Supplement: The Negative Binomial Model and the 102 ⇒ 202 Comparison
This supplement came about from suggestions made by the reviewers of the pre-print, who proposed that a negative binomial model be attempted alongside the quasi-Poisson model originally used. This was done using the SAS program included in the supplements. At first glance the results are very similar. Using a flat significance cutoff of 0.02 to match the presentation of Table 2 in the main study — a flat threshold used here only for direct comparability, with the false-discovery-rate treatment following below — the least solid minor result supporting Markan priority (022 => 222) falls off the list, while two others are added (020 ⇒ 022 and 120 ⇒ 022): a net gain of one result supporting Markan priority.
On closer inspection, two movements merit discussion. First, 102 => 202 falls from the robust core down to failing the significance test; this shift is worth stating plainly, as it favors the Farrer hypothesis over the two-source picture at this point. Out of all the results in the main study, this was the only problematic one for them, the rest confirmed their views. Second, 211 ⇒ 212 moves from significant-only-under-FDR into the robust core — again unwelcome for the dominant 2SH and encouraging for the FH. That being said, we will argue below that the 3SH remains the simplest model fully consistent with the mathematics.
A new table of results is shown below. The testing family has been modified slightly from the list shown in Appendix B of the main study. 200 ⇒ 202 has been removed, as invalidated by an HHB editorial decision, discussed in the main study. We add 202 ⇒ 102 and 202 ⇒ 201, because these are the comparisons the 2SH would itself predict — 202 represents the vocabulary profile of the sayings source, which the 2SH expects to surface in both Matthew and Luke. These are added so the family is not constructed to favor one model’s frame over another. 122 => 002 was also added, it was an unexpected and highly significant result in the main study, and we flagged it there as exploratory. We add it to the family to see if it fares as well under the new test. The resulting family comprises 68 comparisons.
For each test–predictor pair the table shows the beta weights under both models, the p-values under both models (quasi-Poisson at φ = 2.17, and negative binomial), a flag for whether the pair belonged to the original 66-comparison family of Appendix B, and its significance tier under each model. Every pair shown is part of the expanded 68-comparison family tested here.


	Predictor
	test_cat
	WeightNB
	Weight QP
	p_NB
	p_QP
	Fam?
	NB Significance
	QP Significance

	121 =>
	221
	0.245
	0.279
	0.00000
	0.00000
	Yes
	Robust Core
	Robust Core

	122 =>
	002
	0.067
	0.065
	0.00000
	0.00000
	No
	Robust Core
	Robust Core

	220 =>
	222
	0.129
	0.176
	0.00001
	0.00000
	Yes
	Robust Core
	Robust Core

	211 =>
	212
	0.440
	0.425
	0.00001
	0.00084
	Yes
	Robust Core
	Sig. under FDR

	210 =>
	212
	0.360
	0.426
	0.00002
	0.00008
	Yes
	Robust Core
	Robust Core

	221 =>
	222
	0.115
	0.134
	0.00002
	0.00008
	Yes
	Robust Core
	Robust Core

	201 =>
	202
	0.114
	0.158
	0.00028
	0.00002
	Yes
	Robust Core
	Robust Core

	122 =>
	222
	0.079
	0.073
	0.00046
	0.00798
	Yes
	Robust Core
	Sig. under FDR

	021 =>
	022
	0.176
	0.182
	0.00053
	0.00704
	Yes
	Robust Core
	Sig. under FDR

	020 =>
	221
	0.094
	0.097
	0.00075
	0.00598
	Yes
	Sig. under FDR
	Sig. under FDR

	120 =>
	122
	0.170
	0.177
	0.00096
	0.00863
	Yes
	Sig. under FDR
	Sig. under FDR

	202 =>
	201
	0.112
	0.166
	0.00210
	0.00009
	No
	Sig. under FDR
	Robust Core

	020 =>
	220
	0.068
	0.080
	0.00318
	0.01162
	Yes
	Sig. under FDR
	Sig. under FDR

	120 =>
	220
	0.081
	0.097
	0.00611
	0.01351
	Yes
	Sig. under FDR
	Fails

	202 =>
	102
	0.108
	0.157
	0.00662
	0.00116
	No
	Sig. under FDR
	Sig. under FDR

	120 =>
	022
	0.183
	0.201
	0.01113
	0.03709
	Yes
	Sig. under FDR
	Fails

	021 =>
	221
	0.060
	0.100
	0.01183
	0.00126
	Yes
	Sig. under FDR
	Sig. under FDR

	121 =>
	122
	0.139
	0.178
	0.01681
	0.01518
	Yes
	Fails
	Fails

	102 =>
	202
	0.077
	0.148
	0.01958
	0.00015
	Yes
	Fails
	Robust Core

	020 =>
	022
	0.137
	0.133
	0.01989
	0.09340
	Yes
	Fails
	Fails

	120 =>
	221
	0.076
	0.101
	0.02419
	0.01930
	Yes
	Fails
	Fails

	022 =>
	222
	0.043
	0.067
	0.02574
	0.00603
	Yes
	Fails
	Sig. under FDR



Rather than asserting which model is "right" here, it is best to try to understand how and why they differ. Both are standard remedies for overdispersed counts. The quasi-Poisson approach adopted in the main study rescales the variance by a dispersion factor; the negative binomial, tested here, posits a distinct mixing distribution. The quasi-Poisson is preferred because it corrects the likelihood-ratio tests directly while leaving the Poisson mean structure — and thus the directional comparisons that carry the argument — unchanged. Mosteller and Wallace (1964) discuss using the negative binomial for disputed authorship, but the case they examine is notably different: they are not looking at documents where one author substantially copied the exact words of another.
The most important difference for our purposes is this: the quasi-Poisson model penalizes all words equally in the overdispersion correction, while the negative binomial penalizes high-frequency words more harshly than low-frequency ones. This is because the negative binomial's variance grows with the square of the mean (Var = μ + α·μ²), so it discounts high-count cells specifically, whereas the quasi-Poisson applies a flat multiple (Var = φ·μ) that leaves the relative weighting across frequencies unchanged. Once this is understood, the reason for the difference becomes immediately apparent.
As noted in the main study, the largest contributors to the similarity between category 202 and 102 are function words. The second-person plural ὑμῖν is dense in both the Lukan (102) and the shared (202) double-tradition vocabulary, and the imperfect ἦν, "was," is conspicuously absent in 202 and low-frequency in 102. Both categories reflect the style of sayings rather than narrative. Because this similarity rests on high-frequency function words, the negative binomial — which distrusts high-count cells — pulls the comparison down, while the quasi-Poisson does not. That, and nothing more mysterious, is why this pair moves.
The immediate reaction from a Farrer-hypothesis supporter might be: "That just says these are sayings, and we already knew the double tradition was sayings — this tells us nothing." But the arguments made in the main paper still apply. There is a symmetry between 102 ⇒ 202 and 201 ⇒ 202 that the Farrer hypothesis does not predict, but a shared sayings source does: if 202 is the profile of a source standing behind both gospels, it should relate to Luke's sayings vocabulary (102) and Matthew's (201) in the same way — and it does. The Farrer hypothesis, on which Luke copies Matthew, gives no reason for that symmetric source-to-both pattern; it predicts an asymmetric Matthew-to-Luke chain instead.
And there is a second difficulty. On the Farrer hypothesis, Luke must actively make his material look more sayings-like — removing "was" wherever he finds it and adding "you" — despite the fact that Luke does not write this way when composing independently or when editing Mark. He does not show this profile in our other synoptic categories. There is, moreover, no clear justification for calling one model's result correct and the other's incorrect: the quasi-Poisson is friendlier to function-word similarity, the negative binomial friendlier to content-word similarity. If anything, for questions of source and authorship the function-word sensitivity of the quasi-Poisson is the more appropriate, since function words — being less consciously controlled and less driven by subject matter — are the traditional discriminators in exactly this kind of analysis (Mosteller & Wallace, 1964).
One final point of difficulty for the Farrer hypothesis: if we look at the direction that is "reverse" for them and "forward" for the 2SH — 202 ⇒ 102 — we still see a significant result under both models. For the 2SH, category 202 is the vocabulary profile of the sayings source, expected to appear in Luke's words (and in Matthew's), and it does. The Farrer hypothesis does not explain this. So, one direction weakens under the negative binomial while the other holds, and the pattern of which one holds favors the source model.
In conclusion, it must be acknowledged that this result is friendlier to the Farrer hypothesis than the corresponding result in the main study. That being said, taken together — the symmetric source-to-both pattern, the implausibility of Luke's selective de-narrativization, and the persistence of the source-to-Luke relationship under both models — the three-source hypothesis still accounts for the full set of results more economically than the Farrer alternative, and remains the simplest hypothesis fully consistent with the mathematics.

