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Figure 1: Our SEMANTICCOMMIT interface, providing users myriad ways to detect and resolve conflicts at global and local levels.
Our prototype was used as a probe to better understand the needs of users for integrating new information into lists of prior
information akin to Al agent memory or requirements lists. The screenshot depicts a short list describing a “Squirrel Game,”
where the user is integrating a new feature. Potential conflicts are highlighted in red and pink to mark degree, and the AI has
added a new piece of information to the store and proposed an edit to another piece, both marked for human verification.
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Abstract

As Al agents increasingly rely on memory systems to align with
user intent, updating these memories presents challenges of
semantic conflict and ambiguity. Inspired by impact analysis in
software engineering, we introduce SEMANTICCOMMIT, a mixed-
initiative interface to help users integrate new intent into intent
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specifications—natural language documents like AT memory lists,
Cursor Rules, and game design documents—while maintaining
consistency. SEMANTICCOMMIT detects potential semantic conflicts
using a knowledge graph-based retrieval-augmented generation
pipeline, and assists users in resolving them with LLM support.
Through a within-subjects study with 12 participants comparing
SEMANTICCOMMIT to a chat-with-document baseline (OpenAl
Canvas), we find differences in workflow: half of our participants
adopted a workflow of impact analysis when using SEMaNTICCOM-
MIT, where they would first flag conflicts without Al revisions
then resolve conflicts locally, despite having access to a global
revision feature. Additionally, users felt SEMANTICCOMMIT offered
a greater sense of control without increasing workload. Our
findings indicate that Al agent interfaces should help users validate
Al retrieval independently from generation, suggesting that the
benefits from improved control can offset the costs of manual
review. Our work speaks to the need for Al system designers to
think about updating memory as a process that involves human
feedback and decision-making.
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1 Introduction

In the near-future, people may coordinate with Al agent systems
through project-specific documents that represent accumulations
of user intent [66, 92, 100]—lists that we call intent specifications.
These human-readable accumulations of design requirements, user
goals and preferences reify common ground [8, 19, 92] between
humans and Al systems, grounding Al decision-making by keeping
track of details and goals, surfacing implicit assumptions made by
Al and acting as a intermediate representation of an Al system’s
‘understanding’ which the user can inspect and edit (Figure 2).
We dream of a world in which people can make semantic com-
mits: committing ideas and details to projects like they commit
code, and dealing with the “merge conflicts” that may occur. One key
challenge standing in the way of this paradigm shift is integration:
how to responsibly and verifiably integrate new information into a
repository of natural language [92], e.g., to update an Al agent’s
memory of user intent in a reviewable, concise, and accurate man-
ner, such that the memory remains aligned. How can technology
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assist with the integration of a new piece of information into an
existing repository at scale (e.g., a design document, a requirements
list, documentation, a wiki, novel, etc.)? The new information may
conflict with prior information—something may become incon-
sistent or contradictory. Changing existing information can incur
the same effect. We frame this challenge for the community as
semantic conflict detection and semantic conflict resolution,
since it operates at the level of semantics and concepts, unlike past
techniques that operate on pre-defined structure and syntax.

Over brief time-frames and short documents, simple methods—
such as using LLMs to regenerate entire documents or apply string
replace operations [56]—can perform edits, but as humans interact
with agents over long time-frames and complex projects, these
methods cease to function at scale. Simple vector store architectures,
seen in retrieval-augmented generation (RAG), also face challenges,
since detecting semantic conflicts frequently requires multi-hop
reasoning, a well-known failure mode [25, 36]. How to resolve a
conflict is also often subjective [14, 49], and therefore a problem
for HCI, as for example, particular conflict resolutions may incur
cascades where solving one problem creates another. Systems thus
need ways not only of identifying conflicts and inconsistencies
efficiently and accurately at scale, but of interactively assisting users
in conflict resolution in a way that a) helps users reflect and b) foresee
the impact of changes, c) only makes the necessary changes without
touching other information, and d) minimizes user effort while
maximizing changes’ alignment with user intent. Downstream Al
systems could use conflict detection results to, e.g., decide whether
to perform grounding acts [83, 85] such as request for clarification.

To help researchers better understand the problem of updating
Al memory of user intent in an aligned manner, in this paper, we
provide several contributions to the literature. We:

(1) Define the term intent specification to name grounding doc-
uments that coordinate with Al agents, such as user-defined
“memory” lists for Claude Code [2].

(2) Provide design goals for Al-assisted interfaces for semantic
conflict detection and resolution, inspired by related literature
such as impact analysis in software engineering.

(3) Develop an interface, SEMANTICCOMMIT, iterating its design

over two pilot studies. Our system implements a range of af-

fordances for conflict detection and resolution and is intended
as a probe of user behavior.

Introduce an architecture for semantic conflict detection at

scale. Our approach uses induced knowledge graphs, adapt-

ing emerging architecture in retrieval-augmented generation

(RAG) [36]. To test and compare our approach to prior ap-

proaches in the literature, we also provide an initial evaluation

dataset (“evals” [87]) across three domains.

Provide empirical insights from a within-subjects user study,

examining how users detect, understand, and resolve conflicts

when updating intent specifications for Al memory, comparing

SEMANTICCOMMIT to OpenAlI’s ChatGPT Canvas.
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Our findings suggest that Al agent interfaces should enable
users to perform impact analysis, separating retrieval from
generation—steps that are currently conflated in many Al-powered
software engineering IDEs. Surprisingly, although users appeared
more engaged when using SEMANTICCOMMIT, they did not report
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Figure 2: A high-level depiction of our envisioned interaction
between humans and Al assistants for long-term projects.
The human-readable intent specilcation servesasan inter -
mediate layer for enhancing common ground between the
human and the Al, and grounds the AlOsdecision-making.
We assumefuture Al agentswill have asimilar intent spec
ilcation layer. Our project squarely concerns how the Al
updates this memory in arobust, verilable manner, and in
the process might surface con"icts to the user to get their
feedback in resolving them.

signilcantly higherworkloadthan the moreautomatedCanvasul.
This suggestghat the benelts of improved control can o#set
the cost of manual review, possiblyby shifting userworkload
away from metacognitivedemands[89 that usersface when
prompting in open-endedhat,towardsthe demandf the actual
task,suchasreviewing con'icts.

2 Motivation: Intent Specilcations Ground
Human Coordination with Al Agents

Humansareincreasinglymanagingandvalidating the outputs of
Al systemsthat implemententire software systemslike games,
websitesand apps.To reducerisk andalign Al decision-making
in userpreferenceshuman-readablelocumentsare emergingasa
mechanisnto createand maintaincommonground[19 between
humansand Al systemsactingon their behalf[8§.
Numerousexamplesare emergingof this interaction paradigm.
TheAl-poweredprogramminglDE Cursor,for instancecanground
its behaviorin user-madeOcursorulesONmarkdowdocuments
that Als readto groundtheir behaviorin userpreferencesNaboth
project-specilcandgloballevels[21].1 Rulesrangefrom sweep
ing commandslike Oneveuseapologies @ the highly particular,
like Ouseectorizedoperationsin pandasand numpy for improved
performance @sersdeveloptheserules over time acrossmany
interactions.Anthropic hasalsoadoptedthis paradigm:with the
ClaudeCodeagent,userscreateCLAUDE.ds listing project- and
global-leveldirectives;AnthropicOswn OmemorypestpracticesO

Ipeoplehavestartedcrowd-sourcetheserules:the OAwesome€ursorRules@pository
and CursorList.cominclude hundredsof ruleslists, contributedby everydayusers,
indexedby programminglanguagelibraries,andusecasesSeeg.g. https://github.
com/PatrickJS/awesome-cursorrules.
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tell usersto format memoriesas ObullepointsGand remindsthem
to manually Oupdatenemoriesasyour projectevolves®?2]. These
Omemoried2lp ClaudeCodeOremembagrojectconventions ar-
chitecturedecisionspr codingstandardghat we want to reference
acrosssessions{®§. Not to be outdone the CEOof WindsurfNa
competitorto CursorNjustannounceda yet-to-be-implemented
Oauto-generatenemories@eaturewherethesememoriesof user
intent are automaticallyupdatedby an Al, which will inevitably
encounterthe very challengesve discusshere?

Everydayusersarealsoincreasinglycoordinatingwith Al sys
temsthrough lists of requirementsexpressedn naturallanguage.
Forinstance usersare generatinggamesrom specshat resemble
lists of softwarerequirementsHereis an excerptfrom areal user’
to give readersa senseof how theserulesappearin practice:

¥ The dog barkswhen the player clicks or taps on the screen,
makingthe sheepmovefaster

¥ Sheepshouldreactrealisticallyto the dogOpresence

¥ Whenfrightened,the "ock shouldscatter

This userOsxamplewhich in total has27 requirementsjs only
the start of aninteractionwith an Al agent.As the userinteracts
and projectsgrow in complexity, future Al systemswill needto
assistin the extensionand updatingof theserulesanddetails.

We call theselistsNcursorrulesCLAUDE.nHds, userdirectives,
Al memoryof userintent, etc.Nintent specilcations , adapting
andbroadeningthe notion of requiremenspeci!cationsn software
engineering® Intent specilcationsare evolving, comprehensible
documents of userintent that ground Al decision-making and
reify common ground betweenhumans and Al systems Wein-
troduceintentspecilcationto underscorghat suchdocumentsnay
not only coverdesigndetailsor softwarerequirementsput how the
Al shouldcommunicateo the user,who the useris, the userOgoaIs
anddreamsegtc. Saiddi#erently, anintent speci!cationis not only
adescriptionof userintent, but may alsoincludeinformation that
helpsan Al agentassumaiserintentNi.e.,background assumed
preferencesNacceleratintipe establishmenbf commonground.
However,unlike a generalmemorystoreNwhichcouldbean ex-
tensivecollectionof all interactionsNintentspecilcations@urpose
is to bereviewable comprehensiblenddigestible to beinspected
andeditedby humans.n responseo edits,the Al will adjustits be-
havior, suchasrevisinganimplementation;the Al may alsoamend
the specilcationin responseo the useror to betterre"ect new
implementationdetailsand assumptiong§92,10Q (Fig.2).

As we mentionin our introduction, the integrationof new infor-
mationinto anintent speci!cationis not (always)straightforward.
Peopleandideaschange New information may con"ict with prior
information, especiallyas projectsand userinteractionsstretch
from daysto monthsandyears.Proposedapproacheso memory
with RAGarchitectureswhich storeall memoriesverbatim,do not
accountfor thesepotentialcon"icts (e.g.[1,44,74).

Toillustrate the nuanceof semanticcon'ict resolution,consider
two chunksof information regardingawarp drive in agame.One
chunk statesthat Othewarp drive canexceedhe speedof lightO

2https://x.com/vitrupo/status/1900146068030914740
Shttps://github.com/vnglst/when-ai-fails/blob/main/shepards-dog/README.md
4Leveson{57] introducedthe term Ointenispeci!cation(n the contextof software
engineeringto track requirementsOur de!nition of intent specilcationis broader,
andmorelooselyde!ned to supportawide variety of documentsandscenarios.
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while the other chunk specilesthat Owherthe shipOwarp drive is
activatedjt Irst movesslowly andthensuddenlyoperatesatavery
high speed @ a new chunk stating Onanaterialcanmovefaster
than the speedof lightOis added then a contradictionariseswith
the Irst chunk.However,it is unclearwhetherit contradictsthe
secondabouta Overyhigh speedONwhicim the full contextimplies,
but doesnot clearly state faster-than-lighttravel. Any attemptat
fully automatedsemanticcon'ict resolutionis subjectto debatein
suchsituationsbecausef the ambiguity of natural language.

Our chiefinsight is that integration of new information into an
Al memorystoreis a procesthat canrequireinteractive human-in-
the-loopfeedbackor alignedresolution.BothusersandAl systems
needsupportfor semanticcon"ict detectioflto understandwhen
a con"ict hastaken place,with what information, and howNas
well asresolutionasresolvingcon®icts couldinvolve the revision,
addition, or deletionof existinginformation in a mannerthat may
addor changedetails.To resolvecon'icts, practicalassistancenay
requireclari!cation of ambiguitiesconstructivenegotiatiorof ideas
[9, or delegatiorof tasks[88 10Q. However,it remainsunclear
how usersupdate,and want to update,intent specilcationsin
practice What alordances should Al memory interfaces have
for the process of integration? How do users think about
semantic con"icts and what needsdo they have for resolving
them with con#dence?How can we help users update intent
speci#cations like CLAUDE.n#tles with con#dence? Before
returning to thesequestionswe Irst connectto existing literature
that canhelp shedlight on this emergingparadigm.

2.1 Related Work

2.1.1 Design documents to coordinate work in human teams.
Therise of intent specilcationsmirrors what humanteamsalready
doto coordinateactions.Acrossmany domainsNfromproductde-
sign,to gamedevelopmentsoftwareengineering UX design,and
animationNpeoplestandardizehe vision (look, feel,goals plans,
etc) of a projectin documentsthat are often called Odesigmioc
uments@11]. Thesedocumentsserveto establishand maintain

commorgroundbetweenparties[19, ensuringeachmemberQac
tions remaingroundedn sharedunderstandingand objectivesin

animation,the designdocumenttakesthe form of modelsheets

[69, which standardizehow to draw charactersand other assets.

GamedeveloperaiseOgamelesigndocumentsQGDDs)to keep
developmengroundedacrossateam[20. In softwareengineer
ing (SE)and UX researchneed-Inding processegroducea Osys
tem requirementsspecilcationQhat is passe# to the software
team[39 63. ProgrammersievelopOcodingtyle guides ©r norms
aroundnamingconventionscommentsandwriting tests,aswell
asOcontributingguidelines@hat establishrulesfor externalcon
tributors. Thesedocumentsserveto externalize standardizeand
coordinatethe high-levelintent of ateamNitsobjectives details,
proceduresandfeelNandarerevisedasthe projectproceedg 2Q.
Intent speci!cations,while lessformal than code,arealot like
software:they encodedependencieamongideasthat constrains
future evolution. Thesedependenciemay be Osequential®e.,a
customterm s de!ned then usedlater on) or heterarchical As in-
teractionscontinue,teamsOcommit@ew information to the intent
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specilcation, and must resolveoutdatedor inconsistentdepen
denciesMaintaining consistencyis paramount becausehe very
purposeof thesedocumentss to enforceconsistencyandde!ne
standardsFor instance,from a study of gamedesignersO[She]
writesthe GDDassheis designinghe game..taking anythingout
of...the GDDthat con"ict with the consistencef her plot. [She]...
wroteher entire GDD...as a list, which shefrequentlyaddedand
deletedrom asshedesignethegame20, p.9]. The!leld of require-
mentsengineeringin SEalsostresseshe importanceof clarity,
conciseness;ompletenessand unambiguougequirements 23,
with Ocommissiofinclusionof irrelevantor incorrectdetails)and
omission(exclusionof necessaryletails)@sadditionalconcerns
[66. However,revising requirementsaccuratelymay requirecorr
siderationof intent information outsideformal speci!cations[57].

2.1.2 Impact analysis in solware engineering . In software
engineeringyisibility on the rami!cations of afeaturechangeor

additionis calledimpact analysis: identifying what partsof the

sharedcontext(coderepository)will needto beamendedfor the

changeto occur[6]. ImpactanalysisOpredict[sihe system-widem-
pactof achangerequestbeforeactually carrying out modi!cations

to the system..sothat appropriatedecisionselatedto the change
requestcan be made,suchas planning, schedulingand resourc
ing...The potentialimpactsarethen interactively validatedby the

userQ38 p. 174-181]Impactanalysisis complementedy feature
localization(retrieving relevantcontextto inform impactdetection)
andfollowed by changepropagation(actuallymaking changeso

code)[24. In our non-codingcontext,we might interpret these
stepsasl!rst retrieving relevantinfo, then detectingwhat infor-
mationis impactedthen helping usersmakechangesNote that

impactanalysisis a sense-makintask,lessa codingone:impact
analysisprimarily surfacesystementitiesanddependenciethat

may bea#ectedby a proposedchangealthoughsometoolsdo help
userschangethe underlying code[50.

2.1.3 Conflict detection and resolution techniques and in-
terfaces. Con'"ict detectionandresolutionare classicproblemsin
computing,usuallyarisingin contextsof collaborativeinformation
processingo mergeasynchronoushangesEngineershavedevet
opedtechniquessuchasversioncontrol [ 70, groupwareplatforms
anddatabaseynchronization[55 61, 75, andconcurrency-control
systemg 26 37. TheQgittbmmand-linanterface[ 76, for instance,
is apopularversioncontrol systemwhereusersmakeOcommitsONa
changeto a lle repository, alongsidea pithy messageNtkeep
track of changesTo help usersunderstanddi#terencesetweenver-
sions,many interfacespresentOdi#s@4g. NumerousLLM writing
toolshavebeenproposedhat incorporatedi#s, spanningvarious
areassuchasstory writing [17, 18 99, screenplaywriting [68,
poetry [32, dictation [6(, and argumentative[94, 10] and sci
entilc [29 writing. I'"S#!$ [56], for examplejs a prototypefor
executablendverilable text editingwith LLMs,which showsLLM
editsasdi#s on the document.To makedi#s, I'"S#!$ usesstring-
matching:it reliesuponthe LLM to reproduceextractsof text to
changeandthen specifythe replacementthis methodis alsoused
by Anthropic Artifacts [78§.

Thesecon'ict algorithmsoperateon syntax,rather than seman
tics. Currentinterfacesprovidelittle to no supportfor usersto see
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the semanticdamilcations of their changeson the restof the docu

ment.An exampleis editing a scenein a novel:would changinga

lunch betweentwo charactergo adinner settingimpactsomething

hundredsof pagedater? Thesesemanticcon'icts requirededicated
supportto detect,visualize andresolve.Semantiacon"ict resolu

tion interfacesmustgobeyondvisualizingwhat changesveremade,
to what changesouldbemade wherethey shouldbe made,and

whattheelectsmight be.This resembledeedorward a#ordances
that help the userforeseethe impactof anaction[67,93.

2.1.4 Human-Al collaboration grounded in shared, interme -
diate representations. HCI has,in a sensealwaysbeenabout
communicatingto machineghrough sharedrepresentation$4, 41].
However,pastsharedrepresentationiadto bestrictly formalizedN
into programminglanguagesgomain-speci!clanguagegDSLSs),
schemaetc.NtoensuredeterministicoutcomesThesesharedrepre-
sentationshelpednegotiateagencybetweenhumansandmachines
[40, but ultimately could only go sofar, asend-usersalwaysre-
signedsomeagencyto the representatiordesigner(s)58,92.

Todaywith LLMs,we arelesslimited by this constraint,and
solutionsto the problemof human-machinecommunicationmight
be betterfound in cyberneticstheory [9] than static formalism.
E#ective human-Al communicationrelies upon tight feedback
loops[104, but alsoo#ering humanscontrolin the form of trans-
parencyover Al understandingand context. Along theselines,
emergingHCI researchenvisionsthat Al systemswill begrounded
by sharedrepresentationsf a moreinformal natureNlistsof direc-
tivesexpressedn naturallanguagg 66, 92 10Q. Someresearchers
evenarguethat theseinformal expression®f intention will be
Oallyou need@80 81]. Forinstance Vaithilingam et al.imaginea
hypothetical Al gamedesignassistantwhere the Al Ointegrates
user] choicesinto the project plan{d92, while Zam!rescu et al.
explorean iterative designloop with an Al agentthat Otracksleck
sionsthat the humanhasmade@nd Osurfacedecisionshe LLM
hasimplementedin the code@n a running list [10Q. Ma et al.
de!ne Orequirement-orientegrompt engineering Gelping users
generatea Ocleagompleterequirements(st prior to prompting
an Al to implementsoftware.They stressthat makinga goodlist
requiresskill and support[66. Theseprojectsspeakto the need
for targetedsupportfor updatingintent specilcationsthat ground
Al behavior.Ensuringalignmentwith userintent (e.g. by reduc
ing inconsistencies)s critical: miscommunicationsre the chief
reasonfor breakdownswith Al agents[8§, andthe potential of
failure compoundsascommunicationcontinueswithout addressing
misunderstanding$85.

2.1.5 Natural language inference, reference ambiguity, and
knowledge graphs. Finally,the technicalsideof our work relates
to naturallanguagenference(NLI),aresearchareain NLP[49 that
concernshe classilcationtask: Giventwo sentencesNaremise
sentenceand a hypothesisbdoethe hypothesissentencefollow
from (entailmen}, contradictor beara neutralrelationshipto the
premiseHCI scholarshaveappliedNLI to dataannotation[95,
in-situ summarieqg62, andLLM responseconsistency{16. Our
discussiorof NLI providesadditionalcontextfor our systemdesign.
Detectingcon'icts is by no meansan objectivetask; human
annotatorsfrequently disagreq 14, 49. Jiang& de Marne#e[49
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investigatedreasongor humandisagreementiuring NLI classi!ca
tion andarguefor afourth categoryOcomplicatedyhich increased
modelrecall. Their goalwas Ononecessariljto maximizeaccuracy.
A modelthat canrecallthe possibleinterpretationsis preferred
to a modelthat missesthem((49, p. 1365].Chenet al.[14 also
introduceda fourth category,Oambiguoust® denotesituations
where Oitis unclearwhetherthe claim andthe evidenceeferto the
samecontext.. [i.e.,] thereexistmultiple possibleassignment®r
interpretations (The authorsreferto this asreferencambiguitylN
whenthe two sentencesouldcoexist,but it is unclearNandfound
that it explainedmany annotatordisagreement§14.

NLI appearsn recentdiscussionn the future of SE,which
proposethat LLMsmay beusedfor formal requirementsanalysis
[7,90; e.g.Lubosetal.[65 studiedhow LLMscanprovide quality
feedbackon requirementswhile Fantechiet al. [27 analyzean
LLMOsbility to detectinconsistenciesmportantly, Fantechietal Os
methodsimply fedin the entire list into the LLM and askedit to
detectcon'icts; they found that LLMs could only processOshort
requirementdocumentshis way. They concludethat despitelower
accuracycomparedo humansOmanualetectionof inconsistencies
is more expensive,growing quadraticallywith list size,Owhereas
examining[LLM] answersto distinguishtrue from falsepositives
is amuchlighter task(27, p. 338].Fazelnizet al. [2§ alsotrained
anNLI modelto analyzerequirementdists, andconcludedhat NLI
modelssu#eredin multi-hop con"ict detection.

To better capture dependenciesmongrequirements,SEre-
searchergproposedontology extraction,wherea systemgenerates
aknowledgegraph[3, 23 capturingrelationshipsbetweenrequire-
ments,a methodintroducedby Kaiyaand Saeki[5]]. Forinstance,
Hsiehetal.[45 extracta domain-specilcontology by mining in-
formation from textbooks;while Dermevalet al. [23 usea web
ontologyasavisualizationtechniqueto help SWESn writing more
OcorrectOcomplete@consistentgahd Ounambiguousdftwarere-
quirements.Suchgraph-basedisualizationshavealsosupported
impactanalysisfor instance Wolf [3( showsthe impactof pro-
posedchangesvia a dependencygraph. This work informedour
decisionto useknowledgegraphs(Sectionb).

3 Design Goals

Herewe chronicleour initial designgoalsfor S!"#$%&'C(""'&%,
aswell asour revisedgoalsasthe result of two pilot studies.

We wantedto designa prototype to better understandwhat
interfacea#ordancesisersneedto facilitate robustandtrustworthy
updatesto intent specilcationsin a mannerthat 1) maintained
their alignmentwith userintent and2) kept unrelatedinformation
untouched We thus went for a kitchen-sinkapproachto includea
variety of featuresthat usersmay, or may not, chooseto engagein,
that seemedeasonabldasedon pastcon'ict resolutioninterfaces,
andobservewhat featuresusersind mostimportantandhow they
usethesefeaturesin concert.Basedn our review of pastliterature
on con'ict detectionandimpactanalysiswe identiled aninitial
setof designrequirementsfor S!"#$%&'C(""&%:

¥ Foreseeimpact : Literature on impactanalysishighlights the
importanceof letting userspredictthe e#ectsof achange[6, 24,
30. Our systemshouldallow users@ foresegotential down-
streamimpactwithout actually proposingany changes.
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¥ Detect conlicts : Thesystemshouldassisthe userin detecting
potential conlicts or contradictions betweenexistinginforma-
tion andthe newinformation beingintroduced[26,27.

¥ Understand conlicts : The systemshould provide explana
tionsto helpthe userunderstandandreasonaboutthe conlicts.
Explanationssupportimpactanalysissense-making5d and
havebeenshownto improvetrust in intelligent systemdq59.

¥ Assist conlict resolution : Like someimpactanalysistools
helpusersmakecodechangeg 3§, ourtool shouldhelpusersre-
solvesemantiaconlicts atbothglobal(i.e.,entire documentiand
locallevels.The Al shouldsuggestpossibleresolutiorstrategies
while leavingusersfreeto manuallyedit at any time.

¥ Leavenon-conlicting information unchanged: Integrating
new information shouldonly touch piecesof information that
arein conlict, andleaveothersunchanged.

¥ Support local changes Usersshouldbe ableto inspectpro-
posedchangesn situ anddecidewhetherto acceptyeject,or
further revise(suchasvia a Odi" Griew). Designguidelineson
human-Al agencyand prior work alsostresson giving usersO
#ne-grainedcontrol over Al suggestion§40,56.

¥ Revert changes Dueto the stochastimature of LLMs,andthe
complexityof semanticcommittask,it is vital to provide ways
to recoverfrom Al failure [10 9§. Proposedchangegedits)
shouldbeableto berevertedat globalandlocallevels(i.e. to
cancelspeci#crevisionsor backout from awide-scalechange).

¥ Work at scale: To supportawide rangeof contextsandlong-
term usage the systemshould operateat scaleN handling
lengthy intent speci#cationsvithout introducing latency.Users
shouldnot haveto worry aboutdocumentength.

Notethat there are other designgoalswhich areimportant to
generalserinterfacesfor managingAl memoryNsuchasversion
control, branching,and navigation (seeMemole{97)Nbut we do
not considerthem here®

It is critical to note that while somedesigngoalsoverlapwith
documentediting interfaces,a primary goalof our researclis to
produceadesignimplicationsfor situationswheretheremay beno
manualdocumenviewNe.g. situationswherethe useris commu
nicating entirely through a chatUl, wherethe Al is managingthe
intent speci#catiorfor themandmaysurfaceconlicts in adi"erent,
constrainedmanner(anddecidewhether,when,and how to do so).
We intend that semanticcommitwill eventuallybea programmatic
APl for helpingdevelopersipdateintent speci#cationghat ground
Al agentsystemsThus,we designedbur interfaceto purposefully

constrainediting to separatepiecesof informationNOmemories O

detailsor rulesNratherthan enablingthe userto perform freeform
writing tasks(i.e.,think OpenAl ChatGPTOmemory store[73,
ratherthan Microsoft Word).

3.1 Early Prototype and Pilot Feedback

Our explorationswent through substantialiterationsand prompt
prototyping over a period of eight months,evolvingin responsdo
two pilot studiesand progressingrom a card-basednterfaceto a
list of texts.We chronicleour early designandformative studies.

SIn particular, in real-life intent speci#cationdike Cursor Rules,userssometimes
group linestogether;we chosea simplelist to avoid complexityin our initial design.

Vaithilingam et al.

Fromour designgoalswe built aninitial prototype,wherepieces
of information were written on cardsakin to post-itsand couldbe
freely moved.This interfacewaslimited to prompting our conlict
detectionfeature,and studiedhow userswould integratedchanges
into (a chunkedversion of) the gamedesigndocumentfor the
unpublished_ucasArtsgamelLabyrinth[31]. In this early prototype,
cardswere only markedaseitherin conlict or not.

Weranonepilot studywith #ve usersof our card-basedhterface,
andasecondwith four usersof arevisedinterface Key takeaways:

¥ Thecolor-codingof cardsmarkedasconlicts drew useratten-
tion sometimesentirely awayfrom manualinspectionof non-
markedcards.Possiblyin reaction,all pilot userspreferred
higher recall over precision. They viewed false negatives
(misseddetectionsof true conlicts) ascatastrophicwhile false
positiveswere easilyhandledwith a quick skim.

¥ When asked participantsexpressed preferencefor a struc-
tured, sequential document view, overthe cardsinterface.
Onereasonmay bethat usersbecamet#xatedon sorting the
cards anothercouldbethat documentsare more familiar.?

¥ Userswanted#ner-grainedinsight into the degree of conlict .
Userswanted a quick visual way to understandwhere they
shouldspendtheir limited attention.

¥ Participantswould iterate on their prompts to the conlict
detectorandresolver,in casethe output did not exactlymatch
their intent. It seemedessimportant that Al sometimesnade
mistakesand morethat they were easily#xable.

¥ In post-interviews,userssuggestedhat the degreeto which
they trusted the Al dependson their degreeof investment
in the information . If they felt invested they would trust the
Al lessto makedirect changes.

In responsewe addedmore designgoalsto our initial list:

¥ Recall-"rst : Favorrecallover precisionfor conlict detection.

¥ List view: The systemshouldprefermore standarddocument
views, which presentmanageablehunks of information se
quentially,than open-endedliagrammingcanvases.

¥ Visualize degree The systemshouldhelp usersunderstand
the degreeor importanceof aconlict ataglance.

¥ Help user recover from Al errors [71: The systemshould
supportfastiteration, in caseof Al mistakespy allowing the
userto steerthe detectoror resolverwith a prompt.

Basedon thesegoalsand feedbackye adjustedour interface
and study protocol. The mostimportant changewe madewashow
strict our conlict detectionretriever and#ltering promptwas:we
loosenedt considerablyto enhancerecallat the expenseof pre-
cision.We alsoaddeda third classi#cationDambiguoust®imply
a IesserC)degree(if conlict, a decisionsolidi#ed after review of
papersin NLI[14 49. Ambiguousconlicts appearasa softer pink
colorto imply reducedmportance directnesspr con#dencehat
theinformation is truly in conlict.” This promptengineeringvasa
delicatebalancetoo restrictive andthe systemtendsto only rarely
includeambiguouptions;too genericandit !lags almostall pieces

5This preferenceseemso mapto the OcursorrulesO-likituationsof editing Markdown
documentswhich werenOpopularat the time of our pilot.

As we rely upon LLMs,this is not an exactsciencelndeed the aforementioned\LI

papersalsoshowthat evenwith humanannotatorsthereis little consistentreason
why somethingis categorizedaisOambiguoussd Ocomplicated®4,49.
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Project Facts

Invested in crypto and is excited to diversify assets into the crypto market.
Describe what you want to do or add:
Is a 22-year-old Korean living in Seoul
Invested in cryptocurrency and is excited to diversify
assets into the crypto market Has part-time work experience at a school cafe and has saved up some money.

% Make Change + Except for his personal investment of 3 million won, most of his expenses are managed by his parents.
W After graduation, expects an annual salary of about 70-80 million won as a full-time employee, an
estimate based on seniors with similar experiences

5"#$-*+#%+8&)36%-#* # 1s curtentytaking a inancalderivatives course, but hasn'tunderstood  ting fom th frst class.
3'0&+7/43&#{'6#12318- Spenta yearin  finance club, where heleamed about partflatheories ik Markowitz's, and h believes

9/8*#: ( %4 that knowledge benefits his current investments.

L st vesment s

Gathered approximately 6 milion won through his internship and part-time job, with half allocated for
stoekinvesting in stocks and crypto, and the other half set aside for an overseas trip.

<=2 AL ass | TR
(3:(2@#1&'023143#34*7-, U,

2¥)*-HRA(*+-HO&H %) 3% #
/4

e

Thinks that although the future is uncertain, having his own home is essential
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supporte
The existing text emphasizes traditional finance "4 $ B * 4 .
concepts, while the new text shifts towards - %08 #(&) ‘#_(&' id
cryptocurrency, highlighting a potential conflict in +*/-&'#0&+#1&'0231. Except fi
investment philosophies, as cryptocurrency's
speculative nature may not align with traditional { ]
portfolio manaaement arincioles. After gre
tikesAdmires Buffett's investment strategies but is also open to exploring new opportunities like estimate
cryptocurrency.
e T . " rv-:'rr’. 0
a . A#E*+#12318-#48#% Mark as resolved 33
* *.
The existing information suggests alignment with /#2& 1/2#+ '+34 #
Buffett's cautious investment style, while the new 2| spenta
information shows involvement in cryptocurrency,
which contradicts Buffett's conservative views, that kno
indicating a potential conflict in investment
philosophy. . U I N
B"#C&#03'/23D*#1&'0231 4#+*-& PSSERE TN
g = g
— - — SEe Le= R like cr
The new information suggests the individual is *F f FeotZtdt ]
investing in cryptocurrency and wants to invest ['6E&+#1231 & Clear all conflicts
more, contradicting the existing claim that he Gathere:
doesn't understand cryptocurrency and s hesitant 7 - .
or disengaged. stoekin
Wants tc

Figure 3: Example of our SEmanTicCommrT work!ow, showing one processof integrating new information into an Al memory
of the "nancial habits of a South Korean student. 1. The user has described a new piece of information and pressed Make
Change. 2. SemanTIicCommrT detects conlicts and suggestschangesto items it deemsthe most conlicting, leaving other

conlicts for human review. 3. The user hovers over conlicting

items to view the AlOgeasoning. 4. For one item, they click a

button to let the Al make alocal rewrite. The user can continuing editing, manually revising, reverting suggestedchanges,or
deleting items at will. 5. When they feel done, they manually resolve items and/or clear remaining conlicts with aglobal action.
(Alternatively, the user could have clicked Check for Conlicts to only perform detection, then handled conlicts locally.)

of information aspotentially conlicting. We iteratedon our sys
tem decisionchoiceswith more con"denceby validatingchanges
againsta customevalsdatasetwhich we discussn Section5.

4 SemanTIcCoMMIT User Interface

Herewe overviewour "nal designandwalkthrough exampleof
usageFigurel showsour prototype,with globaloperations:

¥ ck for ¢ - The Checkfor Conlicts button providesthe
ablllty to perform impactanalysis[6], which only highlights
potential conlicts without suggestingchangesallowing the
userto getasenseof how muche#ort achangemight require.
Theymay chooseto manuallyresolveeachconlict, or backout
anddecideupon a di#erent courseof action.

¥ The MakesChangesutton performsCheckfor
Conlicts then letsthe Al proposea rewrite. The back-enduses
the sameprocedureascheckfor conlicts, thenperformsaglobal
rewrite of all detectedcon!licts in orderto incorporatenew in-
formation. Critically, the LLM candecidenot to rewrite infor-
mation,evenafterit hasbeenlagged (thisis to avoidredundant
changes)lagged conlicts that were not changed-emainhigh-
lighted for humanreview.

¥ 5 The Add Info button allowsthe userto manuallyadda piece
of information.

More featuresare shown in Fig. 1. Local conlict resolution
optionsincludeletting the Al rewrite, steeringa rewrite, applyinga
suggestedesolutionstrategy,reverting a change and deletingthe
information. Globalconlict resolutionoptionscomplementhis,
allowing the userto steera globalrewrite via a prompt or choose
a suggestedesolution strategy. Userscan also perform global
actionsto RevertAll proposedchangespor Clear All Conlicts
(putting all piecesof information backinto a neutral state).Finally,
red undetines are an experimentalfeaturethat suggestsvords
which contributedthe mostto the conlict (in Fig.1, ®rimaryOis

bold-underlinedto imply that nuts arelikely no longerthe primary
collectiblewhenthe playeris a fox).

The only featuremissingfrom our "gure is a Orequesintent
clari"cationOpop-up that appearswhen the Al classi"esa user
requestaspotentially resultingin manychangegSectior4.1.3. We
observedhat high-impactchangeslike changinga gameQsetting
from Marsto Venus,could incur many second-ordee#ectsand
deservesn additionalclari"cation round beforeproceedingwith
(relatively more costly)conlict detection®

4.1 Walkthrough of Usage

LetOsvalk through three examplesof systemusagein di#erent
domains:an investmentadvisoragent,updatingthe directivesfor
an Al softwareengineerandupdatinga gamedesigndocument.

4.1.1 Updating memory of an investment advice agent. As
asimpleexamplejmaginean Al agentfor investmentadvicehas
accumulatech memoryof the user,a SouthKoreancollegestudent,
after many chatsessionsTheseinclude detailssuchas"nancial
goals life events,employmenthistory, etc.Now this userinvests
in acryptocurrencyand expressegxcitementaboutdiversifying
moreassetsnto crpyto. UsingS!"#$%&'C("'&%, we addthis piece
of information to thelist, andthe systemdetectspotentialsemantic
conlicts which may require humanreview (Figure3). A userclicks
the OMake&Change®utton, which addsa new pieceof information
(deducingthat it shoulddo so,which is not alwaysdone),detects
conlicts, then proposeschangedo ensurethe memoryremains
consistentwith the new information. Oneline it proposedeleting
entirely, anotherit rewrites,andothersit !ags for review.

Notice how semanticconlict detectionleveragedthe LLMOs
generalknowledge:a mentionthat the userlikes Warren Bu#etOs
investmentstrategiess highlighted asa potentialconlict. Bu#et,a

80ur promptto the Al for this stepis simpleandmoreof a prototype:here,we simply
feedthe entire contextin alongsidethe userOshangeand askthe Al to providea
questionif it decideghe changeis high-impactenoughto deserveclari“cation.
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Project Facts

To keep history linear and clean, always squash your commits before pushing a feature branch.
When writing documents and concepts make sure that you write at a grade 10 reading level.

Make sure every code block has complete imports and makes no references to previous code blocks,
each one needs to be self contained

When being asked to make new features, hat ye
make incremental commits. Squash the

anew branch and

Use conventional commit format: *(): . Types: feat, fix, docs, styl, refactor, perf, test, chore. Example:
feat(validation): add email validation function

Write descriptive commit messages in imperative mood

‘The new text suggests squashing commits to
maintain a linear history, which conflicts with the
existing advice to keep commits focused on single
changes, as squashing could dilute the focus on
individual changes.

Use “git-commit—m-ypefscope}-subjectimm-tbody'—m-ooter for multiline commits.

If the feature is very large, create a temporary “todo.md"

Figure 4: Cursor Rules [90] adapted from the Instructor li-
brary [48], loaded into our SEmanTiIcCommitT Ul. The user
has added a new directive to squash commits before pushing
afeature branch. The system addsthe new rule to the top,
makes arevision, and !ags other lines aspotential conlicts.
One changeis in error, which the user can spot and revert.

famousinvestor,avoidscryptocurrenciesindhasdeclaredhemOrat
poisonsquaredb4. Clicking the Let Al ProposeChangebutton
on the local information, a slight rewrite is proposedwhere the
claimis softened(Step4 in Fig.3).

4.1.2 Updating rules for an Al so!lware engineer. Consider
auserhasa list of CursorRulesdescribinghow an Al software
engineeringagentshouldbehavein a coderepository (Figure4).
(Herewe usereal cursor rules adaptedfrom Instructor  APIOs
open-sourceepository[48.) The useraddsa new directive,com
mon to softwareengineeringpractice:OTckeephistory linear and
clean alwayssquashyour commitsbeforepushingafeaturebranch.O
SI"#$%&'C(""&% highlights OKeepommitsfocusedon a single
change@n red,indicating direct conlict, and Olfthe featureis very
large,createa temporary todo.md Gn pink, indicatingan ambigu
ity. The"rst is unclearhow to resolverremovingit seemsinwise,
but keepingit unchangedncurs confusion.The Al hasalsoadded
amention of squashingcommits,after the line, OWherbeingasked
to makenew featuresmakesurethat you checkout from maina
new branchand makeincrementalcommits. O

4.1.3 Changing a game design document. Finally,imagine
a gamedesignerhasa designdocumentfor a gameseton Mars,
which an Al agentimplements After someplaytesting,they decide
that Marsis overusedn sci-" narratives,and communicatethat
they want to switch the settingto Venus Here,the Al hasestimated
that the changeis signi“cant enoughto requestfurther clari"cation

from the userbeforecontinuing:

The setting change from Mars to Venus suggests a
significant alteration in the game's narrative and
mechanics. Could you clarify if you would like to simply
change the setting name, or should the game's
mechanics, such as sandstorms and Martian rovers,
also be adapted to fit Venus's environment?
Additionally, should the backstory of the first settlers
and children born on Mars also be rewritten to align with
Venus?

Your answer:

Adapt sandstorms, but don't change the backs(orieﬁ ‘

Submit Answer

Vaithilingam et al.

Theuserprovidesclari“cation, andconlict detectionproceeds.
The Al makesthe mostobviouschangesNchanginthe term OMarsO
to OVenus MainlyNwhile lagging other potential conlicts for
review. A subtlesemanticconlict, that Marshassandstormsut
Venusdoesnot, is detectedand changedo amoregenericOstormO,
steeredby the userOslari"cation:

MarsVenus's sendstermstorm events greatly impact terrain, facilities, and crops each time they occur, but
the player can unlock devices to prevent damage through gameplay.

Theseexamplesillustrate that conlicts: a) may require general
world-knowledgeto detect,b) may behardto resolve,andc) how
to resolvea conlict canbea matter of creativedecision-making.
Resolvingevena singlechangeaccuratelyis important, asunre-
solvedconlicts cancascadasmore changesare made.Usingthis
systemwe alsolearnedwhy someconlicts occurNtheBu#ett ex
ampleabovewas not somethingwe were awareofNor could be
forcedto reckonwith second-ordee#ectssuchasre-thinking the
sandstormmechanico better"t the planetaryconditionsof Venus.

Note"nally that our systemdoesmay mistakesNconlictingin-
formationcanbemissedasour technicalevaluationshows;conlict
detectionandretrieval are stochasticyeasoningcansometimese
super!uous;andin practice,someknowledgebasedomainscan
bene"tfrom addingatemporalfeatureto information (i.e.,alimited
durationwherearule holds).However,we believedthe systemwas
strong enoughto run a userstudyin orderto betterunderstand
wherefurther e#ortsshouldbedirected.

4.2 Implementation

SI"#$%&'C("'&% is implementedn Reactand TypeScriptwith
a FlaskPythonbackendfor our knowledgegraph-basedetrieval
architecture(describedn Section5). We iteratedon promptsusing
ChainForgg 5] by settingup an evaluationpipeline againstour
datasetswhich allowedusto observethe e#ectsof promptchanges
andmodelchoicesThereare many prompt-basedunctions,from
the userintent router, to conlict detectionJocalandglobalrevision,
underlining OhighlyconlictingOwords,and suggestingesolution
strategiesWe choseGPT-4dfor performanceandlatencyreasons,
asit performedoptimally againstour evals.Furtherdetailson our
developmenprocessandsystemarein SupplementaryMaterial.

5 Back-End for Semantic Conlict Detection

We implement a back-endsystemto drive the interface of S!)
"#$%&'C(""&%. The back-endQsimary goalis to enableconlict
resolutionat scale During early prototyping, we found that sim-
ple methodsNgivingthe entire contextto the LLM, or generating
string-replaceoperations[56Nwere prone to missingconlicts.
Thesetechniquegely on asingleprediction,which takesthe entire
memorystoreand produceseither arewritten versionor a setof
suggesteckedits. Rewriting the documentfrequently introduced
superluouschangeaunrelatedto conlict resolutionandcanhave
largelatencydueto output size.As an alternative,we considered
vectorstoreretrieval from simpleretrieval-augmentedjeneration
(RAG) but this methodis known to perform sub-optimallyin cases
requiring multi-hop reasoning 25 3¢, wheredependencieamong
chunksare heterarchical(understandingone chunk candepend
upon consideringit alongsideseveralothers).
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Figure 5: Comparison of SI"#$%&'C("'&% using aknowledge graph with PageRankrelevance assessmentand then classi!cation

to two baselines: (i) D)(*A++D(,

:takes all documents in context to classify them without aretrieval stage;and (ii) 1$-S.$' [56]

implementation, reformulating the prompt to our context. The comparison is acrossall benchmarks in Table 1, averagedwith
st. dev. bars, for the GPT-4aand GPT-40-minimodels. Our method, kg-pagerank, achieves higher recall with similar accuracy.

To tackletheselimitations, we implementthe back-endusing
aknowledge-grapiKG)RAGarchitecture[ 36 consistingof two
phasespre-processingndinference.The pre-processingphase
constructsaKG by extractingentitiesfrom a collectionof input doc
umentsin the memorystoreandlinking them.Eachof the entities
keepstrack of the relevantdocumentfrom which it wasextracted.
Theinferencephasedetectssemanticconlicts usinga multi-stage
information retrieval (IR) pipeline. The IR pipeline takesan edit
action (whetherit is aninsertion or amodi“cation to the memory
store)andproduceslist of chunksof informationin conlict. It con
tainstwo stages(i) retrieval "nds relevantchunksof information
usingthe KG in asingle-stepto avoid error propagation.In order
to minimize relevanceassessmerissueswe apply a PageRank-
basedelevanceranking overthe KG, akin to HippoRAG[36; and
(i) conlict classi"cationidenties from the retrieved chunks of
information which onesarein conlict with the edit. Basedon NLI
literature (2.1.9 andour pilot studies(3.1), our detectionprompt
includesa classi"cationof Oambiguoug@ppendixA).

In the rest of this section,we give an overview of our design
considerationsandtheir rationalethrough an technicalevaluation.
We highlight that our prototype back-endsystem achieveshigher
recallthan the simplemethodswith similar accuracy.

5.1 Technical Evaluation

Our goalis to technically validate key aspectsof our designde-

cisions.We compareour end-to-endsystemagainsttwo simpler

methodsi(i) D!"#A$$D"%& which addsall documentso the con

textfor conlict classi"cation;and(ii) I'(S)'% [5€ which generates
aJSONIist of string-replaceoperations Thesecomparisonsallow

usto analyzetheimpactof separatingcon!ict detectionfrom resolu

tion, separatingetrieval from conlict classi"cation,andevaluating
the performanceof di#erentLLMs.

5.1.1 Evals.To conductour evaluationwe createdfour smallevat
uation datasetson threedistinct domains:

¥ Game Design: We usetwo gamedesigndocumentsThe "rst is
from Labyrinth [3]] by LucasArts(1986)The secondncludes
excerptsfrom an original by onecoauthor,describinga “ctional
gameseton Marsaboutthe "rst generationof children born
there.Thedocumentsare chunkedinto paragraphsandreferred
to asthe Labyrinthand Marsdatasetsrespectively.

Benchmark Ch M CS(Min, Median, Max)
Labyrinth 35 17 (0,4,10)
Mars 30 25 (0,2,14)
FinMem 30 17 (0,4,10)
CursorRules 65 19 (0,3,25)

Table 1: Benchmark details including number of chunks (Ch),
number of prepared modilcations (M), and con"ict statistics
(CS)(min, median, max) across modilcations.

¥ Financial Advice Al Agent Memory : Al agentmemoryin
the style of OpenAlO€hatGPTmemoriesaboutthe investment
strategies;'nancial situation,and backgroundof a "ctional cok
legestudentliving in SouthKorea(preparedby a SouthKorean
coauthor).We refer to this dataseasFinMem

¥ Coding Assistant Rules: Rulesfor the CursorIDE [21], which
areintent speci“cationsfor codingassistantsA subsewf the
ruleswasadaptedrom the awesome-cursorrule§itHub repos
itory. We referto this asthe CursorRuledataset.

Eval domainswere chosento coverthree major types of intent
speci“cationsfrom Sec2.1.Fourcoauthorscreatedthe evals,and
two coauthorsmanuallydouble-checkedll conlicts, aprocesghat
took severaldays.During this inductive processthey discussed
with two coauthorson how to classifyconlicts into direct,ambigu
ous,andnon-conlicts, andadjustedclassicationsaccordingly(see
AppendixFfor full details).

Foreachof thesedatasetsye introduceupdatesasinsertionsor
modi“cationsto chunksof information, intentionally introducing
varying numbersof conlicts. Table1l summarizegachof the evals
including the numberof chunks,the numberof updateso apply as
part of the eval,and statisticson the numberof conlicting chunks
per update(min, max,and median).Theseinitial evalsservedas
a foundation for prototyping our approachand preparing user
studies.

5.1.2 ExperimentanddiscussionWe compareour approachwith
the two baselinesD!"#A$$D"%&and I'(S)'% . We run end-to-
endon our four evaldatasetaising GPT-4and GPT-40-miniand
report the meanz stddevfor accuracyprecision,recall,and F1
scoredor the threeapproachesn Figure5.

Our resultsshow that S*+,'-.%C"++.-  achieveshigher re-
call (1.6! and2.2! higher)than D!I"#A$$D"%&andI'(S)'% , re-
spectivelywhile retaining similar accuracyThis betteraddresses
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userpreferencesnentionedin our pilot studiesand RelatedWork
(2.1.9, reducingrisk of falsenegatives Additionally, our system
matcheshe F1scoreof DI"#A$$D"%& outperformingl'(S)'% by
1.6! . While its precisioris comparabldo that of I'(S)'% and1.6!
lower than D!"#A$$D"%& we considerthis an acceptablérade-o!
givenour emphasion maximizingrecall. Note that our evalsare
rather skewedwith highly targetedcon"icts (on averagepnly a
few groundtruth itemsin con"ict whenintegrating new informa-
tion), andaccuracycanbemisleadingin sucha setup,asassigning
non-con"ict to all documentswould still yield high accuracy.

Overall,I'(S)'% performsworstlikely dueto its combinationof
both con"ict detectionandresolutionin asingleprediction.In con
trast,both S*+,-.%C"++.- andD!"#A$$D"%&bene#tfrom task
decompositionachievingsimilar F1scores S*+,-.%C"++.- Os
additionaldecompositiorintro retrieval andcon'ict classi#cation
enablesndependenibptimization contributing to the higher recall.
This decompositiomprovesbenetcialevenwhenit is possibleto #t
all documentdnto the contextwindow, aswe observeworsecor:
"ict classi#catiorasthe falsepositiverate (FPR)ncreasesFiltering
down the chunksof information remainspreferable.

We also ran evaluationsof model latency and classi#cation
performanceundervarying falsepositive ratesfor the following
LLMsby OpenAl:GPT-4pGPT-40-mini ando3-mini . We selected
GPT-4dor its slightly betterperformancecomparabldatencyto
GPT-40-miniandfor beingtwice the speedf 03-mini . Additional
detailson FPRsensitivity and a comparisorwith 03-mini arepro-
videdin AppendixB of our SupplementaryMaterial.

6 Userstudy

To understanchow usersintegratenew informationin practice,we
conducteda controlledwithin-subjectsstudy with mixed methods,
comparingS*+,'-.%C"++.-  with abaselinanterface.We hadthe
following researchguestions:

¥ Which interfacealordancesdo usersprefer (usemost often)
when performing an integration of new information?

¥ How do usersthink through the processof integrating new
information into an AlQexistingmemorystore,with regards
to detectingandresolvingpotential con"icts?

¥ DoesS*+,'-.%C"++.- makeusersfeelmorein control of the
integration processpver a moreopen-endedne?

¥ DoesS*+,-.%C"++.- Osequiredmanualreviewincreaseuser
workload comparedo a more automatedmethod?

We comparedwith abaselineto betterunderstandil) any inter-
facealordancesour structuredenvironmentmight miss,compared
to an open-endedne;2) how usersmight currently usepopular
Al-basedoolsto handlethe procesf integration,in the absence
of targetedsupport.We choseOpenAlO€hatGPTCanvasasabase
line for #ve reasons(i) it is a popular,commerciallyavailabletool,
henceit islikely familiar to users{ii) it providesadocumentediting
view, whereuserscanselecttext andaskGPTto rewrite it, or chat
with an Al to makeglobaledits;(iii) it employsa similar classof
model(GPT-40)(iv) it supportssimilar editing featuresasS*+,'/
-.%C"++.- like inline text selectiongcon"ict highlighting, andadi!
view, while addingfree-formediting; and (v) similar interfaceslike
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Anthropic Artifacts tendedto rewrite the speci#catiorentirely, and
did not oler Canvas@3di! Gview to allow for afair comparisor?

Participants. We recruited12 participants(7 female,5 male)
throughthe mailing lists of two researctuniversitiesandonemulti-
national technologycompany.All the participantswere familiar
with GenAltools. Ten participantsusedGenAltoolsdaily, andthe
othertwo at leastweekly. ChatGPTwasthe mostcommonlyused
tool, alongsideothers,e.g.,Gemini,MS Copilot, Claude Perplexity,
andDeepseekSeverparticipantshad previouslyusedCanvas-like
tools,andeight hadusedpersistingmemoriegor preferencesyith
Al tools. Of theseeight, four participantsactively managetheir
memorieseither by adding,editing, or deletingthem. Participants
receiveda $25AmazonGift Cardascompensation.

Tasks. We adaptedtwo intent speci#cationdrom our evals:
MarsGameDesignDocumentnd FinancialAdviceAl AgentMem
ory, asthesetasksmappedto the two paradigmatictypescovered
in Sections2 and 2.1 (designdocumentsand Al memory of the
user).We ensuredeachlist was30itemslong asour pilot studies
suggestedhis waslong enoughthat manualdetectionstartsto

becomeunwieldy (usersneedto scroll up anddown the document),

but short enoughthat participantscouldbecomeamiliar in ashort
period. For eachtask, participantswere taskedwith integrating
three new piecesof information into the memory,oneat atime
(Osub-tasks@e told participantsto only changepiecesof informa-
tion that con"ict with the newinformation, andthat otherwisethey
werefreeto makeadditions edits,anddeletionsasthey saw#t. One
of our tasksdirectly asksusersto imaginethey areaninformation
managemensystemthat is managingmemoriesaboutthe user,in

orderto mimic how automatedmnemorymanagemensystemswill

needto beconservativan changinginformation. More detailson
our tasksare providedin SupplementaryMaterial.

Procedure. We hostedS*+,'-.%C"++.-  online, allowing par-
ticipantsto accesst via their web browser.Foraccesso C,'0,& ,
we providedcredentialsfor a ChatGPTaccountspeci#callycreated
for the study to control for modeland featuredi'erences. With
participantconsentwe recordedaudioand screen-castsnd par-
ticipants were encouragedo think aloud.In eachstudy session
the participant completedone of the two taskseach(eachtask
containing 3 sub-tasksusingboth the tools. Both the order of task
assignmentand tool assignmentvere counterbalance@nd ran-
domly assignedBeforeeachtask,participantsreceiveda tutorial
onthe assignedool andwere given#ve minutesto exploreit using
atestdocumentWe alsoprovideda summaryof the taskdocument
andtime to readthrough it beforestarting. Eachcondition had
atime limit of 15minutes,after which the participantcompleted
apost-tasksurvey.After both taskswere completed participants
#lled out a#nal surveyto comparethe two conditions.Finally, we
conductedaninformal interview abouttheir experience.

Measurement and Analysis. Foreachtask,we measuredhe
succes®r failure of eachsub-taskthe participant was required
to perform. A sub-taskwasconsiderech failure if the participant
was unableto completeit within the time limit. For condition

SWe focusedon Al-assistectonditionsbecaus@ur ultimate goal (andanticipation)
is that Al will keeptrack of userintent, especiallyasthe intent speci#cationgrows
lengthy and unwieldy. Evenwithin our limited evals,we encounteredhow time-
consumingcon'ict detectioncanbe:manuallyidentifying con"icts for asinglenew
pieceof information could easilytake 10minutes,if onewasbeingprecise.
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Figure 6: ParticipantsOself-reported cognitive load and pref-
erence scoresthat directly compare the two conditions.

using S!"#$%¢&'C("'&%, we recordedall instancef edits check
for conlicts, makechangelocal and globalresolutioractionsusing

telemetry.In the post-tasksurveyswe collectedself-reportedNASA

TaskLoadIndex(TLX) scoresLikert-scaleratingsfor easeof use,
and responsen how well the Al helpedparticipantsidentify,

understandandresolvesemanticconlicts. In the post-studysurvey,
completedafter both tasks,we recordedparticipants@elf-reported
tool preferencesandamodi“ed NASATLX focusedon comparing
their experiencedetweenthe two tools. For qualitative analysis,
the"rst authorperformedopencodingon participantresponseand

audiotranscriptsto identify themeswhich were usedto interpret

the qualitativeresults.To measurestatisticalsigni“cance,we used
MannbWhitneybWilcoxonestsandreport the p-values.

6.1 Findings

6.1.1 Preferred Workflow . Participantsemployeddistinct work-
lows with eachtool. We recountthree characteristiovork!ows of
SI"#$%&'C("'&% "rst, then compareto userbehaviorin C#$#* .

Impact analysis Irst. Sixparticipants(P1,P2,P4,P5,P9,P10)
alwaysbeganwith Checkor Conlicts, gaininginsight on the im-
pactof the changebeforeintegrating any changesParticipantP2
explainedwhy they prefercheckor conlicts by sayingQ really like
the checkfor conlicts actionbit still givesmecontrolandit feels
collaborativansteadof mekind of scrollingthroughthe wholething
andtrying to "nd it [referringto C!"#!$ ]. It highlightspointsof
issuesvherel canplugthis in.OParticipantP7 explained,® know
whereto makethe edit,but | will usetheglobalchecksothat | can
"nd otherplaced might haveto chang®©All but oneparticipantin
this group proceededxclusivelywith localizededitsafterward.

Immediate changeswith con'ict review. Fiveparticipants
(P3,P6,P7,P11 P12)alwaysstartedthe taskwith the MakeChange
featureto seethe conlicts andthe potentialchangesat once.They
then followed up with local changesP3said(Thisonehasa lot of
changessolOngoingto usethe globaloption.|Onjust goingto make
changeandthen"gure outwhatto keepd

Skim to resolve false positives before proceeding. A method
adoptedwithin the two work!ows, four participants(P3,P6,P9,
P10)using S!"#$%&'C("'&% "rst quickly perusedall the conlicts

UISTO255eptembe28D0ctobed1,2025Busan,Republicof Korea

to resolvethe falsepositives? andthen proceededo spendtime
resolvingthe actualconlicts.

In CI"#1$ , usersinstead lean heavily on global rewrites.
Whenusing C#$)#* , eight participants(P1,P2,P4- P6P10- P12)
predominantlyutilized globalprompts,instructing ChatGPTto per-
form editsthroughoutthe entire documentwhile four participants
preferredstartingwith globaleditsand subsequentlyerforming
localrewrites by selectingspeci“clines.As we recountbelow, this
behaviorintersectedwith frustrationsfrom lack of control andthe
metacognitivedemandg89 of prompting.

Work"ow choice can depend on context. Whenaskingpar-
ticipants how they pick betweenlocal vs. globalresolution,they
gavetwo major reasonsNcomplexitpf changeandfamiliarity with
the document.Forexample P9mentionedthey would useglobal
resolutiontechniqueswhen they perceivethe impactis higherN
(rhereis a lot of informationhere,t is muchharderto gothrough
it oneby one.Sol wantedto checkfor all the conlictswith thedoc
andthenchangét [collectively]OThe choicealsodependson how
familiar they arewith the contentsof the document.P12said@nd
IGngonnagoto [S%&!"()C*&&(' ] andput this asa globalchange.
And IOngonnasay,"rst checkor conlicts beforemakinga change
becauséhavenOetadthe completelocumenthoroughlyO

6.1.2 Improved ability to catch semantic conflicts . Nine par-
ticipants(P1- P4,P7,P8,P10- P12)explicitly statedthat S!"#$%& '+
C("™&% wasbetterat identifying conlicts comparedo C#$)#* .
In the post-studysurveyranking, participantsadditionally report
a higher level of task succeswith S!"#$%&'C("'&% compared
to C#$)* (1=2.42;" =15, where 1 indicatesfull preferencefor
SI"#$%&'C("'&%), higher levelsof successn identifying seman
tic conlicts (! =2.08;" =1.5) andin understandingemantiacon!icts
(1 =2.25;" =1.95). As P4noted Ot feeldike you canidentify inconsis
tenciewasieiin [S%&!"'()C*&&(" ], whichiswhatl likedalot. Sol
favorthat more.IOdeellOdea lot fasterat gettingwork doned

This preferencestemmedrom two primary reasonsFirst, six
participants(P2,P3,P4,P8,P11,P12)explicitly mentionedthat
when using S!"#$%&'C(""&%, the granularity of information and
the red-coloredhighlights enabledeasyconlict identi"cation. P12
explainedthis in termsof contextfor the Al by saying® think the
[S%&!"()C*&&( ] toolis greatin "nding conlict, thatObecausé
discretizemformation,itOsnuchmoregranular.lt doesn®@tuball
the contextogethe©SecondexceptP2 all the other participants
heavilyreliedonthe rationaleprovidedby S!"#$%&'C(""&% when
understandwhy a conlict occurred.P8explainedthis by saying
QVith [S%&!"()C*&&(' ]... thereis strongelexplanatiorprovidedas
to why that conlict is occurringd

Inconsistent con"ict detection in C!"#!$ leadsto frustra -
tion and "ailing. In contrast,nine participants(P1- P3,P5- P9,
P11)notedthat C#$)#* often missedconlicts or failedto under
standthe changeghey wantedto make.Across18casesnvolving
10participants(P1,P2,P3DP7RIDP12C!"#$ failedto deteceven
a singleconlict during the task.In 9 of thesecasesparticipants
acceptedhe resultswithout further checks;in the others,they
hadto either manuallyspotthe issuesor retry with morespeci“c
prompts.We highlight someof the observationdelow.

10participantsconsidereddfals@ositives@sthe conlicts lagged by the systemthat,
in their subjectivejudgment,did not require meaningfulintervention.
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Figure 7: Participants using S!"#3%&'C(""&% made signi! -
cantly more edits and intervened edits compared to C#$)#* .

In oneinstance P5hadexplicitly askedC!"#$ to Ind con"icts
in the documentWhenthe tool failed, the participant manually
pointedout a con'ict by quoting the text, andthe Al modelcame
up with a convolutedreasonasto why it wasnot a con"ict. P5
retorted by sayingQt is giving mean excus©In a di#erenttask,
P5exclaimeddookdike it justaddedonestatementandthereis no
conlict. [5 secondkater] Ohwait! the GameBoestheticss conlict-
ingONcatching falsenegativemanuallyin realtime. In another
instance,P9promptedthe C!"#$ tool threetimesto identify con
"icts andmakea changebut eachattemptfailed. Frustratedthey
exclaimed didnO¢thangét thewaythat | wanted MaybelOltelete
this anddoit myselfandspecifywhat | wantto bechange@before
proceedingo manuallymakethe change.

Therewere eightinstanceswith six participants(P1,P2,P5,P7,
P11P12)whereC!"#1$ drasticallychangedhe contentsof the
documenteither by replacingall the contentsor by making heavy
modi!cations. We then instructedthe participantsto restoreto a
previousversionusingversionhistory.

6.1.3 Greater senseof control with S!"#3$%&'C(""&% . A re-
curring themeamongparticipantswasthe strongsenseof control
they felt while usingS%&!"'()C*&&(" . Nine participants(P2,P3,
P4,P6,P7,P8,P10,P11P12)explicitly mentionedthat S%&!" ()+
C*&&(" o#eredthem more control over the integration process
comparedo C!"#$ .In the post-studysurveyranking, participants
additionally report a higher level of controlwith S%&!"'()C*&&('
comparedo C!I"#$ (! =2.08;" =1.36 where 1 indicatesfull pref-
erencefor S%&!"()C*&&(" ), aswell asahigherlevel of success
in resolvingsemanticonlicts (1 =2.17;" =1.34). This perceptionof
control emergeddueto severalreasonanmentionedbelow.
Granular insights into con"icts : Sixparticipants(P2,P3,P4,
P8,P11P12)emphasizedhat the !ne-grained presentatiorof infor-
mationin S%&!"()C*&&(' madeit easierto identify, understand,
andresolvecon"ictsNparticularly for localizededits. The piece-by-
piecebreakdowngaveusersa clearsenseof what wasbeingaltered
andwhy. As P11explained Qrou havesomeconcepbf a lineNevery
elements aligned,soyou probablyhavemoregranularity to control
theelementshat arebeingchangedThatwasreally nice..l never
hadtoworrythat theentiredocumenis goingto getchangedhereand
thereQOThis precisionallowed participantsto maintain a stronger
graspover editing andfocustheir attentionwhereit mattered.
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Con'ict reasoning encouragescritical re"ection : ThetoolOs
detailedbreakdownof con"icts andits reasoningbehindproposed
changesncouragedisersto think morecritically aboutedits.P12
describechow this ledthemto re-evaluatepartsof the contentthey
might have otherwiseoverlooked:(Boyeah,[S%&!" ()C*&&(' ]
improvecdthe conlict "nding evenmore..thereweresomepartsin
the document would haveignoredif | wasdoingit on my own.|
wouldnChaveconsideredomegraphicdesigraspectsfthegame,
but [S%&!"()C*&&(' ] providedits reasonon why it hasraised
this asa conlict mademereconsidemy decisionl like that part,
becauséwould haveeasilyignoredit, andthat wouldhaveledto
moreiterationswith morediscussion®.

Forced review enhanced senseof control over process An-
otherfactorthat reinforceda senseof control wasthe editing work-
"ow itself. Unlike C!"#!$ , which appliedchangesautomatically,
S%&!"()C*&&('" requiredusersto Irst review con'icts, make
changesand then manually click the resolvebutton to validate
them. This structure helpedparticipantsfeellike they were direct-
ing the processAs P10observed®n [S%&!"()C*&&(' ] it wasa
stepby stepprocesso sedahe conlict, beforemakingany changes
whereasn [C!"#!$ ] therewasno decisiormaking on my behalf
andit did the changesll by itself whetherl agreewith it or notO
Similarly, P4noted,Makingchange$with S%&!"()C*&&(' ] was
my favorite,becausé@ walksyouthrougheveryline, highlighting
recommendatioriie revisedeletechangeadd,or nothing®

This work"owNof reviewing con'icts, followed by local and/or
globalresolutionNalsocould makethe taskfeel more collaborative.
Threeparticipants(P1,P2,P5)describedhe processwith S%&!"()+
C*&&('" ascollaboratingwith Al. P2said@Vith [S%&!"()C*&&(" ]
you couldaskit to lookfor conlicts. SoyouOreortof partneringlike
it wouldgetthe conlictsfor you,andthenyouwouldmovethrough
themsystematically. | felt like with [C!"#$ ], you didnOhavethat
middleground.lt waseithermakethe changeor donGb

Lossof control breedsinsecurity. Dueto C!"#$ not identi-
fying con"icts andunderstandingnstructionsfrom participants,
combinedwith suddenanddrasticchangego the document.eight
participants(P1-P6P10P11)explicitly mentionedthey havedoubts
andinsecuritywhenusingC!"#1$ to makeany changeso adocu
ment.P2saidQsing[C!"#$ ] wasreally uncertain.Youknow,you
justkind of felt like youOrguessingandyou didnOknowwhat was
gonnahapperOP6alsoexplainedthis by sayinglrhedownsidef
[C!"#$ ] will beyoujusttakeit asit is, soyoumay notnoticethereOs
a part that shouldor shouldntechangedYoumay just skipit, pass
it, and nevemoticethe mistakethe Al toolmadeO

Responsive Ul with many local resolution options : Partick
pantsalsoappreciatedhe responsivenatureof the interfaceduring
localresolution.As P11described(The[S%&!"()C*&&(' ] tooll
foundquiteintuitive, especiallyvith theresponsivaaturewhereyou
put your mouseonit andthereOs colorcodeand thereQs green
resolvebutton. Theright-handsidegivesyou optionsto reviseyeject,
deletegdit, or suggesh newrevision etc.Thatis really goodO

Easeof local reversibility : Like di# interfacesparticipantsalso
valuedthe ability to manuallyreview changesandlocally undoor
dismissthem.P11notedthe friction in C!"#!$ Oseversalprocess:
Qwith [C!"#$ ], if you want to rejectchangesthenyou probably
haveto undoandrestoreo the previousversionwhichseema little
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cumbersométOsot assimpleasin [S%&!"()C*&&(' ] whereyou
couldaccept changeor rejectright therein that line O

Tradeo!s between control and e"ciency : While manyap-
preciatedthe explicit approvalmechanismsn S!"#$%&'C(""&%,
afew alsonotedpotentialtradeo!s. P3acknowledgedhat the con
"rmation stepscould feel excessiven low-con#ict scenariosQ
think sometime# wasoverkill,if therewerea pretty low number
of conlicts detectedBut otherwisel think it wasniceto con"rm.O
P12framedthis asatensionbetweencontrol and usability: @ think
itOsmportantto doif youwant "ner control,butit really depends
ontheapplicationyouwantto packaget as.If youwantbetteruser
experiencgndyou donotwantthemto spendnoretime, youwould
haveto givethemlesscontrolO

6.1.4 Perceived cognitive load. In the post-studysurvey,par-
ticipants(preferencesvere measurecdisinga 7-point Likert scale,
where 1 indicateda strong preferenceor S!"#$%&'C("&% and
7 indicateda strong preferenceor C#$)#* . Participantsreported
slightly higher levelsof mentaldemand(! =4.67;" =1.56), hurry
(1=4.75;" =1.14), and perceivede#ort (! =4.5;" =1.62 whenusing
C#$}#* comparedo S!"#$%&'C("'&%. Theyalsoreportedslightly
greaterfeelingsof annoyancé! =5;" =1.2) with C#$)#* .
However, when comparing post-taskquestionnaireswe ob-
servedno statistically signi"cant dilerence betweenconditions
regardingmentaldemand senseof hurriednessor frustration, ef-
fort exerted,or perceptionof succesgall p-valuesare 0.45and
above)This null resultwassurprisingto us,aswe hadexpected
higher workload in the S!I"#$%&'C(""'&% condition due to the
increasedlemandasusersmanuallyclick to resolvecon#icts.

6.1.5 Tasktime and completion rates. Onaverageparticipants
took 4 minutesand 7 secondg" = 117secondgo completetasks
usingthe controltool comparedo 5 minutesand41secondé = 123
secongausingthe experimentaltool. This dilerence is statistically
signi“cant (#! 0.004. It isimportant to notethat taskcompletion
time doesnot capturetask performanceastasksencouragegar-
ticipantsto spendadditionaltime holistically integratingdocument
changesWe observedo signi“cant dilerence in taskcompletion
ratesbetweenthe two conditions.Four participantsfailedto com
pleteonesub-taskwith C#$)#* comparedo "ve participantswith

SI"#$%&'C(""&%, with all failuresattributedto insu$cient time.

6.1.6 Participants made significantly more edits when us-
ing S!I"#$%&'C("&% . Measuringparticipantengagemenin con
trolled lab studiesis challenging.Counting editd\with more edits
typically indicating higher engagementNisiseful,but Al tools can
easilyautomateextensiveediting, reducingreliability of metrics.
To addressthis, in addition to studying number of edits overall
(human- orAl-made),we alsostudiedintervenededitdNedits ex
plicitly triggeredby participantsoneat atime, whethermanualor
with Al. Thesemetricsgive amorecomprehensiveicture.
Participantsusing S!"#$%&'C("'&% demonstratedsigni"cantly
higher engagementacrosshoth measuresThey madean aver
age of 5.83edits (" =3.21), comparedto 3.5 edits with control
(" =2.85 #! 0.00]). This contrastwasevenstrongerfor intervened
edits whereparticipantsusing S!"#$%&'C("'&% averaged edits
(" =1.94) pertask,while participantsusing C#$)#* averagedust
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0.65(" = 1; #<0.00% Figure7). Finally, when using S!"#$%&'C("+
"&% participantsmadean averageof 2.93localizededitsper task,
signi"cantly (#<0.00] higher than an averageof 0.28localized
editsper taskwhen using C#$)#* . Participantsextensivelyused
the dilerent kinds of local resolutionstrategiessuchasreviseadd
anddeletesuggestedyy S!"#$%&'C("'&%. Thesedilerenceshigh-
light the participants@illingnessto makemore editswhen using
SI"#$%&'C("'&%. This alsohelpsexplainthe higher averagetask
completiontime presentecearlierNshowingparticipantsinvested
moretime in understandingand making moredeliberatechanges.

6.1.7 Participant trust and over-reliance . Trustemergedasa
complexandsometimescontradictorythemein how participants
interactedwith the Al tools. While many participantsexpressed
skepticismtoward Al-generatedchangestheir actual behavior
revealedmomentsof over-relianceNparticularlywhen changes
appearedseamles®r were not #aggedascon#ictsby the tool.

A majority of participants(P3,P4,P6,P7,P8,P10P11P12)ex
plicitly statedthattheydid not trust the Al to makechangesvithout
their manualveri"cation. As P10"rmly noted,o, don&trustany
Al blindly to makefull and"nal changeso theresultaccuratelyl
alwaysverify manuallyto spotany mistakeor misinterpretationpy
AlLQThis sentimentre#ectsa baselindevel of cautionwe expected
the participantsto carry throughoutthe tasks.When comparing
the two tools, six participants(P1,P2,P5,P6,P11P12)explicitly
reportedgreatertrust in SI"#$%&'C("'&% over C#$)#* . They
cited better contextualunderstandingand more transparencyin
the editing processasreasondor this preferenceForexample P2
said,QWith [C!"#1$ ] | wasveryskepticall donCthink | wouldtrustit
without doinga full readmyself.With [S%&!"'()C*&&(* ], | trusted
it more.l felt like it seemetb understandhe contextbetterButno
matterthetool,| needto makesurethat everythingwasgood sol
wouldstill readit overagain®

Despitethesewidespreadclaimsof skepticismhowever,partic-
ipantsoccasionallyover-reliedon both tools. As notedearlier,in
nine instancesvhere C#$)#* failedto identify any con#icts partic-
ipantsacceptedhe output without further review. A similar pattern
emergedwith SI"#$%&'C("'&%: "ve participantsskippedreview
ing partsof the documentthat were not #aggedascon#icting.This
pointsto a potentially risky dependencyn the Al andunderscores
our decisionto improve recallat the expenseof precisionNifthe
modelfails to detecta con#ict (falsenegatives) usersmay miss
critical issuessimply becausehey trust the systemGsilence.

7 Discussion

7.1 Implications

7.1.1 Al Agent Interfaces Should Help UsersPerform Impact
Analysis. Our "ndings contributeto growing line of HCI research
that emphasizeproactivity, presenceandjust-in-time steeringin
Al agentsactingon userOsehalf[ 15 52,53 67, 77,82, 88. Themost
surprising"nding wasparticipants@referenceor performingim-
pactanalysis"nding con#icts"rst beforemakingany edits.Instead
of automaticallyapplying changesand prompting usersto verify
afterward (like C#$)#* ), this suggestsAl agentsystemsshould
encouragausersto "rst understandthe impactof the changeand
only thenchooseo explicitly suggestand/ortrigger changesOur
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Indings indicatehighertrust and satisfactionwhen usersactively
initiate changesreducinguncertainty and increasingperceived
control. Surprisingly,the bene!ts from increased control seem
to o"set the cost of Al output validation , asour resultson
perceivedworkload suggestNot all userswill useimpactanalysis
in everycontext,but highlighting what aspectof an artifact will
be consideredand/or modiled canhelp enhanceusertrust and
control, especiallyin high-stakessituations.

This bearsimportant implicationsfor current Al agentinter-
faceswhich tendto Irst let the Al makechangesandthen have
usersvalidatethem. For instance,in Al-powered programming
IDEslike CursorandVisual Studio,the agentmakeschangesacross
documentsandthen presentghe revisionsfor humanreview. In-
steadour Indings call upon designers of Al agent systemsto
provide a"ordances for impact analysis: helping users fore-
seethe impact or location of Al changes,beforenecessarily
suggesting concretechanges This re"ectsthe principle of feed-
forward[67, 93 in communicationtheoryNOaeededprescription
or planfor afeedbackto which the actualfeedbackmay or may
not con!rmO[79Nwhere a communicatorprovidesOthecontextof
what onewas planningto talk about(64 p. 179-80]in orderto
(Qre-testhe impactof [its output]Oon the listener[34, p. 65]. This
returns control to the userand explicitly separatesetrievaland
generatiopstepswhich arecurrently con"atedin manyagentinter-
faces Suchan a#ordancemight alsoaddressa growing pain-point
whereunrelateddataare deletedwithout approvalll

Note that impactanalysisis not simply aboutpausingbefore
enactingachangelt is alsoaboutweighinghow extensiveachange
might be,the work required,andunintendedside-e#ectsUserscan
useimpactanalysisto backout of anin-progresschangepeforethe
damagés doneor they areoverloadedy Al slopNanAl resilient 33
35 a#ordancethat helpsuserspreemptivelyjudgeandrespondto
Al decisionsThere"ective nature of impactanalysiscould also
help usersbetterunderstandpotential con"icts, eveninspire new
ideasandareasfor improvement.

7.1.2 Let the User Walk the Spectrum of Control . Whende-
signing mixed-initiative systemq 43 wherethe usersand Al col-
laborate thereis a trade-o#betweencontrol (retainingit dueto
distrustin Al) ande$ciency (completelydelegating) S!"#$%&'(
C)"&% Os#tordancedor adjustableautonomy[17], or blended
agency[82, enabledhe userto dynamicallyselecttheir preferred
balancebetweenautomationand manualoversightdependingon
the context,complexity of tasks,trust in the Al, or familiarity with
the content,whereasusersexperiencedossof agencyin the base
line condition. This suggestshat Al agentinterfacesshouldo#er
both highly controlled (step-by-stempprovalslike local resolution
in SI"#$%&'C)""&%) and streamlined(globalchanges)vork"ows
to adaptto varying userneedsOur participantsappreciatedde-
tailed explanationsaboutidentiled con"icts and recommended
resolutions,which empoweredhemto makeinformeddecisions.
Transparencyalsoappearedo reduceanxiety andfrustration, pro-
moting critical evaluationrather than passiveacceptance.

LIThereare many examplef this, from forums (https://news.ycombinator.com/item?
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7.1.3 Start Global, Then Accelerate Local Review. We imple-
menteda rangeof elementsnto S!"#$%&'C)""'&%, not knowing
what userswould prefer.We found that though usersstartedglob-
ally, they preferredto then makelocal edits,andliberally useda
rangeof local optionsNlocalsteering Al rewrites, etcNratherthan
globalsteeringpromptsandglobalresolutionstrategiesin the base
line C#$*#+ condition, it wasthe exactopposite:usersappeared
resignedto globalsteeringin chatandbecamdrustratedby lack of
granularcontrol. This suggestduture interfaces for semantic
con#ict resolution should better support and acceleratelocal
review, ratherthan focusingon featuresfor globalsteeringafter
theinitial interaction.Thework"ow of 4 participantsto !rst dis-
missfalsepositives,andonly thenfocuson handlingcon"icts, was
alsotelling. Interfacesmight exploreexplicitly separatingstageof
Odouble-checking® outputsversusresolving.

7.2 Limitations

Our comparisorto ChatGPTCanvasyieldsan informative, Obest-
available@ontrast,but Canvagdi#ersfrom SI"#$%&'C)"&% in
two directions:it letsusersperformarbitrary free-formedits,yet it
lacksSCOstructuredmemorypane. Thesemismatchesouldin“ate
or de"ate measuredhdvantagesOur within-subjectsstudy is also
subjectto demandcharacteristic§47]. Although we counterbat
ancedorder,familiarity e#ectsor socialdesirability biascould still
surface Severparticipantsalsohad previousCanvasexperience,
which might biasthemto trust or preferthat interface.We there-
fore interpret subjectivepreferencedatacautiouslyandemphasize
di#terencedn observedvork"ows in our conclusions.

Another limitation is our treatmentof Al memoriesasa list
of unweightedfacts.EmergingLLM frameworkscanattachmeta-
data such as model con!dence, provenance pr temporal scope.
Futureiterationsof S!"#$%¢&'C)""&% might considercolor gradi
entscomputedfrom con!dencedeltas yielding a continuousrather
than three-bandclassi!cation,andresolutionsuggestiongould be
rankedby expectedeductionin globaluncertainty.

7.3 Future Work and Connections

7.3.1 Interfaces and APIs for management of Al memory
of user intent . We mentionedearlierthat our intention is for S!(
"#$%&'C)""&% to becomean API that helpsusersmakeOsemantic
commitsOcommitting ideasand detailsto projectslike we commit
code,where the integration work is assistedby Al. Our Ul was
mainly avehicleto seewhat userswould do, werethey givenfull
control overthe integration processLeft to their own devicesto
promptchatmodelsour Indings showthat usersare proneto miss
con'icts or acceptunwarrantedrewrites of entire memorystores.
Developersvho utilize thesesimple one-shotprompting methods
will beproneto similar failure modes-Toolslike ClaudeCodepro-
vide usersquick command-linedirectivesto updatememory,but
simply appendhe directiveto the endof the intent specilcation[2].
Whatwould amoreassistiveommand-lineénterfacefor memory
updatedook like? Couldwe automaticallysurfacethe con"icts that
userscareabout,anticipatingand correctingmisalignmentshefore
they happenNpotentiallysavingthousandsof wastedinference
calls?As Al agentsystemsgrow in popularity, it becomegritical

id=43298279p memeghttps://x.com/daniel_nguyenx/status/1909184057755496571) to exploreinterfacesand APIsthat help usersanddeveloperslike
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manageinspectand updateAl memoryof userintent in amanner
that is non-destructivagransparentand controllable

Thehard questionis what to dowhenwe do not havethe luxury
of a graphical UINwhen intent integration is an API, part of a
larger system.When and how to raiseconlicts for userreview?
What risesto the level of Odirecton!ictOthat mustbe addressed,
versusan ambiguity that the Al could still proceedunder?This
goesbackto our initial discussioron NLI and ambiguity, where
humanannotatorshad subjectivedi"erencesin resolvingconlicts
[14 49Nin many casesthesedi"erencesemergedrom humans
holding dilerent framesof referencero align conlict detectionto
specittauserswe might considertwo mechanismsN#rsigrounding
actslike requestfor clari#cation[83 85, triggeredcontextually.
Vaithilingham et al. [92 suggesthat the bene#tsof negotiation
increasewith the level of abstraction:Al agentsshouldengage
usersin discussionfor high-impactdecisionswhile avoidingit
for low-impact ones.Seconda more passivemechanismmight
usememoriesto help modela particular userOslassi#cationof
OconlictGligning it over repeatedinteractions[84 87]. Future
researchcouldinvestigatehow to align conlict detectorgo speci“c
humans®@ntologicalunderstandingf conlicts in their taskdomain.

7.3.2 Cognitive forcing functions to mitigate over-reliance .
A line of researctarguesthat to mitigate the risk of usersbecoming
complacentor overly reliant on Al, systemsshouldincorporate
cognitiveforcingfunctions[13 29 Ninterfacemechanismshat de-
liberatelyencourageactiveuserinvolvement.In S!"#$%&'C(""'&%,
we do this by requiring explicit userapprovalwhen a conlict is
detectedbr achangeis madeby the Al. Suchmechanismgostersus
tainedcognitiveengagemenandreducethe likelihood of critical
oversightsresulting from blind trust in Al-generatedoutputs.
However, mitigation of over-relianceis not elimination. Our
work relects the tensionbetweenautomationandagency{40 82,
embodiedby our e"orts to enhancerecallto reducefalsenegatives.
Drawing userattention to conlictsNevenOambiguouson!ictsON
showsthat usersareliableto over-rely uponthe Al to the extentof
not checkingany non-markedinformation. Onefurther mitigation
may beto mirror the kinds of divergencesiumanannotatorsface
when detectingconlicts [14 49 by querying multiple LLMsin
parallelandadoptinga majority voting or ensemblingschemg 91].
The Odegreatd conlict might then correlatewith consistencyand
numberof votes,anddivergencesn LLM judgescouldbevisualized.

7.3.3 Interfaces to support requirements-oriented prompt -
ing. Maetal.[6€ introduceda procesdor prompting Al agents
that focuseson supportingusersin creatinga goodinitial setof
requirementsTheyarguethatin the ageof Orequirements-oriented®
prompting, HCI will needto focuson training usersto be good
requirementsengineersAlthough not entirely focusedon require-
mentslists, our interfacecanhelp usersupdaterequirementsto
reduceconlicts, inconsistenciesandambiguities Futurestudies
might explicitly study the performanceof an Al agentfollowing
the userOmtentions after changesare made.

7.3.4 Semantic commits for long-form writing . Oneof the
impetusedor this work wasinspiredby the challengesa coauthor
facedwhen performing developmentakditing for a long #ction
novel. Developmentakditing [77 assessethe overall contentand
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structureof a documentwith regardsto consistencyplot, and!ow.
Changedor removedscenesgvenone-0" conversationscould
haveimpactsmuchlaterin anovel,andan author mustkeepall
of this information in their heador manuallyrereadto detectin-
consistenciesA review by Zhaoet al. [103 found that little HCI
researcHocusedon helpingwriters performdevelopmentaéditing.
In the future, NLI-like Al-poweredinterfacesmight help writers of
long documentdetectandresolveinconsistencieshat emergeasa
resultof revisions.Muchlike Portrayal[42 showswriters birds-eye
views of charactersacrossa novel, might a similar interfacehelp
usersto visualizeOploholesO®ur work suggestshesesemantic
commitinterfacesshouldheavily prioritize recallover precision,as
amissedconlict acrossa 100k+word novelmay be catastrophic,
comparedo lightly reviewingfalsepositives.
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