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Abstract. Independent researchers often lack access to intervention ca-
pabilities for controlled experiments on live social media platforms. We
present Outer Limits, a browser-based system for controlled content ex-
periments within the existing Old Reddit interface, rather than in a re-
constructed simulation. The system renders content locally, records study
events, and contains configured voting and commenting actions so that
neither constructed content nor experimental write interactions reach
Reddit. In a 219-participant perceptual-fidelity study, ART ANOVAs
found no significant Post Type, Participant Awareness, or interaction ef-
fects. Exploratory TOSTs met the d = ±0.50 equivalence criterion for
the marginal contrasts and for Post Type within the forewarned sub-
group. We also illustrate the system with a factorial study varying post
frame, comment frame, and comment stance. Outer Limits combines
three properties that the approaches considered here provide separately:
precise control over experimental content, an existing platform interface,
and containment of experimental content and interactions from the host
community.

Keywords: Social media experiments · Controlled content manipula-
tion · Browser extensions · Reddit

1 Introduction

Understanding user behavior on social media informs research on political po-
larization, misinformation, and public health [9, 20, 1, 8]. These problems require
identifying which platform features and content change behavior, not simply doc-
umenting what users do. Controlled experiments can help identify such causal
relationships [13], including how perceived group norms shape responses to on-
line misinformation [1].

When a hypothesized mechanism depends on a platform’s social and interface
context, conducting the experiment within that platform allows the effect to be
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estimated in the setting in which the mechanism operates. Platform-run studies,
such as Meta’s controversial “emotional contagion” experiment, illustrate this
form of experimentation [18]. Such interventions, however, have required internal
access or platform cooperation, which independent researchers rarely have.

Independent researchers therefore rely on observational data, which lacks
randomized control [6, 22, 4, 14], or on vignettes and simulations, which provide
control but do not reproduce the social embeddedness of the target platform
[3, 26, 16]: participants’ actions are not visible to their real networks and carry
no real reputational consequences. Findings from a reconstructed environment
therefore leave open whether the same effect would emerge on the platform itself.

Experiments conducted within the platform can reduce this uncertainty. Re-
cent client-side field experiments show that browser extensions can do this with-
out platform cooperation, by reranking the content participants encounter in
their own feeds [24, 23]. Because that content is drawn from each participant’s
personalized feed, however, the specific posts and comments differ across par-
ticipants. Independent researchers therefore still lack a way to present precisely
matched, researcher-specified content within an existing interface while keeping
that content and participants’ interactions from reaching the host community.

We present an experimental approach to controlled content manipulation
within an existing social media interface, instantiated in Outer Limits. The ap-
proach links platform selection, localized content manipulation, containment,
and fidelity validation. Outer Limits implements matched content variation,
event logging, and containment of configured write interactions. We evaluate
perceptual fidelity with 219 participants and illustrate its use in a factorial ex-
periment.

The contribution is limited to content-level interventions in the studied Red-
dit setting. The validation applies only to the tested outcomes, equivalence
bounds, materials, and sample.

2 Related Work

2.1 Controlled Experiments in Reconstructed Social Media
Environments

Independent researchers frequently use reconstructed environments to conduct
controlled social media experiments without relying on platform cooperation.
Static vignette studies present participants with hypothetical scenarios, such as
text descriptions or screenshots of social media posts [3, 26]. These approaches
allow researchers to manipulate content while holding other stimulus features
constant, but static stimuli offer limited interaction with the surrounding plat-
form environment. This may constrain how participants engage with the material
compared with a live platform.

More interactive alternatives include the (Mis)information Game [7], the
Mock Social Media Website Tool [15], and the Truman Platform [11]. These
systems combine experimental control with an interactive interface that partic-
ipants can browse, react to, and engage with.
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The main limitation is not necessarily perceived artificiality, because par-
ticipants may find these environments engaging. A reconstructed environment,
however, does not reproduce the social embeddedness of the target platform. Par-
ticipants’ actions are not visible to their actual networks and carry none of the
reputational consequences of a real like, comment, or share. When anticipated
audiences and platform conventions shape how participants interpret content
and decide whether to engage, findings from a reconstructed environment leave
open whether the same effect would emerge on the target platform.

2.2 Independent Experiments on Existing Platforms

An alternative is to intervene within an existing platform interface rather than
reconstructing it. Historically this has depended on platform-controlled infras-
tructure: Meta’s “emotional contagion” study altered the news feeds of nearly
700,000 users [18], while a 61-million-person Facebook experiment examined how
messages containing social cues affected voter turnout [5]. These studies demon-
strate the scale and directness of platform-based experimentation but generally
required platform access or cooperation.

Independent researchers have often relied instead on observational data, even
as platforms have increasingly restricted API access [6, 10, 28]. User-donation
approaches, including Mozilla’s RegretsReporter, Digital Footprints, and Movie-
Lens, partially address these access barriers [22, 4, 14]. These approaches provide
access to naturally occurring behavior but do not by themselves provide random-
ized manipulation of content or interface features. Causal identification therefore
requires additional assumptions or research designs.

Client-side reranking experiments provide a more direct route to indepen-
dent intervention within existing platforms. Piccardi et al. describe a browser-
extension method that intercepts and reranks existing content in participants’
social media feeds without platform cooperation and apply this method in a
field experiment [23, 24]. Because that content comes from each participant’s
own feed, however, the specific posts and comments differ across participants,
and their wording remains outside the researcher’s control.

Intervening within a live platform also carries a cost that reconstructed envi-
ronments do not: experimental actions can affect users or communities that did
not consent to participate. The r/ChangeMyView moderation team reported an
unauthorized experiment that introduced undisclosed AI-generated comments
without prior community consultation [25]. These concerns motivate a central
design requirement of Outer Limits: constructed content is not published to
Reddit, and designated participant interactions do not generate corresponding
platform write requests. This containment addresses spillover into the host plat-
form and community, though it does not by itself resolve questions of deception,
consent, or debriefing.
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Approach Interface What is
controlled

Social
context

Platform
effects

Static
vignette

Static image
or text

Displayed
content

None None

Standalone
simulation

Reconstructed Content and
features

Known to be
constructed

None

Client-side
reranking

Existing feed Exposure and
ordering

Participant’s
own network

Real

Outer Limits Existing
Reddit

Matched
content
variants

Existing
community

Contained

Table 1. Design space for social media experiments. The table compares design char-
acteristics, not validated outcomes, and does not imply a hierarchy of methods.

2.3 Positioning Outer Limits

These approaches differ in the interface participants use, what the researcher
controls, the social context participants perceive, and what reaches the platform
(Table 1). Vignettes and simulations give the researcher full control over content,
but the environment is built for the study and participants’ actions reach no real
audience. Client-side reranking keeps participants on the existing platform and
controls which posts appear, but not their wording. Outer Limits controls what
the posts say, presents them within the existing Reddit community, and prevents
constructed content and participant interactions from reaching the platform.

Outer Limits is designed for studies requiring this combination. Standalone
simulations or client-side reranking experiments may remain preferable when a
study prioritizes, respectively, complete control over the full experimental en-
vironment or naturalistic exposure to existing personalized feeds and ordinary
downstream platform behavior.

3 Design Principles

Outer Limits begins with an existing platform interface rather than a recon-
structed simulation. This design is useful when interpretation of the treatment
depends on platform context, while the causal comparison requires matched,
researcher-specified content. Starting from an existing interface does not imply
naturalistic recruitment, unrestricted platform use, or a field experiment.

The approach rests on four principles.

Platform Selection: Researchers select a platform whose interface matters to
the research question and can be modified in the participant’s browser. This
approach is most useful when posts, comments, or other presentation cues
are part of the experimental context.
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Localized Content Manipulation: Researchers change only the posts, com-
ments, or other elements required by the experimental design, while keeping
the surrounding interface and nonmanipulated content unchanged. This al-
lows precise and consistent manipulation without access to the platform’s
servers.

Containment: Constructed content and participant actions such as votes and
comments should remain within the study and should not reach or affect the
host platform or its community.

Fidelity Validation: Manipulated content should appear naturally integrated
into the host interface. Building on an existing platform preserves its estab-
lished mechanics but limits how much researchers can customize [12]. Incon-
sistencies may reveal the intervention and change how participants interpret
the content. Covert manipulations therefore require evidence that altered
content does not create substantial differences on the selected fidelity mea-
sures; disclosed interventions need not meet the same standard. Perceptual
fidelity contributes to experimental realism, but does not establish it in full.
Participants need only find the situation credible enough to take it seriously
and engage with the content as intended [2].

4 Outer Limits: Design and Implementation

Outer Limits implements this approach through a Chrome extension and back-
end for controlled content experiments within the existing Reddit interface. We
selected Reddit because its structure suits social media experiments. Its division
into thousands of topic-specific communities (“subreddits”) offers substantial di-
versity for research questions [27], and the platform accommodates content types
from simple text to rich media. Reddit also has an established culture of “throw-
away accounts” for discussing sensitive topics [21], making accounts without
long-standing identities familiar on the platform.

4.1 System Architecture and Data Flow

Outer Limits consists of two components (Figure 1).
The Chrome extension runs in the participant’s browser. It fetches the

participant’s assigned experimental condition from the backend, replaces the
designated content in the Reddit page, logs the participant’s interactions, and
prevents those interactions from reaching Reddit.

The backend is an Express API with a MongoDB database. It stores the
experimental conditions that researchers configure, assigns participants to con-
ditions, and receives the interaction records the extension returns.

A session begins when the participant enters a randomly generated Prolific
identifier, which serves as a pseudonym in the study backend. The backend either
retrieves an existing assignment for that identifier or assigns the participant to
a condition, balancing enrollment across conditions. The identifier subsequently
links the participant’s condition assignment to their interaction records. Unin-
stalling the extension ends its ability to modify pages or record interactions.
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Participant
Prolific ID

Chrome
extension
content

replacement
event logging

Reddit page

Express API
conditions,

events
MongoDB

Participant’s browser

Cloud backend

conditions events

Fig. 1. Outer Limits architecture. The extension fetches the assigned condition from
the backend, replaces content in the Reddit page, and logs interactions. Constructed
content and participants’ votes and comments stay within the participant’s browser
and the study backend; they are not sent to Reddit.

4.2 Researcher Configuration and Deployment

Researchers specify experiments through two CSV files. A post file defines each
target URL and the content to be displayed there: title, body text, image, dis-
played author, timestamp, vote count, and the condition to which the post be-
longs. A comment file links comments to posts and specifies their text, displayed
author, timestamp, and vote count. An upload script writes these records to the
study database.

Because the extension reads all experimental content from the database at
runtime, researchers can revise stimuli, add conditions, or change a factorial
design without modifying or rebuilding the extension. We hosted the backend on
Render and used MongoDB Atlas for storage; both are implementation choices
rather than requirements of the approach.

For participant deployment, we published the extension through the Chrome
Web Store so that participants could install it directly rather than manually load
an unpacked extension. This distribution route was intended to reduce partici-
pant setup steps and the installation support required during study enrollment.
The listing address is omitted for anonymous review.

4.3 Runtime Manipulation and Containment

Content replacement. When a participant opens a target page, the extension
requests the assigned condition from the backend and uses the returned fields
to replace the corresponding elements in the page DOM: the post’s title, body
text, image, displayed author, timestamp, and vote count, together with the
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comment thread. The surrounding interface (the subreddit header, sidebar, nav-
igation, and any nonmanipulated content) continues to load from Reddit, so the
intervention remains localized to the experimental content unit. Constructed
content is rendered only in the participant’s browser and is never published to
Reddit.

Interaction logging. The extension logs designated study interactions: post views,
upvotes, downvotes, comment submissions, and subsequent comment edits. Each
record carries the participant identifier, a timestamp, the action type, and the
relevant post or comment metadata, and is sent to the backend.

Containment of write interactions. Logging alone does not prevent an interaction
from reaching Reddit; containment is implemented separately for each write ac-
tion. For votes on manipulated content, the extension intercepts the participant’s
click before Reddit’s own event handler executes, prevents the event from prop-
agating to that handler, updates the displayed vote state locally, and submits
an interaction record to the backend. For comment submissions, the extension
captures the submitted text and stores it as a study record without generating
the corresponding write request to Reddit. From the participant’s perspective,
the interface responds to voting and commenting, but no corresponding action
reaches Reddit’s servers.

Software availability. Outer Limits is open-source. Its repository includes the
Chrome extension, the backend, an upload script, example CSV files, and a
step-by-step deployment guide. The address is omitted for anonymous review.

5 Validation: Assessing Perceptual Fidelity

The validation tested whether participants perceived manipulated posts as real-
istic as authentic posts and whether forewarning them about possible alterations
changed those perceptions. Forewarning served as a boundary condition: if rat-
ings remained similar when participants expected alterations, casual browsing
would be less likely to explain the result.
RQ1. Do participants perceive manipulated posts as realistic as authentic posts
within the existing Reddit interface?
RQ2. Does explicitly forewarning participants that content may have been al-
tered change these perceptions?

5.0.1 Method We conducted a validation study on Prolific using a 2 × 2
between-subjects factorial design. The factors were Post Type (authentic vs.
manipulated) and Participant Awareness (uninformed vs. informed).

For study materials, we selected one image-based and one text-only post
from Reddit’s r/funny community. In the experimental condition, Outer Limits
replaced their title, text, image, and comments with content from the same
subreddit. The URL remained unchanged (Figures 2 and 3).
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(a) Authentic image-based post (b) Manipulated image-based post

Fig. 2. Image-based validation stimuli shown at a readable scale. Outer Limits retained
the target URL and surrounding Reddit interface while replacing the title, post text,
image, and comments in panel (b).

After a pre-survey, participants installed the extension and entered their
Prolific identifier. The backend assigned them to one of four conditions. Partici-
pants in the informed condition were told that the posts might have been altered.
All participants viewed the two target links and completed a post-survey con-
taining content-recall checks and perceptual-fidelity measures, followed by a de-
briefing. The study received IRB approval at [Anonymous] University (protocol
#2171134-1).

5.0.2 Variables and Measurements Participants rated four retrospective
statements on a 7-point scale (1 = Strongly Disagree, 7 = Strongly Agree): the
way interactive elements (e.g., upvote/downvote buttons and comment place-
ment) functioned seemed different; the overall look and layout of the posts or
page appeared different from usual; the content of the posts, including text, im-
ages, and comments, seemed altered; and “I did not notice anything unusual.”
They also rated confidence from “not confident at all” to “very confident” and
described anything unusual in an open-ended response.

5.0.3 Participants Between November and December 2024, we recruited 225
participants via Prolific. Six participants were removed for failing condition-
specific content-recall checks, which required correctly identifying the content
shown in their assigned condition; 219 participants remained. Compensation
was $6.50. An a priori power analysis (f = 0.25, power = .95) required N = 210.
Mean age was 33.9 years (SD = 9.9); 63% identified as male and 33% as female.
Demographics did not differ by condition (all p > .18).



Outer Limits for Controlled Content Experiments 9

(a) Authentic text-only post

(b) Manipulated text-only post

Fig. 3. Text-only validation stimuli shown at a readable scale. The authentic post’s
title and body had been deleted by its owner. Outer Limits retained the target URL
and surrounding Reddit interface while replacing the title, post text, and comments in
panel (b).

5.1 Validation Results

5.1.1 Quantitative Analysis We used ART ANOVAs to test Post Type,
Participant Awareness, and their interaction. Because nonsignificant difference
tests do not establish equivalence, we also conducted exploratory TOSTs using
d = ±0.50 bounds [19]. The TOSTs examined the two marginal contrasts and
Post Type within the forewarned subgroup; the bounds were not specified in
advance.

No ART effect was significant (Table 2). All reported TOST contrasts met
the d = ±0.50 equivalence criterion, supporting statistical equivalence within



10 Mao et al.

ART ANOVA: F (p) TOST (d = ±0.50)

Response
Post
Type Awareness Interaction

Marginal
Post/Aware.

Post within
forewarned

Interaction 1.53 (.217) 0.05 (.830) 0.39 (.531) Eq./Eq. Eq.
Layout 1.34 (.249) 0.78 (.378) 0.65 (.422) Eq./Eq. Eq.
Content 1.98 (.161) 0.01 (.904) 0.37 (.545) Eq./Eq. Eq.
Nothing
unusual 2.07 (.152) 0.04 (.841) 0.08 (.774) Eq./Eq. Eq.
Confidence 0.08 (.771) 0.49 (.483) 0.07 (.790) Eq./Eq. Eq.

Table 2. ART ANOVA and exploratory TOST results. ART cells report F (p); all
effects were nonsignificant. Eq. denotes that both one-sided tests rejected effects at or
beyond d = ±0.50 at α = .05 for the marginal Post Type/Awareness contrasts and
Post Type within the forewarned subgroup (n = 58 vs. 49).

these bounds for the tested outcomes and setting. This does not establish zero
difference or experimental realism in full.

5.1.2 Qualitative Analysis Two authors calibrated the coding scheme on an
initial 10% of responses and independently coded a second 10%, reaching Krip-
pendorff’s α > 0.8 across seven themes: No Changes Noticed, Layout Issues, Con-
tent Suspicion, Clear Alterations, Uncertain, Technical Issues, and Other. They
then independently coded the full dataset and resolved remaining disagreements
through discussion. We fitted a Poisson regression to theme-by-condition counts
with theme category, Post Type, Participant Awareness, and their interaction
as predictors. Neither Post Type (β = −0.03, p = .910), Participant Awareness
(β = −0.11, p = .647), nor their interaction (β = 0.35, p = .259) predicted theme
frequencies. The qualitative results were consistent with the quantitative results.

6 Illustrative Case Study: A Factorial Reddit Study

We illustrate Outer Limits with a factorial study of how post frame, comment
frame, and comment stance shape health beliefs and behavioral intentions [1,
17]. Direct deployment would require publishing vaccine-related experimental
content, while a standalone simulation would remove the Reddit context.

The 2×2×2 design varied post frame, comment frame, and comment stance
while holding usernames, timestamps, metrics, and other page elements con-
stant. Participants completed a pre-survey, installed the extension, viewed their
condition, and completed a post-survey followed by debriefing. The study re-
ceived IRB approval (protocol #2171134-2). We report the design rather than
substantive outcomes.
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7 Discussion

7.1 Contribution

Outer Limits combines matched content manipulation within the existing Red-
dit interface with containment of constructed content and configured write inter-
actions. By separating the interface participants experience from the platform
consequences their actions would otherwise produce, it supports studies in which
platform context matters but unrestricted downstream behavior is unnecessary.
For computational social science, this configuration makes matched content com-
parisons possible when platform APIs do not provide intervention access. It also
allows researchers to study sensitive content without publishing it to host com-
munities.

Methodologically, this approach complements observational platform studies
and reconstructed experiments rather than replacing either. It allows theory-
derived content mechanisms to be tested under randomized, matched conditions
while retaining the interface cues through which those mechanisms may oper-
ate. This combination can help researchers examine whether effects attributed
to content depend on the interface context in which participants encounter it.
Evidence from such experiments could also inform assumptions used in compu-
tational models, although the present study does not test that use.

7.2 Relation to Existing Approaches

Compared with reconstructed environments, Outer Limits retains the host inter-
face instead of requiring researchers to reproduce selected platform conventions,
but it offers less control over the surrounding environment and remains vulner-
able to platform changes [16]. Piccardi et al. likewise use a browser extension
to intervene without platform cooperation [23, 24], but they rerank the content
participants encounter in their own feeds rather than specifying it. Outer Limits
instead assigns matched, researcher-specified posts and comments, records des-
ignated events, and contains configured write interactions. This combination is
useful when exact content contrasts, existing platform cues, and bounded plat-
form consequences all matter, but not when naturalistic feed use is required.

7.3 Ethical Considerations

Containment is both a technical and an ethical boundary. It prevents constructed
content and configured interactions from reaching the host community, but it
does not eliminate the ethical questions that covert manipulation raises. Partici-
pants act under the belief that their votes and comments carry ordinary platform
consequences; in fact these interactions are contained. The same belief may con-
tribute to behavioral credibility but also constitutes deception. We addressed
it through IRB review and full debriefing, and researchers deploying this ap-
proach should do the same, in addition to documenting and testing which write
interactions are intercepted and protecting backend data.
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7.4 Limitations

The current implementation targets desktop Old Reddit and does not support
newer Reddit interfaces, mobile clients, or video content. Because content re-
placement depends on the rendered page structure, changes to Reddit’s DOM
can require updates and renewed fidelity assessment. The validation itself covers
two posts from one subreddit, evaluated by a Prolific sample; the equivalence cri-
terion was met using bounds selected after data collection. Fidelity is a property
of particular materials and settings, not an automatic consequence of technical
integration, so each new deployment requires its own assessment.

7.5 Future Work

The most direct test of whether the existing platform interface affects an esti-
mated treatment effect would compare the same manipulation in Outer Limits
and a reconstructed simulation. The approach could also support matched stud-
ies of message framing, moderation cues, social norms, and misinformation re-
sponses in settings where community context is part of the treatment. Adaptive
computational social science experiments could vary content in real time accord-
ing to prespecified participant actions. Such extensions would require auditable
adaptation rules, controls against unintended treatment variation, and renewed
review of consent, deception, and containment. Applications to other interfaces
or platforms would require renewed technical, fidelity, and ethical review in each
setting.

8 Conclusion

This paper presents an experimental approach to controlled content manipula-
tion within an existing social media interface and implements it in Outer Limits
for Old Reddit. A 219-participant study supports perceptual fidelity within the
tested equivalence bounds and setting. An illustrative factorial case applies Outer
Limits to matched post and comment variations. Relative to the reconstructed
simulations and feed-reranking methods examined here, Outer Limits combines
researcher-specified content, the host interface, and bounded downstream con-
sequences in one experimental design.
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