[bookmark: _Hlk210119019][bookmark: _Hlk211409040][bookmark: _Hlk211408842][bookmark: _Hlk197500558][bookmark: _Hlk198190515]Foresight and Teleology. 
[bookmark: _Hlk213449968]Teleology attributes direction or purpose to natural processes, implying that present properties exist in anticipation of future function (1). Teleology is explanation by purpose or end-goal. It answers "why" by pointing to what something is for. Teleology is the reversal of causality. Outcomes are treated as causes.
[bookmark: _Hlk218669443]A teleological explanation for an economic crash might be that the crash happened so that the economy could ultimately become stronger. The causal explanation of the crash is that interacting financial mechanisms crossed stability limits; recovery followed selection among surviving institutions. 
Teleological reasoning is common in models of the origins of life and in evolution. Anytime we observe a system performing a function and say it arose/emerged/evolved to perform that function, we're likely committing a teleological error. X-first framing (where X= Metabolism, Genetics, Membranes, Information, Replication, or RNA) is commonly teleological. When treated as an explanatory model for the origin of life, a model is teleological if it projects biological function onto prebiotic chemistry, which in fact could not have been guided or selected by that function. 
[bookmark: _Hlk219490518]Metabolism-first models, for example, tend to define early chemical processes by reference to metabolic requirements of modern life. “Contemporary biochemistry depends on complex interactive and regulated metabolic networks and autocatalytic cycles. Therefore, the origins of life involved chemical networks and autocatalytic cycles.” The existence and centrality of metabolism in extant biology are treated not as contingent outcomes of prolonged chemical and biological evolution, but as explanatory causes that define processes at the beginning. Metabolism-first models project present-day biological reactions backward onto prebiotic chemistry, assuming that early chemical systems were organized to achieve the metabolic organization observed today. Such reconstructions substitute historical selection for narrative necessity, and mistake surviving structure for original design. 
[bookmark: _Hlk219493211]A non-teleological account must instead treat metabolism as arising from many chemical reactions that emerged, morphed, competed, cooperated, and were selected and reselected (the basis of selection was dynamic) in real time (foresight not allowed) from within a vast prebiotic chemical landscape. Extant metabolism reflects prolonged, creative selection via mechanisms we need to try to understand (but do not), not historical inevitability. 
[bookmark: _Hlk213363916]However, when stripped of teleology, many models dissolve into improbability. Without the assumption of purpose, many of these models degrade into lottery-winning - a long succession of unlikely events that just happen to converge on a metabolic or polymeric system. In this form, models become “Nature got lucky” or ‘just so” stories. Many steps in a long chain occur without real time selection, in just the right order to produce biology. 
[bookmark: _Hlk219495434][bookmark: _Hlk219495774]Here are some examples of teleology in origins of life models. Phosphates link to ribose to allow formation of RNA. Complex organic chemical reactions combined to produce RNA, which emerges to enable Darwinian evolution. DNA arises from RNA to provide a more persistent and superior genetic material. Proteins arise in an RNA World because their catalytic proficiencies are greater than those of ribozymes. The ribosome arose as a machinery for production of coded protein. Chemical cycles arose for formation of the Krebs cycle. In each case, the defining biological function is implied as the cause of emergence. In fact, chemical systems cannot causally optimize in anticipation of future function. These explanations require foresight—chemistry aiming at biology that does not yet exist and cannot be causally operative. Shapiro likened such models to a golf ball making its way unaided through a golf course (2).
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