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Abstract

This study presents a comprehensive corpus-based analysis of verb tense usage
patterns in computer science paper abstracts, examining a dataset of 15,000
abstracts from major IEEE and ACM conferences published between 2019-
2024. Natural language processing techniques combined with manual
linguistic annotation reveal distinct tense distribution patterns that correlate
with rhetorical functions and disciplinary conventions. Statistical analysis
demonstrates that simple present tense dominates at 42.3% frequency, followed
by simple past (31.7%) and present perfect (18.2%). Machine learning
classification achieves 89.4% accuracy in predicting tense categories using
contextual features. Cross-sectional analysis reveals significant variation
across computer science subfields, with systems papers exhibiting higher past
tense usage (38.9%) compared to theoretical papers (24.1%). The findings
provide empirical evidence for prescriptive guidelines in academic writing
instruction and demonstrate the effectiveness of computational approaches to

linguistic analysis of scientific discourse.

1. Introduction

Scientific communication in computer science relies
heavily on precise linguistic conventions that facilitate
knowledge transmission across disciplinary boundaries.
Abstract writing represents a particularly constrained
form of academic discourse where authors must convey
research contributions within strict word limits while
adhering to established rhetorical patterns[1]. The
systematic analysis of verb tense usage in these contexts
provides insights into how temporal relationships are
encoded linguistically and functionally within scientific
argumentation.

1.1 Background and Motivation

Corpus linguistics methodologies have emerged as
powerful tools for investigating large-scale patterns in
academic discourse. Unlike traditional prescriptive
approaches to academic writing instruction, corpus-
based analysis enables empirical investigation of actual
usage patterns, revealing discrepancies between
normative  guidelines and authentic linguistic
behavior[2]. Contemporary computational tools
facilitate analysis of textual corpora comprising millions

of words, enabling statistical identification of patterns
that remain invisible to manual inspection|3].

The relationship between verb tense selection and
rhetorical function in academic writing has attracted
considerable scholarly attention across multiple
disciplines. Research in applied linguistics demonstrates
that tense choices correlate systematically with
communicative purposes, with present tense typically
expressing general truths and current relevance, while
past tense conveys completed research actions[4]. These
patterns vary significantly across academic disciplines,
suggesting that tense usage reflects domain-specific
conventions  rather than universal linguistic
principlesError! Reference source not found..

1.2 Research Context

Computer science presents a unique context for
investigating academic discourse patterns due to its
rapid evolution, interdisciplinary nature, and emphasis
on empirical validation. The field combines theoretical
foundations with practical applications, creating diverse
rhetorical contexts that may influence linguistic
choicesError! Reference source not found..
Furthermore, the international composition of the
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computer science research community introduces
additional  complexity = through  cross-linguistic
influences on English academic writing patternsError!
Reference source not found..

Natural language processing techniques offer
unprecedented opportunities for large-scale linguistic
analysis. Part-of-speech tagging algorithms achieve
accuracy rates exceeding 97% on standard English text,
enabling reliable identification of verb forms and
temporal markersError! Reference source not found..
Machine learning approaches can model complex
relationships between linguistic features and contextual
variables, supporting both descriptive analysis and
predictive modeling of tense usage patterns[5].

1.3 Research Objectives

The present investigation addresses gaps in existing
literature by providing comprehensive empirical
analysis of verb tense patterns specifically within
computer science abstracts. Previous studies have
examined academic writing broadly or focused on other

disciplinary contexts, leaving computer science
discourse relatively underexploredError! Reference
source not found.. This research contributes

methodological innovations through integration of
automated linguistic annotation with statistical
modeling, establishing a framework applicable to other
domains of scientific writingError! Reference source
not found..

Research  objectives include: (1) documenting
frequency distributions of verb tenses across computer
science abstract corpora; (2) identifying correlations
between tense usage and rhetorical functions; (3)
examining variation across computer science subfields;
(4) developing computational models for predicting
tense usage patterns; and (5) evaluating implications for
academic writing pedagogy. These objectives address
both theoretical questions about scientific discourse
structure and practical applications in educational
contextsError! Reference source not found..

2. Theoretical Framework

2.1 Functional Grammar Theory

Functional approaches to verb tense analysis emphasize
communicative purposes over purely temporal
relationships. This perspective, developed within
systemic functional linguistics, treats tense selection as
a resource for expressing rhetorical relationships rather
than simply marking temporal sequenceError!
Reference source not found.. In academic discourse,
tense functions extend beyond temporal reference to
include epistemological positioning, authorial stance,
and argumentative structureError! Reference source
not found..
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The distinction between grammatical tense and
discourse time proves crucial for understanding
academic writing patterns. Grammatical tense refers to
morphological marking on verbs, while discourse time
encompasses broader temporal relationships within
textual structureError! Reference source not found..
Academic abstracts create complex temporal layering
where past research events, current knowledge states,
and future implications coexist within constrained
textual space[6].

2.2 Genre Analysis Framework

Genre analysis provides essential theoretical context for
understanding tense patterns in academic discourse.
Swales' CARS (Create a Research Space) model
identifies three rhetorical moves: establishing territory,
identifying niche, and occupying nicheError!
Reference source not found.. Each move correlates
with distinct tense preferences, creating systematic
patterns observable through corpus analysis. Move 1
typically employs present tense for established
knowledge, Move 2 uses past tense or present perfect
for previous research limitations, and Move 3 shifts to
past tense for reporting completed workError!
Reference source not found..

Corpus linguistics theory emphasizes probabilistic
patterns over categorical rules. Frequency analysis
reveals tendencies rather than absolute constraints,
acknowledging that linguistic choices operate within
probabilistic frameworksError! Reference source not
found.. This perspective aligns with computational
approaches that model language as statistical
distributions rather than rule-based systems|[7].

2.3 Computational Linguistics Approaches

Register theory examines how contextual factors
influence linguistic choices. Academic register exhibits
specific characteristics including formal vocabulary,
complex syntax, and conventional structure[8]. Within
academic register, disciplinary variation creates sub-
registers with distinct linguistic features. Computer
science discourse combines technical precision with
empirical reporting, creating unique rhetorical
requirements that influence tense selectionError!
Reference source not found..

Sociolinguistic perspectives acknowledge that academic
writing patterns reflect community practices rather than

individual preferences. Disciplinary communities
develop implicit conventions through socialization
processes, creating shared expectations about

appropriate linguistic choicesError! Reference source
not found.. These conventions evolve over time as
communities adapt to changing research practices,
publication formats, and international collaboration
patternsError! Reference source not found..
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3. Corpus Analysis
3.1 Dataset Construction and Preprocessing

3.1.1 Corpus Compilation

The research corpus comprises 8000 computer science
paper abstracts collected from major conference
proceedings and journal publications spanning 2019-
2024. Source venues include IEEE conferences (ICCV,
CVPR, ICML, NeurIPS), ACM conferences (CHI,
SIGMOD, SIGGRAPH), and top-tier journals (TPAMI,
TODS, TOCHI). This sampling strategy ensures
representation across computer science subfields while
maintaining focus on high-impact publications[9].

Corpus compilation employed systematic procedures to
ensure representativeness and balance. Stratified
sampling allocated abstracts proportionally across
subfields: artificial intelligence (25%), systems and

ISSN: 3066-3962

architecture (20%), human-computer interaction (15%),
databases (15%), graphics and visualization (12%),
theory (8%), and security (5%). Temporal distribution
maintains consistent representation across the six-year
collection period, preventing bias toward recent
publicationsError! Reference source not found..

3.1.2 Text Preprocessing

Text preprocessing involved multiple stages to prepare
data for linguistic analysis. Initial cleaning removed
metadata, formatting artifacts, and non-textual elements
while preserving essential linguistic content. Sentence
segmentation employed NLTK's Punkt tokenizer
enhanced with domain-specific rules for handling
abbreviations common in computer science abstracts.
Word tokenization utilized spaCy's statistical models
trained on scientific text, achieving 98.7% accuracy on
manual validation samplesError! Reference source
not found..

Table 1: Corpus Composition by Subfield and Year

Subfield 2019 2020 2021 2022 2023 2024 Total
AI/ML 625 625 625 625 625 625 3,750
Systems 500 500 500 500 500 500 3,000
HCI 375 375 375 375 375 375 2,250
Databases 375 375 375 375 375 375 2,250
Graphics 300 300 300 300 300 300 1,800
Theory 200 200 200 200 200 200 1,200
Security 125 125 125 125 125 125 750

Total 1,500 1,500 1,500 1,600 1,400 1,300 8,000

identification  utilized = morphological  analysis

3.2 Annotation Methodology

3.2.1 Automated Processing

Linguistic annotation combined automated processing
with manual validation to ensure accuracy and
reliability. Part-of-speech tagging employed spaCy's
transformer-based models (en core web trf) achieving
96.8% accuracy on computer science text. Verb

supplemented by dependency parsing to capture
auxiliary constructions and complex verb phrases[10].

Tense classification employed a hierarchical scheme
distinguishing primary categories (present, past, future)
and secondary aspects (simple, perfect, progressive).
The annotation protocol addressed ambiguous cases
through explicit decision rules and extensive annotator
training. Inter-annotator agreement on a 500-abstract
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validation set achieved Cohen's x = 0.89 for primary
tense categories and k = 0.82 for aspect distinctions[11].

3.2.2 Manual Validation

Manual annotation focused on 1,500 randomly selected
abstracts to provide gold standard validation for

ISSN: 3066-3962

disagreements resolved through discussion and
reference to established guidelines. This validation
process identified systematic errors in automated
annotation, enabling refinement of classification
algorithms[12].

Table 2: Inter-Annotator Agreement Statistics

automated processing. Two trained linguists
independently  annotated each abstract, with
Annotation Level Cohen's Percentage Agreement 95% CI
Primary Tense 0.89 94.2% 0.85-0.93
Aspect Marking 0.82 91.7% 0.78-0.86
Voice 0.91 95.8% 0.87-0.95
Rhetorical Function 0.76 87.3% 0.71-0.81

3.3 Statistical Distribution Analysis

3.3.1 Overall Frequency Patterns

Tense frequency analysis reveals distinctive patterns in
computer science abstracts compared to general

academic writing. Table 3 presents overall frequency
distributions across the complete corpus, demonstrating
the dominance of present tense constructions.

Table 3: Overall Tense Frequency Distribution

Tense Category Frequency Percentage 95% CI Standard Error
Simple Present 12,847 42.3% 41.8-42.8% 0.025
Simple Past 9,634 31.7% 31.2-32.2% 0.024
Present Perfect 5,526 18.2% 17.8-18.6% 0.020
Past Perfect 1,205 4.0% 3.8-4.2% 0.010
Present Progressive 687 2.3% 2.1-2.5% 0.008
Future 423 1.4% 1.3-1.5% 0.006
Other 78 0.3% 0.2-0.4% 0.003

Figure 1: Tense Distribution Across Computer Science Abstracts
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Fu ”"i‘frese t Progressive
Z 2 2.3%

Simple Present

Pie chart showing percentage distribution of tense
categories. Simple Present (42.3%) takes the largest
segment in blue, Simple Past (31.7%) in red, Present
Perfect (18.2%) in green, with smaller segments for
other tenses. Include data labels and legend.

3.3.2 Positional Analysis

Present Perfect

Tense Category
Simple Present
Simple Past
Present Perfect
Past Perfect
Present Progressive
Future
Other

Simple Past

Distributional analysis across abstract positions reveals
systematic variation corresponding to rhetorical
structure. Opening sentences exhibit highest present
tense usage (47.8%) for establishing general context,
while middle sections show increased past tense
(38.9%) for reporting specific research actions.
Concluding sentences demonstrate  balanced
distributions reflecting summary functions and forward-
looking implicationsError! Reference source not
found..

Figure 2: Tense Usage by Abstract Position
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Stacked bar chart showing tense distribution across
abstract positions (Opening, Middle, Closing). X-axis
shows positions, Y-axis shows percentage. Each bar
stacked with different colors for Present, Past, Perfect
tenses. Include percentage labels for each segment.

Tense
[ Present
[ Past
3 Perfect

Closing

3.4 Cross-Sectional Variation Analysis

3.4.1 Disciplinary Differences

Disciplinary variation within computer science
demonstrates significant differences in tense usage
patterns. Table 4 compares tense distributions across
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major subfields, revealing systematic relationships
between research methodologies and linguistic choices.

ISSN: 3066-3962

Table 4: Tense Distribution by Computer Science Subfield

Subfield Present  Past Present Perfect = Past Perfect  Progressive  Future e p-value
AI/ML 442%  29.8% 19.3% 3.9% 2.1% 0.7% 473  <0.001
Systems 38.9%  38.9% 16.1% 4.2% 1.4% 0.5% 89.7 <0.001

HCI 43.7%  31.2% 18.4% 3.8% 2.3% 0.6% 342  <0.001
Theory 51.3%  24.1% 17.9% 4.1% 2.0% 0.6% 1564 <0.001

Graphics  40.1%  34.7% 18.8% 3.7% 2.1% 0.6% 67.8  <0.001

Security  42.6%  32.4% 18.3% 4.0% 2.2% 0.5% 23.1  <0.001

3.4.2 Statistical Significance Testing

Systems

Grouped bar chart comparing tense usage across
subfields. X-axis shows subfields (AI/ML, Systems,
Security), Y-axis shows

HCI, Theory,
percentages. Three grouped bars per subfield for

research

60

50

Percentage
w s
S o

[N
o

10

Graphics,

exhibits

44.2%

the most balanced
present/past distribution (38.9% each), reflecting
emphasis on implementation and empirical evaluation.
Theoretical computer science shows highest present

tense usage (51.3%) and lowest past tense (24.1%),
consistent with focus on mathematical proofs and
logical relationships rather than empirical studies. These
patterns  support hypotheses about disciplinary
influences on linguistic choicesError! Reference
source not found..

Figure 3: Disciplinary Variation in Tense Usage

43.7%

51.3%

42.6%
40.1%

38.98.9%
0y

e 7% 4% Tense

e B Present
3 Past
= Perfect

18.4% 18.8% 18.3%
16.1%
AlfML Systems HCI Theory Graphics Security

Present, Past, and Perfect tenses. Use different colors
and include legend.

3.5 Temporal Trends Analysis
3.5.1 Longitudinal Patterns
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Longitudinal analysis across the six-year collection
period identifies subtle but significant changes in tense
usage patterns. Figure 4 illustrates temporal trends for

ISSN: 3066-3962

major tense categories, revealing gradual shifts in
academic writing conventions.

Figure 4: Temporal Trends in Tense Usage (2019-2024)

45;
43.1%
= A27% 42.5% 42.2% 42.0% 41.8%
a0t
35
] o 32.2% 32.4%
g 130.9% 31.3% 315% 32.0% °
c
S 30t
&
25}
20}
18.1% 18.2% 18.3% 18.2% 18.2% 18.2%
2019 2020 2021 2022 2023 2024
Tense
—e— Present Past Perfect

Line graph showing percentage usage of Simple
Present, Simple Past, and Present Perfect tenses across
years 2019-2024. Three lines with different colors and
markers. Simple Present shows slight decline from
43.1% to 41.8%. Simple Past increases from 30.9% to
32.4%. Present Perfect remains stable around 18%.
Include trend lines and R? values.

The data reveal a modest but statistically significant
decrease in present tense usage (p = -0.21, p = 0.03)
accompanied by corresponding increases in past tense
(B=10.19, p = 0.04). These trends may reflect evolving
conventions toward more explicit reporting of empirical
work or increasing emphasis on experimental validation

within computer science resecarchError! Reference
source not found..

3.5.2 Conference vs. Journal Patterns

Analysis of publication venue types reveals systematic
differences between conference and journal abstracts.
Conference papers show higher past tense usage (34.2%
vs.  29.1%) reflecting emphasis on novel
implementations and experimental results. Journal
papers exhibit higher present tense usage (45.7% vs.
40.8%) consistent with broader theoretical contributions
and established findingsError! Reference source not
found..

Table 5: Tense Usage by Publication Type

Publication Type Present Past Perfect N t-value p-value

Conference 40.8% 34.2% 17.9% 9,500 12.4 <0.001

Journal 45.7% 29.1% 18.6% 5,500 8.7 <0.001
Diftference 4.9% -5.1% 0.7% - - -
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Correlation analysis between tense usage and rhetorical
functions within abstracts provides insights into
_ functional motivations for linguistic choices. Table 6
3.6.1 Move-Based Analysis presents tense distributions across identified rhetorical
moves based on manual analysis of 500 annotated
abstracts.

3.6 Rhetorical Function Analysis

Table 6: Tense Usage by Rhetorical Function

Rhetorical Move Present Past Present Perfect Past Perfect N Sample Phrases
Background 62.3% 18.7% 15.2% 2.8% 1,247 "Machine learning requires..."
Problem 48.9% 24.1% 22.8% 3.2% 892  "Previous approaches have failed..."
Method 31.2% 56.7% 8.9% 2.4% 1,834 "We implemented a novel..."
Results 29.4% 58.3% 9.1% 2.7% 1,523 "Experiments demonstrated..."
Implications 54.7% 28.3% 12.8% 3.4% 978 "This approach enables..."

Figure 5: Rhetorical Function and Tense Selection

Implications

Results

Tense
Present
Past
Perfect

Past Perfect

Method

Problem

Background

40 50 100

Percentage

60

Analysis of temporal reference relationships reveals
complex interactions between grammatical tense and

Stacked horizontal bar chart showing tense distribution discourse time in computer science abstracts. Present

for each rhetorical move. Y-axis lists rhetorical tense constructions serve multiple temporal functions

functions (Background, Problem, Method, Results, beyond simple present time reference. Stative verbs in

Implications), X-axis shows percentages 0-100%. Each present tense express timeless relationships (" Algorithm

bar stacked with colors for Present, Past, Perfect tenses. A outperforms Algorithm B"), while dynamic verbs

Include percentage labels. indicate current states ("Current methods struggle

with..."). This functional diversity explains the high

4. Tense Functions frequency of present tense usage in academic
discourseError! Reference source not found..

4.1 Temporal Reference Patterns Present tense in computer science abstracts serves three

. rimary functions: expressing universal truths (34.2%

4.1.1 Present Tense Functions gf prgent tense instgnces),gindicating current states
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(41.7%), and describing system capabilities (24.1%).
The distribution varies significantly across subfields,
with theoretical papers emphasizing universal truths
(47.3%) while systems papers focus on current
capabilities (39.8%)Error! Reference source not
found..

4.1.2 Past Tense Functions

Past tense constructions primarily indicate completed
research actions, but temporal specificity varies
considerably. Definite past reference includes explicit
temporal markers ("In 2023, researchers developed..."),
while indefinite past reference omits specific timing
("Previous work investigated..."). The predominance of
indefinite past tense (73.4% of past tense instances)
reflects conventions that prioritize logical over
chronological relationships in academic
argumentationError! Reference source not found..

4.2 Aspectual Distinctions and Functions

4.2.1 Perfect Aspect Analysis

Present perfect tense creates explicit connections
between past events and current states, serving crucial
rhetorical functions in academic discourse. Perfect
aspect typically indicates past research with ongoing
relevance ("Studies have shown...") or incomplete

ISSN: 3066-3962

processes extending to the present ("Research has
focused on..."). This tense proves particularly valuable
for literature review sections and gap identification
within abstractsError! Reference source not found..

Progressive aspect appears infrequently in computer
science abstracts (2.3% total usage) but serves specific
communicative functions when present. Present
progressive typically indicates ongoing research ("We
are developing...") or current trends ("Interest is
growing..."). Past progressive marks background
conditions or interrupted processes ("While
implementing the system, we discovered..."), though
such complex narrative structures rarely appear in
abstract discourse[13].

4.2.2 Aspectual Marking Patterns

Perfect aspect analysis reveals distinct usage patterns
across simple and progressive perfect constructions.
Simple perfect dominates (94.7% of perfect instances),
focusing on result states rather than process duration.
Present perfect progressive ("Research has been
focusing...") appears primarily in extended abstracts
exceeding standard length constraints, suggesting
stylistic pressure toward conciseness influences
aspectual choicesError! Reference source not found..

Table 7: Aspectual Marking by Verb Class and

Subfield
Verb Class Subfield Simple Perfect Progressive Perfect Progressive Total
Achievement AI/ML 78.3% 19.4% 1.8% 0.5% 2,847
Achievement Systems 76.1% 21.2% 2.1% 0.6% 2,134
Accomplishment Theory 73.2% 24.1% 2.1% 0.6% 1,923
Activity HCI 68.9% 18.7% 11.2% 1.2% 1,756
State All 85.4% 12.3% 1.9% 0.4% 1,845

4.3 Modal Interaction with Tense

4.3.1 Epistemic Modality

Modal auxiliary analysis reveals systematic interactions
between modality and tense selection in computer
science abstracts. Epistemic modals (may, might, could)

frequently combine with present tense for hedging
claims ("This approach may improve performance...").
Deontic modals (should, must) appear primarily with
infinitive  forms, creating complex temporal
relationshipsError! Reference source not found..

Future reference typically employs modal constructions
rather than inflectional future tense. Modal will appears
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in 67.3% of future-reference contexts, followed by can
(18.9%) and may (8.2%). This pattern reflects academic
writing conventions that avoid definitive future claims,
preferring modal qualifications that acknowledge
uncertaintyError! Reference source not found..

4.3.2 Temporal-Modal Interactions

The interaction between modality and tense creates
layered temporal meanings particularly relevant in
academic contexts. Constructions like "Previous work
has suggested that X may Y" combine perfect aspect
(connecting past research to present knowledge) with
epistemic modality (qualifying claim certainty). Such
complex constructions demonstrate the sophisticated
temporal-modal relationships required for precise
academic communicationError! Reference source not
found..

4.4 Voice and Tense Interaction

4.4.1 Active vs. Passive Voice Patterns

Passive voice analysis reveals systematic relationships
with tense selection patterns. Simple past tense shows
the most balanced voice distribution (48.9% active,
51.1% passive), reflecting conventions for reporting
experimental procedures where agent specification may
be less relevant than action description. Present tense
favors active voice (62.7%), particularly for expressing
general principles and current capabilitiesError!
Reference source not found..

Agentless passive constructions dominate passive usage
(84.6% of passive instances), maintaining focus on
research processes rather than specific actors. This
pattern aligns with scientific writing conventions that
prioritize  objectivity and generalizability over
individual attribution. However, recent trends show
modest increases in active voice usage, possibly
reflecting changing attitudes toward author visibility in
scientific discourse[14].

4.4.2 Voice Distribution Analysis

Present perfect strongly prefers active voice (71.2%),
often appearing in constructions emphasizing research
community actions ("Researchers have developed...").
The preference for active voice in perfect constructions
may reflect the emphasis on agency and attribution
when connecting past research to current knowledge
states[15].

4.5 Pragmatic Functions of Tense Selection

4.5.1 Stance and Authority

ISSN: 3066-3962

Tense selection serves pragmatic functions beyond
temporal reference, including stance marking, authority
construction, and reader engagement. Present tense
frequently conveys universal validity ("Neural networks
learn complex patterns"), creating implicit claims about
generalizability. Past tense limits scope to specific
contexts ("Our neural network learned complex
patterns"), acknowledging potential limitations[16].

Hedging strategies interact systematically with tense
selection. Present tense hedging typically employs
lexical qualifiers ("This approach  generally
improves..."), while past tense hedging relies more
heavily on modal constructions ("Results suggested
that..."). These patterns reflect different strategies for
managing epistemic commitment across temporal
contexts[17].

4.5.2 Evidentiality and Argumentation

Evidentiality marking through tense selection provides
crucial support for academic argumentation. Present
perfect frequently signals indirect evidence ("Studies
have indicated..."), while simple past suggests more
direct observation ("The experiment showed..."). These
distinctions enable precise calibration of evidentiary
strength, supporting nuanced academic
argumentation[18].Despite high accuracy, automated
annotation may still struggle with ambiguous cases
involving overlapping rhetorical functions.

4.6 Computational Modeling of Tense Functions

4.6.1 Machine Learning Approaches

Machine learning models trained on manually annotated
data achieve substantial accuracy in predicting tense
functions from contextual features. Random forest
classification using lexical, syntactic, and positional
features achieves 84.3% accuracy for primary function
classification (temporal vs. rhetorical). Feature
importance analysis identifies key predictors including
verb class, sentence position, and surrounding discourse
markers[19].

Deep learning approaches using transformer
architectures (BERT-based models) achieve 89.4%
accuracy on tense classification tasks, demonstrating the
effectiveness of contextual embeddings for capturing
complex functional relationships. Fine-tuning on
domain-specific data improves performance by 3.7%
over general-domain models, highlighting the
importance  of  disciplinary  specialization in
computational linguistics applications[20].

4.6.2 Error Analysis and Model Performance

Vol. 3(6), pp. 27-38, June 2023
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Error analysis reveals that computational models
struggle most with ambiguous contexts where multiple
functions overlap. Human annotators also show reduced
agreement in these contexts (k = 0.67 vs. 0.89 for clear
cases), suggesting inherent ambiguity rather than model
limitations. These findings support hybrid approaches
combining computational efficiency with human
expertise for complex linguistic analysis tasks[21].

5. Conclusions

This comprehensive corpus-based investigation of verb
tense usage patterns in computer science paper abstracts
provides empirical evidence for systematic relationships
between linguistic form and rhetorical function in
academic discourse. The analysis of 15,000 abstracts
reveals distinctive distributional patterns that reflect
both universal characteristics of academic writing and
discipline-specific conventions unique to computer
science research communication.

The predominance of simple present tense (42.3%)

confirms theoretical predictions about academic
register, where present tense serves multiple
communicative  functions including expressing

established knowledge, general principles, and current
relevance. The substantial usage of simple past tense
(31.7%) reflects the empirical orientation of computer
science research, where reporting completed
investigations  constitutes a primary rhetorical
requirement. Present perfect tense frequency (18.2%)
demonstrates the importance of connecting previous
research to current knowledge states, facilitating
cumulative knowledge construction characteristic of
scientific discourse.

Cross-sectional analysis across computer science
subfields reveals meaningful variation that correlates
with  methodological approaches and research
paradigms. Systems research exhibits the most balanced
present/past distribution, reflecting equal emphasis on
theoretical principles and empirical implementation.
Theoretical computer science shows highest present
tense usage, consistent with focus on mathematical
relationships and logical proofs. These patterns support
sociolinguistic  theories that treat disciplinary
communities as discourse communities with distinct
linguistic conventions shaped by shared research
practices and communicative goals.

Temporal trends analysis identifies gradual but
significant shifts in usage patterns over the six-year
observation period. The modest decrease in present
tense usage accompanied by increases in past tense may
reflect evolving research practices that increasingly
emphasize empirical validation and experimental
methodology. These trends suggest that linguistic
conventions adapt to changing disciplinary priorities,
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supporting dynamic rather than static models of
academic discourse evolution.

Functional  analysis = demonstrates  systematic
relationships between tense selection and rhetorical
purposes within abstract structure. Background
establishment strongly favors present tense for
expressing general knowledge, while method and
results sections predominantly employ past tense for
reporting completed actions. These patterns reflect
underlying communicative logic that prioritizes
different temporal perspectives for  different
argumentative functions, creating coherent rhetorical
progression within constrained textual space.

The  investigation  contributes  methodological
innovations through integration of automated linguistic
processing with statistical modeling. Natural language
processing techniques achieve high accuracy (96.8%)
for part-of-speech tagging and substantial success
(89.4%) for functional classification, demonstrating the
viability of computational approaches to large-scale
linguistic analysis. Machine learning models reveal
complex feature interactions invisible to traditional
analysis methods, supporting more sophisticated
understanding of linguistic choice mechanisms.
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