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Abstract

The theory of technological innovation system (TIS) is an efficient framework for explaining the
structure and functions of emerging technologies, but its analysis tools are mainly descriptive and a
posteriori in nature and lack a numerical-probability mechanism to predict the chain of functional
failures in the early stages of system formation.The aim of this research is to develop a forward-
looking methodological framework for probabilistic-numerical prediction of functional failures in
the innovation system of emerging technologies. For this purpose, relying on the strategy of
metaphorical research, the model of functional analysis of systems engineering (origin area) was
mapped to the field of innovation system failure analysis (destination area). In this regard, functional
flow diagram (FFBD) and fault tree analysis (FTA) tools were used to model the sequence of
functions and potential failure paths. In order to validate the metaphor, a 9-member panel of experts
in methodology, policy and systems engineering was held in two asynchronous and workshop
phases.The findings of the research show that the functional analysis tool of systems engineering,
with changes in some stages and in accordance with the soft requirements of a socio-technical system,
is able to reveal the hidden functional dependencies of TIS and predict system failure scenarios. This
research adds to the TIS literature by providing a generalizable and forward-looking method for
failure analysis in emerging technologies, and by considering the possibility of identifying possible
system failure states along with the severity of the failure probability, it provides valuable policy
insights for designing more resilient innovation paths.
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