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Additional Information on Computational Models of Number Transcoding
Computational accounts of number transcoding elucidate these points further. Several accounts have been developed that implement learning models whose architectures are designed to name numerals in a similar fashion to how visually presented orthographic forms might be named in analogous simulations (Verguts et al., 2005; Verguts & Fias, 2006; Yuan et al., 2020). Of particular importance on this point is Verguts and Fias (2006) given the direct way in which they implemented a simple numeral naming paradigm. They reported on a model that learned to produce the phonological form of multi-digit numerals. Their simulations revealed that the latent knowledge developed by the model encoded similarity about the visual structure of the input, the structure of the phonological form of the transcoded numerals, as well as information about their meaning given the way that place value is represented in the printed (input) and spoken (output) forms learned by the model. The hidden units in their model come to encode abstractions about the sequential properties in numbers. They interpret the hidden layer’s latent representations as being “syntactic” in the sense that they contain nodes that activate for larger numerals (greater than 99) whose pronunciations are dictated by abstractions about place value (e.g., 346 is pronounced “three hundred...”). Notice that this information encodes something about the meaning of these numbers, though their model does not implement semantic processing per se (e.g., the model doesn’t produce an analogue magnitude representation as an output, rather only produces the numeral’s name). The direct pathway from numeral inputs to pronunciation in the model comes to encode what they call “lexical” information (see discussion of pathway 1 in Figure 1, Panel B in main manuscript). The units within this processing route come to encode the most reliable mappings between numerals and pronunciation. For example, “1” tends to be pronounced as “wʌn” except in the teens, and it is never pronounced as “tu” (pronunciations provided in International Phonetic Alphabet). These examples are invariant with respect to the sequential context of the numeral, except where the pronunciation is tied to specific positions within numerals (namely the teens). They describe their model as exhibiting a kind of “division of labor” in the sense that the hidden (indirect) processing pathway shares the burden with the direct processing pathway in determining the pronunciation of the Arabic numerals used as inputs. This takes place through a process of abstraction from the sequential statistics of the training environment leading to generalizations about the input-output mappings via the context-conditioning role of the hidden layer. Though their model concerns only the naming of numeral inputs, rather than the direct production of semantic patterns from visual inputs (via phonology) as in Harm & Seidenberg (2004). 
Additional Information on Reading and Math Learning Disabilities Overlaps
Additional evidence for the potential shared underlying mechanisms of math and reading skills and the need for unifying theories to advance science faster comes from work on co-development of reading and math and the co-morbidity of reading and math disabilities. For example, work by Erbeli et al. (2020) and Hübner et al. (2022) show that reading skills are coupled to the development of math skills, but that math growth is slower for students who start with less developed reading skills. Many students diagnosed with dyslexia also have co-occurring diagnosis in math disabilities (estimates ranging between 30-70%; Landerl & Moll, 2010). Recent meta-analytic work (Viesel-Nordmeyer et al., 2023) has shown that deficits in phonological processing as well as symbolic number and asymbolic approximate number processing are shared across dyslexia, dyscalculia, and comorbid occurrences. That is, children with dyslexia underperform in number processing skills, compared to children with no disabilities, and children with dyscalculia underperform in phonological processing skills, while those with comorbid occurrences perform worst in both areas. Reframing this with our unifying framework, students with dyslexia also struggle with Junctions C (visual processing) and B (verbal processing) of the Triple Code Model and students with dyscalculia struggle with Junction B (phonological processing) of the Triangle Model. Moreover, for both students with reading and math difficulties, rapid retrieval of facts is delayed, for example in letter-sound correspondences (Erbeli et al. 2019) and addition facts (Hanich et al., 2001) suggesting a common delay in the development of division of labor processes. 
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