American Antiquity (2026), 1-4 SAA
doi:10.1017/aaq.2026.10176 SOCIETY FOR AMERICAN ARCHAEOLOGY

COMMENT

Comment: Correcting a New Method for Classifying Dart
and Arrow Projectile Points

Randall Haas () and Robert L. Kelly

Department of Anthropology, University of Wyoming, Laramie, WY, USA
Corresponding author: Randall Haas; Email: whaas@uwyo.edu

(Received 1 December 2025; revised 14 January 2026; accepted 19 January 2026)

Buchanan and colleagues (2026) recently present a new method for classifying dart and arrow projectile
points. Following Thomas (1978), the authors use metric attributes from known arrow and dart points in
museum collections. This new method deploys classic logistic regression and new statistical techniques,
including machine learning and additive modeling within a Bayesian framework. Perhaps their most
striking empirical finding is the reclassification of Elko (3.5-2.0 cal ka), Gateclift Split-Stem (5.8-3.5 cal
ka), and Northern Side-Notched (9.0-5.8 cal ka) points (Thomas 2013) as arrow points (Buchanan et al.
2026:Table 1). If valid, this finding would extend the origins of North American archery technology by
at least 7,000 years to 9 cal ka, substantially altering several social-evolution models for the Americas
(Bettinger 2015; Flores-Blanco et al. 2024).

To independently evaluate Buchanan and coworkers’ (2026) finding, we cull direct radiocarbon dates
on known archery and atlatl artifacts in North America from the Canadian Archaeological Radiocarbon
Database (Kelly et al. 2022). Excluding dates with error terms of >200 years, the data include 106 dates—
75 atlatl dates and 31 archery dates—ranging between 13 and 0 cal ka. Calibrated dates (Haslett and
Parnell 2008; Reimer et al. 2020) for atlatl artifacts produce a 95% range of 12.9-0.7 cal ka (Figure 1). In
contrast, archery artifacts are more recent and constrained to a 95% range of 1.4-0 cal ka. The lower
bound of archery dates thus falls 7,000 years shy of the lower bound anticipated by Buchanan and
colleagues’ model, causing concern for the validity of their classification.

To evaluate their method, we first visually inspect the data (Figure 2). Mean width and thickness
values of the three point types align most closely with atlatl-point metrics (Figures 2a-b). In contrast,
mean length values of the Great Basin point types align most closely with arrowhead lengths. However,
resharpening effects confound the utility of length measurements for classification (Shott 1997:94). We
furthermore note that hafted points, such as those that form the control sample in Buchanan and col-
leagues’ analysis, are likely to retain more utility—that is, usable material —than the points archaeologists
commonly recover, which are more likely to have been exhausted and discarded. The inclusion of point
length thus biases their classification toward arrowhead estimation. Although Buchanan and colleagues
engage this concern, their treatment does not address the fundamental issue.

Next, we consider the logistic regression method. Logistic regression takes the form,

1

P =T aperamyt

where p is the location parameter, s is the scale parameter, e is Euler’s number (2.718), and x is a predictor
variable—in our case, some measure or measures of projectile-point size. Because width and thick-
ness are strongly correlated in the control sample (t = 11.9; p < 0.01) and because thickness values
are missing for some artifacts, we focus on width as the predictor variable in our regression (see also
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Figure 1. Radiocarbon-dated atlatl (n = 75) and archery (n = 31) artifacts in North America with temporal comparison to three
Great Basin projectile-point types identified by Buchanan and colleagues (2026) as arrow points. The radiocarbon data from
known artifact types conflict with their identifications. Dots indicate most-likely calibrated dates of individual specimens. Gray
boxes define date ranges for the two technologies.

1 1 Il 1 1 o A 1 1 1 1 1 1 Il Il 1
° -7 ° B °
2 - o -
—_— Il
1 ° - 1 -
o ] @ ° - 3 I °
® 7 I ° B !
I ° ° 1
. ° I
t o : - g -
g «~ 7 B = ! - E 81 -
= 5 . a © 1 | -z s
£ £
€ T ° g : g - °
= 8— T - = 1 2
1 = I
I ) & : 2 4 [ -
: | <+ - | ?- ] I
1 I
2 ! - ] i
! P T T 1
—_— 1 o —_—l [
o | I » o~ - | R «~ 7 [
- —_— —_— —_

dart arrow dart arrow dart arrow

Figure 2. Comparison of control and unknown projectile point metrics, including (a) width, (b) thickness, and (c) length mea-
surements. Boxplots show the distribution of values for control atlatl dart and archery arrow points. + indicates mean values.
Dotted gray lines show the mean values for the specimens in question including Elko, Gatecliff Split-Stem, and Northern Side-
Notched points of the Great Basin. The widths and thicknesses of these types are consistent with dart points, and the lengths
are consistent with arrow points.

Thomas 1978:470). Width values are log transformed for consistency with the assumption of Gaussian
error or normality. Buchanan and colleagues do not take such steps to account for non-normality
or collinearity, which are known to compromise parameter estimation in the additive modeling and
machine-learning approaches that they deploy (Dormann et al. 2012).

To account for imbalance in the frequencies of known dart and arrow points, we down-sample arrow-
head width measurements (n = 220) to the frequency of dart-point measurements (n = 53). To evaluate
sample variance, we repeat the sampling procedure 1,000 times. All calculations are performed in the R
statistical computing environment (R Core Team 2024).

Our logistic regressions reveal a consistently strong relationship between projectile technology and
projectile-point width (z~5.5; p < 0.01). Across all iterations, arrow/dart-point width thresholds, u,
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Figure 3. Logistic regression of projectile system as a function of projectile-point width: (a) 1,000 iterations balancing arrow
and dart sample sizes; (b) regression using raw, unbalanced data. Gray areas, labeled “ambiguous,” show the threshold widths
outside of which artifacts are more likely arrow or dart points. Dotted gray lines show the mean width values for Elko, Gatecliff
Split-Stem, and Northern Side-Notched points. The model using balanced data identifies the width threshold, p, at 16.6-18.5
mm and the three Great Basin point types as dart points. The model using raw, unbalanced data spuriously identifies the width
threshold, p, at 20.2-21.6 mm and the three Great Basin point types as arrows or ambiguous points.

range between 16.6 and 18.5 mm. The model furthermore estimates the following arrow probabili-
ties based on the mean widths presented in Buchanan and colleagues (2026:Table 1): Elko 10%-38%,
Gatecliff 14%-43%, and Northern Side-Notched 5%-31% (Figure 3a). In other words, the model con-
sistently identifies these point forms as more likely to have been dart points than arrow points [p(arrow)
< 0.5].

In contrast, running the regression on the full, unbalanced control dataset inflates the logistic
curve to favor arrow estimates, placing the arrow/dart-point width threshold between 20.2 and 20.6
mm (Figure 3b). Thus, the three Great Basin point types in question are spuriously identified as arrow
points or are ambiguous, aligning more closely with Buchanan et alia’s findings. This leads us to suspect
that their balancing method is inadequate and directionally biases parameter estimation. The funda-
mental issue appears to lie in the assumption that the proportion of dart and arrow points in the
control sample (19:81 dart:arrow) reflects the proportion points found in field investigations. However,
the highly skewed proportion in the model is unlikely to reflect the reality of archaeologically recov-
ered projectile points, for which a vague prior of 50:50 would be more appropriate, lacking additional
information.

Finally, Buchanan and colleagues deploy a spline function in their regression, which necessarily over-
fits a non-monotonic model to a monotonic phenomenon. There is no theoretical reason to suppose that
point size non-monotonically predicts projectile system. This error invalidates their cross-validation
analysis and precludes formal comparison with the corrected model presented here.

Analysts looking for a simple but accurate method to classify projectile points would be better served
by assuming a threshold width of 16.6-18.5 mm, such that narrower points are more likely arrow points,
wider points are more likely dart points, and points within the range are ambiguous. For probabilistic
estimation, one could use a standard calculator or spreadsheet to enter projectile-point widths into the
following logistic equation, which incorporates the median y and s parameter estimates derived from
the current analysis:

1
1+ e—(log(w)—log(17.6))/—0.122’

p (arrow) =
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where p(arrow) is the probability that a given point is an arrowhead, e is Euler’s number (2.718), and w
is the measured width in mm of the projectile point. Here, p(dart) is simply 1 — p(arrow). For example,
entering a width of 20 mm returns a p(arrow) of 26%, thus indicating a 74% chance that the projectile
point is a dart point. Additional uncertainty could be considered by exploring p(arrow) across the range
of y and s estimates of 16.6-18.5 mm and —0.174 to —0.087, respectively.

Although we commend Buchanan and colleagues’ (2026) use of logistic regression for probabilis-
tic projectile-point classification, we caution against wholesale application of their method. The use of
projectile-point length, unbalanced control data, and collinear predictors all inflate parameter estima-
tion, directionally biasing estimation in favor of arrows. The use of non-normalized data and spline
functions further compromise the method. More substantively, Buchanan and colleagues’ findings do
not give cause to redefine the history of projectile technology and its consequences in the Americas.
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