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Abstract

Over the past months, the way developers direct agentic Al coding
tools has moved up several levels of abstraction, from phrasing
prompts to engineering context to configuring the harness around
the model. In June 2026, practitioners began to describe a further
level called loop engineering: Instead of prompting an agent inter-
actively, developers design systems that prompt agents for them.
These systems start agent runs on a schedule or on repository
events and stop them when a machine-checkable condition holds.
The term spread rapidly, accompanied by bold claims and vocal
skepticism, but its adoption in software projects has not been mea-
sured. We present an exploratory review of the emerging gray
literature, which largely agrees on what a well-engineered loop
contains: triggered agent runs bounded by machine-checkable stop
conditions, persistent state files, verifier sub-agents, token bud-
gets, and defined points of escalation to humans. From this review,
we derive a research agenda for the empirical study of loop engi-
neering in open-source projects, analyze which of its aspects are
traceable from repository data, and report an exploratory mining
study of 36,710 software repositories. We confirmed the operation
of autonomous agent loops in 217 of the 256 repositories our heuris-
tics matched. The repositories commit the configuration around
these loops, but almost none commits the state files the discourse
prescribes, and the loops’ runtime state remains outside version
control. We conclude by outlining a planned controlled study of
agent autonomy levels and their effect on effort and outcomes.
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1 Introduction

Agentic Al coding tools such as Claude Code or OpenAI Codex in-
terpret a goal, decompose it into steps, invoke tools, and iterate until
they consider the goal achieved [12]. For most developers, working
with these tools still means typing a request, reading the result, and
typing the next one, but some prominent practitioners claim to have
abandoned this interactive mode altogether. In an interview pub-
lished on 2 June 2026, Boris Cherny, the creator of Claude Code [7],
said: “I don’t prompt Claude anymore. I have loops that are running.
They’re the ones that are prompting Claude and kind of figuring out
what to do. My job is to write loops” [55]. On 7 June 2026, Peter Stein-
berger, the author of OpenClaw, posted a similar message: “you
shouldn’t be prompting coding agents anymore. You should be de-
signing loops that prompt your agents” [48], a post that had reached
more than eight million views by mid-July [37]. The same day, Addy
Osmani published a blog post naming the emerging practice loop
engineering and defining it as “replacing yourself as the person who
prompts the agent. You design the system that does it instead” [40].

The term extends a trajectory along which the unit of concern
has moved from individual prompts (prompt engineering) to ev-
erything a model sees in its context window (context engineering)
and on to the mechanisms configured around the model (harness
engineering), which Section 2.1 describes. Loop engineering, as
characterized in the practitioner discourse, sits one abstraction
level above the harness. Where a harness equips a single agent run,
a loop governs many such runs over time. It decides what starts
each run (e.g., a schedule or an event such as a failing build or an
opened issue), how its results are verified and persisted, and when
to escalate to a human [20, 40].

We argue that this development deserves the attention of empir-
ical software engineering researchers, for three reasons. First, the
practice is no longer hypothetical: Recurring and goal-driven agent
runs became first-class commands (/1oop, /goal) in Claude Code,
Codex, and Hermes between March and May 2026, with community
plugins for OpenCode and Pi [37]. Second, the claims attached to
loop engineering are substantial but rest almost entirely on anec-
dotes and self-reported productivity numbers, while experienced en-
gineers voice equally strong skepticism, calling loops renamed cron
jobs and warning about token costs and reviewer fatigue [37, 38].
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Third, adjacent discourse-driven terms such as vibe coding attracted
surveys and empirical studies within months [14, 43], showing how
quickly practitioner vocabulary shapes research agendas. Our goal
is to move loop engineering from a practitioner term to an empir-
ically grounded object of study, through three research questions:

RQ1 How is loop engineering defined in the gray literature, and how
does it relate to prompt, context, and harness engineering?

RQ2 Which loop engineering practices are adopted in open-source
projects, and which aspects of loop engineering are traceable from
repository data?

RQ3 How does the degree of loop autonomy affect development out-
comes and developer effort?

We answer RQ1 by situating loop engineering in the trajectory
from prompt via context and harness engineering (Section 2)
and through an exploratory review of the gray literature that
consolidates it into a working definition (Section 3). We address
RQ2 with a traceability analysis and an exploratory mining study
of 36,710 engineered software repositories from an existing Al
configuration dataset [10] (Section 4.1). For RQ3, we describe a
controlled study of agent autonomy levels (Section 4.2) that we
will execute for the planned journal extension.

2 Background

This section describes the practices loop engineering extends
(Section 2.1), how the term emerged (Section 2.2), and adjacent
academic work (Section 2.3).

2.1 From Prompts to Context to Harnesses

Prompt engineering was one of the first named practices for direct-
ing large language models (LLMs). Catalogs of reusable prompt
patterns [53] and a broad survey of prompting techniques [44]
systematized how to phrase prompts, and in software projects
prompts soon became engineering artifacts in their own right,
committed to repositories and evolving like code [49, 51]. Context
engineering generalized this practice from single instructions to
the systematic design of everything a model sees in its context
window [19, 30]. For agentic coding tools, its most visible
instrument is a repository-versioned context file (e.g., AGENTS.md
or CLAUDE.md), a “README for agents” [1] whose structure and
evolution mining studies have examined [6, 31]. Early evidence
on their effect is mixed: One study associated AGENTS.md presence
with lower runtime and token consumption [27], and another
found that context files generally do not improve task success
while raising inference cost by more than 20% [16].

Harness engineering moves the focus from the context to the
harness, “the software layers around the model(s) that drive the agent
loop” [12, 34]. The agent loop is the model’s repeated cycle of calling
tools and acting on the results within a single run. Loop engineering
governs such runs through structures that start, verify, and restart
them over time. In an exploratory study of 2,853 open-source repos-
itories, Galster et al. mapped eight configuration mechanisms (con-
text files, settings, skills, subagents, commands, hooks, rules, and
Model Context Protocol (MCP) servers) across five agentic Al cod-
ing tools. They found that developers overwhelmingly adopt static
context files while rarely using executable mechanisms, concluding
that “harness engineering in open source today is ... mostly context
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engineering” [11, 12]. Their taxonomy contains no mechanism that
governs when and how often an agent runs (hooks come closest but
fire at fixed lifecycle points within a session), so recurrence, termi-
nation, cross-run state, budgets, and graduated human oversight all
lie outside that analysis. This is the gap this paper begins to address.

2.2 The Emergence of Loop Engineering

Developers ran agents in loops before the term existed, at both
levels that Section 2.1 distinguishes. The first level is iteration
inside a single run, the agent loop: In March 2024, Andrew Ng
reported that GPT-3.5 “wrapped in an agent loop” reached up to
95.1% on HumanEval, against 67.0% for zero-shot GPT-4 [32]. The
second level adds recurrence and cross-run state, and it arrived
as a shell loop. In July 2025, Geoffrey Huntley published the “Ralph
Wiggum” technique, “in its purest form, [...] a Bash loop [...]
while :; do cat PROMPT.md | claude-code ; done” [21].1It
works around the finite context window by restarting the agent
with a fresh context in every iteration while persisting progress
to the file system [37]. Tool vendors then absorbed the technique:
Claude Code added a recurring /loop command in March 2026,
Codex introduced goal objects with machine-checkable completion
conditions in April, and Claude Code, Hermes, and other harnesses
followed with /goal commands in May [37].

The term loop engineering was coined in early June 2026, when
Steinberger’s post, Cherny’s remark, and Osmani’s blog post
appeared within days of each other [37, 40, 48]. Later that month
Ng called it “a hot buzzphrase” [33]. Osmani described a loop as
“a recursive goal where you define a purpose and the Al iterates until
complete” and listed five capabilities held together by state that
persists beyond any single conversation (“the agent forgets, the repo
doesn’t”) [40]. A month later, he reported a four-part classification
of loops ordered by how much the developer hands off: turn-based
loops keep each turn under the developer’s review, goal-based
loops hand off the stop condition, time-based loops hand off the
trigger, and proactive loops hand off the prompt itself [41].

Within weeks, an ecosystem formed around these ideas. Cobus
Greyling’s community repository [18] distilled the discourse into
seven loop patterns (e.g., ‘daily triage’, ‘CI sweeper’), four “readiness
levels” from L0 (documented intent) via L1 (report-only) and L2
(assisted fixes with verifier) to L3 (unattended), catalogs of failure
modes and anti-patterns, and tooling for scaffolding, auditing, and
cost estimation. André Lindenberg framed loop engineering as “a
different solution architecture, not a different way to use the agent”
and argued that the verifier must be designed first [26]. A self-
published synthesis decomposed one loop turn into five “moves”
(discovery, handoff, verification, persistence, scheduling) [20], and
Ng distinguished the agentic coding loop (minutes) from the devel-
oper and external feedback loops around it (hours to weeks) [33].

Table 1 summarizes the four layers of directing Al coding
agents and their corresponding artifacts. Within the harness layer,
Bockeler distinguishes what is built into a coding agent (e.g., the
system prompt) from what its users assemble on top [5]. We call
these the inner and outer harness; the table lists outer-harness
artifacts, since those are the ones developers assemble.

We consolidate the discourse into the following working
definition, which Section 3 grounds element by element in the
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Table 1: Four layers of directing Al coding agents [12, 20, 40].
Each layer subsumes the previous one; the harness layer
refers to the outer harness.

Layer Unit of Concern  Example Artifacts

Prompt eng.  One instruction
Context eng.  One model call
Harness eng.  One agent run

Loop eng. Recurring runs

Prompts, prompt templates

AGENTS.md, CLAUDE . md, rules

Skills, subagents, hooks, MCP config.
Schedules, stop conditions, state files, run
logs, budgets, verifier agents

practitioner sources: Loop engineering is the practice of designing
automated control structures that repeatedly invoke coding agents,
triggered on a schedule or by events, with each run bounded by a
machine-checkable stop condition. A well-engineered loop persists
state across runs, verifies results independently of the implementation
agents, bounds inference costs, restricts what an unattended run may
change without approval, and defines when humans should intervene.

2.3 Adjacent Academic Work

In a preprint, Macedo defines the “loop specification” and hand-
coded the fifty entries of a public loop catalog for trigger, goal
type, verification level, architecture, and terminal states [29].
His corpus contains only loops, so it carries no denominator
over software projects: It can show how published loop designs
are composed, but not how many projects run one. Our mining
study asks that question (Section 4.1). Closest to loop engineering,
Geng and Neubig studied asynchronous software engineering
agents that operate without a human in the loop and reported
that dependency-aware plans, isolated workspaces, and test-based
verification gates improve long-horizon outcomes [15]. Such
systems are evaluated on bounded benchmark tasks [23]. We study
the developer practice of designing recurring control structures
around them. Autonomy taxonomies grade how much a developer
delegates to the agent: Feng et al. define five levels by the user’s role,
from operator to observer [9], and Cihon et al. measure autonomy
from the code that orchestrates the model (in our terminology,
the loop) without running the agent [8]. A randomized controlled
trial found experienced open-source developers measurably slowed
down by early-2025 tools, despite believing the opposite [4].
Whether recurring loops change that result is an open question.

3 Exploratory Literature Review

Because the term loop engineering was coined by practitioners
only weeks before we wrote this article, the relevant knowledge
resides almost exclusively in gray literature, a constellation in
which including such sources is explicitly recommended [13].
Having followed the discourse on social media since the seed
posts of June 2026, the last author compiled a first wave of seven
sources published between 7 June and 15 July 2026: Osmani’s blog
post [40] and one-month retrospective [41], Orosz’s newsletter
investigation [37] and its 136-comment discussion thread [38],
Lindenberg’s newsletter article [26], a self-published synthesis
note [20], and a snapshot of Greyling’s community repository [18].
On 18 July, we added three sources the collected material referenced:
Huntley’s post introducing the Ralph technique [21], Greyling’s
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essay accompanying his repository [17], and the podcast interview
in which Stripe engineer Steve Kaliski describes the company’s
internal agent system [52]. On 25 July, after consolidating the
observations below, we added one further source, Osmani’s post
on agent autonomy with its slide deck [39]. We included sources
that treat loop engineering substantively (define the term, describe
building blocks or patterns, or report experiences) and excluded
passing mentions, reactions, and reposts.

In parallel, on 15 July 2026, we searched arXiv, DBLP, and
Semantic Scholar for uses of the term loop engineering and for
adjacent academic work (Section 2.3). An LLM-based agent (Claude
Code with Fable 5) assisted in this search, in locating the sources the
collected material referenced, and in extracting candidate quotes,
which the last author checked against the sources. We disclose
this in line with the community guidelines for empirical studies
involving LLMs [2]. From the collected sources, we extracted
proposed definitions, building blocks, claimed benefits, risks, and
explicitly skeptical positions, which the last author consolidated
into the six observations below (01-06) and all authors reviewed.

O1: The definitions converge on handing off the next prompt.
Across sources, the definitional core of loop engineering is stable:
The developer stops deciding what the agent does next and
designs the system that decides instead [20, 26, 40]. The four-part
taxonomy Osmani reported (Section 2.2) operationalizes this as
a sequence of hand-offs, from the check to the stop condition, the
trigger, and finally the prompt itself [41]. In Orosz’s thread, one
commenter argued that a scheduled or event-triggered agent run is
“still largely a workflow”: It becomes a loop only when an explicit
feedback signal carries one iteration’s outcome into the next [38].

O2: The novelty of the practice is contested. Many reactions in the
collected sources reject the framing of loop engineering as novel:
Loops are “a renamed cron job”, “automation was a thing before
LLMs”, and the term repackages event-driven architecture with, as
one commenter put it, “a fuzzy worker” [37, 38]. That commenter
does not dismiss the practice, however: What is new, on his account,
is the non-deterministic worker, which puts the engineering into
“the guardrails around it rather than the trigger” [38]. A further
objection suspects the Al labs’ interests behind the practice, since
loops consume many tokens, a debate Orosz reports as “token-
maxxing” [37]. Orosz’s own investigation, drawing on roughly 210
practitioner replies, concluded that most concrete examples fall
into two familiar buckets, cron jobs and event-based triggers, now
executed by more capable workers [37, 38]. Max Kanat-Alexander
argues that the practice will disappear into the tools: Anything
developers must know about a tool “would eventually become baked
into its default workflow”, so explicit loops around Al agents (e.g.,
the Ralph loop) were a temporary workaround that features such
as /goal are already absorbing [37]. Orosz agrees: After /loop
and /goal became built-in commands, loop engineering seemed
“as good as obsolete” for engineers building regular software,
while “designing loops will remain an important task at the Al
infra level’ [37], which by our definition is itself loop engineering.
The discourse has not settled whether loop engineering is a new
discipline, a transitional technique, or a marketing label.
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O3: The proposed building blocks are consistent across sources. De-
spite the definitional dispute, the sources largely agree on what a
well-engineered loop contains: a trigger (a schedule or an event) and
a stop condition that decides when a run is done, durable state out-
side the context window, encoded project knowledge (skills), isola-
tion for parallel work (worktrees), an independent verifier separated
from the implementer, connectors to external systems, budgets with
a documented way to pause a running loop (a “kill switch” [18]),
binding constraints on what an unattended run may change without
human approval, and defined escalation points to humans [18, 20,
26, 40]. However, the sources are not independent. Greyling’s com-
munity repository and HuaShu’s synthesis note explicitly build on
Osmani’s posts, and Lindenberg cites the same seed posts, so much
of the agreement traces back to one origin. The most emphasized
building block of loop engineering is the “maker/checker” separation.
Osmani calls the existence of a verifier the reason one “can walk
away” [40], Greyling’s verifier skill makes rejection the default, so
the agent’s output must ‘earn’ approval [18], and Lindenberg warns
that a loop “satisfies the gate you wrote”, not the goal behind it [26].
Staged adoption is another consistent recommendation: Greyling’s
readiness levels start report-only (L1) and reach unattended oper-
ation (L3) only once the verifier has proven reliable [18]. Osmani’s
25 July post revises the eight stages of developer evolution Yegge
had published in January 2026 (from near-zero Al use to building
one’s own orchestrator), treats autonomy as a choice made per task
rather than a level a developer reaches and keeps, and separates
two dimensions a single ordering conflates: agency, how far one
agent proceeds without human intervention, and orchestration, how
many agents run at once and who coordinates them [39, 56]. The
highest agency level on his scale is goal-driven autonomy, in which
the agent iterates until a measurable stopping condition holds (the
two levels above it vary orchestration), and a team should raise
autonomy only as far as it can check the result at acceptable cost,
making verification cost the bound on delegation [39].

O4: Claimed benefits are large but are based on self-reports and
anecdotes. The reported use cases are plausible and concrete: flaky-
test stabilization, nightly end-to-end test repair, and incremental
migrations run from cron jobs [37]. The boldest claims, however,
are self-reported: In a podcast interview, Stripe engineer Steve
Kaliski describes the company’s internal “Minions” system as
producing about 1,300 agent-written pull requests per week [52],
and Osmani reports that a loop pointed at Firefox produced 423
security fixes in one month [41]. No published study or dataset
we know of supports these numbers, and HuaShu’s synthesis note
states that other numbers circulating in the discourse “are mostly
secondhand summaries and should be treated as rough reference” [20].

O5: The discourse comprehensively documents failure modes. Re-
ported and cataloged failures include runaway costs (one experience
report describes roughly eight million tokens spent in 48 hours by
an over-eager CI-fixing loop), infinite fix loops, verifiers that ap-
prove without real checks (“verifier theater”), notification fatigue,
and drift between a loop’s committed instructions and its state [18],
as well as plain disappointment from developers who tried loops
and found they did not help [37]. Two risks were described under
the labels comprehension debt (the gap between what exists in the
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repository and what the developer understands grows with loop ve-
locity) and cognitive surrender (using loops to avoid thinking rather
than to move faster on understood work) [17, 40]. Review capacity is
the practical bottleneck. Commenters in Orosz’s thread observe that
nightly agent runs can open more pull requests than teams can re-
view, so the volume itself defeats the “reviewed by devs” guardrail the
loop depends on. Review fatigue turns the human gate into a “rubber
stamp” while “the pipeline still reports green”, and “the loops that stick
are the ones where somebody was already paid to read the output” [38].

O6: Systematic evidence on the value claims is missing. The
discourse offers a stable design vocabulary and diverging assess-
ments of value, but systematic evidence for either side is missing.
This is the gap our studies target: measuring actual adoption in
open-source projects (RQ2) and testing outcome claims under
controlled conditions (RQ3). Together, O1-0O6 answer RQ1: The
discourse defines loop engineering by handing the next prompt
to a designed system one layer above the harness, agrees on its
building blocks, and disputes its novelty and value.

4 Empirically Studying Loop Engineering
This section reports the mining study that addresses RQ2

(Section 4.1) and the design of the planned controlled experiment
to answer RQ3 (Section 4.2).

4.1 Mining Loop Engineering Traces (RQ2)

RQ2 asks whether software projects adopt loop engineering at
all. Our mining study extends the method of our previous harness
configuration study [11]. On 19 August 2026, we scanned the
complete sample: the 36,710 repositories classified as engineered
software projects [3, 10]. The sample is defined without reference
to loop engineering, so it can serve as a denominator for adoption.

We scanned every repository in this frame for committed
loop-related artifacts using file- and content-based heuristics, and
extracted loop activity from the Git history of the candidate files.
All rules are collected in one catalog, and every result file records
the catalog’s hash. Artifact detection is deterministic and involves
no LLM. Because the dataset’s March 2026 snapshot predates the
June 2026 discourse, we scanned each repository at its current
head and dated each detected artifact by its introducing commit.
Between the dataset’s March 2026 snapshot and our August 2026
scan, 65 of the 36,710 repositories (0.18%) had been removed from
GitHub. We excluded 158 forks (Section 6). We focused on eight
tools: the dataset’s five (Claude Code, GitHub Copilot, Cursor,
OpenAl Codex, and Gemini CLI selected by developer-survey
frequency [10, 46]) plus three open-source tools with native loop
primitives (OpenCode, Hermes, and OpenClaw).

Because most loop building blocks can also occur as ordinary
outer-harness configuration, each heuristic applies a loop-specific
inclusion criterion: A trigger artifact (a GitHub Actions workflow,
or a committed cron entry, systemd unit, or shell script) counts only
when a schedule or event starts an agent from it, a subagent only
when a loop artifact references it as a verifier, a skill only when
its name or content marks it as part of a loop, and a state file only
when its content carries loop structure, such as a run-log entry or
a last-run stamp. We also exclude GitHub Actions workflows gated
on a human mention or label (the @claude assistant template), since
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Table 2: Loop engineering mechanisms and their traceability from GitHub data. The first eight rows are the building blocks
named in the practitioner sources (Section 3); the last two are traces of a loop’s operation. ‘Detected’: number of repositories
with matches (n = 36,645); ‘TP’ (true positives): number of repositories confirmed by manual inspection.

Mechanism Role in the Loop

Example Repository Artifacts

Traceability from GitHub Data Detected TP

Triggering & scheduling
Goal & stop conditions

State & memory

Skills & intent
Parallel isolation

Verification
(“maker/checker”)

Human oversight &
escalation
Budgets & pause controls

Starts runs on a cadence or event

Specifies when a run is complete, in a
form a machine can check
Persists findings and progress across runs

Encodes durable project knowledge read
on every run

Lets concurrent agents work without
collisions

Checks the stop condition independently
of the implementer; can reject

Gates risky actions; receives escalations

Caps spend per run; restricts what an
unattended run may change

.github/workflows/.yml with cron
schedules invoking agent CLIs

Goal definitions in skills, commands, or
workflow scripts

STATE.md, LOOP . md, plan/progress files, run
logs

.claude/skills/, SKILL.md

Git worktrees (local); branch naming
conventions

Verifier subagent definitions
(.claude/agents/), CI gates, protected
branches

Pull-request reviews, CODEOWNERS,
escalation issues, gate rules in loop docs
loop-budget.md, loop-constraints.md,
pause labels

CI schedules visible; tool-native schedulers 253 242

(/1oop) and local cron jobs leave no trace
Visible only when encoded in committed
prompts or scripts

File presence, plus Git history revealing
cadence, authorship, and append-only
updates

Presence detectable; runtime usage
invisible [12]

Worktrees are not pushed; agent branches
indicate general agent use, not loop isolation
Definitions and CI results visible; agent-side
verdicts invisible unless logged

Review traces and documented gates visible;

interactive supervision invisible
Declarations visible when committed;
enforcement invisible

0

Outcomes & provenance

Cost

Identifies what the loop produced

Tokens and money actually consumed

Bot-authored commits/PRs,
Co-Authored-By trailers
Run logs with token estimates

Attribution conventions inconsistent across
tools and teams [42, 45]
Rarely committed; observed logs hold

template values, not measurements [18]

these are interactive sessions rather than loops. Three triggers over-
ride the gate, a schedule, a completed workflow run, and a repos-
itory dispatch, because none of them is a person asking. Table 2
maps which mechanisms can leave evidence that agent runs recur.
Because dedicated loop artifacts are rare, we complement the
artifact scan with behavioral signals derived from the Git histories
of context files (e.g., AGENTS.md, CLAUDE .md) and candidate state
files (e.g., STATE . md, LOOP . md, plan and progress files), since loops
that persist state must revise such files regularly. Over each file’s
recent commits we tested for three signals: cadence (a regular
inter-commit interval between ten minutes and seven days),
authorship (a strict majority of commits attributable to a qualifying
tool), and append-only (append-shaped edits adding dated run-log
entries). The rules and their thresholds are heuristics. We drafted
them from the community reference repository, verified the
invocation patterns against a 100-file GitHub code-search sample
of real agent-invoking GitHub Actions workflows and scripts, and
revised rules whose recorded matches an audit showed were not
the mechanism the rule claimed. Estimating false-positive rates in
advance would have required repositories known not to run loops,
and no such set exists. We therefore inspected every match. Our
supplementary material records the reason for each threshold’s
value and the per-file measurements the signals are derived from.
Because maintenance bots produce similar commit patterns and
humans also edit the context and state files [31], we exclude twelve
maintenance bots and classify a repository as loop-adopting only
when the authorship signal co-occurs with one of the other two
signals on the same file and is linked to a detected loop artifact.
Before reporting prevalence, we manually verified every reposi-
tory our heuristics matched: 256 candidates, each repository a rule
matched plus one qualifying on the behavioral signal alone. We
archived each candidate’s evidence, including its GitHub Actions
run history, so the labels are based on a fixed snapshot rather than
on the platform’s mutable state. For each of the 256, Claude Code
(Fable 5) annotated this evidence against a committed codebook,

labeling the repository yes, no, or unclear on whether it runs an
autonomous agent loop. An adversarial agent on a second model
(Claude Opus 5) then attempted to refute each label, with disagree-
ment downgrading it to unclear, and the last author adjudicated ev-
ery label as the final authority, an LLM-as-annotator design we dis-
close per the community guidelines [2]. Where that snapshot, which
holds each workflow’s 30 most recent runs, could not decide a label,
the adjudication drew on deeper evidence fetched one day after the
sweep and archived with it (complete run lists, per-run job and step
records, and targeted probes). This evidence overturned some labels
the snapshot supported, and we clarified the codebook: A successful
GitHub Actions workflow run counts as an agent execution only
together with a step duration long enough for real work or with
produced output. We retained 196 of the 256 annotator labels. Most
of the 60 changes flip unclear to yes on the deeper evidence. Because
the last author saw the annotator’s labels rather than coding blind,
this is a label-retention rate, not inter-rater reliability, so we report
no agreement statistic such as Cohen’s k. During adjudication, the
last author also judged every individual detection: 325 of the 341
detections we recorded were the mechanism their rule claims.
The scan results, summarized in the rightmost column of Table 2,
divide along a clear line: A loop’s configuration leaves committed
traces, but its runtime state does not. Committed trigger artifacts
are the common case. In 253 of the 36,645 scanned repositories a
schedule or event trigger invokes a qualifying agent (35 scheduled
only, 205 event-triggered only, 13 both), and all but one of the 323
trigger occurrences we recorded are GitHub Actions workflows, the
exception being a committed shell script. Parallel isolation leaves
no reliable trace: Worktrees are local to a developer’s machine, and
the 3,507 repositories with two or more branches under agent name
prefixes (e.g., claude/) reflect ordinary coding-agent use rather
than a loop isolating parallel work [42]. The committed state the
discourse prescribes is absent. Across all 36,645 repositories, the
scan found only two state files meeting the state rule’s content
criterion, one skill marked as part of a loop, no stop condition, no
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budget file, no verifier subagent referenced by a loop artifact, and no
cost log with measured values. Inspection rejected both state files
as homonyms of unrelated “loop” vocabulary. The skill detection
is genuine (an issue-triage skill written for a loop), but no loop in
its repository runs it. The empty goal row reflects the rule’s fixed
phrase list: None of the stop-condition phrases it accepts occurs
in the committed artifacts, yet the annotation recorded a goal or
stop-condition mechanism somewhere in 55 of the 256 repositories
we inspected, several as terminal states or retry caps written into
committed prompts. The behavioral signals show no committed
loop state either. The candidate file names matched 1,334 files with
the required history of at least five commits, in 637 repositories. No
file shows the append-only signal, and the cadence and authorship
signals co-occur on only one file, an agent-maintained context file
in a repository with no detected loop artifact to link to (the verifi-
cation nonetheless confirmed it as running a loop from its platform
records), so the signals alone classify no repository as loop-adopting.
Since loops demonstrably run in these repositories, their state is
either absent from version control or kept in files our candidate file
names do not cover. The signals cannot separate the two. Of the arti-
fact occurrences, 150 were first committed after the dataset’s March
2026 snapshot, all but two of them GitHub Actions workflow files.

Manual verification confirmed autonomous agent processes, ev-
idenced by archived execution histories or the changes they com-
mitted, in 217 of the 256 repositories we inspected (0.59% of the
scanned repositories), against 33 not confirmed and six left unclear.
Excluding the six unclear labels, the heuristics’ precision is 0.868
(95% Clopper-Pearson CI [0.820, 0.907]). Among the 217 confirmed
loops, 21 run on a schedule only (e.g.,dimagi/commcare-android’s
daily workflow, with 276 scheduled runs in the archived history),
180 run on repository events only (mostly automatic pull-request
review), 15 run on both, and one operated until its GitHub Actions
workflow broke. In 12 of the 217, every trigger workflow we de-
tected is marked manually disabled in the archived snapshot. These
and the broken one count as confirmed because they demonstrably
ran, even if no longer at inspection time. Successful runs alone
are weak evidence of agent execution: AI-Hypercomputer/xpk’s
hourly Gemini triage logged 6,290 runs without a single one, be-
cause its gating issue search matches nothing. Two observations are
reported descriptively because no committed artifact carries them.
In 95 of the 159 repositories where we measured review timing,
GitHub Copilot reviews arrive within minutes of a pull request open-
ing, clustered on individual authors’ pull requests, the pattern of
a personal standing auto-request (an account-level setting invisible
to the repository, which never counts toward adoption here). And
no inspected repository declares an autonomy level for its loops.

Claude Code dominates the confirmed tool attributions (189
of 217), followed by OpenAl Codex (11), OpenCode (6), Gemini
CLI (5), Cursor (4), and Copilot (2). Agents do co-maintain their
own configuration: The outcomes and provenance row counts the
30 repositories where an agent-majority context file co-occurs
with a committed loop artifact (without that conjunction the
measure returns 384 files in 217 repositories), but co-maintained
configuration alone is not evidence that a loop produced anything.
Because our pipeline is deterministic and versioned, re-running
it on later snapshots can track how adoption evolves.
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4.2 Effects of Loop Autonomy (RQ3)

The discourse claims that handing off more of the loop increases
developer output. Skeptics claim that it mostly increases token
spend and the number of unreviewed changes. We propose to test
these claims experimentally.

We plan to conduct a controlled experiment in which the same
set of maintenance tasks (e.g., bug fixes, dependency updates,
test augmentation) is executed on selected repositories, using an
agentic Al coding tool. We will compare three conditions that
map onto the hand-off sequence Osmani described [41] and onto
academic autonomy taxonomies [9]: (C1) interactive agent use,
where a developer prompts each step; (C2) goal-driven runs, where
the developer starts each run but hands off the stop condition,
defined in a form a machine can check, and reviews only the result;
(C3) scheduled loops, where runs recur without per-run initiation
and the developer only handles escalations and reviews. Only C3
is a loop under our working definition. Comparing C1 with C2
measures the effect of handing off the stop condition; comparing
C2 with C3, the effect of recurrence. We exclude the proactive step,
in which the agent generates its own tasks, because it makes it
hard to establish a shared task set on which to compare conditions.
All three conditions run the same agent on the same task set, so
the autonomy level is the only independent variable. In the terms
of the two dimensions Osmani separates (see O3), orchestration is
the same in every condition: one agent works on one task. Agency
increases from C1 to C2, where the agent decides when a run is
done; C3 adds recurrence rather than more agency [39]. Our effort
measures capture the cost of checking a run in each condition, a
cost Osmani treats as the bound on autonomy but does not quantify.

To limit the number of human participants, we divide the ex-
periment into three parts: an agent-only benchmark, a simulated
interactive condition, and trace collection from real developers. The
agent-only benchmark compares C2 and C3. Their outcomes are
machine-measurable, so the unit of analysis is one agent run on a
task, and repeated stochastic runs across many repositories provide
statistical power. It uses tasks whose success is decided by auto-
mated tests, as in SWE-bench [23]. Because recent audits found sub-
stantial defects in SWE-bench Verified and SWE-Bench Pro [35, 36],
we will read each task’s statement, tests, and reference solution be-
fore adopting it and discard any showing one of the four flaws those
audits identified. Condition C1 requires a human who corrects the
agent, approves its work, and answers its escalations. Rather than
recruit a developer for every run, the simulated interactive condi-
tion simulates this role, seeded from existing datasets of real agent
sessions that record such interventions at scale [50]: Deterministic
rules extracted from the traces decide when the simulated developer
intervenes, and an LLM generates the content of each intervention.

Trace collection covers what those datasets do not record:
complete interaction traces—prompts, corrections, rejections, and
escalation responses, each with a timestamp and a snapshot of the
repository—from a small group of professional developers. We will
recruit them from our industry network, from students with sub-
stantial professional experience as developers, from contributors to
repositories our mining study identified, and from crowdsourcing
platforms screening for such experience. These sessions work
on open backlog items from the selected repositories; the items
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stay outside the three-condition comparison. Before running C1
at scale, we will validate the simulated developer on held-out
human sessions (it must produce the same outcome distribution,
within agreement bounds fixed in advance). If it fails, a sample
of developers will operate the agent directly at smaller scale. The
benchmark comparison of C2 and C3 does not use the simulated
developer either way. The simulated developer only estimates
what a loop produces under human-like steering; conclusions
about developers themselves come from those who provide traces.

We choose outcome measures to test the claims and counter-
claims of Section 3: task throughput and correctness (e.g., tests
passed, regressions, review rejections), cost (tokens and wall-clock
time), and human effort (active interaction time from input
timestamps, escalations handled, review rounds, and the fraction
of agent-produced diffs developers modify before merging). We
will follow established guidelines for experimentation [54] and for
empirical studies involving LLMs [2], pin the model and harness
versions, and release all configurations.

5 Discussion

New discipline or new label? Our review supports parts of both
positions. Skeptics are right that schedulers, event triggers, and
maintenance bots predate the term loop engineering, and that
autonomic computing described self-managing control loops
decades ago [24]. The new element is not the loop mechanics but
their adoption as a developer practice: Developers place a non-
deterministic worker behind natural-language goal conditions and
verification-governed termination in their own repositories, which
moves the engineering effort from implementing the automation to
bounding it with guardrails, budgets, verifiers, and escalation poli-
cies [26, 34]. Our mining study adds evidence on both sides: Loops
run in practice, but without committing the state files that the
community reference repository prescribes. Of the 217 confirmed
loops, 180 ran on repository events only, most of them reviewing
each newly opened pull request. Such a run reads the pull request,
posts its review, and finishes. The next run starts from the next pull
request—there is no state to commit. The scheduled loops we con-
firmed were mostly issue triage. A triage run starts from whatever
the issue tracker holds at that moment, so the tracker, not a commit-
ted file, carries the backlog between runs. The practitioner sources
we reviewed prescribe committed state files to persist findings and
progress across runs. In most of the loops we confirmed, there was
either nothing to persist or the issue tracker already held the state.

Macedo’s corpus of published loop designs reaches a comple-
mentary conclusion from the opposite sampling logic: Even among
exemplary loops, automated triggering and durable memory are
the least developed elements [29]. On stop conditions the numbers
diverge: 74% of the published designs name terminal states, while
our fixed phrase list matched nothing. The divergence is not a
contradiction. Published exemplars spell their stop conditions
out; ordinary projects that commit one phrase it in their own
words (Section 4.1). Explicit loop design may be transitional if
tools absorb today’s explicit commands into harness features, as
the discourse itself suggests [37], but the design problem it names,
bounding a non-deterministic worker with verification, budgets,
and escalation, does not disappear when they do.
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Implications for research. If loops become a common operating
mode, the unit for evaluating coding agents shifts from a single
run on a bounded task, as in current benchmarks [23], to a loop
operating over time, where convergence, cumulative cost, drift, and
the quality of escalations matter. This extends the open problem
of harness-level evaluation [34] and makes loop observability a
research topic in its own right. Our scan makes the observability
gap concrete: The loops we confirmed were visible only through
committed triggers and platform execution records, their state was
not version-controlled, and some agent activity has no committed
artifact at all (GitHub’s dynamic Copilot workflows, the personal
review auto-request of Section 4.1, agents driven through /1loop or
/goal, private repositories, and platform-native schedulers). Repos-
itory mining therefore observes the configuration side of loop engi-
neering while under-estimating its runtime side, as the traceability
column of Table 2 records. Our planned autonomy experiment
(RQ3) complements it by observing that runtime side directly.

Implications for practice. The most consistent advice across
sources is for developers to design an independent verification step
for the agent’s work before granting autonomy and to adopt a loop
in stages from report-only to unattended operation. That advice is
intuitively plausible but, to our knowledge, untested. Our planned
autonomy experiment (Section 4.2) measures task outcomes and de-
veloper effort as autonomy increases from interactive use to sched-
uled loops. If loops become common, the developer’s work shifts to
setting goal conditions, designing that verification step, and defin-
ing budgets and escalation; software engineering education would
then need to teach these skills, as it teaches testing and code review.
Ng argues that developers’ “context advantage” over the agent keeps
the developer feedback loop from being automated [33]. Judging
what a loop should be pointed at is then itself a skill to teach.

GitHub’s run history records each run’s outcome, success or
failure. Only the job and step records show whether the agent
executed. Teams running a loop can make idle runs visible in the
run history itself: report “nothing to do” instead of success when a
run finds no work, log how long the agent step ran, and log which
artifact each run created (e.g., a pull request, comment, or commit).

6 Threats to Validity

Construct validity. Sources disagree on what counts as a loop, and
the term collides with unrelated uses, so our working definition may
not match that of others. Our mining study operationalizes loop
engineering through specific artifacts and traces. The inclusion cri-
teria and manual verification (Section 4.1) reduce but do not remove
the risk that these indicate ordinary automation. The line between
an agent-invoking maintenance workflow and an engineered loop
remains a judgment call; our codebook states the criteria we applied.

Our heuristics started from a single community reference
repository and were iteratively refined against real workflows
(Section 4.1); still, a loop that follows conventions they do not cover
is not detected. In the other direction, 16 of the 341 detections were
false positives; the “TP’ column of Table 2 reports for each mech-
anism how many detected repositories the inspection confirmed.

To keep the captured data at a manageable size, our pipeline
saved each repository’s matched files under per-repository and per-
file size limits. These limits dropped files in 26 repositories before
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they could be checked against our rules, so detections there may
be missing. The supplementary material lists every dropped file.

Our authorship heuristic attributes a commit made by GitHub’s
CI account (github-actions[bot], the identity under which
GitHub Actions workflows commit) to a qualifying tool if the
repository carries a detected agent-invoking workflow. This link
is repository-level, not per workflow, so commits from unrelated
workflows can be misattributed.

Internal validity. The 256 repository labels (Section 4.1) were
annotated by an LLM and adjudicated by one author, not inde-
pendently double-coded. The labels are based on each repository’s
archived GitHub Actions run history and on file content at
the pinned head commit. During adjudication, the last author
overturned labels that the run outcomes alone had supported. The
archived job- and step-level records showed that in several runs
marked successful, some ending within seconds, the agent step
never executed. A successful run alone is therefore weak evidence
of agent execution.

Because we inspected every matched repository, our heuristics’
reported precision is an exact proportion; the 95% Clopper—Pearson
interval reported alongside (Section 4.1) estimates the precision
of a re-run on later and larger snapshots.

Our exploratory literature review (Section 3) is interpretive,
not exhaustive: The last author selected the sources by following
the discourse, so relevant material may be missing and another
reviewer might weight the sources differently.

External validity. The prevalence we report describes our
repository sample, not open-source software at large. The sample
inherits the original dataset’s composition—ten languages, activity
filters, and an LLM-based engineered-project classification [10]—
and its repository list was fixed in March 2026. We scanned
the repositories about ten weeks after loop engineering was
coined, so the practice had little time to spread. We excluded 158
forks, identified by a head commit shared with an earlier-created
repository, from all detection and behavioral counts; diverged
forks escape this criterion, so some duplicates may remain. Our
counts cover the eight qualifying tools only: Loops calling an LLM
API directly are not counted. Commits made by three of the eight
tools carry no distinctive author name, email, or trailer, so the
behavioral signals cover only the remaining five tools.

Our scan observed each repository once on 19 August 2026.
The Git histories and archived GitHub Actions runs we read cover
the time up to that date. A loop whose committed artifacts were
removed before the scan is therefore invisible, while a disabled loop
whose artifacts remain is still detected—one confirmed loop ran
at least 27 times before its maintainers disabled it. Our behavioral
heuristics require at least five commits per candidate file, so loops
adopted in the weeks before the scan cannot meet that threshold.
We also observe only what GitHub exposes: Platform-native and
off-platform schedulers leave no committed execution record, and
dynamically created workflows (e.g., Copilot’s coding agent runs)
leave execution records but no committed workflow file, so our
scan does not count them.

The reviewed discourse is weeks old, dominated by a few
highly visible voices, and possibly subject to survivorship
effects. Practitioners who tried loops and then abandoned them
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may not post about it. It is also unsettled—ten days after the
retrospective we cite, Osmani proposed a different account of
agent autonomy [39]—and parts of it may be machine-generated:
Orosz reports that his practitioner survey attracted hype replies
from apparent bot accounts [37]. Our mining evidence comes
from public open-source repositories only. The high-volume
internal deployments described in O4 leave no public trace, so
the prevalence we report understates adoption overall and covers
industry practice only where it happens in open source.

Data availability. Our supplementary material is openly avail-
able on Zenodo [28]. It contains the collected source copies and our
extraction and consolidation notes for the review, and for the min-
ing study the scan scripts, heuristic catalog, result data, annotation
protocol and codebook with adjudication record, per-repository
evidence files, and archived GitHub Actions run histories.

7 Conclusion

Within weeks, loop engineering went from being coined in a
blog post to a contested term for a practice that tool vendors had
already begun to support. Our review of the gray literature found
a stable vocabulary paired with an almost complete absence of
evidence on the practice’s claims of value. Our research agenda
starts where Galster et al.’s harness configuration study ended [12]:
measuring which parts of the loop leave traces in open-source
repositories, and testing under controlled conditions whether
handing off more of the loop improves outcomes. Our mining
study gives that agenda a first data point: Autonomous agent loops
already run in open-source projects, mostly for pull request review
and scheduled issue triage. However, their state is not captured
in committed files. For the journal extension, we will re-run the
mining study on later and larger snapshots (RQ2) and run the
autonomy experiment (RQ3). Loop observability and the effect
of loops on program comprehension remain open directions.

The discourse has already named a layer above the loop: On
17 July 2026, Steinberger asked whether the discussion was still
about loops or had shifted to graphs [47]; within hours, Hamel
Husain published “Loop Engineering Is Dead. Enter Graph Engineer-
ing” [22], and Lindenberg reads the new term as loops wired into a
structure, agents as nodes, with work, state, and routing decisions
along the edges [25]. We treat graph engineering as an outlook
on what to study once individual loops are understood, not as an
extension of our agenda: Our mining study and our planned auton-
omy experiment address the single loop, and a result measured on a
graph cannot be attributed to the individual loops or to the connec-
tions between them before RQ2 and RQ3 are answered. Only forty
days separate the coining of loop engineering from Steinberger’s
question—less time than either of our studies takes to run. Waiting
for the terminology to settle would mean not studying the practice
while it is forming. Our heuristics detect scheduled, verified, state-
carrying agent runs whatever practitioners call them, so our agenda
holds whether the next label is graph engineering or something else.
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