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Abstract. Large language models write fluent text but invent references and blur the line between what was seen and what
was read. Geological excursion reports are sensitive to both failures, because every statement must be bound to a place and a
source. This paper describes a workflow in which an Al assistant (Claude) works under a family of 20 written procedures,
called skills, and two templates for its projects, that separate research, writing, checking and decision, and in which the
author, by his own account, works almost entirely by voice. The workflow is shown on two reports: a post-trip report on 20
localities in Germany and a pre-trip field guide on 21 localities in southern Norway and Denmark. Six review axes are kept
apart: fact support, internal consistency, reference accuracy, locality evidence, genre and usefulness. In the Norway report,
seven consistency runs produced 18, 4, 6, 4, 0, 2 and 71 findings, the last after the author had changed the target format from
a planning report to a dossier; in the Germany report, a full reference check found 13 errors in the 211 entries it held on 18
September 2026. In three documented cases, an error was caught by one axis only. The results suggest that the value of Al
assistance lies above all in systematic, counted checking, with a human in the loop: the assistant proposes the complete
wording, the author confirms it, and only then is it inserted unchanged, logged and verified.

Keywords: excursion report; field guide; large language model; fact checking; reference verification; geological localities;

dictation
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Talk, Check, Decide: Al-assisted scientific geological excursion reports

' ‘ \ ' ™\
Al Al
9 | E < | ©
. researches, confirms, inserts
dictates h h d
raw input proposes changes or unchanged, accepts
full wording rejects logs, recounts
L 20 skills
6 separate review axes, one question each:
{ [Z] genre ][ Q, facts ] [: consistency] [R usefulnessJ [[I] references ] [ ® locality ]

Graphical abstract. The workflow in brief: the author dictates raw input; the assistant, working under 20 written skills, researches and
proposes the full wording; the author confirms, changes or rejects it; the assistant inserts it unchanged, logs the change and recounts; the
author accepts the result. Six separate review axes each ask one question: genre, facts, consistency, usefulness, references and locality.
Orange marks the author, blue the assistant.

1 Introduction

Excursion reports and field guides are a working genre of geology. A good one lets a reader find the outcrop, see what the
author saw, and check what the author claims. Guidance for field trip guidebooks therefore asks for enough information to
repeat the trip, including coordinates for each stop (Geoscience Information Society, 2018), and field manuals insist on
recording observations separately from their interpretation (Compton, 1985; Coe, 2010; Lisle, Brabham and Barnes, 2011).
Large language models are now widely used in scientific writing (Kobak et al., 2025; Liang et al., 2025). They are also
known to produce plausible but false statements (Ji et al., 2023; Huang et al., 2025) and to fabricate references (Walters and
Wilder, 2023). For an excursion report the risk is specific: a model readily attaches a regional statement to a single quarry, or
a correct date to the wrong structure, and the result reads as well as a true sentence.

This paper asks three questions. RQ1: Where does an Al assistant help in writing geological field guides before a trip and
excursion reports after it, and where does it fall short? RQ2: Which errors does Al assistance introduce into such guides and
reports, and which checks catch them before publication? RQ3: To what extent does an iterative approach, in which skills
are derived from analysed practice and revised after each review round of the report, support the building of skills and
improve the quality of the reports produced with them? It describes the workflow, reports what the check records of two
reports show, and discusses what failed. Errors are reported openly, because the rules of the workflow were derived from

them.
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2 Related work

Fabricated and wrong references. Walters and Wilder (2023) found 55 % of citations produced by GPT-3.5 and 18 % of
those produced by GPT-4 to be fabricated, and substantive errors in many of the real ones. Later models fabricate less, but
still often, and they differ widely. In radiology, Claude 3.5 Sonnet fabricated 3.1 % of its references and Claude 3 Opus 18.3
%, against 27.7 to 60.6 % for four models from OpenAl and Google, and only 59.6 % of the references from Claude 3 Opus
were fully accurate (Giines, Cesur and Camur, 2026). A comparison of 26 models found 55.4 % of all responses fabricated;
Claude Opus 4.6 fabricated 18.5 % and gave fully correct references in 54.6 %, while Claude Opus 4.8 fabricated 10.2 % but
declined about half of the requests (Topaz et al., 2026a, preprint). Earlier studies in medicine report similar or higher rates
(Bhattacharyya et al., 2023; Chelli et al., 2024), and the problem has been noted in geography (Day, 2023). Access to
sources does not remove it: even with retrieval, about 30 % of the statements made by GPT-40 were not supported by the
sources it cited (Gao et al., 2023; Wu et al., 2025), and commercial deep research agents still produced hallucinated URLs
for 3 to 13 % of their citations (Rao, Wong and Callison-Burch, 2026, preprint). Verification steps reduce hallucination
(Manakul, Liusie and Gales, 2023; Dhuliawala et al., 2024). The errors now reach the published literature: among the open-
access papers in PubMed Central, the share with at least one fabricated reference rose from one in 2,828 in 2023 to one in
277 in the first seven weeks of 2026 (Topaz et al., 2026b). Human-written literature is not free of such errors either: in
marine biology, only 75.8 % of cited assertions were clearly supported by the cited source (Todd et al., 2010; see also Jergas
and Baethge, 2015; Mogull, 2017).

Responsibility and disclosure. Publishers and ethics bodies agree that an Al tool cannot be an author, that the author
remains responsible for all content, and that the use of Al must be disclosed (Nature, 2023; COPE Council, 2024; Elsevier,
2026; ICMIJE, n.d.). How this is implemented varies widely (Hosseini, Resnik and Holmes, 2023; Ganjavi et al., 2024).
Commentators warn that Al must not take over the normative and interpretive parts of science (Messeri and Crockett, 2024;
Binz et al., 2025).

Language models in the geosciences. Geoscience-specific models (Deng et al., 2024) and reviews of generative Al in the
field (Foroumandi et al., 2023; Hadid, Chakraborty and Busby, 2024) show growing use, alongside concern about bias
(Hatvani, Mudelsee and Kern, 2024). The closest work to the present one used a language model to write geosite
descriptions and found that 44.8 % of the Polish and 1.3 % of the English texts needed editing after manual and field checks
(Wolniewicz, 2024). A GPT-based geology system reached a score of at least 5 out of 10 on 79.6 % of 152 questions
(Baucon and Neto de Carvalho, 2024).

Locality data. Open databases are central to locality work but carry spatial uncertainty and biases (Peters and McClennen,
2016; Ralph et al., 2025). Georeferencing practice treats a locality as a point with an uncertainty radius (Wieczorek, Guo and
Hijmans, 2004; Chapman and Wieczorek, 2020), and occurrence records need cleaning before use (Zizka et al., 2019).
Speech and structured elicitation. Speech input is about three times faster than typing on a phone (Ruan et al., 2018). In

survey experiments, spoken answers contained about three times as many words and more themes than written ones (Hohne,
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Gavras and Claassen, 2024; Lenzner, Hohne and Gavras, 2024), although plain dictation into text gave less detail than
recorded speech (Revilla et al., 2020; Revilla and Couper, 2026). Dictated clinical notes contain errors that review removes
(Zhou et al., 2018; Blackley et al., 2019). Speech recognition has been used to capture geological field data (Zhang et al.,
2020). Knowledge elicitation research describes structured interviews as a method to draw out expert knowledge (Cooke,
1994; Hoffman et al., 1995).

Documentation practice. Software engineering records design decisions explicitly because their reasons are otherwise lost
(Jansen and Bosch, 2005; Tyree and Akerman, 2005). Version control and a record of every change support reproducible
research (Ram, 2013; Sandve et al., 2013; Wilson et al., 2017), and simple checklists reduce errors in routine work (Haynes
et al., 2009).

Gap. A search of 24 queries in English and German, by web search and a partial Crossref search, without Scopus or Web of
Science, found no study on using a language model to write or check geological excursion reports, or on dictation as a way

of writing them.

3 Materials and methods
3.1 Cases

The workflow was applied to two reports written in English by the author (Table 1). The Germany report describes a tour
that took place; its evidence includes the author's own observations, finds and photographs. The Norway report plans a tour
for 2027, it rests on literature and databases only, and its photo places and field notes were removed when it became a
dossier; they pass to a separate results report after the tour. It was a planning report until 26 September 2026 and has since
been a pre-excursion dossier (version v100); in both forms it is the field guide before the tour, and this paper calls it the
Norway report in both.

Table 1. The two cases.

Germany (post-trip) Norway (pre-trip)
Tour 8 days, 2 to 9 August 2026, from Hamburg 10 days, summer 2027, from Hamburg via
Hirtshals and Kristiansand
Localities 20: quarries, dumps, show mines, track 21: pegmatite quarries, silver mines, fossil
sites, a geotope, museums sites, peridotite sites, museums, a moler pit
in Denmark
Size about 55,000 words, 226 references in about 42,000 words, 7 appendices
version v15
Project files report, appendices, register of repeated 27 files, among them a decision log with
statements, work plan, base data, locality 130 entries, a log with 243 entries and a
table work plan with 132 steps in 21 blocks
Evidence observation, finds, literature, databases literature, databases
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3.2 Working cycle and interaction

The skills were not designed in advance. They were distilled from work already done in four steps: try a task on a real case;
formalise what worked into a procedure; write the procedure as a work plan with blocks, decision points and acceptance
criteria before executing it; and write back into a skill the rules that proved sound. For this, the working records of both
projects were read and 268 working patterns were written down and clustered into 12 groups; the gaps between groups
became new skills. In the author's practice, the same analysis is now also applied to single working sessions: at the end of a
session, the assistant analyses it and writes the procedure it followed into a method document, which the author checks and
which then becomes the basis of a work plan or a skill. In this sense, Al was used to set up the use of Al: the assistant that
did the work also analysed its records and revised the skills that steer it, and the author approved or edited them.

Feedback loops. Skill building is iterative. The assistant analyses the actions the author carries out himself and drafts a skill
from them step by step; the skill is then put through consistency checks and a deliberately harsh critique, and it is judged by
the results of the next review round of the actual report. What fails there goes back into the skill. The loop does not close:
every report is a practical test of the skills, and every change to a skill passes the author's control (Figure 1).

Templates. Once the working patterns had settled, two framework skills were written as templates: one for document
projects such as reports (template-dokumentprojekt) and one for skill projects (template-skill-projekt).
Each for its kind of project, they lay down a file set, naming, versions, identifiers, logs, a chat record, wording proposals and
the check after every write, so that every new project starts with all conventions learned so far and the way of working can
be reproduced, as recommended for research projects in general (Wilson et al., 2017). Each of their rules names the incident
it came from; the document template holds 31 such rules, the skill template 12. In one case, 10 files of the Norway project
carried six different counts from 15 to 38; this became the rule that all project files share one version, starting at the highest

count plus one (v39). The present paper was itself set up with the document template.
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Building the skill Using the skill
Author carries out Author approves or apply ré’kg:,ta&ﬁell'gd E?dt:?)r
the work himself edits the skill port fheid g
excursion report)
v
Al analyses the Al runs consistency Al runs the next
author's actions checks and critique review round
v
) what fails goes ( d findi
Al drafts or revises / back into the skill Counted findings;

author judges

the skill step by step the result

() Author (] Alassistant

Structural analogy to reinforcement learning from human feedback: human judgement of the results
steers the improvement. No reward model is trained and no parameters change; the assistant
revises a written procedure, and the author approves or edits it.

Figure 1. Iterative skill development. In building the skill, the assistant analyses the author's own actions, drafts or revises a skill and puts
it through consistency checks and critique, and the author approves or edits it; in using the skill, it is applied, the assistant runs the next
review round of the report, and the author judges the result. What fails feeds back into the skill, which closes the loop. Orange marks the
author, blue the assistant. The analogy to reinforcement learning from human feedback is structural.

Human in the loop. Every task followed the same eight steps (Figure 2): locate the task; enter it in the work plan; research
solutions; propose a solution or wording; have the author confirm, change or reject it; apply the change and log it; verify it
against the metrics of the skills (the change is at the intended places, the number of changes matches the proposal, the old
wording no longer occurs); and present the result for acceptance. Nothing was changed without step 5, except mechanical
corrections under an existing rule and corrections the author had released as a class. After the work was done, a second check
compared the result once more with the chat and the work plan, to find what had been asked for but not done or not recorded.
When the work on this paper moved to a new chat on 27 September 2026, this check found that the log handed over lacked
one entry and the chat record two inputs, and that seven statements in the working files contradicted other files or the paper;
all of them were corrected. Findings outside the task at hand were not fixed on the way but set out to the author and entered
in the work plan as steps of their own. While this paper was revised, for example, a check showed that the rule on the
running chat described in section 3.3 was not yet carried by any skill; it was entered as a step and written into the document

template only after the author had decided so. The assistant also reported its own errors as soon as it noticed them: when one
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proposal for this paper left out a count that the register of repeated statements required to change with it, the omission was
reported before the next proposal and corrected by a proposal of its own.

Wording proposals. The central procedure of the workflow is the wording proposal. Since this procedure was introduced on
26 September 2026, no sentence entered this paper as an intention or a summary; the author also used it for the two reports
from that date, where this was not counted. The assistant first set out the complete wording, numbered, with its place in the
text, the old wording where one was replaced, the sources with the state of their verification, and the consequences, such as
further passages, new reference entries or numbers that change. The author confirmed, changed or rejected it. Only the
confirmed wording was inserted, unchanged; when the author added to a proposal, the extended version was proposed again
rather than worked in silently. Each insertion was then logged with the number of the proposal and, from the tenth proposal
on, with the number of the confirming input in the chat record, and compared with the proposal in every copy of the text. In
this paper, the research questions and all numbered proposals took this route: 75 by 28 September 2026, this one included, of
which 68 changed the text, 6 only the figures and 1 only the name of the document. What the author confirmed was therefore
the text itself, not an account of it, and every sentence inserted in this way can be traced to its proposal and, from the tenth
proposal on, also to the input that released it. The author's answers took four fixed forms, which keep a spoken release
unambiguous: "yes" releases only the proposals just set out; "all" releases every proposal listed; "yes, unless ..." asks the

assistant first to check the drawbacks and state them; and "list ..." asks for findings without any write.
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8 Present the result
for acceptance

Nothing changes
without step 5

7 Verify with the
metrics of the skills

Exception: mechanical corrections under an
existing rule and corrections released as a
class skip step 5 but still pass steps 7 and 8

6 Apply the change
and log it

5 Confirm, change
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() Author () Al assistant () Either
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2 Enteritin
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or wording

Figure 2. Human in the loop: the eight steps every task passed through. Nothing was changed without the author's confirmation (step 5);
mechanical corrections under an existing rule and corrections released as a class skipped it but still passed steps 7 and 8. The colours show
who carries each step: the author confirms, changes or rejects; the assistant enters, researches, proposes, applies and verifies; locating a

task and presenting the result fall to either.

By his own account, the author worked almost entirely by voice and dictated nearly every input in the working chats; the

share was not measured. Instructions, decisions and field observations were dictated; the system asked one question at a

time, stated why it asked, and wrote the result into the files. Decisions were prepared so that a one-word spoken answer

sufficed, and the system kept the written record (Figure 3). Speaking to the system has to be learned and practised. Slips of

the tongue, misrecognised words, corrections several sentences later, pauses and even revoking a statement at the end and

restating it did no harm in the author's experience; the system was treated as a conversation partner, not as a dictation device

(Figure 4).
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dictated instructions,
observations, decisions

speaks > writes
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confirms every proposal < keeps the records

one question at a time,
proposals, measured results

J \ J

Figure 3. Division of labour between author and Al assistant. The author speaks, decides, observes and confirms every proposal; the
assistant writes, counts, checks and keeps the records. The author passes dictated instructions, observations and decisions to the assistant;
165  the assistant returns one question at a time, proposals and measured results. Orange marks the author, blue the assistant.

Assistant restates what it
understood, sorted into
observation, estimate,

Author speaks; slips,
misrecognised words, late
corrections, pauses and

Speech recognition:
transcript, errors
included

revocations are allowed interpretation, hearsay
k
\
\
AY
AY
N
N\
N
. ~
correction: o
speak again Y
S Author confirms Written record: log,

or corrects decision log, report

() Author () Alassistant () Tool

Figure 4. Speaking with read-back: slips, corrections and revocations are caught because the assistant restates what it understood and the
author confirms or corrects it. Orange marks the author, blue the assistant, the white box a tool.

3.3 Skills

170 A skill is a written procedure that the assistant loads before a task. The family used here has 20 skills in two groups: geo-—
skills for geological reports and localities and science- skills that work on any document, plus two framework skills,
templates for document projects and for skill projects (Appendix A, Table Al). The 20 skills cover research, elicitation of
the author's observations, writing, rules, clarification, checking, steering and maintenance by change propagation; the two
templates form the framework. Each skill names the tasks it hands to others. Skill names are the identifiers of the skill files,

175 most of them German; Table Al gives the task of each in English.

Eleven rules recur across the skills: count instead of assuring; never take a reference, coordinate or name from memory;
leave gaps visible with the markers OPEN (nothing found; OFFEN in the skills), UNCLEAR (uncertain; UNKLAR in the

skills) and --- (does not exist there); never transfer a regional statement to a single point; keep observation, interpretation

9
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and literature apart; change nothing without approval; leave decisions with the author; freeze findings and track status
separately; keep working notes out of the deliverable; check every write by recounting; and keep everything that matters in
files, not only in the chat. Since 28 September 2026, the document template extends the rule against memory to the running
chat: a fact is looked up again in its source or in the project files instead of being taken from what was said earlier in the

chat, because a long chat is summarised and its earlier wording is lost (section 5).

3.4 Review axes

Six checks were kept separate because an axis can find errors the others miss (Table 2). Section 4 reports a counted result for
each of them. The skills prescribe the order: genre first, then fact support and consistency, then usefulness, then a new
consistency run, because every improvement shifts numbers and cross-references; in the Germany report, the genre analysis
came only after the first two consistency runs. Reference accuracy and locality evidence can run at any time and run at the
latest before submission. A finding that belongs to another axis is handed on, not fixed in passing.

Table 2. Review axes.

Axis Question Skill
Genre Measured against which type of report isit ~geo-exkursionsbericht-
complete? typenanalyse
Fact support Does the cited source carry the statement? science-faktenbeleg-pruefung
Internal consistency Does the document agree with itself? science-interne-konsistenz-
pruefung
Reference accuracy Does each entry describe the work it science-quellenapparat-
claims, and does its DOI lead there? pruefung
Locality evidence Is the statement bound to the site, not the geo-fundstellen-evidenz-
region? pruefung
Usefulness Does it serve the reader it is written for? science-dokumentkritik-drei-
sichten

Decisions were separated from writing. A factual decision has a better answer and receives a recommendation; a purpose
decision has two correct answers and receives counted consequences but no recommendation (science-

entscheidungspunkt-klaeren). Each rule of lasting effect went into the decision log.

3.5 Data

The results are taken as quoted in the project records of both projects (logs, work plans, critiques, the Germany report and
the skills, check reports as quoted in the working chats, a summary document compiled from the chats, and the chats
themselves), as produced up to 28 September 2026; the Norway records begin on 10 September. The 268 working patterns
rest on the chats, and 32 of the 117 statements about the two projects checked for this paper rest on the summary document
only (section 5, "Records outside the chat"). Counts are those stated in the reports, logs and work plans; for the Norway
report they refer to version v100 of 26 September 2026, for the Germany report to its version v15, so numbered since 21

September 2026, unless a date is given. The localities of the Germany tour were selected before it with ChatGPT and

10
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Claude; for writing and checking, the assistant was Claude, used through its chat and agent interfaces, first as Claude Opus 5

and later as Claude Opus 5.5.

3.6 Use of Al in the preparation of this paper

This paper was drafted with Claude from the author's dictated instructions, the skills listed in Appendix A and the project
records of both reports. The literature was searched and every reference verified against a publisher, society or institutional

page, a DOI landing page or a Crossref record. The author is responsible for all content.

4 Results
4.1 Consistency runs

In the Norway report, findings fell over the first six runs and rose only after large changes. The steepest rise, to 71 findings,
came in the seventh run, after the author had changed the target format from a planning report to a dossier: the run measured
a text written largely for the earlier format against the new one. It was also made in two separate parts and then merged
(Figure 5). Documented non-findings, that is suspicions checked and found correct, ranged from 6 to 12 in the first six runs
and reached 42 in the seventh, and they stopped later runs from raising them again. In the Germany report, the first two runs
over the whole report, on 13 and 15 September, produced 29 and then 8 findings, and three later runs, on 19 and 21
September, produced 3, 5 and 4; three runs over chapter 1 produced 10, 9 and 7 findings; the first of them also recorded 16

non-findings.

11
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report only reversed, one renumbered, corrected, added three-perspective now dossier;
locality added literature added names struck critique two-part run

Figure 5. Findings and documented non-findings in the seven consistency runs of the Norway report, with the change that preceded each
run. Blue bars count findings, green bars documented non-findings, that is suspicions checked and found correct; below each run stand the
version of the report it checked and the change made before it. Findings rose only after large changes, most steeply to 71 in the seventh
run, after the target format had changed from a planning report to a dossier.

In the author's view, findings clustered where new text met old; this was not counted. Examples from Germany: one section
named two track horizons and another six, both citing the same paper; the age of the Ries impact was attached grammatically
to the Steinheim crater, which cannot be dated isotopically; and the abstract announced 5 discussion themes for a chapter that

by then had 10.

4.2 Fact support

In the final check of chapter 1 of the Germany report on 24 September 2026, 36 statements carried a source: 18 were
verified, 14 partly verified, 3 could not be checked because the sources are printed books without accessible text, and 1 was
misattributed. A check of statements about museums, 20 statements in 19 rows, found 12 rows verified, 4 partly verified and
3 misattributed; its date and the version it checked were not recorded. The three misattributions of the museum check were
of three different kinds: a paper by two named authors listed as anonymous, taken over from an unchecked bibliography; a
correction made in one section but not in another; and a conclusion of the writer placed inside a citation, where it read as a

statement of the source.

12
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4.3 Reference accuracy

A full check of the Germany reference list covered the 211 entries it held on 18 September 2026 and found 13 errors, about 6
%. Five were found by checks that needed no search, among them comparisons of an entry with the document's own
practice. Four of the six errors among entries with a DOI sat among the 11 most cited works. Three DOIs pointed to a real
but different paper, one differing by a single digit from its neighbour in the same volume. About one entry in eight could
only be checked in part. Requiring either the publisher or two independent sources before correcting prevented five changes

that would have introduced new errors.

4.4 Locality evidence

In the Norway report, all 55 citations of Mindat were checked, in version v67, for whether the cited page supports the
statement for that very site; each was listed with its sentence and its reference entry. A first pass produced 26 proposals for
change. A second pass by separate instances of the assistant, which had not seen the results of the first pass, confirmed 21 of

them, 4 in part and 1 with a condition; all 26 were carried out, in 22 changes to the text.

4.5 Genre and usefulness

Measured against four candidate genres in its version v13 of 19 September 2026, the Germany report met 9 of 11 obligations
of an excursion report; 53 of its 58 figures were still placeholders. The four candidates were chosen from the 15 types of the
genre selection skill in a discussion in which the assistant acted as a discussion partner: it reflected the author's reasoning
critically, which made him reconsider it at two or three points, and the four were kept that best served the aim of the report.
The author chose as target genre the research excursion written up as a project report, one of the four candidates; in this
paper, it counts as an excursion report after the trip. The first three-perspective critique of the Norway report (a practical, a
collecting and a scientific view), made on a version before v67 whose date and number were not recorded, produced 45
measures, of which the author struck 9; a second critique on 26 September produced 45 more. The first critique found gaps
that no correctness check could: the daily plan existed only in the route drafts, and radioactive minerals in the Iveland
pegmatites were mentioned nowhere. Both led to new content, among them a field identification table of 20 minerals with a

radioactivity column.

4.6 Failures and the rules they produced

Every rule of the two templates names the incident it came from, 43 in all; Figure 6 shows six failures and the rules they
produced; two of these rules are carried by the document template, three by the reference check and one by the work plan
skill. Two of them concern error classes named in the answer to RQ2 (section 5): an entry with the right title and DOI but the
wrong authors, caught only by comparing the first author on the DOI landing page, and an over-wide replacement anchor

that deleted about 800 words, whose first reported restoration was itself unchecked and missed a second error.
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EGUsphere\

Failure

Rule written back

An over-wide replacement anchor
deleted about 800 words; the first
restoration report was unchecked

Narrowest anchor, recount after
every write, word-level diff
for restorations

A search pattern flagged all
20 map sheets because of a grid
shifted by one line

A finding that hits a whole class
is a tool error first; calibrate
on a known case

Right title and DOI,
wrong authors

Compare the first author
on the DOI landing page

“Checked, no finding"
without a source

A check counts only
with a named source

Text still called a
filled table empty

Remove preparatory text
when a step is done

Germany organisation file
taken over as a pattern

Check conventions taken over
from another project one by one

Skill that carries the rule

template-dokumentprojekt

science-quellenapparat-pruefung

science-quellenapparat-pruefung

science-quellenapparat-pruefung

science-arbeitsplan-erstellen

template-dokumentprojekt

without a version

Figure 6. Failures and the rules they produced, with the skill that now carries each rule. Each row reads from left to right: a failure that
occurred during the work (grey box), the rule written back in response (white box) and the skill that now carries it. The six rows are
examples; two rules are carried by the document template, three by the reference check and one by the work plan skill.

5 Discussion

Answers to the research questions. RQ1: The assistant helped in research, provided that every reference it proposed was
verified; in drawing out the author's observations one question at a time; and above all in counted checking along separate
axes. It fell short where only the author could contribute, in field observation, and where sources were out of reach: about
one reference in eight in the Germany list could be verified only in part. RQ2: The errors that arose in Al-assisted writing,
not all of them introduced by the assistant, were misattributions, misplaced attributions, wrong DOIs or authors, regional
statements transferred to single sites, stale numbers and cross-references, and editing accidents; misattributions are the target
of fact support, misplaced attributions and stale numbers and cross-references of internal consistency, and wrong DOIs or
authors of reference accuracy, although the classes overlap: the museum check found a wrong author list and a correction not
carried through as misattributions (section 4.2); editing accidents led to the check after every write (section 4.6), and regional

statements transferred to single sites are the target of the locality evidence axis (section 4.4). In three documented cases, an
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error was caught by one check only, as the paragraph on separate axes below shows. RQ3: Building skills in loops supported
the building of skills, as far as the two templates show: all 43 of their rules name the incident they came from, and they carry
these rules into every new project; the rules of the other skills were not counted. That it also improved the reports is
indicated by findings that fell over successive runs between large changes, but not shown: with two cases and no comparison
group, better skills cannot be separated from reports that simply matured.

Separate axes. The central result is that in three documented cases an error was found by one axis only; how often each type
occurred or was missed was not counted. The misplaced age was invisible to the fact check, because the value and its
citation were correct; only the consistency check found that it was attached to the wrong structure. The writer's own
conclusion inside a citation was invisible to the consistency check; only reading the source clause by clause found it. The
DOI pointing to a neighbouring paper was invisible to both. This matches the finding that retrieval alone leaves citation
support incomplete (Gao et al., 2023) and supports keeping verification as a separate step (Dhuliawala et al., 2024).
Counting instead of assuring. Every finding carried a count or a location, and success was reported as measured values.
This made the checks falsifiable and turned the assistant's tendency to confirm into something the author could test. The
comparison with a checklist is deliberate (Haynes et al., 2009): the rules are simple, and their value lies in being applied
every time.

Region and point. Database records and regional literature were, in the author's view, a frequent source of statements that
looked like evidence for a site without being so; their number was not counted. Treating every value as carrying the level it
came from follows georeferencing practice (Wieczorek, Guo and Hijmans, 2004) and addresses the biases documented for
open locality data (Ralph et al., 2025).

Speaking. In the author's experience, speaking was faster than typing and led to a real dialogue with the system. The speed is
supported by measurement (Ruan et al., 2018). The richer content is supported for recorded speech in surveys (Lenzner,
Hoéhne and Gavras, 2024) but not for plain dictation (Revilla et al., 2020). What differed here is that the system asked back,
one question at a time, and sorted the answer into observation, estimate, interpretation and hearsay. Whether this closes the
gap between dictation and recorded speech was not measured. Self-repair is a regular part of spontaneous speech (Schegloff,
Jefferson and Sacks, 1977; Levelt, 1983). Language models, however, handle revoked or restated content less reliably than
other disfluencies (Rohanian et al., 2023), which is a further reason why the system restates what it understood and the
author confirms it.

Language. The author is not a native speaker of English. He worked with the assistant in German and, by his own account,
almost entirely by voice, while the reports and this paper were written in English; the assistant carried the content from one
language into the other and kept the English consistent across files. It also opened literature in other languages: more than a
third of the 226 references of the Germany report have German titles and one is in French, and the Norway report draws on
Norwegian acts and survey publications. Non-native speakers spend considerably more time reading and writing scientific
English (Amano et al., 2023), and literature in languages other than English is often left out of international work (Amano,

Gonzalez-Varo and Sutherland, 2016); Al language tools have been proposed as a way to lower both barriers (Berdejo-
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Espinola and Amano, 2023). This makes one rule more important: a statement taken from a source in another language has
to be checked against the original wording, not against an English rendering of it.

Human responsibility. The workflow keeps a human in the loop for every change, with the two exceptions named in
section 3.2 (Mosqueira-Rey et al., 2023): the assistant proposes, the author decides, and purpose decisions receive no
recommendation. An explicit confirmation step matters because automation bias is not prevented by training or instructions
alone (Parasuraman and Manzey, 2010), and it follows guidance to combine high automation with high human control
(Amershi et al., 2019; Shneiderman, 2020). This is consistent with the positions of publishers and ethics bodies (COPE
Council, 2024; ICMIJE, n.d.) and with warnings against handing interpretation to AI (Messeri and Crockett, 2024).

Iterative skill development. In the author's view, the permanent feedback between skill, report and review mirrors the
principle of reinforcement learning from human feedback, in which human judgements of outputs steer the improvement of a
model (Christiano et al., 2017; Ouyang et al., 2022). The analogy is structural, not formal: no reward model is trained and no
parameters change; what is revised is a written procedure, revised by the assistant and approved or edited by the author after
seeing the results (Schon, 1983; Sutton and Barto, 2018). Loops of self-critique improve model output even without a human
(Madaan et al., 2023), and human feedback is itself inconsistent and partial (Casper et al., 2023). The human role here is
therefore control and the test against real use, not the engine of the loop. In the author's practice, the loop still needs a human
prompt: the author explicitly asks for recursive improvement, that is, for a finished result to be critiqued and improved once
more, as with the repeated consistency runs of the Norway report (Figure 5).

Documents or files. The two reports were kept as Markdown files; this paper was written in a shared online document,
Claude Docs, with a Markdown copy. The document gave the author a live view, comments and a revision history, and the
assistant could change single passages by exact wording, which suits the rule of the narrowest anchor. The files gave what
the checks need: every change can be counted, compared word by word and versioned in the file name (Ram, 2013; Wilson
et al., 2017). Keeping both doubled the work: each of the 19 rounds of change to this paper logged between 19:30 and the
end of 26 September was made in the document and in the file, and the two were compared in 11 separate checks. The
comparison itself had to be adapted, because the document splits words at formatting boundaries and a word count reported
differences where the text was the same; only a character comparison without spaces gave a clean result. Direct links to
Google Docs or similar editors offer the same live view to co-authors. For work built on counted checks, the file is the better
master copy, and the online document the place where the author reads, comments and confirms. This paper itself left that
setup on 27 September: to end the double work, only the online document has been kept since then, and the Markdown copy
was frozen. Figures followed a fixed order of routes: if an editable source exists, change the model and export it with the
original tool; otherwise change or rebuild the script that drew the figure; otherwise add without deleting; otherwise make a
minimal raster edit in a narrow, uniform area; failing all of these, ask the author for the source file. The six figures of this
paper took the second route: each was redrawn from a script, and the scripts are kept with the figures in the project files.
Records outside the chat. In the author's view, the most general lesson of this work is that everything that matters has to

leave the chat and be kept in documents that can be read, checked and exported. The working chat is where the work
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happens, but it is not a record: it grows long, it is summarised when it grows too long, and it cannot be cited. This paper
shows the cost. The 268 working patterns could only be recovered by reading the chats afterwards; 32 of the 117 statements
about the two projects checked for this paper could be traced only to a summary document compiled from the chats, not to a
saved check report; and of the first 30 inputs in the chat in which this paper was revised, only their order survived, because
the chat had been summarised. Logs, work plans and decision logs kept the rest traceable. The workflow therefore now adds
a chat record, laid down in both templates: at the end of each working session, and before a chat is summarised, every input
of the author is written into a document with its result and a pointer to the log entry, decision or file it led to. The record
keeps the author's words and the log keeps the measured values, so that no number is held twice. The same records serve the
assistant: when the work on this paper moved to a new chat on 27 September 2026, the new chat resumed from a handover
document and the project files, not from the old conversation, and the second check described in section 3.2 compared them
with the state of the work. This follows the reason why software engineering records design decisions (Jansen and Bosch,
2005; Tyree and Akerman, 2005) and why reproducible research keeps a record of every step (Sandve et al., 2013).

Limits. The evidence comes from two reports by one author and, for writing and checking, one assistant, and the counts are
taken from the author's own records. About one reference in eight in the Germany list could not be fully verified. Two skills,
for genre selection and genre analysis, were each tested once or not at all. The effort was large: 243 log entries for a pre-trip
field guide. A lighter version would keep the register of repeated statements, one consistency run per chapter and one fact

check per chapter, and drop most of the project files.

6 Conclusions and outlook

An Al assistant can support the writing of field guides and excursion reports, but its main value in these two cases lay in
systematic, counted checking along separate axes, with the author speaking, deciding, observing and confirming the
complete wording of every proposed change before it was inserted, and the system writing, counting, checking and keeping
the records. The rules that made this work were learned from incidents and written back into skills; the two templates record
43 of them with their incident. Building the skills in loops supported their building, as far as the two templates show, since
every one of these rules came from an incident; whether it also improves the reports is indicated but remains to be shown.

The Norway tour in 2027 will test the workflow in the other direction: a separate results report will follow the dossier, and
its field notes will be filled by dictation on site. Two questions should be measured then: whether guided dictation yields as
much content as recorded speech, and how the share of follow-up corrections changes with the register of repeated
statements. Beyond that tour, it remains to be tested whether the skills transfer to other authors and other field sciences. A
further question is whether a skill can improve itself: whether it could end each task by proposing, from the incidents of that
task, the rule it lacked, so that the loop described in section 5 would run with the author's confirmation as its only human

step.
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Appendix A. The skills

Table Al. The 20 skills and the two framework skills, by role.

EGUsphere\

Role Skill Task
Research science-recherchebericht- multi-step web research with numbered
mit-quellen references
Research science-deep-research- structured brief for a deep research tool
prompt—-generator
Research geo-fundort-datenbank- locality links in Mindat, Mineralienatlas
recherche and the Paleobiology Database; exact
matches only
Research geo-mindat-datenbank- the same with the Mindat API, including
recherche-mit-api mineral lists
Elicitation science-beobachtung- draws out the author's observations one
erfassen-befragung question at a time and grades them as
observation, estimate, interpretation or
hearsay, or marks the point as not observed
Writing geo-exkursionsbericht- chooses the genre among 15 types before
erstellen writing
Writing geo-excursion-report builds the report with itinerary table, route
map, georeferenced overlay and
stratigraphic chart
Writing geo-fundstellen- per-locality bibliography in four
bibliographie categories; every DOI resolved
Writing geo-fundstueckregister specimen register with inventory numbers,
open nomenclature and labels
Rules geo-fundstellen- locality identity, no transfer from region to
evidenzregeln point, specimen-bound records, markers
Clarification geo-frage-belegbasiert- one geological question answered with
klaeren source, evidence level, scope and
confidence
Clarification science-entscheidungspunkt- one decision point turned into an
klaeren applicable rule after counting the cost of
each option
Checking science-faktenbeleg-pruefung fact table, check in the original source,
peer-reviewed replacements, change report
Checking science-interne-konsistenz- the document against itself in six
pruefung dimensions
Checking science-quellenapparat- every reference entry, DOI and URL, and
pruefung citations in both directions
Checking geo-fundstellen-evidenz- a locality document against the evidence
pruefung rules
Checking geo-exkursionsbericht- a finished report against every candidate
typenanalyse genre
Checking science-dokumentkritik-drei-  usefulness from three reader perspectives,
sichten with 15 measures each
Steering science-arbeitsplan-— checkable work plan before execution
erstellen
Maintenance science- register of repeated statements, consulted
aenderungsfortpflanzung before every change
Framework template-dokumentprojekt file set, naming, shared versions,
identifiers, decision log, log, chat record,
wording proposals and the check after
every write
Framework template-skill-projekt file set, naming, versions, identifiers, log,
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chat record, wording proposals and the
check after every write for skill projects

Three of the 22 entries carry a version number in their header: science-arbeitsplan-erstellen (5.0.0),
template-skill-projekt (1.5.0) and template-dokumentprojekt (1.6.0); version 1.5.0 of 27 September
2026 added the chat record and the wording proposals to both templates, and version 1.6.0 of 28 September 2026 added the
rule on the running chat to the document template; the others are identified by name, in their state of 27 September 2026.

The skills and templates listed here are published at https://github.com/nordie69/Talk-Check-Decide under the MIT licence.

Data availability

The skills and templates on which the workflow rests are available at https://github.com/nordie69/Talk-Check-Decide under
the MIT licence (Appendix A). The project records of the two reports, namely logs, work plans, check reports and chat
records, and the scripts that drew the figures are not published. The two reports themselves are not yet published; the author

intends to make them publicly available on a suitable platform.
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