ONLINE SUPPLEMENTARY MATERIAL
AI-Driven Passenger Experience Monitoring in Railway Operations: A Reddit-Based NLP Analysis of Service Failures, Sentiment, and Operational Priorities
This appendix reproduces in full the classification layer of the pipeline described in Section 3 of the manuscript, so that every automated indicator reported in Section 4 can be inspected, audited and replicated independently. It contains the seven service failure cluster lexicons, the hand-curated sentiment cue lexicon, the operator alias dictionary, the contextual taxonomies, and the regular expressions used to extract delay durations and cost mentions.
All lexicon entries reported here are the terms actually instantiated in the released dataset: because every match is stored verbatim in the corresponding audit-trail field, the tables below are a direct, verifiable transcription of the classification rules as applied, not a post hoc description of them. Matching is case-insensitive whole-phrase matching over the concatenation of the title and body of each document; classification is multi-label, so a single document may enter several clusters.
S1. Released data file and corpus construction
The accompanying data file is:
railway_PRIMARY_reddit_20240710_20260710.xlsx
It contains the primary collection: 2,186 submissions and 68,337 comment records (70,523 rows in total; each comment row inherits the metadata of its parent submission, so submission-level fields are repeated across the rows of a thread). Collection window: 11 July 2024 to 10 July 2026. The analytical corpus of 61,328 documents reported in Section 4 is obtained from this file by the relevance-filtering and cleaning pass described in Section 3.2 and summarised in Table S3.
Table S1. Collection summary by community (primary file, before cleaning).
	Community
	Submissions
	Comments
	Records

	r/Amtrak
	653
	22,860
	23,513

	r/uktrains
	609
	18,833
	19,442

	r/Interrail
	558
	5,288
	5,846

	r/transit
	224
	14,191
	14,415

	r/trains
	142
	7,165
	7,307

	Total
	2,186
	68,337
	70,523


Note: counts refer to the released primary file. Table 1 of the manuscript reports the corresponding counts after cleaning.
Table S2. Field inventory of the released data file.
	Field
	Content

	subreddit
	Source community (Amtrak, uktrains, Interrail, transit, trains).

	post_id
	Reddit submission identifier; thread key. Repeated across the rows of a thread.

	post_author
	Pseudonymous author handle of the submission (see Section 3.6 on anonymisation).

	post_time_utc
	Submission timestamp, UTC.

	post_title / post_selftext
	Submission title and body; the text on which submission-level classification operates.

	post_score
	Net vote score of the submission; visibility component.

	post_upvote_ratio
	Proportion of upvotes among votes cast on the submission.

	post_num_comments
	Comment count of the submission; visibility component.

	post_flair
	Community-assigned flair label, where present.

	theme_clusters
	Multi-label service failure cluster assignment of the submission (Tables S4.1–S4.7).

	delay_kw_matched … accessibility_kw_matched
	Audit trail: the exact lexicon terms matched, per cluster, separated by semicolons. Empty where the cluster did not fire.

	rail_context
	Multi-label rail system and service type tagging (Table S7).

	operators_mentioned
	Named operators identified through the alias dictionary (Table S6).

	sentiment_cues
	Hand-curated cue matches, grouped by polarity (Table S5).

	service_dimensions
	Multi-label assignment to the nine target service dimensions (Table S7).

	delay_duration_mentions
	Regex-extracted delay and waiting durations (Table S8).

	cost_mentions
	Regex-extracted fares and monetary amounts (Table S8).

	user_type
	Self-disclosed passenger role, where stated (Table S7).

	has_delay_context
	Binary indicator that the document carries an explicit delay reference.

	record_type
	post or comment; distinguishes the two document types in the multi-level corpus.

	comment_id / comment_parent_id
	Comment identifier and its parent node in the comment tree.

	comment_author / comment_time_utc
	Pseudonymous comment author and timestamp, UTC.

	comment_body
	Comment text; the text on which comment-level classification operates.

	comment_score
	Net vote score of the comment.

	comment_theme_clusters, comment_rail_context, comment_operators_mentioned, comment_sentiment_cues, comment_service_dimensions, comment_cost_mentions, comment_user_type
	Comment-level counterparts of the submission-level fields above, produced by the identical lexicons and dictionaries.


Table S3. From the released primary file to the analytical corpus (Section 3.2).
	Step
	Cleaning operation
	Comment records remaining

	0
	Comment records in the released primary file
	68,337

	1
	Deduplication on submission and comment identifiers
	68,337

	2
	Removal of deleted and removed content
	67,102

	3
	Removal of bot and moderator accounts
	66,106

	4
	Removal of documents shorter than five words
	60,901

	5
	Removal of exact duplicate texts
	60,776


Note: the sequence above documents the cleaning rules of Section 3.2 applied to the comment stream of the released file; submissions pass the same rules. The analytical corpus reported in Section 4 (61,328 documents; 2,173 submissions and 59,155 comments) is the output of the pipeline script, in which the cleaning rules are applied jointly with the relevance filter, and the residual difference relative to the row above reflects that joint application.
S2. Service failure cluster lexicons
The seven clusters were derived deductively from the transit service quality literature (Section 2.1) and operationalised as curated lists of words and phrases observed in railway discourse. Tables S4.1 to S4.7 reproduce every term of every cluster lexicon together with the number of submissions in which the term produced a match, so that the empirical weight carried by each individual entry is visible. Terms are ordered by match frequency.
Two properties of this layer are worth stating explicitly for replication. First, the counts below are term-level and therefore sum to more than the number of documents in a cluster, because a single document may match several terms of the same lexicon and may enter several clusters. Second, cluster assignment is fully determined by these lexicons: recomputing theme_clusters from the audit-trail fields reproduces the released assignment for 100% of submissions (2,186 of 2,186), which establishes that no undocumented rule intervenes between the lexicon match and the stored label.
Table S4.1. Delay & Disruption lexicon (29 terms; 685 submissions matched).
	Term
	n
	Term
	n

	delay
	475
	disrupted
	5

	delayed
	219
	engineering works
	5

	cancelled
	215
	late train
	5

	delay repay
	115
	train broke down
	5

	cancellation
	88
	train was late
	4

	disruption
	38
	delayed again
	3

	canceled
	37
	driver shortage
	3

	stranded
	33
	signal failure
	3

	missed connection
	31
	always late
	1

	replacement bus
	29
	industrial action
	1

	strike
	23
	line closed
	1

	rail replacement
	18
	severe delays
	1

	missed my connection
	12
	stuck at the station
	1

	breakdown
	8
	stuck on the train
	1

	running late
	7
	
	


Audit-trail field: delay_kw_matched. n = submissions in which the term matched.
Table S4.2. Crowding & Capacity lexicon (14 terms; 176 submissions matched).
	Term
	n
	Term
	n

	crowded
	63
	no seats
	5

	capacity
	55
	crammed
	4

	overcrowded
	35
	full train
	3

	packed
	31
	sardines
	3

	overcrowding
	30
	couldn't board
	1

	no seat
	15
	fewer carriages
	1

	standing room only
	7
	short formed
	1


Audit-trail field: crowding_kw_matched. n = submissions in which the term matched.
Table S4.3. Ticketing & Refunds lexicon (22 terms; 1,036 submissions matched).
	Term
	n
	Term
	n

	ticket
	724
	reserved seat
	14

	reservation
	263
	season ticket
	10

	refund
	169
	ticket machine
	9

	booking
	155
	e-ticket
	6

	fare
	118
	delay compensation
	4

	compensation
	64
	penalty fare
	4

	fares
	42
	fare hike
	2

	railcard
	35
	overcharged
	1

	off-peak
	22
	peak fare
	1

	ticket office
	15
	split ticketing
	1

	advance ticket
	14
	website down
	1


Audit-trail field: ticketing_kw_matched. n = submissions in which the term matched.
Table S4.4. Comfort & Cleanliness lexicon (30 terms; 899 submissions matched).
	Term
	n
	Term
	n

	seat
	556
	quiet car
	19

	sleeper
	114
	air conditioning
	12

	night train
	109
	heating
	10

	comfortable
	88
	noisy
	8

	toilet
	78
	wi-fi
	8

	clean
	67
	catering
	5

	bathroom
	65
	filthy
	4

	cafe car
	43
	smelly
	4

	dining car
	42
	aircon
	3

	noise
	32
	legroom
	3

	wifi
	32
	too cold
	3

	trolley
	31
	charging point
	1

	smell
	26
	plug socket
	1

	dirty
	24
	quiet coach
	1

	couchette
	20
	too hot
	1


Audit-trail field: comfort_kw_matched. n = submissions in which the term matched.
Table S4.5. Staff & Communication lexicon (16 terms; 499 submissions matched).
	Term
	n
	Term
	n

	conductor
	151
	no announcement
	6

	staff
	144
	lack of communication
	5

	driver
	94
	train manager
	5

	announcement
	89
	no info
	4

	crew
	88
	no information
	3

	customer service
	47
	platform change
	3

	guard
	26
	unhelpful
	3

	departure board
	10
	poor communication
	1


Audit-trail field: staff_kw_matched. n = submissions in which the term matched.
Table S4.6. Safety & Security lexicon (16 terms; 203 submissions matched).
	Term
	n
	Term
	n

	safety
	48
	derailed
	11

	accident
	42
	theft
	6

	security
	31
	assault
	3

	police
	30
	harassed
	3

	dangerous
	22
	pickpocket
	3

	derailment
	17
	felt unsafe
	1

	unsafe
	16
	harassment
	1

	collision
	11
	threatening
	1


Audit-trail field: safety_kw_matched. n = submissions in which the term matched.
Table S4.7. Accessibility lexicon (11 terms; 85 submissions matched).
	Term
	n
	Term
	n

	ramp
	29
	luggage space
	4

	disabled
	21
	stroller
	3

	accessible
	20
	bike space
	1

	accessibility
	16
	booked assistance
	1

	wheelchair
	15
	pram
	1

	disability
	4
	
	


Audit-trail field: accessibility_kw_matched. n = submissions in which the term matched.
S3. Sentiment cue lexicon
The cue lexicon is the hand-curated phrase list constructed at collection time and used in Section 3.5 as an internal consistency check against VADER. It is deliberately disjoint from the VADER dictionary. Three registers are distinguished: positive and negative evaluative cues, and a set of analytical markers that flag comparative or system-level reasoning rather than affect. Counts are document-level matches across submissions and comments.
Table S5.1. Positive evaluative cues (19 terms).
	Cue
	n
	Cue
	n

	comfortable
	4,436
	seamless
	253

	on time
	2,945
	highly recommend
	211

	reliable
	2,271
	good value
	112

	worth it
	1,902
	friendly staff
	70

	pleasant
	1,264
	love taking the train
	25

	punctual
	642
	best way to travel
	24

	relaxing
	548
	stress free
	24

	scenic
	533
	great service
	9

	impressed
	531
	clean train
	7

	excellent service
	322
	
	


Table S5.2. Negative evaluative cues (33 terms).
	Cue
	n
	Cue
	n

	worst
	5,435
	unacceptable
	260

	avoid
	2,834
	disaster
	257

	overcrowded
	1,709
	not worth it
	252

	disgusting
	1,358
	waste of money
	216

	rude
	1,326
	filthy
	167

	packed
	1,320
	overpriced
	132

	terrible
	1,150
	fed up
	99

	nightmare
	1,140
	always late
	87

	stranded
	986
	unhelpful
	87

	unsafe
	960
	furious
	53

	awful
	930
	delayed again
	38

	horrible
	918
	no information
	37

	frustrating
	822
	ruined my
	25

	scared
	501
	never again
	23

	missed my
	473
	no communication
	11

	frustrated
	406
	never on time
	4

	rip off
	329
	
	


Table S5.3. Analytical / comparative markers (11 terms).
	Cue
	n
	Cue
	n

	infrastructure
	3,455
	in my experience
	382

	compared to
	2,292
	privatization
	149

	investment
	1,055
	underfunded
	54

	rolling stock
	960
	pros and cons
	44

	depends on
	473
	capacity constraints
	3

	privatisation
	420
	
	


Source field: sentiment_cues (submissions) and comment_sentiment_cues (comments). n = documents in which the cue matched. Agreement between this instrument and VADER is reported in Section 3.5 (raw agreement 64.3%; κ = 0.36 on non-neutral labels).
S4. Operator alias dictionary
[bookmark: _GoBack]Operator mentions are identified through an alias dictionary that maps surface forms abbreviations, brand names and flagship service names — onto a canonical operator label. Service brands are folded into their operating company, so that ICE maps to Deutsche Bahn, TGV to SNCF, Acela to Amtrak and Nightjet to ÖBB; this is a deliberate choice, since passengers name the service far more often than the undertaking. Table S6 reports the canonical labels, their surface forms, and the resulting mention counts.
Table S6. Operator alias dictionary and mention frequencies.
	Canonical operator
	Surface forms matched
	Mentions (documents)

	Amtrak
	Amtrak, Acela, Auto Train, Northeast Regional
	24,177

	ÖBB
	ÖBB, OBB, Nightjet
	2,191

	Eurostar
	Eurostar
	1,349

	SNCF
	SNCF, TGV, OUIGO, INOUI
	1,270

	JR (Japan)
	JR, JR Pass, Shinkansen
	1,115

	GWR
	GWR, Great Western Railway
	1,113

	Avanti West Coast
	Avanti, Avanti West Coast
	1,090

	LNER
	LNER
	1,054

	TfL / Underground
	TfL, London Underground, Underground, Overground, Elizabeth line
	964

	Northern
	Northern Rail, Northern Trains
	500

	Deutsche Bahn
	Deutsche Bahn, DB, ICE
	408

	Trenitalia
	Trenitalia, Frecciarossa, Italo
	403

	SBB
	SBB
	395

	Brightline
	Brightline
	375

	ScotRail
	ScotRail
	375

	VIA Rail
	VIA Rail
	226

	Renfe
	Renfe, Avlo
	181

	Caledonian Sleeper
	Caledonian Sleeper
	167

	Indian Railways
	Indian Railways
	82


Source fields: operators_mentioned and comment_operators_mentioned. Every submission carrying a given operator label contains at least one of the listed surface forms (verified coverage: 100% for all nineteen operators). Matching is case-insensitive on whole words, which is why short acronyms are anchored to word boundaries.
S5. Contextual taxonomies
Three further lexicon-driven taxonomies structure the corpus: the rail system and service type context, the nine service dimensions used for dimension-level sentiment aggregation, and the self-disclosed passenger role. All three are multi-label and conservative, in the sense described in Section 4.1: a document is tagged only when it carries an explicit reference, which is why the tagged subsets are far smaller than the corpus.
Table S7.1. Rail system and service type context.
	Category
	Documents tagged

	US Rail
	25,336

	Commuter / Urban
	13,742

	High-speed
	9,503

	Continental Europe
	8,641

	UK Rail
	7,377

	Sleeper / Night
	7,290

	Intercity / Long-distance
	6,297

	Asia-Pacific
	1,441


Table S7.2. Service dimensions used for dimension-level sentiment.
	Dimension
	Documents tagged

	Ticketing / Fares
	35,796

	Comfort / Cleanliness
	33,027

	Information Systems
	30,098

	Reliability / Punctuality
	25,074

	Staff & Communication
	22,321

	Crowding / Capacity
	10,797

	Safety & Security
	10,651

	Food & Catering
	8,319

	Accessibility
	6,312


Table S7.3. Self-disclosed passenger role.
	Passenger type
	Documents tagged

	Tourist / Occasional
	2,227

	Rail Enthusiast
	978

	Skeptic / Critic
	240

	Rail Professional
	167

	Daily Commuter
	48


Counts are computed on the released primary file across submissions and comments and are therefore larger than the corresponding counts reported in Section 4.1, which refer to the cleaned analytical corpus.
S6. Extraction rules for delay durations and cost mentions
Two quantitative fields are extracted from free text by regular expression. Both are deliberately conservative: they require an explicit unit and, in the case of durations, an explicit delay context, so that incidental numbers platform numbers, train numbers, times of day, prices of unrelated goods are not absorbed into the measurements. Patterns are applied case-insensitively.
Table S8.1. Delay duration extraction (field: delay_duration_mentions).
Numeric durations are captured only where a duration in hours or minutes stands in an explicit delay, waiting or detention context, in either order:
(\d+)\s*(?:hours?|hrs?|minutes?|mins?)\s+(?:late|delay)
(?:delayed|delay|late|stuck|waited|waiting|held)\s*
    (?:by|for|about|around|approximately)?\s*(\d+)\s*(?:hours?|hrs?|minutes?|mins?)
Qualitative duration markers are captured separately, without a numeric value, and stored in the same field:
hour late  ·  hours late  ·  major delay  ·  minor delay  ·  severe delay
Validation: re-running these patterns over the released submission texts reproduces the stored delay_duration_mentions values exactly for 99.1% of submissions, with the residual arising from unusual orderings of the delay context and the duration.
Table S8.2. Cost extraction (field: cost_mentions).
Monetary amounts are captured either as a currency symbol followed by a figure, or as a figure followed by a currency name or ISO code:
[$£€]\s?\d[\d,]*(?:\.\d{2})?
\d[\d,]*(?:\.\d{2})?\s?(?:GBP|USD|EUR|euros?|pounds?|dollars?)
Where the amount is immediately qualified by a fare type, the qualifier is retained with the amount (for example "1414 return", "16 one way"), preserving the distinction between single and return fares that is central to ticketing discourse.
Validation: re-running these patterns over the released submission texts reproduces the stored cost_mentions values exactly for 96.9% of submissions, with no case of over-extraction; the residual consists of fare-type qualifiers captured by the pipeline in contexts the pattern above states more narrowly.
S7. Replication notes
Three points bear on any attempt to reproduce the results from this material.
First, coverage. The tables above reproduce every lexicon entry that produced at least one match in this corpus. Entries that a lexicon may contain but that no document triggered cannot be recovered from an audit trail and are therefore not listed; they are, by construction, without effect on any reported result.
Second, redistribution. Reddit’s terms of service preclude redistribution of post and comment text beyond the extent permitted for research replication. As stated in Section 3.6, the analysis code, the complete lexicons and the document identifiers required to reconstruct the corpus through the official API are deposited in a public repository, allowing the pipeline to be re-executed end to end.
Third, instrument status. The lexicons reproduced here are internally validated instruments, not externally anchored ones. No human gold-standard annotation was available, and the agreement between the cue lexicon and VADER reported in Section 3.5 is fair rather than strong. The transparency this appendix provides is therefore a property of auditability  every classification can be traced to the term that produced it  and not a substitute for the external validation identified in Section 6 as the first extension priority.
