
 Anchoring and the learnability advantage of Zipfian distributions 

Tamar Matas*1, Inbal Arnon2, and Noam Siegelman1,2 

*Corresponding Author: tamar.matas@mail.huji.ac.il 

1Department of Cognitive and Brain Sciences, Hebrew University of Jerusalem, 

Jerusalem, Israel 

2Department of Psychology, Hebrew University of Jerusalem, Jerusalem, Israel 

 

Word frequencies across languages follow a Zipfian distribution (Zipf, 1949), 

where a few words are highly frequent (“the”) while the majority are rare 

(“pancreas”). Studies have found that this Zipfian pattern is not limited to word 

frequencies, but also applies to letters, phrases, and sign-language signs (Ha et 

al., 2002; Kimchi et al., 2023; Pande & Dhami, 2010; Piantadosi, 2014), as well 

as units in other species' communication systems, such as whale songs and 

dolphin whistles (Arnon et al., 2025; McCowan et al., 1999). What makes this 

pattern so common across languages and linguistic units, and present in other 

communication systems in nature? 

One explanation previously raised is that Zipfian distributions facilitate 

learning: that is, some properties of this distribution make learning easier. 

However, the exact mechanism for this facilitation remains debated (Bentz et al., 

2017; Ferrer- i-Cancho et al., 2022; Lavi-Rotbain & Arnon, 2022). A possible 

explanation is the anchoring hypothesis, which posits that frequent words are 

learned first and then serve as anchors for segmenting and learning about the 

properties of adjacent less frequent words (Valian & Coulson, 1988). In a Zipfian 

environment, the frequent words provide more anchoring opportunities compared 

to less skewed distributions, where infrequent words are more likely to appear 

next to other infrequent words (Kurumada et al., 2013). To date, however, most 

evidence for the anchoring hypothesis has originated from studies using artificial 

languages with uniform word distributions, or from studies using very limited 

samples of natural language. (Bortfeld et al., 2005; Cunillera et al., 2010; Lany, 

2014; Shi & Lepage, 2008). Therefore, whether anchoring plays a role in natural 

language processing remains an open question.



  

 

To bridge this gap, in the current study we examine whether the extent of a 

word's anchoring level when it was initially learned (i.e., its extent of proximity 

to frequent elements in child-directed speech) predicts its future processing ease. 

We predicted that words that are more anchored during learning should form more 

robust representations and, therefore, be more easily processed. To test this 

prediction, we developed an “anchoring index”, a measure that quantifies a word's 

occurrence after high-frequency words, which we apply to input from child-

directed speech. We then test the effect of the anchoring index on adults' auditory 

lexical decision reaction times (RTs) as a proxy for the strength of the mental 

representation. The anchoring index was calculated as shown in formula (1), 

based on CHILDES English corpora (MacWhinney, 2000). Thus, it captures the 

ratio between a word’s number of occurrences after frequent words (i.e., anchors) 

and its total frequency in the corpus. 

 

anchoring 𝑖𝑛𝑑𝑒𝑥 = 
𝑜𝑐𝑐𝑢𝑟𝑟𝑒𝑛𝑐𝑒𝑠 𝑎𝑓𝑡𝑒𝑟 𝑎𝑛 𝑎𝑛𝑐ℎ𝑜𝑟

𝑡𝑜𝑡𝑎𝑙 𝑤𝑜𝑟𝑑 𝑜𝑐𝑐𝑢𝑟𝑟𝑒𝑛𝑐𝑒𝑠
     (1) 

 

In the absence of an a priori frequency threshold for words to count as 

“anchors,” we ran models with anchor parameterizations ranging from the top 

0.1% to 10% of the most frequent words, to determine which definition had the 

highest explanatory power. We then tested each model’s predictive power on 

adults’ lexical decision RTs from the Massive Auditory Lexical Decision 

Database (MALD, Tucker et al., 2019). Using a linear regression model, we 

examined whether the anchoring index predicts lexical decision RTs while 

controlling for potential covariates known to affect auditory lexical decision, 

including frequency, word 

duration, age of acquisition and 

others (correlations between 

anchoring and covariates were 

low; |r| <.08).  

As shown in Figure 1, across 

the vast majority of definitions for 

words to be considered as anchors, 

a higher anchoring index (i.e., 

more appearances next to anchors 

during learning) significantly 

predicted faster lexical decision 

RTs, above and beyond the known 

Figure 1. Coefficients for the Anchoring Index in 
Predicting RTs across anchor definitions ranging from 

0.1% to 10%. Error bars represent 95% CI. 



  

 

covariates. To the best of our knowledge, ours is the first study to link proximity 

to high-frequency words in naturalistic input to lexical processing. It is also the 

first study to link anchoring in child-directed input to long-term processing 

outcomes in adulthood. As such, these findings support the anchoring hypothesis, 

highlighting anchoring as a possible mechanism supporting the learnability 

advantage of Zipfian distributions and their prevalence across human languages.  
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