, these features suggest that the app launch changed both the cost of
accessing price information and the way some price information could be delivered to
consumers. These institutional details motivate the conceptual framework developed in
the next section, which formalises how lower search costs and asymmetric information
delivery may a ect observed FuelCheck usage over time.

3 Conceptual framework

This section develops a stylised framework to clarify how price comparison, price moni-
toring and app-based information delivery shape observed FuelCheck usage.

4Similar one-sided alerts are common in consumer-facing price comparison and price-tracking applica-
tions. These noti cations typically highlight opportunities to save money rather than report unfavourable
price movements. For example, Camelcamelcamel allows users to create Amazon price watches and re-

ceive alerts when prices fall below a speci ed threshold.
5The framework is intended to generate testable implications for the empirical analysis, rather than

to provide a structural model of station choice or app adoption.

11



Consider a consumer who may need to purchase fuel in peribd While driving, the
consumer observes a posted prigge at a station encountered on the road. This price
serves as the consumer's default option: the consumer can either purchase at this station
without further search or use FuelCheck to look for a lower price nearby. Prices at other
stations are not observed unless the consumer uses FuelCheck. This information friction
is particularly relevant in retail gasoline markets, where prices are volatile and consumers
are unlikely to know the true contemporaneous distribution of prices across stations.
Instead, consumers form expectations about alternative prices based on prices observed
during previous refuelling decisions. We denote this expected distribution B4 (p). This
follows the logic of Lewis (2011), in which consumers base search decisions on reference
beliefs formed from earlier prices rather than on the true current price distributiof.

In each period, the consumer chooses between purchasing at the default station without
further search and using FuelCheck to search nearby for a lower price. The immediate
value of using the platform comes from current price comparison. By using FuelCheck,
the consumer can compare the observed default price with the prices they expect to nd
at alternative stations.

This current comparison motive is captured by the expected gain from one search draw:

Z,

G(pi;By) = (P p) dBi(p);

1

wherep denotes a possible alternative price. This term captures the expected saving from
nding a station with a price below the observed default price.

To capture the dynamics of this comparison motive, we follow the logic of Lewis (2011)
and summarise the expected market price level using a reference pricé The reference
price evolves according to

rer =1 e+ py; 0< < L

We then make the same simplifying move as Lewis (2011): the expected price distribution
shifts up and down with the reference price, but its shape does not change. Thus, the
reference price indexes the location of the expected distribution:

Bi(p)= F(p ru):

®Related search-theoretic applications include McCall (1970), Santos et al. (2012), Kim et al. (2010),
and Wu et al. (2024). Wu et al. (2024) also studies retail gasoline markets and links biased consumer

beliefs to asymmetric price adjustment.
In Lewis (2011), the relevant reference point is e ectively the last-period price, which is su cient for

predicting the direction of search responses. In our setting, however, the empirical focus is not only on
the direction of search responses, but also on their persistence and dynamic adjustment over time. We
therefore allow the reference price to update gradually.

12



Under this location-shift assumption, the comparison gain can be expressed as a function
of the gap between the observed default price and the reference price:

G G r); GY) o

Intuitively, a higher observed default price relative to the reference price increases the
expected saving from nding a cheaper alternative. Search therefore becomes more at-
tractive when the observed default price is high relative to the consumer's reference
price®

Platform usage may also re ect a dynamic monitoring motive. Using FuelCheck today

may a ect the consumer's future information set and hence future search decisions. We
denote this continuation value by (p;;ri). Conceptually, ( p;ry) is the discounted

di erence between the consumer's expected future value after using the platform today
and the expected future value after not using it. It therefore captures the dynamic value

of search beyond the immediate comparison ga.

A separate motive operates only on impact. Large gasoline price movements may create a
short-run salience motive for platform use. When fuel prices move sharply, consumers may
check FuelCheck simply to understand what is happening in the market: whether a large
increase is local or market-wide, or whether a large decrease signals broader opportunities
to save. This motive is distinct from both the current comparison motive and the dynamic
monitoring motive. It is an attention shock generated by the price movement itself, and
we treat it as operating only on impact. It can trigger a platform check when the price
change rst occurs, but it does not generate persistent monitoring on its own. We denote
this impact-period attention e ect by A(j poj), where the subscript O refers to the period

in which the price change occurs. This salience channel is motivated by evidence that
salient prices and search costs a ect consumer attention and search behaviour (Binder,
2018; Castilla and Haab, 2013; Chetty et al., 2009; Kilian and Zhou, 2022).

The framework therefore decomposes observed platform usage into three components: a
current comparison motive, captured byG;; a future monitoring motive, captured by
( pr;ry); and an impact-period salience motive, captured bA(j poj).°

Before the app: website access and active search

Before the mobile app was launched, FuelCheck was available through the website. Con-
sumers who wanted to use FuelCheck had to access the website through a browser, enter

8Letting z= p; r¢, the comparison gain can be written asG(z) = Ri (z x)dF(x). Dierentiating
givesGYz) = F(z) O.

9The objective is not to fully solve a structural model of platform usage, but to use a reduced-form
decomposition to isolate the main mechanisms and derive testable predictions for the empirical analysis.

13



a location, and then inspect the resulting list or map of station prices. Let'®® denote
the cost of accessing FuelCheck in this website-only environment. This cost should be
interpreted broadly. It includes not only the time and e ort required to open a browser,
navigate to FuelCheck, and enter a location, but also the lower salience of a browser-based
tool relative to a dedicated mobile app.

The website-based environment has di erent implications on impact and after impact.
On impact, a large and visible price movement may trigger platform usage through the
salience channel. A reduced-form condition for an immediate platform check is

A poj) >cd® minfGi + §;Gy + oG;

where the superscripts + and denote positive and negative price changes. Since the
attention term depends mainly on the size of the price movement rather than its direction,
both price increases and price decreases can generate an immediate increase in platform
usage. The impact response may therefore be approximately symmetric across directions.

After the impact period, the salience motive fades. The relevant decision is therefore
a post-impact search condition. In the website-only environment, the consumer uses
FuelCheck if the value of current comparison and future monitoring exceeds the cost of
accessing the website:

G+ ( pury) e
This post-impact condition generates asymmetric search dynamics. After a price increase,
p; rises immediately while the reference priag adjusts gradually. The gapp; r therefore
remains positive for some time, keeping the comparison gdia high. As a result, platform
usage should remain elevated after price increases. After a price decrease, by contrast,
the observed price falls while the reference price remains high. The expected gain from
further search falls more quickly, so platform usage should return to baseline sooner. The
asymmetry therefore comes from the current comparison motive: becaGe= G(p; r;)
and GY) 0, search is more valuable when the observed price is high relative to the
consumer's reference price. This mechanism implies that search responses should be more
persistent after price increases than after price decreases (Lewis, 2011; Tappata, 2009;
Yang and Ye, 2008).

After the app: mobile access, active search, and passive alerts

The launch of the mobile app changed the search environment in two ways. First, the
app lowered the cost of accessing FuelCheck. As discussed in Section 2.4, the app placed
FuelCheck directly on the consumer's phone, provided one-tap access, and displayed
nearby prices using the consumer's current location. In the notation of the framework,

pp web.
cPP < c e

14



A lower access cost raises the net value of using the platform in all states:
G+ ((pir) G®>Ge+ (pir)

This channel increases overall platform usage. By itself, however, it is symmetric with
respect to the direction of price changes. A lower access cost makes FuelCheck more
attractive after both price increases and price decreases, but it does not directly remove
the asymmetric comparison gain generated by sticky reference prices.

Second, the app changed the way favourable price information reached consumers. In
the website-only environment, learning that prices had fallen required active monitoring:
consumers had to open FuelCheck and search. In the app environment, some information
about price decreases could arrive passively through push noti cations. Price increases,
by contrast, were not pushed to consumers in the same way and therefore still required
active monitoring.

This directional information delivery creates an information-substitution channel follow-
ing price increases. In the website-only environment, consumers who observed a high
price had to keep monitoring FuelCheck actively to learn whether prices had subsequently
fallen. In the app environment, some of this information could arrive passively through
price-decrease noti cations. By increasing the information consumers may receive even
when they do not actively search, passive alerts reduce the continuation value of active
monitoring, ( p;ry). This lowers the value of repeated checks after a price increase and
may therefore weaken the persistence of platform usage.

The second is a push-triggered usage channel. In addition to changing the incentive for
active monitoring, a price-decrease noti cation may itself induce a consumer to open the

app.l® This channel operates only after price decreases, because the app's noti cations
are triggered by favourable price opportunities. As a result, observed platform usage

after price decreases may increase in the post-app period.

Taken together, these two channels imply that directional push noti cations should reduce
observed search asymmetry if they are empirically important. They can weaken persistent
active monitoring after price increases through information substitution, and they can
raise observed usage after price decreases through noti cation-triggered access.

In summary, the website-to-app migration combines a symmetric reduction in platform
access costs with an asymmetric change in information delivery. The rst channel should

100ne way to formalise this distinction is to let observed usage beu; = maxfa;;zn, g, where a
denotes actively initiated platform access,n, indicates the arrival of a price-decrease noti cation, and
z; indicates whether the noti cation induces platform access. In the pre-app period,n, =0, so observed
usage coincides with active search. In the post-app period, observed usage may exceed active search
because noti cations can directly induce app access.

15



raise overall usage. The second channel may reduce search asymmetry if directional push
noti cations are empirically important.

Hypotheses

In summary, the framework separates two sets of mechanisms. The rst concerns baseline
search dynamics around price changes: a short-run salience response on impact and
asymmetric persistence after impact. The second concerns the app launch: a reduction
in access costs and the introduction of directional push noti cations. These mechanisms
motivate the following hypotheses:

Hypothesis 1 (Impact salience). Platform usage spikes immediately after both price
increases and price decreases. The impact response is approximately symmetric across
directions.

Hypothesis 2 (Search asymmetry).After the impact period, search responses are asym-
metric. Platform usage is more persistent after price increases than after price decreases.

Hypothesis 3 (App e ect on overall usage). The launch of the FuelCheck mobile app
increases overall platform usage.

Hypothesis 4 (App e ect on search asymmetry). If directional push noti cations are
empirically important, search asymmetry should decline in the post-app period.

4 Data

For the analysis, we combine FuelCheck platform logs with station-level retail fuel prices
in New South Wales, Australia. The main sample covers the period from Septem-
ber 17, 2016, to August 1, 2019, This period begins with the launch of the FuelCheck
website and spans the subsequent introduction of the FuelCheck mobile app. The re-
sulting dataset allows me to measure both local platform usage and local retail price
dynamics at the daily market level.

4.1 FuelCheck search data

The search data come from anonymised FuelCheck platform logs provided through a
collaboration with the New South Wales state government. These logs record user-facing

1The sample ends before the onset of the COVID-19 pandemic. This avoids confounding the analysis
with the large disruptions to travel behaviour, fuel demand, and retail activity during the pandemic
period.
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search hits on the platform. They do not identify unique users, so repeated searches by
the same user may appear multiple times. We therefore interpret the data as measuring
observed platform usage rather than the number of active consumers.

We clean the raw logs in three steps. First, we exclude API requests and administrative
log requests, since these do not correspond to active consumer-facing search activity.
The retained request types capture user-initiated interactions with FuelCheck, including
map-window retrievals, and nearby price lookups. Appendix B reports the distribution

of request types and access modes after excluding API requests. Second, we retain only
requests with valid geographic coordinate¥. Third, because local markets are de ned
using UCLs, we spatially assign each retained search hit to its corresponding UCL using
its geographic coordinates. We then aggregate the retained hits to the market-by-date
level to construct daily measures of platform usage for each local market.

This construction provides a daily panel of observed search activity across local gasoline
markets. The resulting measure captures consumer engagement with FuelCheck through
both the website and the mobile app, allowing me to study search dynamics and examine
how the app changed the level and asymmetry of search.

4.2 Retail price data

We obtain station-level fuel price data from FuelCheck over the same period. Under the
New South Wales FuelCheck scheme, fuel stations are required to report their retail prices
in real time. The data therefore provide a high-frequency administrative record of posted
fuel prices, rather than prices collected through consumer reports or web scraping. The
dataset records submitted retail prices together with timestamps, geographic coordinates,
brand identi ers, and station information. We focus on regular unleaded gasoline (U91),
which is the most commonly purchased fuel type. Prices are measured in Australian cents
per litre (cpl).

Using the station identi ers and location information, we assign stations to UCL markets.
We then aggregate the station-level prices to the market-by-date level. Speci cally, for
each market and date, we compute the average retail price across observed stations and
use this as the main price measure in the empirical analysis. This market-level price series
captures the local retail price environment faced by consumers when deciding whether to
search on FuelCheck.

In additional analyses, we use two auxiliary datasets. First, we use daily wholesale
terminal gate prices (TGP) from the Australian Institute of Petroleum (https://www.

12This restriction is unlikely to mechanically favour app-based searches. Even before the launch of the
mobile app, approximately 99% of website requests contain valid geographic coordinates.
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aip.com.au/ ) to account for common wholesale cost movements. Second, we use demo-
graphic characteristics from the 2016 Australian Bureau of Statistics Census to describe
local market conditions and examine heterogeneity across areas. The variables include
population density, median household income, average age, English pro ciency, and ed-
ucational attainment, capturing variation in socioeconomic status, human capital, and
language accessibility. Educational attainment is de ned as the percentage of residents
with a bachelor's degree or higher, while English pro ciency is de ned as the percentage
of residents who report speaking English well or very well.

4.3 Price cycles

In the price data, a key feature is the presence of recurring retail gasoline price cycles.
Appendix C provides illustrative examples of a cycling market and a non-cycling market,
highlighting their contrasting price dynamics.

To distinguish cycling from non-cycling gasoline markets, we implement two complemen-
tary empirical classi cation procedures based on the asymmetric and recurrent nature of
retail price cycles:

(i) Price-change ratio rule. For each marketm and datet, let pPmt = Pt Pmt 1-
We count the total number of price increases (pn: > 0) and price decreases (Pt < 0)
over the sample period and construct the ratio:

_ total decreases
™ total increases

This statistic is designed to capture the asymmetric timing pattern of retail gasoline price
cycles. In a typical Edgeworth-type cycle, prices decline gradually over many days and
then jump up sharply over a much shorter period (Noel, 2012; Zimmerman et al., 2010).
As a result, cycling markets tend to have many more days with price decreases than
days with price increases. By contrast, in non-cycling markets, price movements are less
systematically organised into long downward phases and sharp restoration phases, so the
ratio of decreases to increases is expected to be closer to one.

Based on visual inspection of representative market-level price series, we classify a market
as cycling if R, > 1.7, and non-cycling otherwise. The threshold is an empirical
classi cation cuto rather than a theoretically imposed value. It is chosen to separate
markets that display the characteristic pattern of frequent gradual declines and infrequent
sharp increases from markets with more irregular or non-cyclical price movements. The
classi cation is used as a transparent empirical screening rule. We also visually inspect
the market-level price series to assess whether the rule captures the intended cycling and
non-cycling patterns.
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(i) Cycle-peak duration rule. As a complementary approach, we construct a market-
level measure of price-cycle duration following the logic of restoration-based cycle de -
nitions used in the retail gasoline literature. In particular, Byrne et al. (2025) identify
station-level price restorations as local price maxima that involve a su ciently large in-
crease from the recent trough, and de ne cycle length as the number of days between
successive restorations.

We adapt this idea to the market-by-date level. For each markem, a candidate cycle
peak on datet is rst de ned as a local maximum within a 15-day moving window. We
then compute the recent local minimum over the preceding three days, denoted by

min .
pm;t 3t 1-

To avoid classifying small daily uctuations as cycle peaks, we require the peak-to-trough
increase to be at least 2 cents per litre:

Prmt pm'? 31 &
Candidate peaks that do not satisfy this condition are excluded.

For each market, we then compute the average number of days between successive de-
tected peaks, denoted by ,. Markets with recurring price cycles should exhibit relatively
frequent and regularly spaced peaks, while non-cycling markets should either have few
detected peaks or much longer intervals between them. We classify a marketcgsling

if D, < 60 days, and asnon-cycling otherwise. The 60-day threshold is chosen as a
conservative empirical cuto rather than a theoretically imposed value. Similar threshold-
based rules have been shown to perform well for price-cycle classi cation when cycles are
relatively stable (Holt et al., 2024). In our market-level setting, the cuto allows for
relatively long and imperfectly regular cycles, while excluding markets where detected
peaks are too infrequent to re ect a recurring restoration-and-undercutting pattern; an
average peak-to-peak duration above 60 days would imply fewer than about six cycles
per year.

Together, the statisticsR,, and D, capture complementary features of cycling behaviour.
The ratio R, captures the asymmetric saw-tooth pattern of frequent gradual decreases
and less frequent sharp increases, whilz, captures the recurrence of identi able cycle
peaks. In the empirical classi cation, a market is classi ed asycling if it satis es either
criterion, and asnon-cycling otherwise.

As a result, 128 rural markets are classi ed as non-cycling markets under the above cri-
teria, indicating the absence of persistent Edgeworth-type price cycles in these locations.
Among these markets, 124 have at least some retained FuelCheck search activity during
the sample period and form the rural non-cycling sample used in the empirical analysis.

13The four classi ed non-cycling markets with no recorded search activity are Broadwater (L), Ne-
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4.4 Descriptive statistics

Table 1 reports summary statistics for the main market-by-date variables used in the
analysis for the 124 sample markets over the full sample period, from 17 September 2016
to 1 August 2019. Search variables are constructed as the daily sum of retained FuelCheck
search hits within each UCL, separately for total searches, website searches, and app
searches. The FuelCheck mobile app was o cially launched on 11 October 2017, while
app-related search logs used in this study are available from 9 November 2017 onward.
Retail prices are constructed as the daily mean of station-level prices within each market
and are reported in cents per litre. The summary statistics indicate that app-based
searches are substantially more frequent than website searches over the sample period,
although app searches are only observed after app-related search logs become available.

Table 1: Summary Statistics

Variable Observations Mean Std Dev Min Max
Total Search 120,282 267 1,268 0 116,790
Website Search 120,282 25 123 0 7,768
App Search 120,282 242 1,219 0 116,781
Price (cpl) 120,282 140.05 10.55 106.12 169.80

Note: This table reports summary statistics for FuelCheck usage and retail prices in the 124 rural non-
cycling markets with at least some retained FuelCheck search activity during the sample period, from
September 17, 2016, to August 1, 2019. Search activity is measured by retained consumer-facing Fu-
elCheck hits aggregated to the market-by-date level, separately for total, website, and app searches. App
searches are observed only after November 9, 2017. Retail prices are daily average station-level prices
within each market and are reported in Australian cents per litre (cpl).

Figure 4 plots daily FuelCheck search activity by access mode for the 124 rural non-
cycling markets with at least some retained FuelCheck search activity during the sample
period. Prior to the mobile app launch, FuelCheck usage in these markets was entirely
website-based. After the app became available, app-based search quickly became the
dominant mode of access, while website-based search remained comparatively small. The
gure therefore points to a strong shift in usage from the website to the app, consistent
with substitution across access modes following the website-to-app transition.

mingha (L), Uki (L), and Urbenville (L). These are very small localities and only one or two observed
retail fuel stations, suggesting that the absence of search activity is concentrated in small and thinly
served markets.
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Figure 4: Daily FuelCheck Search by Access Mode in New South Wales

Figure 5 plots FuelCheck usage for the 124 rural non-cycling markets with at least some
retained FuelCheck search activity during the sample period, together with average retail
fuel prices in these markets. Following the launch of the FuelCheck website, search
activity uctuates around a relatively stable level, with no clear sustained upward trend.

In contrast, after the introduction of the FuelCheck mobile app, daily search activity
rises sharply and remains persistently higher. The monthly search series shows a clear
upward shift after the app launch, with search activity increasing substantially relative to
the pre-app period. These patterns suggest that the mobile app substantially increased
consumer engagement with FuelChecdk. The timing of the increase is also consistent
with the app launch.'®

A second pattern is also visible in the gure. Before the app launch, particularly in the
second half of 2017, search activity tends to decline soon after retail prices fall. In the post-
app period, by contrast, search remains elevated for longer during the sharp price decline
associated with the US{China trade war in the second half of 2018. These descriptive
patterns suggest that the relationship between prices and search changed after the app
launch. However, the app changed both the level of search and the dynamic response

14 As a diagnostic check, we examine whether large numbers of requests originate from the same
coordinates at the same time and nd no evidence that such repeated requests drive the aggregate

patterns.
15 Appendix D documents a pronounced structural break immediately before the app launch, suggesting

that the rapid increase in search activity is likely associated with the introduction of the app.

21



of search to price movements. Separating these e ects requires the formal econometric
analysis developed below.

Figure 5: Daily Retail Prices and FuelCheck Search in New South Wales

5 Empirical speci cation

In light of the descriptive evidence above, we now conduct a more formal analysis of how
consumer search responds to retail fuel price movements, and whether these responses
changed after the launch of the FuelCheck mobile app. The empirical model allows search
activity to respond dynamically to recent price increases and price decreases, while also
allowing these dynamic responses to di er between the website-only period and the post-
app period.
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We estimate regressions of the following form:

R4 A4
In(search), = ; + j" TP gt j Pit |
j=0 i=0
)44
+ i In(search), ; + 1f Appo
j=1
Ré R4
D Tpej U Appg+ i P 1fAppg

i=0 j=0

+

+ i In(search), ; 1f Appg:
j=1

+ it + ot?+dow, + moy, + "; (1)

Here, In(search) denotes the log of retained FuelCheck search hits in marketon date

t. Price changes are decomposed into positive and negative componentsp; ;| =
maxf0; pi; ;g and pir j = minf0; pi; 0, to allow search responses to dier be-
tween price increases and price decreases. We include price changes over the previous 14
days, motivated by evidence that Australian drivers refuel roughly once every fortnighg.

The indicator 1f Appg; equals one in the post-app period and zero otherwise. The co-
e cients j+ and ; capture the dynamic response of search activity to price increases
and price decreases during the website-only period. The coe cient§+ and ; then

capture how these price-response dynamics change after the app launch. The coe cient

captures the level shift in search activity associated with the mobile app.

The lagged search terms allow for persistence in search behaviour. The coe cientxap-
ture persistence during the website-only period, whilg; captures changes in persistence
after the app became available. The market xed e ects ; absorb persistent cross-
market di erences in baseline search intensity, while the deterministic terms;t + ,t?
allow for gradual time trends in platform usage’ The terms dow and moy, control for
day-of-week and month-of-year e ects. Finally,'; is the market-by-date error term.

Appendix E reports the full set of coe cient estimates and standard errors from the
baseline regression in equation 1. The sample consistdNof 124 markets observed over

6Budget Direct reports that Australian drivers refuel every 14 days on average; see Budget Direct,

2024.
17As a diagnostic check, we regress In(search)on market xed e ects and a quadratic time trend,

and cross-sectionally demean the residuals. A Fisher-type panel augmented Dickey{Fuller test with
one ADF lag is computed for 116 of the 124 markets and strongly rejects the unit-root null: inverse

2(232) = 6319:41 (p < 0:001). A residual autoregression with market xed e ects yields an autoregres-
sive coe cient of 0.19, well below one. These diagnostics support treating the remaining variation as
stationary after accounting for market xed e ects and the quadratic time trend.
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T = 1,049 calendar days, from 17 September 2016 to 1 August 2019. We report Driscoll{
Kraay standard errors (Driscoll and Kraay, 1998), which are robust to heteroskedasticity,
serial correlation within panels, and general forms of cross-sectional dependence. The
baseline speci cation uses a bandwidth of 10, which is close to tfié™ rule of thumb, and

is su ciently exible to capture short-run serial correlation and the weekly pricing cycle
commonly observed in gasoline markets, as well as correlation across markets driven by
common wholesale shocks or regional pricing strategies. Results are robust to alternative
bandwidth choices, including a bandwidth of 7.

6 Baseline search responses to price changes

This section evaluates the rst two hypotheses by estimating the baseline dynamic re-

sponse of search activity to retail price changes. We rst examine whether search responds
immediately to both price increases and price decreases, as predictedHypothesis 1 .

We then test whether the post-impact response is asymmetric, with search remaining

more persistent after price increases than after price decreases, as predicteéiipyoth-

esis 2.

Figure 6 presents the dynamic responses of search activity to price changes before the
app launch. Panel A plots the normalized impulse responses of In(search) to permanent
one-cent-per-litre retail price shocks, separately for price increases and price decreases, as
estimated from equation 1. Panel B plots the di erence between the response to a price
increase and the response to an equal-sized price decrease, providing a horizon-specic
measure of search asymmetry. Positive values indicate stronger search responses to price
increases. Panels C and D report the corresponding cumulative response functions and
their di erences.

The impact responses provide evidence of short-run price salience. Search activity rises
immediately after both price increases and price decreases, and the impact responses
are statistically signi cant in both directions. A one-cent-per-litre price increase raises
search by about 7.9% on impact, while a one-cent-per-litre price decrease raises search by
about 8.8% in absolute valué® The two impact responses are statistically indistinguish-
able in magnitude, indicating that search responds symmetrically to price movements on
impact.’® These results indicate that consumers pay attention to price movements on
impact, regardless of whether prices rise or fall, supportingypothesis 1 .

After impact, however, the responses begin to diverge. Panel A shows that the response to

18The estimated impact coe cients are ; =0:0758 (p < 0:001) and , = 0:0842 (p < 0:001). These

correspond to approximate semi-elasticities of exp(@758) 1 =7:9% and exp(Q0842) 1 = 8:8%.
¥Formally, we test Ho: 5 = , and fail to reject the null, with F =0:12 andp = 0:7271.
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price increases remains positive and persistent over the following days, while the response
to price decreases is weaker. This pattern is clearer in Panel C: the cumulative response
to price increases continues to build over the 14-day horizon, whereas the cumulative re-
sponse to price decreases remains much smaller and is often statistically indistinguishable
from zero.

Panels B and D directly quantify this divergence. The di erence in impulse responses is
positive at most horizons, and the cumulative di erence becomes increasingly pronounced
over time. This pattern is consistent with the asymmetric search documented in Lewis
and Marvel (2011), Yang and Ye (2008), Tappata (2009), and Cabral and Gilbukh (2020):
consumers search in response to price increases but not price decreases. A joint Wald test
rejects the null of symmetry across horizon®. A complementary test of cumulative sym-
metry also rejects equality at conventional level& This supports Hypothesis 2 . Taken
together, these results show that, before the app launch, search responses are approx-
imately symmetric on impact but become asymmetric over time, with more persistent
search following price increases than price decreases.

“Formally, we testHo : & = ; forj =0;1;:::;14 and reject the null, with F = 4:05 andp < 0:001.

21 14 + P 14 . )
Formally, we test Hyg : ic0 ] = 20 | and reject the null, with F =3:88 andp = 0:0492.
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Figure 6: Dynamic Search Responses to Price Changes Before the App Launch

Panel A: IRFs (Pre-App) Panel B: Di erence in IRFs (Pre-App)

Panel C: CRFs (Pre-App) Panel D: Di erence in CRFs (Pre-App)

Turning to the post-app period, Figure 7 presents the dynamic responses of search activ-
ity to price changes after the app launch. Panel A plots the normalized impulse responses
of In(search) to permanent one-cent-per-litre retail price shocks, separately for price in-
creases and price decreases, as estimated from equation 1. Panel B plots the di erence
between the two impulse responses. Panels C and D report the corresponding cumulative
response functions and their di erences.

The impact responses again provide evidence of short-run price salience. Search activity
rises immediately after both price increases and price decreases in the post-app period. A
one-cent-per-litre price increase raises In(search) by 0.045 on impact, while a one-cent-per-
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litre price decrease raises In(search) by 0.046 in absolute vatdeThe impact magnitudes
are therefore very similar across directiond, indicating that consumers continues to
respond symmetrically on impact to price movements after the app launch. This is
consistent with Hypothesis 1 .

After impact, the post-app responses appear more balanced than in the pre-app period.
Panel A shows that responses to price increases and price decreases are closer to each other
at most horizons. More directly, Panel B plots the horizon-by-horizon di erence between

the two impulse responses. The estimated di erences are small and their con dence
intervals include zero at all horizons, indicating that the post-app impulse responses
are not statistically di erent across directions at individual horizons. A joint Wald test
provides only weak evidence against symmetry across horizéhs.

The cumulative responses in Panels C and D tell a similar story. While Panel C shows
that the cumulative response to price increases remains larger in magnitude than the
cumulative response to price decreases, Panel D shows that the con dence interval for
the cumulative di erence includes zero throughout the horizon, indicating that the cumu-
lative di erence is not statistically di erent from zero. A formal test also fails to reject
cumulative symmetry in the post-app perioc®® Taken together, the post-app results
suggest that search responses remain salient on impact, but the evidence for persistent
search asymmetry becomes much weaker after the app launch, providing limited support
for Hypothesis 2 . This pattern suggests that the mobile app may have changed the
dynamic response of search to price movements, a possibility we examine more directly
in Section 7.

22The estimated post-app impact coe cients are § + , = 0:0448 p < 0:001) and , + , =

0:0463 (p = 0:001). These correspond to semi-elasticities of approximately exp(0448) 1 =4:6% and
exp(0:0463) 1 =4:7%, respectively.

BFormally, wetestHo: o+ o = ( o+ ) and fail toreject the null, with F =0:01 andp = 0:9237.
**Formally, we test Ho: [ + [ = (; + ;)forj=0;1;:::;14. The test provides weak evidence
against symmetry, with F = I13:56 andp=0:0785.

%Formally, we test Ho 1 [2,( 7+ ) = i2(; + ;). The test provides no statistically

signi cant evidence against cumulative symmetry, with F =2:38 andp =0:1231.
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