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Abstract. This study presents the first corpus-based computational analysis of harmonic interval
distributions in traditional Kakhetian polyphony, examining 331 field recordings recorded in
Kakheti from the Tbilisi State Conservatoire archive spanning 1952-1967. Using automatic multiple
FO estimation and Gaussian Mixture Model fitting, we extract harmonic intervals from vertical pitch
slices and characterize their distributions across temporal, performer-based, geographic, and genre-
based dimensions. The Wasserstein distance quantifies distributional shifts between recording
periods and analytical strata.

Results reveal a stable core of structural intervals—the perfect fifth (7700 cents) and octave
(71200 cents)—persisting across all recording periods and contexts. Mid-range intervals (thirds and
fourths) show greater variability, with later recordings (1962-1967) exhibiting more complex
distributions absent in earlier material. Distinct intervallic profiles emerge across performer groups:
women's ensembles display more fragmented distributions compared to men's ensembles.
Geographic sub-regions within Kakheti show measurable variation, with Telavi recordings standing
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apart from other areas. Genre-based analysis reveals differences between feast/table songs (“supruli”)
and work songs ("shromis"), the latter showing higher temporal variability.

These findings establish a quantitative "harmonic fingerprint" for Kakhetian polyphony,
providing empirical evidence for both continuity and change in intervallic practice across mid-20th
century field recordings. The stratification approach with respect to chronology, performer group
gender, geography, and genre helps disentangle the contributions of each component to observed
variation, while highlighting methodological considerations for corpus-based analysis of archival
ethnomusicological collections.

Keywords. Computational ethnomusicology, music information retrieval, historical musicology,
audio corpus analysis, harmonic fingerprinting, traditional Kakhetian singing.
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Introduction
Research problem

Georgian traditional polyphony has long attracted scholarly attention due to its distinctive tuning
systems, complex voice interaction, and the central role of vertical relationships in musical organisation
(Arakishvili, 1905; Nadel, 1933). Historical sources attest to the long-standing presence and diversity of
song genres in Georgian musical culture (Javakhishvili, 1938). Regional traditions are central to
understanding the diversity and internal logic of Georgian musical thinking; however, scholarly attention
has been unevenly distributed across regions.

In contrast to extensively studied traditions such as, for example, Svaneti, the Kakhetian repertoire
has received relatively little systematic musicological investigation. As early as 1962, in the preface to
his first collection of Kakhetian songs (one of two collections he published in 1962, 1969) Otar
Chijavadze noted that Kakhetian folk song had not yet become the subject of comprehensive scholarly
research, despite its importance within Georgian traditional music. While earlier researchers such as
Zakaria Paliashvili and Dimitri Arakishvili documented individual songs, these materials did not provide
a complete picture of the stylistic diversity of the repertoire. Systematic documentation began in the mid-
20th century, particularly through expeditions conducted between 1952 and 1958, resulting in the
recording of hundreds of song variants (Chijavadze, 1962).

Previous studies have provided insights into structural and stylistic characteristics of Kakhetian
music, especially regarding harmonic organisation, voice interaction, and genre typology (Aslanishvili,
1950; Arakelov, 1990; Gogotishvili, 2003).
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This study presents the first corpus-based computational analysis of the intervallic inventory of
Kakhetian polyphony. It focuses on harmonic interval structures, employing computational analysis of
archival recordings from 1948 to 1971. The analysis is conducted both on the corpus as a whole and
across multiple stratified dimensions (temporal, performer group, sub-regional, and genre-based), with
the aim of identifying and describing intervallic patterns within and across these domains.

While the method does not capture functional aspects of harmony or detailed processes of voice-
leading, it enables the examination of intervallic distributions (i.e. which harmonic intervals appear at
what relative frequencies) across different analytical dimensions, including performer group, geographic
region, and a limited set of genre categories. It thus provides a systematic and empirical account of
variation in vertical interval usage across a large body of archival recordings.

In this sense, the results reflect not the syntactic organisation of harmony, but rather the statistical
profile of intervallic usage - what may be described as the “harmonic fingerprint” of the repertoire.

Given the stylistic and genre diversity of the recordings, the corpus is analysed both collectively and
through multiple stratification criteria. In addition to temporal grouping, the data are examined according
to performer group (men’s vs. women’s ensembles), geographic sub-regions within Kakheti, and broad
genre categories when metadata is available (e.g., table songs and work songs). This multi-dimensional
approach allows for a more nuanced assessment of variation within the repertoire, while maintaining a
corpus-based perspective.

Background and Previous Research

Existing scholarship on exclusively Kakhetian music has primarily focused on descriptive and
stylistic analysis, providing a foundation for understanding the repertoire, but not scrutinising concrete
questions such as the harmonic intervallic structure of Kakhetian repertoire.

Within Georgian ethnomusicology, Kakhetian material has rarely been studied independently and is
often considered together with Kartlian traditions as part of a unified Kartl-Kakhetian musical domain
(Aslanishvili, 1950, 1954; Shilakadze, 1979; Gogotishvili, 2003; Kapanadze, 2005; Garakanidze, 1990,
2007). While this reflects shared principles of polyphonic organisation and intonational norms, the
Kakhetian repertoire exhibits distinct stylistic and functional features that justify its consideration as a
specific regional variant within this system.

Aslanishvili’s foundational work (Aslanishvili, 1950) represents one of the most theoretically
thorough studies of Kartl-Kakhetian polyphony. His analysis focuses on harmony as the principal form-
defining element in the repertoire, aiming at a systematic generalisation of each harmonic component.
As Aslanishvili notes (Aslanishvili, 1950), the study was based primarily on folk song recordings and
existing collections of eastern Georgian folk repertoire. The sources included 10 phonograms by D. 1.
Arakishvili (Arakishvili, 1906, 1916), Z. Paliashvili’s collection of Kartl-Kakhetian songs (Paliashvili,
1909), and supplementary transcriptions without phonograms (e.g., I. Kargareteli and A. Benashvili)

Empirical research has largely relied on descriptive documentation and transcription-based analysis.
Chijavadze (Chijavadze, 1962, 1969) provides extensive transcriptions and genre-based classifications,
while collections such as Paliashvili (Paliashvili, 1910) and Bakradze (Bakradze, 1978) further enrich
the archival record. Arakelov (Arakelov, 1990) examines thematic development and large-scale
structural processes in dance and round-dance songs. Gogotishvili (Gogotishvili, 2003) analyses modal
and intonational features of long table songs, and Mamaladze (1963) documents specific functional
genres, including labour songs.

Collectively, these works establish an important descriptive and theoretical basis for understanding
Kakhetian musical practice.

Despite these contributions, it is unsurprising that previous research remains largely descriptive and
relies on notation or manual analysis, limiting access to fine-grained acoustic detail and precluding
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systematic investigation across large archival corpora. In particular, intervallic distributions, voice
interaction, and structural regularities in Kakhetian polyphony have yet to be explored quantitatively.

Unlike other regions, such as Svaneti or Guria, where computational and acoustical methods have
been applied (Scherbaum, Miiller, and Rosenzweig, 2017; Scherbaum et al., 2020, 2021; 2022;
Shugliashvili et al., 2024, 2025), the Kakhetian corpus remains largely unexamined using these
techniques. Mid-20th century archival recordings offer a unique opportunity to study its development
over time, providing the basis for computational analysis of intervallic organisation and a deeper
understanding of continuity and change in Kakhetian polyphonic practice.

Methods
Multiple FO Estimation and Harmonic Interval Extraction

As in our previous works, we use our pypolyphonicanalysis automatedpipeline to perform corpus-
level analysis (Shugliashvili et al., 2025). Our analysis pipeline begins with automatic multiple FO
estimation, converting audio recordings into salience maps that represent the probability distribution of
sung pitches over time and frequency. We use a convolutional neural network architecture based on the
Polyvocals model (Cuesta et al., 2020), with modifications including residual network blocks and room
simulation for training data augmentation, as described in our previous work (Author et al., 2024a;
Author et al., 2024Db).

The salience maps undergo filtering to remove frequencies outside the typical vocal range (below
G2, above G7) and frequencies more than one octave from each recording's mean frequency. A masking
filter (Rosenzweig et al., 2019) retains only stable pitch regions. For each time step, we extract harmonic
intervals by computing cent differences between detected frequencies, ordered from lowest to highest.

Following Scherbaum et al. (2017), we model the interval distribution of each recording using
Gaussian Mixture Models (GMMs). The number of components is determined by peak-finding on a
kernel density estimate (KDE) of the interval data. The GMM component mean values can be interpreted
as a synoptic scale providing a human-interpretable characterization of the harmonic intervals of each
recording, while the full shape of the obtained GMM distribution can serve as the “harmonic fingerprint”
of the recording, capturing information about which intervals appear at what relative frequencies and
with what level of variance within the recording..

Corpus and Filtering

The recordings analyzed are drawn from the Tbilisi State Conservatoire's archive of field recordings
of traditional Georgian music. The corpus contains 412 Kakhetian recordings. To ensure meaningful
polyphonic analysis, we excluded recordings where no valid harmonic intervals were detected (i.e.,
monophonic songs) and recordings where the fitted GMM contained fewer than 2 components - the latter
filtering serving to remove songs where occasional octave errors from the multi-FO estimator produced
spurious interval data that did not represent genuine polyphonic content. The filtering yielded us a final
corpus of 331 recordings from 1952-1967.

Temporal Analysis

To examine changes in harmonic interval distributions over time, we grouped the recordings
by year of recording.. For each year with sufficient data (>2 recordings):

1. 1. We gather the GMM parameters (weights, means, variances) from all recordings within the
window.

2. 2. We analyze the distribution of harmonic intervals across the window by treating the collection
of recording GMMs as a cluster. The cluster-level GMM captures the aggregate harmonic
interval tendencies for that time period.

3. 3. To measure the magnitude of change between consecutive time windows, we employ the
Wasserstein distance (earth mover's distance). For each window transition, we:
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® Sample 6,000 points from both the previous and current window GMMs.
® Compute the 1-dimensional Wasserstein distance between the samples.

The Wasserstein distance provides an intuitive measure of distributional difference: it represents the
minimum "work" required to transform one distribution into another, where work is defined as the
amount of probability mass moved multiplied by the distance it is moved (in cents) (Panaretos, 2018).
This effectively gives us a way to quantify the difference between two harmonic fingerprints.

This approach yields a time series of Wasserstein distances characterizing the magnitude of distributional
shift at each window transition, enabling identification of periods of relative stability versus significant
change.

Stratified Analyses

To disentangle the contributions of various factors to temporal variation, we performed stratified
analyses along four dimensions available in the recording metadata:

1. Performer Group Type (MENS vs. WOMENS)

Recordings were categorized by the gender composition of the performing ensemble. For each group,
we computed both:

® Aggregate distribution: A single GMM characterizing the overall harmonic interval usage of all
recordings by that group

® Temporal trajectories: Window-by-window analysis to examine whether temporal patterns
differ by performer group type

The overall MENS vs. WOMENS comparison uses the Wasserstein distance between aggregate GMMs.
2. Geographic Sub-region

Recording site metadata was parsed to extract sub-regional information (e.g., Gurjaani, Telavi,
Kvareli, Sighnaghi, Silda). Sub-regions with >10 recordings were included in the analysis. For
each sub-region pair, we computed the Wasserstein distance between their aggregate GMMs to

quantify geographic variation in harmonic practice.

3. Genre (Supruli vs. Shromis)

Using thematic/genre tags from the catalog metadata, we identified two major functional categories for
which annotations were available:

® Supruli (feast/table songs): Songs performed during feasts and celebrations - 121 recordings
® Shromis (work songs): Songs accompanying agricultural or domestic labor - 28 recordings

While the corpus contained several other genre categories (“sagalobeli”’- chant, “sakulto” - cult, etc.),
none of the other categories exceeded 11 recordings, leading us to omit them for a simpler genre
analysis involving only the two largest groups. For both genre groups, we computed aggregate
distributions and temporal trajectories, with the supruli—-shromis Wasserstein distance characterizing
the degree of genre-based harmonic differentiation.

4. Recording Creator (field-recordist) Bias

Different field recordists may introduce systematic biases through their selection of performers,
repertoire, recording locations, or technical practices. We analyzed recordings grouped by their
primary creator (field recordist) for creators with >15 recordings.

To assess potential bias, we computed:
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1. Wasserstein distances between each pair of creators' aggregate distributions

1. For each creator, the Wasserstein distance between their aggregate distribution and the aggregate
distribution of all Kakheti recordings

Creators whose recordings deviate significantly from the overall distribution may warrant additional
scrutiny for recording-specific effects.

Interpreting Wasserstein Distances

Throughout this analysis, the Wasserstein distance serves as our primary metric for distributional
comparison. To aid interpretation:

® Values in the range of 20—50 represent modest distributional differences, roughly comparable to
a semitone or less.

® Values in the range of 50-100 indicate moderate differences.

® Values exceeding 100 suggest substantial distributional shift.

However, these thresholds are approximate; the significance of any distance depends on the musical
context and the sample sizes involved. Distances computed from small samples (e.g., windows with only
3 recordings) should be interpreted with caution due to higher variance.

Considerations
Several statistical/methodological considerations affect interpretation:

1. Recordings are not uniformly distributed across 1952—1967, with some years having no data
(1953-1954, 1959, 1961, 1965-1966) and others having small samples.

2. Recording creator, time period, and geographic focus are interrelated - certain recordists
recorded primarily in specific years and locations, making it difficult to fully separate these
effects.

3. Not all recordings have complete metadata for all stratification dimensions; analyses are limited
to recordings with available metadata for each dimension.

Results

Our computational analysis provides a statistical representation of the intervallic inventory of Kakhetian
polyphony, focusing on the distribution of stable vertical intervals rather than their sequential
organisation or voice-leading. This representation is examined across multiple analytical dimensions,
including temporal, performer-based, geographic, and genre-based groupings.

1. Temporal Dynamics of Intervallic Distribution

(cents)

Window Recordings Components Component means \Wasserstein Distance

1952 89 7 296.0, 361.2, 503.1, —
703.7, 882.9, 989.1,
1195.2

1955 3 8 158.5,336.3,419.6,  |158.77
533.7, 650.3, 755.3,
958.4, 1192.6

1957 35 9 277.0, 341.7,499.1, 194.33
694.9, 725.7, 862.8,
909.8, 1007.8, 1193.3

1958 68 7 274.9, 353.5, 501.1, 68.11
708.2, 880.6, 955.9,
1195.0
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1960 29 6 289.7,359.3,475.5, 106.00
702.1, 929.9, 1188.9
1962 45 10 64.4,235.7,347.1, 63.65

445.7, 522.0, 653.6,
712.5, 857.0, 983.5,
1192.8

1963 30 9 180.2, 305.2, 396.5, 76.16
488.6, 556.2, 708.0,
877.6,1001.6, 1192.2

1964 3 8 203.9,301.8,361.4, 115.41
549.7,694.3,717.2,
887.8,1194.8

1967 29 8 96.8,270.9, 346.1, 158.33
410.6, 504.0, 712.1,
920.0, 1186.1

Table 1: overview of aggregate Gaussian mixture models for each time period, with difference between
current and previous period quantified using Wasserstein distance for each period

Aggregate GMM distributions were computed for each recording year with sufficient data (>2
recordings). The Wasserstein distance between consecutive windows quantifies the magnitude
of distributional shift.

Across all temporal windows, intervals near approximately 700 cents (perfect fifth) and 1200 cents
(octave) are consistently present.

Mid-range intervals (approximately 270-500 cents), corresponding broadly to thirds and fourths, show
variability across time. The 1952 window displays prominent peaks at approximately 296, 361, and 503
cents, whereas later windows, particularly 1962—-1963, exhibit more fragmented distributions with a
greater number of components.

0.005

0.004
20.003
w

& 0.002
go.

0.001

0.000 +4 S \ A | ; 4
900 0 300 600 900 1200

Cents

Fig. 1-3 Harmonic interval distribution plots for 1952, 1962, and 1963. Each cluster’s average
distribution is plotted in red, while the distributions of intervals in individual recordings in the cluster
are plotted in black.

Occasional small-interval components (below approximately 100 cents) appear in some later recordings
(e.g., 1962 and 1967). These components are limited in scope and may reflect performance-specific
factors rather than stable features of the harmonic system.

In several windows, the fifth appears as two distinct components, for example in 1957 (approximately
695 and 726 cents) and 1964 (approximately 694 and 717 cents).

The largest distributional shifts occur between 1955-1957 (194.33), 1952—1955 (158.77), and 1964—
1967 (158.33). Smaller shifts are observed in transitions such as 19571958 (68.11) and 1962—-1963
(76.16).
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Fig. 4-5 Harmonic interval distribution plots for 1955 and 1957, corresponding to the largest
distribution shift identified with Wasserstein distance

2. Variation across Performer Groups

Group Recordings Components Scale Means (cents)
MENS 278 8 147.0, 251.5, 322.2, 385.7, 501.0, 706.2, 909.1, 1193.3
WOMENS 36 10 88.5,225.3,332.7, 426.0, 508.2, 633.7, 712.6, 846.2, 984.3, 1189.5

Table 2: overview of aggregate Gaussian mixture models performer groups by gender.

The corpus was stratified by performer group type (men’s vs. women’s ensembles).

The men’s aggregate distribution shows prominent peaks at approximately 706 cents (fifth), 1193 cents
(octave), and 501 cents (fourth), with a total of 8 components.

The women’s aggregate distribution exhibits 10 components, including additional intervals at
approximately 426 cents, 634 cents, and 846 cents.

Differences are also observed in the third region: men’s ensembles show peaks at approximately 252 and
322 cents, while women’s ensembles show peaks at approximately 225 and 333 cents.
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Figure 6-7: Harmonic interval distributions of recordings grouped by gender (MENS on the left,
WOMENS on the right)
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Window Recordings Wasserstein Distance

1952 76

1957 32 34.82

1958 67 62.06

1960 27 101.62

1962 15 61.25

1963 29 41.30

1964 3 94.03

1967 29 129.21
Table 3:
overview

of temporal windows of mens’ performer groups. For each window, the change in the distribution
compared to the previous window is quantified with Wasserstein distance.

Table 4:

Window Recordings Wasserstein Distance
1955 3 —

1957 3 188.53

1962 30 156.01

overview of temporal windows of women’s performer groups. For each window, the change in the
distribution compared to the previous window is quantified with Wasserstein distance.

The women’s recordings show higher variability across temporal windows, with larger Wasserstein
distances, and are concentrated primarily in the 1962 recording campaign.
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Figure 8-10: Harmonic interval distributions of temporal groups of WOMENS recordings - 1955,
1957, and 1962

3. Sub-regional Variation within Kakheti

Subregion Recordings Components Component Means (cents)

Gurjaani 94 7 281.5, 359.6, 491.7, 709.5, 885.4, 985.4, 1193.2

Telavi 90 10 67.0,283.2,368.1, 502.2, 661.7, 708.1, 759.1, 895.5, 989 .4,
1194.8
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Kvareli 47 11 126.4,239.4,324.8,400.7, 481.6, 541.8, 668.5, 733.8, 873.9,
1003.5, 1194.1

Shilda 27 10 77.7,254.6,366.2, 459.3, 537.6, 683.2, 733.3, 884.3, 992.7,
1190.5

Sighnaghi 18 8 270.8,322.5,390.3, 508.2, 703.5, 890.2, 995.0, 1189.0

Table 4: overview of distributions for each subregion.
Recordings were grouped by sub-region within Kakheti.

Telavi recordings show large Wasserstein distances in comparison with other sub-regions (e.g., Gurjaani,
Sighnaghi, and Shilda). Gurjaani exhibits a 7-component distribution with peaks at approximately 282
(third), 492 (fourth), 710 (fifth), and 1193 cents (octave). Kvareli and Shilda show relatively low pairwise

distances (approximately 20—41), indicating similar distributions.

Sighnaghi shows a distribution positioned between simpler and more complex patterns.

selection of notable pairwise distances between subregion aggregate distributions of harmonic

intervals.

i "
600
Cents

600
Cents

Subregion 1 Subregion 2 Recordings 'Wasserstein Distance

Telavi Sighnaghi 90/18 201.72

Gurjaani Telavi 94 /90 135.76

Telavi Silda 90 /27 134.73 Table
Kvareli Sighnaghi 47/18 112.51 Sra

Figure 11-13: Harmonic interval distributions of recordings from Kvareli, Shilda, and Telavi

4. Genre-based Differences

Genre Recordings Components Scale Means (cents)

Supruli(table 127 9 232.9,305.6,376.9,471.4,518.5, 706.1, 889.3,
songs) 086.8, 1194.2

Shromis (work |59 8 61.8,230.9, 325.4,379.4,499.9, 703.2, 887.7,
songs) 1194.1
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Table 6. overview of the aggregate distributions of harmonic intervals for genre groups
Recordings were categorised into supruli and shromis songs.
Work songs share core intervals with supruli songs, though they show higher temporal variability.

Supruli song recordings show two components in the fourth region (approximately 471 and 519 cents),
while work songs show a single component at approximately 500 cents.

Both genres share intervals near approximately 703—706 cents (fifth), 887-889 cents (major sixth), and
1194 cents (octave).

Work songs display higher temporal variability, with Wasserstein distances reaching up to 235.68.

Window Recordings Wasserstein Distance
1952 20 —

1958 8 103.26

1962 10 235.68

1963 11 164.74

1967 8 106.60

Table 7. Differences in harmonic interval distributions between temporal groups for shromis songs.

In contrast, supruli song recordings show decreasing Wasserstein distances over time (88 — 78 — 83
— 40 — 32).

Window Recordings Wasserstein Distance
1952 44 —

1957 21 88.02

1958 43 78.36

1960 4 82.71

1963 8 40.43

1967 6 31.81

Table 8: Differences in harmonic interval distributions between temporal groups for supruli songs.

0.005 0.005

0.004 - 0.004 A
2 0.003 0.003 A
("))
c
o ] 0.002 |
8 0.002

0.001 0.001 |
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Figure 14-15: Harmonic interval distributions of shromis and supruli recordings
Discussion

The results presented above allow for a more detailed interpretation of intervallic organisation in
Kakhetian polyphony, particularly with regard to the balance between stability and variation across
temporal, performer-based, geographic, and genre-based dimensions.

Intervallic organisation: tertian and non-tertian structures

A central issue in the interpretation of the data concerns the relative role of third-based versus non-
third intervallic structures. This question has been fundamental in earlier theoretical accounts.
Aslanishvili (Aslanishvili, 1950), for instance, emphasises the importance of tertian harmonic
organisation in Kartl-Kakhetian polyphony, while also acknowledging the potential structural role of
non-tertian formations, especially those involving the perfect fourth.

The present results provide a quantitative perspective on this issue. The consistent presence of core
intervals- most notably the perfect fifth (~700 cents), the octave (~1200 cents), and the fourth (~500
cents) - confirms their function as stable structural anchors of the harmonic system. While smaller mid-
range intervals (approximately 270—400 cents) show more variability, reflecting flexible and context-
dependent usage, 500—700-1200 cent intervals appear consistently across recordings and regions,
highlighting their structural significance in Kakheti polyphony.

In particular, the data indicate a tendency toward the increasing prominence of third-based vertical
structures in mid-20th century recordings, compared to a more balanced distribution of interval types in
earlier material. This observation is consistent with earlier claims regarding the growing prevalence of
parallel thirds in Kakhetian folk song (Garakanidze, 2007; referencing Arakishvili, 1925). At the same
time, the continued presence and variability of fourth-based and other non-tertian intervals suggest that
the harmonic system cannot be reduced to a purely tertian model.

In this respect, the results support a more nuanced interpretation of Kartl-Kakhetian harmonic
organisation, in which tertian structures may become more dominant over time, while still coexisting
with older or alternative intervallic configurations. This is in line with Aslanishvili’s suggestion that non-
tertian formations, particularly those involving the fourth, may reflect earlier stages in the development
of Georgian polyphony (Aslanishvili, 1950).

Temporal dynamics and microtonal variation

The temporal analysis further refines this picture by revealing both continuity and change in
intervallic usage. While the stability of fifths and octaves persists across all recording periods, other
aspects of the intervallic distribution show notable shifts.

The appearance of “split” fifths in several temporal windows (e.g., components around ~695 and
~725 cents) further suggests variability in tuning practices. This may indicate the coexistence of different
intonational norms—such as narrower and wider fifths—or reflect differences across performer groups
and local traditions.

At the same time, periods of relative stability (e.g., 1957—-1958 and 1962-1963) suggest that these
changes are not linear, but rather occur in phases, potentially linked to specific recording expeditions or
shifts in repertoire selection.

Variation across performer groups

Differences between men’s and women’s ensembles suggest distinct intervallic profiles associated
with performer group. While both share the same core structural intervals, the women’s recordings
exhibit a more complex and fragmented distribution, with a higher number of components.
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This may reflect differences in vocal technique, ensemble organisation, or stylistic conventions.
Differences in the third region (e.g., neutral vs. more clearly differentiated thirds) suggest distinct scalar
preferences or intonational tendencies between performer groups. However, these observations must be
interpreted cautiously, given the smaller size and temporal concentration of the women’s corpus.

Sub-regional variation

The geographic analysis demonstrates that intervallic organisation also varies across sub-regions
within Kakheti. While some areas (e.g., Kvareli, Shilda) exhibit relatively similar distributions, others—
most notably Telavi - stand apart with more complex intervallic profiles, including a more differentiated
fifth region.

By contrast, Gurjaani displays a comparatively “clean” distribution, with fewer components and
clearly defined peaks, suggesting a more standardised or internally consistent harmonic profile.

These differences point to the existence of localised intonational practices within the broader
Kakhetian tradition, supporting the view that regional variation operates not only at the level of repertoire
and style, but also in fine-grained intervallic organisation.

Genre-based differences

The comparison between supruli songs and work songs reveals further differentiation in harmonic
practice. While both genres share core structural intervals, work songs display a distinct small-interval
component (around ~60 cents), which is absent in the supruli song aggregate.

Although a small-interval component appears in the work song subset, its limited and context-specific
occurrence suggests that it should not be interpreted as a genre-defining feature.

Moreover, the higher temporal variability observed in work songs suggests either a greater degree of
stylistic flexibility or the presence of multiple sub-types within the genre, recorded across different
expeditions.

Methodological considerations and interpretive scope

Although direct comparison with earlier historical stages is not possible due to the absence of early
recordings, the present data allow for an indirect assessment of long-term tendencies through the analysis
of mid-20th century material. The results make it possible to identify which intervals are systematically
present, which are marginal, and how their relative distribution changes across time and context. At the
same time, the findings must be interpreted in light of methodological limitations, including uneven
sample sizes across strata, temporal clustering of recordings, and the interdependence of variables such
as recording date, geographic focus, and field recordist selection.

Conclusion

This study has presented the first systematic computational analysis of harmonic interval distributions
in Kakhetian polyphony, applying automatic multiple FO estimation and statistical modeling to 331
archival field recordings spanning 1952-1967. The multi-dimensional analytical framework -
encompassing temporal, performer-based, geographic, and genre-based stratifications - has yielded
several key findings regarding the intervallic organisation of this repertoire.

The analysis confirms the structural centrality of the perfect fifth and octave as stable anchors of the
Kakhetian harmonic system, consistent across all recording periods, performer groups, sub-regions, and
genres examined. At the same time, mid-range intervals (thirds and fourths) exhibit considerable
variability, both over time and across analytical strata. The temporal analysis reveals a tendency toward
increased distributional complexity in later recordings (1962—-1967), including the emergence of small-
interval components and "split" fifths that may reflect either evolving performance practices or
differences in the material recorded during specific expeditions.
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The stratified analyses demonstrate that variation in harmonic interval usage is not attributable to any
single factor. Differences between men's and women's ensembles, geographic sub-regions, and
functional genres each contribute to the observed diversity. Notably, Telavi recordings exhibit distinct
intervallic profiles compared to other Kakhetian sub-regions, while work songs show higher temporal
variability than supruli songs.

From a methodological perspective, the Wasserstein distance has proven effective for quantifying
distributional shifts, enabling both temporal trend analysis and cross-stratum comparisons. The approach
provides an empirical basis for characterizing the "harmonic fingerprint" of a musical tradition - the
range and relative prominence of vertical intervals that constitute its sonic profile - without requiring
assumptions about harmonic function or sequential organisation.

Several limitations warrant acknowledgment. The corpus exhibits uneven temporal coverage, with
gaps in certain years and small sample sizes for some strata (particularly women's ensembles and certain
sub-regions). The interdependence of variables - recording date, geographic focus, fieldworker identity,
and repertoire selection - makes it difficult to fully isolate the contribution of any single factor.
Furthermore, the method captures statistical distributions of intervals rather than their syntactic
organisation, harmonic function, or voice-leading processes.

Despite these limitations, the findings contribute to our understanding of Kakhetian polyphony in
several respects. They provide quantitative confirmation of the structural role of fifths and octaves noted
in earlier theoretical accounts, while also revealing previously undocumented variation across performer
groups, sub-regions, and genres. The temporal analysis offers indirect evidence of change in intervallic
practice over the mid-20th century, complementing earlier observations regarding the increasing
prominence of tertian structures in eastern Georgian folk music.

Future research might extend this approach in several directions: conducting comparative analyses
with other Georgian regional traditions; incorporating additional metadata dimensions (e.g., individual
performers, specific song types); and developing methods to examine sequential interval patterns and
voice-leading alongside the vertical distributions analyzed here. The present study establishes a
foundation for such work, demonstrating the potential of computational corpus analysis to illuminate
both stability and change in traditional musical practice.
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