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MESOAMERICAN MATH EXPLORER

Methodological Note
Number, Time, Calculation, Calendar, and Cultural Perception

“To read the past, we must learn how the past counted.”

This note establishes the evidentiary, mathematical, anthropological, and pedagogical rules used by the
interactive explorer. It is derived from the 16-week Mathematics and Mesoamerica curriculum and is
designed to make every transition from symbol to calculation to interpretation visible and contestable.

CENTRAL
PREMISE

Mathematics is treated here as cultural technology: a way of perceiving, ordering,
recording, remembering, building, exchanging, predicting, and inhabiting reality. The
explorer therefore teaches calculation and interpretation together, without reducing
one to the other.

Document Explorer-specific methodological note

Primary scope Maya numeration, arithmetic, Long Count, Xultun Text 19, Dresden Venus Table

Comparative scope Nahua/Mexica quantity notation and broader Mesoamerican caution

Evidence protocol Visible, Calculated, Reconstructed, Interpreted

Version 1.0 - July 2026
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EXPLORER
SEQUENCE

Observe → Calculate → Interpret → Verify. The sequence is recursive rather than linear.
A later interpretation may send the learner back to the image, a recalculation may
expose a transcription problem, and a source comparison may narrow or expand the
uncertainty attached to a claim.

The methodological note is intentionally more cautious than a conventional “how-to” guide. Ancient
mathematical records are material, historical, linguistic, and political objects. A correct arithmetic result
does not automatically yield a correct cultural interpretation, and a visually persuasive reconstruction
does not become direct observation merely because it is coherent.
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1. Scope: Maya Core, Mesoamerican Comparison
The explorer foregrounds Maya mathematical traditions because Maya inscriptions and surviving codices
preserve an unusually elaborate body of positional numeration, calendrical notation, astronomical tables,
and dated political history. “Mesoamerican,” however, is not used as a synonym for “Maya.” The page
introduces Central Mexican quantity signs so that users encounter regional plurality at the outset rather
than as an afterthought (Roberts 2026).

SCOPE RULE A Maya numeral can be described as Maya. A broader pattern should be described as
Mesoamerican only when evidence supports regional comparison. Similar functions do
not establish identical meanings, and shared vigesimal tendencies do not erase
differences in sign form, language, historical period, or institutional use.

The comparative Nahua/Mexica panel is therefore deliberately limited. Its unit dot, 20-flag, 400-feather,
and 8,000-pouch are schematic modern drawings informed by Central Mexican manuscript conventions,
including the Codex Mendoza. They are not presented as Maya glyphs, as direct translations of Maya
signs, or as a complete account of Central Mexican accounting (Berdan and Anawalt 1992).

The interface also distinguishes mathematical system from ethnic essence. A number system may be
learned, adapted, transmitted, specialized, or used differently across communities. The explorer does
not claim that every person in a historical society performed elite scribal astronomy or used monumental
calendrical notation in daily life. It asks instead what kinds of knowledge and institutions are materially
evidenced, who may have controlled them, and how those systems organized experience.

● Do: identify the specific culture, region, period, medium, and source when possible.

● Do: compare structures while preserving difference.

● Do not: infer a uniform “Mesoamerican mind” from one manuscript or inscription.

● Do not: treat mathematical sophistication as surprising only when it resembles modern European
notation.
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2. Mathematics as Cultural Technology
Modern decimal notation often feels natural because it is embedded in schooling, money, measurement,
clocks, software, and institutions. The curriculum asks learners to denaturalize that familiarity. Base 10
and base 20 are not merely alternative symbol sets; they direct attention toward different groupings,
thresholds, habits, and forms of memory (Roberts 2026; Ascher 1991).

ANTHROPOLO
GICAL
QUESTION

What becomes perceptually ordinary when a learner repeatedly groups quantity by
twenties, records time through interlocking cycles, or reads political history through
dated monuments? The explorer cannot reproduce ancient subjectivity, but it can
expose modern assumptions and make alternative mathematical organization
cognitively available.

Calling mathematics a cultural technology does not imply that arithmetic truth is culturally arbitrary.
Twenty objects remain twenty objects. The culturally situated questions concern how quantities are
represented, which intervals are institutionally important, which operations are routinized, what media
preserve results, who is trained to produce them, and what social authority attaches to calculation.

For that reason, each module pairs technical work with interpretive prompts. A carry operation
demonstrates vigesimal place value. A Long Count conversion demonstrates a modified calendrical
place. A codex table demonstrates how calculations can be joined to deity imagery, augury, direction,
and ritual action. The mathematical operation is necessary evidence, but not the entire explanation.

NON-EQUIVAL
ENCE

Mathematical correctness means the operation follows the stated system. Historical
correctness means the claim is supported by the relevant material and textual
evidence. Anthropological adequacy means the explanation also addresses context,
practice, power, and uncertainty.

The explorer is therefore designed as an inquiry instrument. It does not simply convert ancient numbers
into decimal answers. It asks the learner to retain the original notation long enough to notice its internal
logic and to document where interpretation begins.
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3. Bar-and-Dot Numeration and Zero
The teaching convention is straightforward: a dot has the value one, a bar has the value five, and a zero
sign holds an empty place. Values 0–19 can be represented within a single digit. At 20, quantity is
regrouped into the next position. Maya numerals are conventionally displayed vertically, with higher
places above lower places (Diaz n.d.; Roberts 2026).

Component Teaching value Methodological status

Dot 1 Simplified visual convention grounded in documented numeral
practice.

Bar 5 Simplified visual convention grounded in documented numeral
practice.

Zero sign 0 / empty place Pedagogical shell-like form; historical forms vary.

Vertical position Place value Calculated from the selected notation mode.

The SVG numerals in the explorer are normalized teaching forms. They are intended to make value and
regrouping legible, not to imitate one specific painted, carved, or codical hand. This distinction is
especially important for zero. Maya zero signs appear in multiple forms across media and contexts. The
explorer displays a primary shell-like teaching sign and a small comparative gallery labeled as schematic
reconstruction, not as an exhaustive typology.

ZERO
PROTOCOL

When a zero form is displayed, the learner should ask three separate questions: (1)
What place does it hold? (2) What is the visible form in this specific source? (3) Is the
displayed sign an original facsimile, a scholarly drawing, or a modern teaching
abstraction?

The converter offers two modes. Pure base 20 uses weights 1, 20, 400, 8,000, and so forth. Long Count
mode uses calendrical weights 1, 20, 360, 7,200, and 144,000 days. The same decimal total may
therefore have different stacked digits depending on the selected system. The interface labels the mode
continuously so that the user does not mistake one decomposition for the other.
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4. Visual Arithmetic in Base 20
Version 1 prioritizes visual reasoning over importing modern long-form algorithms. Addition and
subtraction are taught through place separation, regrouping, and equivalence. Multiplication is taught as
repeated equal groups or arrays. Division is taught as equal sharing or repeated subtraction, including
remainder (Roberts 2026).

Addition: combine like places. If the one-place reaches 20 or more, move each complete group of 20 into
the next place. For example, 19 + 1 produces zero ones and one twenty. The visible animation is not
decorative; it makes the threshold operation observable.

Subtraction: remove like places. If the one-place cannot supply the requested quantity, exchange one
twenty for 20 ones. This changes the representation, not the total. For example, a numeral containing
one twenty and two ones can be rewritten as zero twenties and 22 ones before subtraction.

GRADING
RULE

The practice score evaluates the decimal result of generated problems. It does not
certify that a learner can write historically specific glyph forms, explain cultural
context, or interpret an inscription. Those are separate learning outcomes.

Multiplication: the interface renders groups and objects so that a × b is visible as a groups of b. The
explanation then states the decimal total and its vigesimal grouping. Division: the interface distributes a
total across a selected number of groups and displays any remainder. This preserves the conceptual
relation among multiplication, division, and repeated grouping.

● A single place is valid only from 0 through 19.

● Regrouping is an equivalence transformation, not a change in quantity.

● The decimal toggle is a checking aid; learners should inspect the vigesimal representation before
relying on the decimal result.

● Visual groups are pedagogical models, not claims about a particular ancient classroom method.
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5. Long Count and Modified Vigesimal Time
The Long Count is not a purely vigesimal sequence. Its lower places are conventionally described as k’in
(1 day), winal (20 days), tun (360 days), k’atun (7,200 days), and b’ak’tun (144,000 days). The crucial
modification is the tun: 18 winals, rather than 20, produce 360 days. Higher places then resume
multiplication by 20 (Coe and Van Stone 2005; Roberts 2026).

Unit Days Construction

k'in 1 base day

winal 20 20 k'in

tun 360 18 winals

k'atun 7,200 20 tuns

b'ak'tun 144,000 20 k'atuns

WHY THE
DISTINCTION
MATTERS

A learner who treats the Long Count as pure base 20 will assign 400 days to the third
place and produce incorrect dates. The explorer therefore displays pure vigesimal and
Long Count decompositions side by side.

The interface uses the Long Count as a bridge from arithmetic to historical time. A place-value system
can become infrastructure for political commemoration, dynastic narration, ritual scheduling, and social
memory. Yet the ability to convert a date does not, by itself, reveal how every participant experienced
that date. Conversion is the start of interpretation, not its completion.

The use of conventional unit names also requires caution. Modern scholarship often uses terms
documented in colonial-era Yukatek sources to describe Classic-period intervals. These conventions are
useful for communication, but ancient spellings and names could differ. The explorer marks this point
rather than presenting modern terminology as timeless.
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6. Evidence Taxonomy and Uncertainty
Every case-study annotation is assigned one or more evidence categories. The categories are not
rankings from weak to strong. They identify different operations and prevent a reconstructed or
interpreted statement from appearing as if it were directly visible.

VISIBLE A mark, number, image, spatial relationship, damage pattern, or other feature
directly observable in the cited facsimile, scan, photograph, or drawing. Description
should precede interpretation.

CALCULATED A result derived by explicit arithmetic or calendrical rules. The operation should be
reproducible from stated values. A correct calculation can still be embedded in an
uncertain historical interpretation.

RECONSTRUCT
ED

A value, sign, line, or arrangement restored by scholars from partial traces, parallel
texts, or system constraints. Reconstruction may be strongly constrained without
becoming direct visibility.

INTERPRETED A claim about language, function, identity, intention, ritual meaning, social use,
astronomy, politics, or authorship. Interpretation should name the supporting
scholarship and retain alternatives when they remain viable.

A single annotation may legitimately use multiple labels. The reading of a personal name may combine
visible signs and interpretation. A damaged number may combine visible traces, reconstruction, and
calculation. The interface uses labels to expose this composite reasoning rather than flatten it.

UNCERTAINTY
AS STRENGTH

Stating what is unknown, damaged, conventional, disputed, or inferred is not a failure
of scholarship. It is the condition that makes claims testable and future revision
possible.

The explorer avoids the category “proven” because archaeological and epigraphic claims rarely reduce
to a binary switch. Instead, users are encouraged to record the source, operation, alternative, and
confidence appropriate to each statement.
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7. Case Study Protocol: Xultun Text 19
Text 19 is a small painted inscription in Structure 10K-2 at Xultun, Guatemala. Rossi, Stuart, and Hurst
(2026) document it through visible-light, dStretch, and multispectral imaging, provide reconstruction
drawings, and interpret the first nine glyph blocks as a distinctive calendrical-astronomical formula. The
sequence closes with an attribution to Sak Tahn Waax, “White-chested Fox.”

The formula spans 2,920 days, conventionally written 8.3.0 in Long Count units. This total equals five
modeled 584-day Venus periods and eight 365-day Haab years. The text also engages intervals
associated with the winal (20), Tzolk’in (260), tun (360), Haab (365), Venus (584), and Mars (780). The
explorer visualizes these relationships without implying that every cycle is simply added once to produce
the total (Rossi, Stuart, and Hurst 2026).

CORRECTION
TO A
COMMON SIM
PLIFICATION

The presence of a 260-day Tzolk’in interval does not mean that 13 complete Tzolk’in
cycles form the 2,920-day total. The explorer labels 260 as an embedded interval and
reserves 13 × 2,920 = 37,960 for the later Dresden Venus Table structure.

The block guide moves through A1, B1, C1–C2, and C3–C9. It identifies opening and subsequent date
records, distance numbers, the 1,560-day Mars relationship, the 1,080-day three-tun interval, the
attribution phrase, and the personal name. Where the published table associates an interval with a
portion of the sequence rather than a neat modern “line,” the interface says so.

AUTHORSHIP
CAUTION

The closing phrase directly attributes the preceding work to Sak Tahn Waax, but the
publication preserves two possibilities: the named person may have calculated and
painted the text, or another scribe may have cited a recognized expert. The explorer
therefore uses “attributed to,” not an unqualified claim of autograph authorship.

The label “mathematician-astronomer” is also identified as a modern explanatory category. It helps
contemporary readers recognize intellectual labor, but it is not presented as a known Classic Maya
occupational title. This distinction follows the source publication’s own caution.
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8. Case Study Protocol: Dresden Venus Table
The Dresden Codex Venus Table is conventionally identified on page 24 and pages 46–50. The explorer
uses a cleaned institutional facsimile rather than the Scientific American/Getty photograph supplied as
initial visual inspiration. Page 24 contains prefatory and correction material; pages 46–50 repeat a
structured table format with calendrical columns and three image-text events on each page (Library of
Congress 2026; SLUB Dresden n.d.; Park and Chung 2010).

The modeled Venus sequence uses intervals of 236, 90, 250, and 8 days, totaling 584 days. Five such
modeled periods total 2,920 days. Thirteen 2,920-day units total 37,960 days, approximately 104 Haab
years. These values form a calendrical model. The interface explicitly avoids claiming that Venus was
visible for exactly the same number of days in every empirical cycle or observing location (Bricker and
Bricker 2011).

Interval Days Explorer label

I 236 Morning-star visibility

II 90 Superior-conjunction invisibility

III 250 Evening-star visibility

IV 8 Inferior-conjunction invisibility

The annotation pane treats the left register of pages 46–50 as the table’s calculation spine. It identifies
recurring zones for Tzolk’in dates, Haab dates, direction or constellation passages, cumulative day
numerals, event dates, phase intervals, and augural text. The right register is divided into upper, middle,
and lower scenes, each joining textual statements to celestial imagery and affected figures (Park and
Chung 2010; Taube and Bade 1991).

LINE-BY-LINE
LIMITATION

“Line by line” in the explorer means a transparent structural guide to published row
functions and clickable image zones. It does not claim that every glyph on every page
has a single uncontested reading or that the interface replaces specialist epigraphic
editions.

The complete six-page sequence is included so that repetition and variation can be studied together. A
single cropped page would make the table’s architecture harder to perceive and could encourage
overinterpretation of an isolated scene.
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9. Pedagogical Workflow and Report Generation
The explorer supports demonstration, guided practice, independent practice, case-study inspection, and
reflective reporting. It is not organized as a quiz-first environment. Each interaction exposes the
underlying mathematical transformation and retains access to the methodological caution attached to
the result.

● Numeral chart: select 0–19 and inspect bars, dots, zero, and component values.

● Builder: drag or tap symbols; normalize them; observe the 0–19 limit of a single place.

● Converter: compare pure base-20 and Long Count decompositions.

● Arithmetic laboratory: inspect carrying and borrowing steps; then solve generated problems.

● Visual multiplication/division: reason through groups, arrays, equal sharing, and remainder.

● Case studies: select evidence zones and retain visible/calculated/reconstructed/interpreted labels.

● Report: capture the current session state, score, selected annotations, and reflection.

UNIQUE
REPORT ID

Each generated PDF receives an identifier in the form
MME-YYYYMMDD-HHMMSS-XXXXXX. The identifier documents a generated learning
record; it is not a cryptographic certificate, institutional transcript, or persistent
repository identifier.

The report generator displays a modal progress bar because server-side PDF production may take longer
than an ordinary interface update. The PDF records current inputs rather than silently recomputing a
different session. It also repeats the evidence and methodological disclaimers so that a downloaded
report cannot easily be mistaken for a primary-source edition.

Community comments are stored in local JSON with file locking, a CSRF token, a honeypot field, length
constraints, and rate limiting. This system is appropriate for a small research community implementation
but is not a substitute for enterprise moderation, identity verification, or a database-backed publication
platform. Entries should be reviewed when the explorer is used publicly.
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10. Ethical AI and Verification
The curriculum permits AI as a learning assistant, not as an author or authority. The explorer follows the
same rule. AI may generate additional practice, check arithmetic, translate a technical explanation into
plain language, organize evidence, or identify weaknesses in an argument. It may not fabricate sources,
invent glyph readings, supply unsupported archaeological claims, or replace the assigned publications
(Roberts 2026).

VERIFICATION
REQUIREMENT

Any AI-assisted claim must be checked against the calculation, the facsimile, and an
appropriate scholarly source. When AI treats Long Count notation as pure base 20,
conflates Xultun Text 19 with the Dresden Codex, or turns an interpretation into a
visible fact, the learner should identify and correct the error.

A strong AI-use record answers six questions: What tool was used? What task was assigned? What was
useful? What was wrong, vague, or unsupported? How was the output verified? What intellectual
contribution remained the learner’s own? The explorer’s report reflection can be used to document this
process.

● Use AI to check an operation only after attempting the operation.

● Require page, figure, table, or line-level source verification for manuscript claims.

● Do not use generated images as evidence of ancient artifacts.

● Preserve uncertainty instead of asking AI to choose a single answer where scholarship remains
divided.

● Treat confident prose as a style feature, not as evidence of correctness.

Because the explorer itself contains calculated and interpretive text, it must be held to the same
standard. Versioned corrections should identify what changed, why it changed, and which source
supports the revision.
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11. Limits, Responsible Comparison, and Future
Revision
The explorer provides a robust first version, but its limits should remain visible. The numeral SVGs are
teaching abstractions. The Central Mexican signs are schematic. The Xultun block guide follows one
recent publication. The Dresden annotation layer is structural rather than a complete glyph-by-glyph
edition. The visual arithmetic models are modern pedagogical devices. None of these limitations
invalidates the tool; each defines the kind of claim it can responsibly make.

PRIMARY
LIMIT

The explorer can teach users to calculate within documented systems and to inspect
scholarly interpretations. It cannot reconstruct the totality of ancient perception,
guarantee the identity of every figure, or convert a manuscript into a modern
spreadsheet without loss.

Future revisions may add multiple scholarly readings, source-language transcriptions, a deeper
Nahua/Mexica module, Mixtec comparisons, teacher-controlled assignments, and additional primary
sources. Such additions should not be introduced merely for coverage. Each module requires its own
source base, scope statement, evidence taxonomy, and interface logic.

Respectful use also matters. The codices and inscriptions are not neutral design assets. They are records
of Indigenous intellectual traditions, many of which survived colonial destruction, displacement,
collection, and reclassification. Institutional “public domain” status answers a copyright question; it does
not exhaust ethical questions of representation, attribution, context, and cultural respect (Library of
Congress 2026).

Accordingly, the explorer attributes facsimiles, avoids decorative fragmentation of manuscript figures,
distinguishes modern teaching graphics from ancient forms, and centers Indigenous mathematical labor
rather than presenting it as an anonymous curiosity.

REVISION
TEST

Before adding a feature, ask: Does it improve calculation, evidence transparency,
cultural context, or pedagogical understanding? Can its claims be sourced? Does its
visual treatment preserve the distinction between facsimile, scholarly reconstruction,
and modern abstraction?
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DOCUMENT
PROVENANCE
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structure and course premise are derived from Sean Keith Roberts’s 2026 curriculum.
Case-study claims are tied to the cited publications and institutional facsimiles.

End of methodological note


