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Abstract. To make artificial autonomous agents safe and beneficial contributors to 
society we may strive to equip them with norms. Previous models of what norms 
are and how they could be formalized have typically relied on binary deontic 
concepts (forbidden or not, obligatory or not, etc.). But human norms may not 
come as binaries; they may come as continua. In two studies, we show that people 
consistently and consensually distinguish between deontic phrases that span 
degrees of prohibition and degrees of prescription. In light of these results, formal 
systems for norms in robots must be expressive enough to handle such deontic 
continua.  
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1. Introduction 

As increasingly autonomous robots enter human communities at a rapid pace, we 
must ask how such entry can be safe and beneficial for human communities and society 
at large. One way to make artificial autonomous agents become safe and beneficial 
contributors to human communities is to equip them with norm competence, the ability 
to represent, learn, and follow the norms of its community [1]. Norms are not merely a 
subset of an agent’s goals but rather constrain the agent’s pursuit of goals. Were it not 
for the norms governing a particular context, an individual (human or artificial) would 
pursue a variety of personally beneficial actions that might not be beneficial for other 
community members.  Norms therefore promise to be a natural mechanism to constrain 
robot behavior to make it fit in with other members of the community and be beneficial 
to them. 

2. The Nature of Human Norms 

But how would be go about building norm systems into robots?  Our research 
group’s approach has been to first understand in detail how humans cognitive represent 
and socially enact norm systems  [1]–[3]. Naturally, robots might implement norms 
quite differently in their computational architectures from the way humans implement 
them in their neural architectures; but the fundamental principles of human norm 
systems must be maintained, or else people would not recognize robots as following 
social norms. Among these principles we have studied properties of norm 
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representation (how norms are stored, activated, and organized), properties of norm 
learning (such as observation and instruction), and properties of norm enactment (how 
norm  representations motivation action, how norm contradictions are reconciled).   

But what are these “norms” that are represented, activated, learned, and 
reconciled? We have developed a working definition of norms that tries to capture the 
complexity of the norm concept in human social life, accommodates the fact that norms 
have to be somehow cognitively represented in human minds, and offers the prospect 
of formalizing norms (and nom systems) in artificial computational agents such as 
social robots.  The definition builds on [1], inspired by [4] as well as [5]: 

 
Definition: A community’s norm 𝒩 is an instruction to (not) perform an action A in 
context C, provided that a sufficient number of individuals in the community (1) indeed 
follow this instruction and (2) demand of each other to follow this instruction.  

That is, 𝒩:= C →  𝔻(A),  whereby the deontic operator 𝔻 is traditionally an 
instruction that A is “forbidden, “permissible,” or “obligatory.”  

 
Numerous approaches to the formal representation of such instructions have been 

developed, refined, and debated within the field of deontic logic and in some cases 
applied to multiagent systems [6], [7], AI [8] or robots [9].  Alternative approaches 
have used variants of defeasible logic to aid in resolving norm conflicts [10], temporal 
logics to better represent contextual and temporal boundedness of norms [11], or 
prospective logic to represent more directly an agent’s forward-looking action planning 
process [12]. All these and related approaches—indeed, virtually all formal 
representations of normative systems—have suffered from one major limitation: binary 
deontic concepts (for an exception, see [13]).  In these systems, an action is either 
forbidden or not, permissible or not, obligatory or not.  But human norms do not come 
as such clear-cut monoliths; they come in degrees. The second parameter in the above 
definition of norms likely refers to degrees of demand to (not) perform a certain action 
in a certain context. Indeed, the language of obligation includes degrees of demand 
expressed as actions that are “recommended,” “encouraged,” “required,” or 
“mandatory”; the language of prohibitions includes actions that are “discouraged,” 
“inappropriate,” or “forbidden”; and the lists can easily be extended to permitted 
actions that are “tolerated,” “allowed,” or “optional.”  

One interpretation of this rich vocabulary of deontic phrases is that human 
language is vague and variegated and has many words for essentially the same 
underlying concepts or functions; such a muddled system should certainly not guide the 
design of moral robots. Another interpretation is that people use this rich vocabulary in 
systematic ways in influential norm communication: to teach norms of differential 
importance, affirm especially critical norms, enforce some norms more strictly than 
others, and negotiate norm conflicts, where a weaker norms is traded off against a 
stronger one. Under this interpretation, moral robots would certainly need to share this 
rich vocabulary and the graded deontic concepts underlying it—or else the robot would 
not count as norm competent.   

Deciding on which of these interpretations is correct will be aided by empirical 
data on one fundamental question: Do people make consistent and consensual 
distinctions among verbal phrases that denote degrees of prescription, prohibition and 
permission? If there is such consensus and consistency, we need to understand how 



people represent these continua and must develop formal systems that are expressive 
enough to handle them. This, perhaps, would be the end of deontic logic as we know it. 

3.  Empirical Evidence for Continuous Norm Concepts  

We report on two studies that answer the questions of consistency and consensus 
of deontic continua in (at least English) language users. In Study 1 we presented 57 
participants with 22 phrases of prohibition (including some of permission) and asked 
them to rank-order them from “this means not prohibited” to “this means completely 
prohibited.” In addition, we presented a second group of 57 participants with 22 
phrases of prescription (including some of permission) and asked them to rank-order 
them from “this means not prescribed” to “this means very strongly prescribed.”  
Figure 1 displays the results of prohibitions, suggesting that some families of phrases 
are near-synonyms but that the families themselves are clearly distinct and form a scale 
of weak to strong prohibitions.   

 

 
Figure 1. Twenty-two phrases of prohibition (including some of permission) are shown with their mean 

ranks (across 57 participants) and 95% confidence intervals around those means. At least six levels can be 
clearly distinguished, with the first two corresponding to permissions. 

 
In Study 2 we selected many of the same phrases and added a few new ones to 

create two sets of prohibition (one with 12 phrases, the other with 13) and two sets of 
prescription (on with 10 phrases, the other with 11).  Each set was presented to a group 
of 99 to 101 participants who were asked to assign each phrase a scale value from 1 to 
10, corresponding to the range from “this means not at all prohibited” to “this means 
completely prohibited” or, for prescriptions, from “this means not at all prescribed” to 
“this means very strongly prescribed.”  The results were largely consistent with the first 
study. Indeed, for those phrases that appeared in both the rank methodology of Study 1 
and the rating methodology of Study 2, the correlation of average rank and average 



rating was r = .96 for prescriptions and r =  .97 for prohibitions. At the top end of the 
rating scale, people found it more difficult to differentiate the most extreme deontic 
phrases from one another, likely because of a measurement ceiling effect. We therefore 
recently initiated a third study that modified the rating scale to create more graphical 
and psychological room at the top and instructed participants to more evenly distribute 
their ratings.  We expect a full replication of our findings.   
 

 
Figure 2. Eleven phrases of prohibition that were used both in Study 1 (using a rank-order methodology) and 
in Study 2 (using a rating methodology), plotted with their mean ranks (x axis) and their mean rating (y axis).  

The correlation between the ranks and ratings was r = .97 

 
In light of these results we will be able to construct a measurement scale that uses 

has distinct verbal phrases to capture prohibitions of decreasing degrees at one end, 
permissions in the middle, and prescriptions in increasing degrees at the other end.  For 
any given action in a given context we will then be able to assess where on that scale 
the deontic force for this action falls. Moreover, we will attempt to project this full 
scale of deontic force onto a single measurement interval from 0 (maximally 
prohibited) to 0.5 (optional) to 1.0 (maximally prescribed), making it amenable to a 
decision-theoretic framework we recently refined [14], [15], allowing us to formally 
represent a variable number of norms with variable degrees of normative force.   
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