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Since its inception, automotive transport has been relatively stable in terms of its enabling 

technologies. While Ford’s model T was very different from today’s cars, it was already powered 

by a combustion engine and manually driven through a driving wheel, foot pedals and a lever for 

shifting gears. One can imagine that a time traveler from the early 1900’s, experienced on driving 

the first automobiles, would probably be surprised to know that he or she would be able to fairly 

quickly get used to drive a modern car. More than 100 years later that seems to be changing. 

Motors are becoming electric (battery or fuel cell powered). Perhaps even more important from 

the driver’s perspective, cars are increasingly becoming “smarter” with more and more Advanced 

Driving Assistance Systems (ADAS) being incorporated, to the point where they may eventually 

become able to drive themselves without human intervention.  

It just so happens that we are not there yet. Automated driving technology is still evolving and the 

point at which it may be able to fully replace the driver in every situation may not be so close. In 

the meantime, what we have are semi-automated vehicles that are able handle certain functions 

and situations themselves, but still need human support in others. The best way to mediate this 

relation has become an important matter of discussion in the scientific and engineering 

community. It was also the main focus of the COOPERATIVE initiative, that during one and a half 

years has brought together researchers from CCG and IFE, in an effort to identify relevant Human 

Factors challenges related with Connected, Cooperative and Automated Driving (CCAD). The 

initiative has materialized in several knowledge sharing and discussion events, also involving 

moments of outreach to the scientific community and the general public, as well as a scientific 

publication.  

Analyzing the literature regarding human-vehicle interaction in the context of CCAD, we have 

reached some conclusions. Quite important was the understanding that at the core of many 

Human Factors issues is the paradigm of function allocation, which places the focus of the 
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interaction in the control transitions between human and automation. Concretely, it assumes that 

a role division should exist between automation and human, with the former taking care of the 

“low-level” operational part of the driving task (lane keeping, steering) and the latter assuming a 

vigilant role and expected to intervene in situations that the automation is unable to handle (Metge 

et al., 2021). Importantly, this function allocation is supposed to be dynamic. Automation may take 

more or less responsibility depending on situational circumstances that may allow it greater or 

lower level of autonomy and authority (e.g. highways with clear markings and without vulnerable 

road users allow for a greater degree of automation).  

Transitions thus become the crux of the question. Humans are not good at maintaining vigilance 

and it may be that they are required to takeover control when they are “out-of-the-loop”. They may 

be inattentive or drowsy, or simply unaware of the surrounding situation, and consequently, 

strongly diminished in their ability to control the vehicle and make proper decisions at the moment 

of takeover (Morales-Alvarez et al., 2020). Also, in a dynamic function allocation paradigm, they 

may often be not fully aware of how autonomously can the system operate and consequently, of 

which degree of driving responsibility they should assume.  

The initiative has thus focused on finding alternative visions to (dynamic) function allocation 

paradigm, that may allow taking advantage of automation technology, while avoiding some of its 

pitfalls. We believe that the idea of human-machine collaboration (inspired by the literature on 

human-robot collaboration – e.g. Bauer et al., 2008; Bicho et al., 2012; Fong et al., 2003) may 

provide a path to do so. Contrarily to a notion of role distribution, the main idea behind the human-

machine collaboration is that instead of a definition of different tasks to each collaborator, both 

may be engaged simultaneously in the same task, interacting continuously between themselves 

and merging contributions until a final objective is completed. 

We believe that achieving a collaboration between human and vehicle will depend on 

technological solutions to fulfill at least three core principles: 

Shared Goals - Agents must share the same objective or set of objectives and understand that 

each action is done towards them; In a human-machine relation it is normally the human that 

defines the goal. Methods for the human to communicate this goal easily and clearly or for the 

machine to be able to infer it correctly are thus a necessary materialization to ensure 

collaboration. 

Shared Understanding - Both agents should develop an understanding of the surrounding 

environment and the task (in this case driving). Most importantly, this understanding should be 
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mutual, as this will be critical so that each one is able to comprehend the actions of the other and 

thus be able to act complementarily towards the goals. 

Action Coordination - Building on shared goals and on the shared situational understanding, 

the partners may then be able to plan their individual actions assuming for instance that they may 

have an indirect contribution to the goal by enabling a complementary action from the partner. 

This strategic understanding of actions is a hallmark of collaboration and perhaps one of the most 

difficult to achieve given that it implies modeling and predicting the outcome of a set of 

interactions. 

While the COOPERATIVE initiative has reached its end, the shared understanding developed by 

the participating institutions and briefly reflected in this document will be the basis for future 

endeavors. CCG and IFE share the goal of extending the state-of-the art in human-vehicle 

collaboration, proposing solutions that contribute to more efficient and safer road mobility. Finally, 

they are also set on undertaking a strategy that will take them through continuous collaboration 

towards such goal. 

 Stay tuned! 

 

 

  

The ideas briefly summarized in this document are further explored and detailed in a recent 

paper published at the Transportation Research Arena 2022 

 

Block, M. Eitrheim M., Mackay. A., Sousa, E., “Connected, Cooperative and Automated Driving: 

Stepping away from dynamic function allocation towards human-machine collaboration.” 

Transport Research Arena, 2022 
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The EEA Grants 

The EEA Grants represent the contribution of Iceland, Liechtenstein and Norway towards a green, 

competitive and inclusive Europe.  

There are two overall objectives: reduction of economic and social disparities in Europe, and to 

strengthen bilateral relations between the donor countries and 15 EU countries in Central and 

Southern Europe and the Baltics.  

The three donor countries cooperate closely with the EU through the Agreement on the European 

Economic Area (EEA).  

The donors have provided €3.3 billion through consecutive grant schemes between 1994 and 

2014. For the period 2014-2021, the EEA Grants amount to €1.55 billion, of which Portugal will 

benefit in €102,7 million. 

Know more in eeagrants.gov.pt 


