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Abstract: Norm internalization refers to the process of adoption of normative beliefs by individuals, thus rep-
resenting a link between individual and social change. However, there are several questions regarding norm
internalization which need to be answered. These include understanding under which circumstances norm
internalization does occur by considering the effects of internalizing either a certain norm or even conflicting
norms. To investigate the conditions and effects of norm internalization, we developed a theoretical agent-
based model called “DINO”, comprising a norm internalization process grounded on a psychological model of
decision-making, considering different types of norms, goals, and habits as well as inter-individual differences.
Our conceptualization of personal norms introduces a new level of complexity, allowing for more than one
norm to be internalized and either approved or disapproved. Our conceptual model was implemented within
the framework of a 3-person Prisoner’s Dilemma game. Results showed that playing with cooperative others
generally facilitated norm internalization. Norm internalization encouraged norm compliance and affected be-
havioural stability and payoff equality. We discuss how our results relate to empirical findings and theoretical
literature, providing a bridge between theory development and empirically testable hypotheses and between
psychological micro-level phenomena and social dynamics.
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Introduction

1.1 Norm internalization is a key mechanism in norm compliance and norm maintenance (Axelrod 1986; Gintis
2004; Horne 2003). In the social sciences, there is a long tradition of theorizing about and studying norm inter-
nalization (Parsons 1937; Piaget 1970; Ullmann-Margalit 1977). Norm internalization is considered crucial for
learning social values and norms, being an important link between society and the individual (Hoffman 2000;
Kohlberg 1984; Vygotsky 1930). This makes norm internalization not only relevant for the individual but also
for social and societal change. Internalization has been associated with selfless behaviour (Durkheim 1893),
taming the egoistic individual through socialization (Freud 1932), while social influences may arguably lead to
“the creation of a storm trooper, a Buddhist monk or a civil rights activist” (Kohlberg & Hersh 1977, p.53). Empir-
ical studies have shown the importance of personal norms for behavioural decisions (e.g., Harland et al. 1999;
Shin et al. 2018). However, there is little research about how internalization proceeds (Neumann 2010b). This
is where social simulation comes into play (Jager & Ernst 2017).

1.2 In social simulation, few researchers have studied the norm internalization process (Andrighetto et al. 2010b;
Villatoro et al. 2015). So far, our understanding remains “fragmentary and insufficient” (Conte et al. 2010, p.64).
There is a lack of a psychologically plausible, dynamic theory of norm internalization (Hollander & Wu 2011;
Neumann 2010b; Saam & Harrer 1999). Social simulation is a suitable means for developing and rigorously
testing a dynamic theory. It enables exploring behavioural effects of internal changes as well as their inter-
action with social dynamics of change. As norm internalization is challenging to pin down methodologically
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(Neumann 2010b), the additional use of simulation methods to empirical approaches seems especially promis-
ing. Modelling norm internalization demands for cognitively rather complex and heterogeneous agents, since
internalization is considered a higher mental function that is individually specific (Piaget 1970; Vygotsky 2004).

1.3 Here, we combine psychological theory on norm internalization with agent-based simulation methods. This
has several challenges: there is a lack of theories concerning dynamic processes; there are few theoretical su-
perstructures that combine different psychological fields, and simulation demands for a level of precision that
psychological theories rarely provide. Moreover, one of the greatest issues for modelling is psychological com-
plexity. We approached these challenges first through relying on psychological concepts and research as well
as through integrating assumptions from different psychological and adjacent disciplines. Second, we limited
complexity to those areas that are essential to address our research questions. We now will discuss related
research on the dynamics of norms, focusing in particular on models that include norm internalization, before
presenting the contribution of this work to the field.

Related research

1.4 So far, two very different approaches to simulating norms in agent-based systems have been taken. In short,
the first is mainly concerned with the emergence of behavioural conventions, treating norms solely as macro
level epiphenomena (e.g., Axelrod 1986). In this line of research, social convention norms are often the only
quality of norms considered (Mahmoud et al. 2012; savarimuthu et al. 2007; Sen & Airiau 2007). In the second
line of research, norms are modelled as social constraints to agent’s decision-making (Shoham & Tennenholtz
1992, 1995). This idea of built-in behavioural laws was advanced by emphasizing the cognitive representa-
tions of social norms and building intelligent, autonomous agent architectures (Castelfranchi et al. 2000; Conte
& Castelfranchi 1995; Saam & Harrer 1999). In the Belief-Obligations-Intentions-Desires (BOID) architecture,
social norms are represented as perceived obligations and personal goals as desires (Broersen et al. 2001).
Through differentiating between individual and social desires, a new complexity was introduced (Neumann
2010b).

1.5 Regarding the importance of norm internalization (Axelrod 1986; Hollander & Wu 2011; Mahmoud et al. 2014;
Neumann 2008, 2010b; Saam & Harrer 1999), surprisingly few agent-based systems include such a process.
Verhagen (2001) presented a model of norm internalization, defining internalization as the matching of per-
sonal norms to social norms. Whereas this operationalizes the effect of norm internalization, it “does not rep-
resent the process of norm internalization” (Neumann 2008, Section 7.6). Andrighetto et al. (2010b) introduced
a rich cognitive model of norm internalization, the EMIL-I-A architecture (see also Conte et al. 2010), in which,
a norm may be prohibiting, prescribing, or permitting. EMIL Internalizer Agents internalize a norm depending
on two conditions: a salient social norm and a cost-benefit-computation exceeding a threshold. Based on a di-
chotomous parameter, successful internalization stops the EMIL-I-A agent’s normative deliberation and starts
a decision-making automatism, disregarding other normative and non-normative motivators. The internalized
norm has become a goal in itself. As long as the social norm is still salient, the agent complies with its internal-
ized norm. This conceptualizes an internalized norm similar to a habit that saves time and calculation effort in
decision-making and is in line with Epstein (2006) assumption of internalization being blind conformism with
a norm. Villatoro et al. (2015) enhanced the EMIL-I-A architecture by characterizing norm internalization as a
multi-step process, whereas only the deepest level of internalization corresponds to Epstein’s assumption of
thoughtless conformity. This allows agents to have partly internalized a norm and still violate it, while there is
always just one norm internalized at any one time.

The present research

1.6 The current state of research leaves several questions open that existing models on norm internalization do not
address. First, it seems important to investigate facilitating conditions of norm internalization to eventually be
able to promote internalization of cooperation norms. Whereas norm internalization is assumed a universal
process, when and how a norm is internalized depends on a person’s personality (Ryan & Deci 2017; Vygotsky
2004) interacting with its environment, but how? Which conditions facilitate norm internalization? As work-
ing hypotheses, we assumed that individuals’ inherent cooperativeness and the cooperativeness of the social
surrounding positively influence internalizing the cooperation norm as appropriate.

1.7 Second, we are interested in the effects of norm internalization, assuming an imperfect relation between per-
sonal norms (the product of norm internalization) and behaviour. Whereas personal norms have been shown
to influence behaviour, empirical investigations mostly found small to medium sized relations (e.g., Bamberg
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et al. 2007; Bamberg & Schmidt 2003; Hines et al. 1987). Hence, personal norms do not seem to translate one-
to-one into behaviour (Bandura 2001; Schönbach 1990; Schwartz 1977a). One possible explanation could be
that multiple internalized norms influence behavioural decisions at the same time. Assuming that there are
several, potentially conflicting personal norms at work, what are the effects of norm internalization? As work-
ing hypotheses, we first hoped to replicate the finding that norm internalization increases norm compliance
(Axelrod 1986; Gintis 2004). We secondly expected that individuals become more determined and persistent
through norm internalization (Andrighetto et al. 2010b) and therefore less flexible in their behaviour. Regard-
ing the macro level social effects of norm internalization, there is little existing research. Since social norms
have been proposed as solutions to social inequality (Saam & Harrer 1999; Ullmann-Margalit 1977), we thirdly
assumed similar effects for norm internalization, decreasing inequality.

1.8 For the next step towards a better understanding of norm internalization, we aimed to disentangle conceptually
distinct constructs and incorporate them separately. We did so by endorsing a psychological view that regards
personal norms as conceptually distinct from habits. This enabled us to study norm internalization indepen-
dently of other normative and non-normative factors driving decision-making. Based on this, we had two aims.
First, we accounted for inter-individual differences that affect norm internalization to investigate individually
specific facilitating conditions. Second, we allowed for more than one personal norm to be internalized and
influence decision-making to examine the effects of norm internalization given multiple, potentially conflict-
ing internalized norms. On this basis, we aimed to address the two following research questions and test the
corresponding hypotheses:

• What are the mechanisms and conditions that facilitate norm internalization?

– Cooperative agents tend to internalize that it is appropriate to cooperate; defective agents tend to
internalize that it is appropriate to defect.

– Cooperative settings facilitate internalizing the appropriateness of cooperation; defective settings
facilitate internalizing the appropriateness of defection.

• What are the effects of norm internalization?

– Stronger norm internalization is associated with stronger norm compliance.
– Stronger norm internalization is associated with more behavioural inflexibility.
– Stronger norm internalization is associated with less payoff inequality.

1.9 The paper is structured as follows: First, we present the theoretical framework, starting with our definitions
of norms and proceeding with our conceptual model of norm-based decision-making. Subsequently, we de-
scribe the game-theoretical scenario the conceptual model was applied to. We then introduce the implemented
agent-based DINO model – Dynamics of Internalization and Dissemination of Norms. Next, we document the sim-
ulation results addressing our research questions and hypotheses. Finally, we discuss the results and conclude.

Theoretical Framework

Taxonomy of norms

2.1 We define a norm as a behavioural rule for a specific situation (Dannenberg et al. 2023). Social norms are shared
norms between several individuals, and they can have different qualities (Cialdini et al. 1990). A social descrip-
tive norm contains information regarding the observable regularity of a behaviour in a certain situation (i.e.,
“what most others do”) and is expected to affect behaviour through conformism. It “motivates by providing
evidence as to what will likely be effective and adaptive action” (Cialdini et al. 1990, p. 1015). A social injunc-
tive norm refers to the (in)appropriateness of a behaviour in a certain situation (i.e., “what most others con-
sider (in)appropriate”; Dannenberg et al. 2023). An important mechanism explaining their influence is social
(dis)approval (Ajzen 1991; Jacobson et al. 2011). Apart from social norms, personal norms describe the norms
that an individual holds (Cialdini et al. 1990; Farrow et al. 2017). Personal norms are of an injunctive quality,
defining an individual’s belief about (in)appropriate behaviour. They are associated with feelings of moral obli-
gation as well as guilt and shame when violated (Schwartz 1977a; Schwartz & Howard 1981, 1982), which is why
they are sometimes also referred to as “moral norms” (Bicchieri & Dimant 2019; Nyborg 2018; Thøgersen 1999).
The process of how personal norms develop and change, we call norm internalization (Hoffman 2000; Kohlberg
1984).
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2.2 Two more considerations are important for our research. First, we consider a norm of any type as behaviour-
specific. For example, we assume that there is one personal norm relating to the (in)appropriateness of riding
the bike in a specific situation and another personal norm relating to the (in)appropriateness of driving the
car, whereas these two personal norms may develop independently from each other. Second, we consider
each norm to vary along the dimension of encouragement to discouragement of a behaviour. This relates to
prescriptive and proscriptive norms (Bendor & Swistak 2001; Bicchieri 2006; Ullmann-Margalit 1977). Hence,
we suggest that, for instance, the personal norm of riding the bike can be approved of (representing a belief of
appropriateness) or disapproved of (representing a belief of inappropriateness).

A conceptual model of norm-based decision-making

2.3 To investigate the dynamics of norms and their influence on behaviour, one needs theoretical assumptions on
how behavioural decisions are made. Based on psychological literature, we developed a conceptual model of
norm-based decision-making. Here, we first present relevant literature and then our conceptual model.

2.4 One of the most influential and best-validated theories in psychological literature is the theory of reasoned ac-
tion (TRA hereafter, Fishbein & Ajzen 1975). The TRA was later expanded to the theory of planned behaviour
(Ajzen 1991), explaining actions that are not under volitional control. In the present decision scenario that the
conceptual model was applied to, we regard behavioural control as given and therefore applied the TRA. Both
theories have been extremely successful in explaining behaviour (e.g., Sheeran 2002; Steg & Vlek 2009; Webb
& Sheeran 2006). They are based on an expectancy-value model (Ajzen 1991; Atkinson 1957), consisting of ex-
pectancies and values. Expectancies are situationally adapted anticipations of behavioural outcomes. Values
are a person’s individual importance of motivational factors. A multi-attribute utility calculation of expectancy
and value factors determines a person’s intention. The intention is the only direct determinant of behaviour
(Fishbein & Ajzen 1975, 1981). In the TRA, the authors considered two motivational factors influencing the in-
tention: the attitude as a person’s inner strivings and the subjective norm as outer, social influence.

2.5 The full range of a person’s inner strivings evaluating behavioural outcomes in conflictual or mixed-motive sit-
uations is represented in Deutsch’s social-value orientations: individualistic, cooperative, and competitive (cf.
Deutsch 1958; Messick & McClintock 1968; Murphy & Ackermann 2014; Murphy et al. 2011). While there are nu-
merous theories describing basic drivers of behaviour under the terms of goals (e.g., Lindenberg & Steg 2007) or
needs (e.g., Maslow 1943), two terms often used similarly in social simulation (Kangur et al. 2017; Schlüter et al.
2017), above mentioned social-value orientations are particularly well researched in socially interdependent
decision-making situations. The TRA’s subjective norm corresponds to the above given definition of a social
injunctive norm. Research has shown that social descriptive norms as well as habits influence decision-making
over and above the TRA constructs (for social descriptive norms: Rivis & Sheeran 2003; White et al. 2009; for
habits: Bamberg & Schmidt 2003; Perugini & Bagozzi 2001; Whitmarsh & O’Neill 2010). Investigating the addi-
tional influence of personal norms, some studies have shown (e.g., Conner & Armitage 1998; Harland et al. 1999;
Shin et al. 2018) and some have failed to show their independent effects, raising the question whether their ef-
fects are separable from those of other behavioural influences (Bamberg & Schmidt 2003; Kaiser & Scheuthle
2003). Theorists provided a possible explanation for the inconclusive empirical results, assuming norm inter-
nalization to be a higher-level process, qualitatively different from the lower-level processes of social norm
imitation (Kohlberg & Hersh 1977; Piaget 1970; Vygotsky 1930).

2.6 Figure 1 depicts our conceptual model of norm-based decision-making, being an adaptation and extension of
the TRA, including all factors presented above. Referring to the TRA’s attitude, we assume goals to represent
a person’s basic strivings. Like Deutsch (1958), we consider three goals, driving decision-making: the individ-
ualistic, cooperative, and competitive goal. The individualistic goal is defined as pure self-interest, not caring
about the benefit or loss of others. The cooperative goal describes a combined interest in the well-being of the
self and others. The competitive goal depicts concern for the self, while improving the relative gain compared
to others. Analogous to the TRA’s subjective norm, we consider social influences in social norms. Along with the
above presented taxonomy of norms, we differentiate social descriptive norm (“what most others regularly do”)
and social injunctive norms (“what most others consider (in)appropriate”). Furthermore, our decision-making
model includes habits, being a person’s usual behaviour. All the motivational factors (depicted on the left of
Figure 1) are comprised of situational expectations and a personal value factor. We assume that personal norms
affect decision-making on a higher level, influencing the importance of motivational factors. The intention is an
action-specific multi-attribute utility calculation, determining the behavioural choice. The behaviour changes
the situation.
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Figure 1: A conceptual model of norm-based decision-making. All motivational factors (on the left) are repre-
sented by expectation and value factors, which, shaped by the personal norm, lead to the intention. Based
on the intention, an agent chooses an action that influences the situation. Learning processes triggered by a
changed situation influence an agent’s dynamic expectation and personal norm (indicated by yellow colour).
Light blue colour indicates static factors.

2.7 Situational consequences serve as feedback to the agent for different learning processes. We assume that learn-
ing processes differ in their speeds. On the one hand, we expect situational expectations to change in a fast
adaptation process, representing an individual’s subjective perception of the situation. On the other hand, we
expect the norm internalization process to be of a slow adaptation speed, storing and abstracting part of the
situational learning. We assume that personal norm adaptations are the in-between of quick situational adap-
tations and rather stable personal values. Values represent the individual’s importance of motivational factors
manifested over a long time, accounting for personality differences, which we consider static for our purposes.
In the following, we present the specifics on fast adaptation of expectations, slow adaptation of personal norms
(i.e., norm internalization) and personality differences in values.

Fast adaptation of expectations

2.8 Expectancies are situationally adapted outcome anticipations of a specific behaviour (Bandura 2001). Accord-
ing to learning theory, expectations rise through repeated observations, being influenced by own experiences
(i.e., reinforcement learning, Postman 1947; Sutton & Barto 2018) as well as experiences of others (i.e., observa-
tional learning, Bandura 1971, 1999). The fit of behaviour and outcome shows in stronger expectations similar
to the logic of need satisfaction (Jager 2000; Kangur et al. 2017). Social descriptive norms are influenced by
what most others do (Bendor & Swistak 2001; Cialdini et al. 1990; Hollander & Wu 2011). The perception of so-
cial injunctive norms is based on more complex, also societal dynamics (Andrighetto et al. 2010a; Dannenberg
et al. 2023) and will not be further discussed in this paper. Habits are affected by a person’s own behaviour (e.g.,
Ouellette & Wood 1998; Perugini & Bagozzi 2001) and have therefore, similar to social descriptive norms, also
been conceptualized as personal descriptive norms (Batzke & Ernst 2022; Dannenberg et al. 2023).

2.9 Here, we assume that goal expectations are learned through reinforcement and observational learning. This im-
plies that one can realize quickly whether a behaviour is useful for a specific goal. A match of goal and behaviour
increases goal expectations. Social descriptive norm expectations are adapted through observing behaviour of
others and habit expectations through perceiving own behaviour. We suggest that these observations are made
rather quickly. Whereas social injunctive norms in a group or a society may change rapidly at times, we focus
on the long periods of stability in between events of change. Therefore, we regard social injunctive norm ex-
pectations as static.
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Slow adaptation: Norm internalization

2.10 We now address (1) how norm internalization proceeds and (2) how it affects decision-making, building on as-
sumption formulated in Dannenberg et al. (2023). According to dissonance theoretical approaches, norm inter-
nalization is considered an internal reasoning process about one’s past behaviour (Bem 1967; Festinger 1957;
Rozin 1999). Reviewing psychological literature revealed some key factors affecting the normative evaluation of
appropriateness or inappropriateness of a chosen action. First, the process is influenced by a person’s percep-
tion of (in)appropriate behaviours in the social world (e.g., Bandura 2001; Kohlberg 1964), being represented
within their social injunctive norms. Second, observations of other people’s behaviours influence internaliza-
tion (e.g., Miller & Dollard 1941; Sherif & Sherif 1953), pointing to the importance of people’s social descriptive
norms. Third, a person’s habitual choices affect their perception of appropriateness (cf. self-perception the-
ory, Bem 1967, 1972). Fourth and last, the internalization process is influenced by a person’s goals, serving as
feedback to the individual about how it performs in the environment, regarding its personal preferences (cf.
self-determination theory, Deci & Ryan 1985; Ryan & Deci 2017).

2.11 Here, all presented factors influence norm internalization, namely: both social norms, habits, and goals, with
internalization depending on their situational expectations and personal values. This makes norm internaliza-
tion a more abstract process, representing an individual’s learning effect, abstracting and storing part of the
situational learning. We therefore assume it to be of a slow speed. What is enough support for a behavioural
decision to approve of the respective behavioural norm? We suggest that if there is more support for a be-
havioural decision (rather than against it), the respective personal norm is approved of (i.e., internalized as a
belief of appropriateness). Otherwise, it is disapproved of (i.e., internalized as a belief of inappropriateness).

2.12 Regarding the effects of internalized norms on decision-making, motivated reasoning approaches predict that
once an individual has acquired a certain belief, it searches for reasons that support it, trying to maintain an “il-
lusion of objectivity” (Pyszczynski & Greenberg 1987, p. 302), see also Kunda (1990) and Markus & Kunda (1986).
Hence, people are generally inclined to confirm a conclusion rather than to disconfirm it (cf. confirmation bias,
Synder 1984). Dissonance theory states that these justification processes reduce psychologically uncomfortable
cognitive dissonance, which arises when a new normative belief is formed that conflicts with existing norms or
goals (Festinger 1957; Voisin & Fointiat 2013). Highlighting arguments that favour the belief or trivializing those
that oppose it, reduces dissonance (Simon et al. 1995).

2.13 Here, we assume that personal norms affect decision-making by influencing the importance of motivational
factors, namely social norms, goals, and habits. We suggest that a personal norm of approval highlights the
importance of other norm-consistent motivational factors. Conversely, a personal norm of disapproval trivial-
izes norm-dissonant motivational factors, making norm internalization a motivational source for dissonance
reduction phenomena.

Personality differences in values

2.14 Whereas norm internalization is a universal process, it is assumed to be influenced by a person’s personal-
ity (Ryan & Deci 2017; Vygotsky 2004). Personality differences arise through personal values of motivational
factors (Ajzen 1991). Research suggests that personality variables are rather stable, fundamental patterns of
people (Costa & McCrae 1986; Harris et al. 2016; Terracciano et al. 2010). Although they may change over long
periods of time, we consider personal values as static, since our research focus lies on norm internalization
and personality’s influence on it rather than personality change. To reduce possible combinations of different
personal values for the model, we developed seven psychologically plausible personality types. The types are
ordered along their cooperativeness, ranging from strong cooperators (types 1 and 2) to strong defectors (types
6 and 7), with more internally conflicted and socially sensible conditional cooperators in between (types 3 to 5).
Relevant psychological literature for developing these types and their description is presented in the Appendix.

The Scenario: A Social Dilemma Game

3.1 Generally, we assume that norm internalization occurs in every situation. However, many societal challenges
arise from people acting selfishly in interdependent and mixed-motive situations, resulting in collective costs.
Numerous authors have addressed the issues of how and when individuals act pro-socially and cooperation
collectively emerges (e.g., Axelrod 1986; Nowak et al. 2004). One of the most promising factors for long-term
behavioural change is motivational change (Otto & Kaiser 2014). Therefore, we are were particularly interested
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in investigating the role of norm internalization in those situations, in which a selfish action has to be refrained
from in favour of a collectively advantageous action. What makes decisions in these situations so difficult is
that they are made against the backdrop of a perceived conflict, putting individual’s and collective’s interests
at odds and interdependent of each other (Dawes 1980). The most basic game-theoretical model that reflects
this arguably very common social conflict is the prisoner’s dilemma game (PDG, Luce & Raiffa 1957). Thus,
each player has only two behavioural options: cooperation and defection. The conflict is described within the
properties that a person receives a higher payoff for a socially defecting choice; however, all individuals in the
society are better off, if all cooperate rather than defect (Axelrod 1984).

3.2 As previously mentioned, we here focused on agent dynamics. We aimed to minimize dynamics based on in-
teractions between scenario and agents by limiting complexity in the decision scenario. This allowsallowed us
to attribute resulting dynamics to agents. Therefore, we chose one of the simplest game-theoretical scenar-
ios for a first implementation of our conceptual model: an iterated 3-person PDG. In the 3-person game, we
are already studying a group, which employs a different logic than the 2-person game (Dawes 1980). In future
model extensions, the number of agents can easily be increased, and the same logic still applies. In the game,
each time step an agent i ∈ I = {1, 2, 3} chooses between two behavioural actions ai ∈ {0, 1}: cooperation
ai = 1, representing the pro-social choice, and defection ai = 0, representing the egoistic choice. Cooperation
is beneficial to every individual. Hence, everyone receives benefits b when individual i cooperates. However,
cooperation comes with a cost c for the cooperating individual. The individual’s payoff (Pi) is a function of its
action and the actions of the others given by:

Pi = 1 + (a1 + a2 + a3)b− a1c with 3b > c > b > 0 (1)

This features the typical characteristics of a PDG. We used a payoff matrix with b = 1 and c = 2, depicted in
Table 1.

Number of cooperators Payoff to defectors Payoff to cooperators Collective payoff
3 - 2 6
2 3 1 5
1 2 0 4
0 1 - 3

Table 1: Payoff matrix of the 3-person prisoner’s dilemma game.

The Agent-Based DINO Model

4.1 In the following, the agent-based DINO model, Dynamics of Internalization and Dissemination of Norms, is pre-
sented. The model was programmed in NetLogo (Wilensky 1999) version 6.2.02.

Agent’s decision-making

4.2 Figure 2 illustrates agents’ decision-making. Motivational factors are depicted in the rows. Each motivational
factor is represented by an expectation and a value factor. Agents’ dynamic expectations express the situational
fit of a motivational factor and a specific action. An exception is the social injunctive norm expectation, which
we consider as static. Agents’ static values ascribe importance to a motivational factor. Values are set depend-
ing on agent type. Personal norms are dynamically internalized, influencing the importance of motivational
factors. Agents use a weighted multi-attribute subjective utility matrix to calculate the intention to show an
action as described in function (2). Agents perform the action with the highest intention. The model is purely
deterministic.

Ii,t = INDi,t × vIND,i × PNi,t + COOPi,t × vCOOP,i × PNi,t+

COMPi,t × vCOMP,i × PNi,t + SDNi,t × vSDN,i × PNi,t+

SINi,t × vSIN,i × PNi,t +HAi,t × vHA,i × PNi,t

(2)

In the following, we show the specifics on (1) agents’ perception, knowledge, and memory, (2) the adaptation of
expectations, (3) the adaptation of personal norms and their influence on decision-making, and (4) the imple-
mentation of agent heterogeneity in values through agent types. At the end of this chapter, model parametriza-
tion, initialization, and execution are described.
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Figure 2: Agents’ decision-making in the DINO model. Yellow colour illustrates dynamic parameters, changing
over time (additionally indicated by t). Light blue colour indicates static parameters. All parameters are specific
for an agent i. Explanations are provided in the text.

Perception, knowledge, and memory

4.3 As can be expected in the 3-person PDG, we assumed that agents have knowledge about the payoff matrix
and thus know the minimum and maximum achievable individual and collective payoffs. Moreover, agents can
observe the other agents’ actions and remember their own and the others’ payoffs from the previous round.

Adaptation of expectations

4.4 We now present the adaptation processes underlying expectations. Expectations are action-specific: one mo-
tivational factor is represented in two expectations, one for each action, that is, cooperation or defection.

Goal expectations

4.5 Goal expectations determine how promising an agent considers an action in order to achieve a specific goal.
Agents evaluate their goal expectation in two successive processes: reinforcement and observational learning.
In reinforcement learning, only the goal expectations of the action an agent has taken before are positively or
negatively reinforced. After each action an agent evaluates whether it was useful for goal achievement given the
circumstances. For that, an agent uses its knowledge about the game. Goal expectations are adapted through
subtracting or adding a relative amount of the expectation-change-rate (see section on parametrization). The
three goals are evaluated according to the following rules.

• An agent considers the individualistic goal as achieved, if either the individual payoff peaked (Pi,t = [max-
imum individual payoff]) or improved compared to the last round (Pi,t > Pi,t−1). If either of the two
conditions apply, the individualistic goal expectation of the last action increases; otherwise, it decreases.
The degree of strengthening or weakening is relative to the goal (non-)achievement: it depends on the
achieved amount of the individual payoff in relation to the maximum achievable individual payoff (i.e.,
change in individualistic goal expectation =Pi,t / [maximum individual payoff]×expectation−change−
rate).

• An agent considers the cooperative goal as met, if either the collective payoff peaked (Pc,t = [maximum
collective payoff]) or improved compared to the last round (Pc,t > Pc,t−1). Again, the degree of strength-
ening or weakening depends on the achieved collective payoff in relation to the maximum achievable col-
lective payoff (i.e., change in cooperative goal expectation =Pc,t / [maximum collective payoff]×expectation−
change− rate).

• The competitive goal answers to the question whether the agent’s individual payoff is higher than the
individual payoff of at least one other agent j ([Pi,t > Pj,t] ≥ 1). In case the condition is met, the rela-
tive increase of the competitive goal expectation is defined as the number of outperformed others (i.e.,
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increase in competitive goal expectation = [Pi,t > Pj,t] / [total number of other agents] ×expectation−
change − rate). In case the condition is not met, the relative decrease depends on the number of oth-
ers, having outperformed the agent (i.e., decrease in competitive goal expectation = [Pi,t ≤ Pj,t] / [total
number of other agents] ×expectation− change− rate).

4.6 Observational learning is based on observing the other agents’ actions and adapting goal expectations accord-
ing to their behavioural consequences. Analogous to the rules of reinforcement learning, an agent evaluates
the other agents’ actions and their consequences and adapts its goal expectations accordingly. Compared to
reinforcement learning, observational learning is of a minor importance, with adaptations being one fifth as
large (Ernst 2003).

Social descriptive norm expectations

4.7 Social descriptive norm expectations convey information regarding how unequivocally a behaviour matches a
social descriptive norm. Due to having only two behavioural alternatives in the PDG, we assumed that in this
specific scenario the two expectations of social descriptive norms are negatively associated. Thus, if an agent
observes one behaviour, it also notices the absence of the other. Hence, agents update both expectations at
each time step 1. Whereas this seems redundant in the PDG, the DINO model was designed to also fit more
complex interdependence structures, where norm information regarding one behaviour cannot necessarily be
derived from other behaviours. Expectations were adapted according to the following condition:

• If the majority of agents (≥ 2) cooperated, the cooperative social descriptive norm expectation increases
by the expectation − change − rate and the defective counterpart decreases accordingly (vice versa, if
the majority of agents defected).

Habit expectations

4.8 Habit expectations express the fit of an action with a behavioural habit. Analogous to social descriptive norms,
the two habit expectations are interdependent and adapted according to the following condition:

• If the agent cooperated, the cooperative habit expectation increases by the expectation−change−rate
and the defective counterpart decreases accordingly (vice versa, if the agent defected).

Adaptation of personal norms and their influence on decision-making

4.9 As presented in our norm taxonomy, we assumed that agents have two personal norms, one for each action.
Norm internalization is an agent’s normative judgement regarding the (in)appropriateness of the chosen ac-
tion and the following approval or disapproval of the according personal norm. To make the judgement, an
agent takes its three goals, descriptive and injunctive social norms, and habits into account. All these mo-
tivational factors are collected in agents’ intentions. Therefore, agents evaluate the strength of their inten-
tion of the last action through dividing it by the maximum intention that could be achieved regarding their
personal values. The maximum achievable intention equals the sum of agents’ values. The multiplication of
values by expectations is unnecessary since their maximum is 1. If the reasons in favour of a behaviour out-
weigh the ones against, the personal norm corresponding to the last action is approved of and increases by
the internalization − change − rate (see section on parametrization). Otherwise, it is disapproved of and
decreases as described in the following adaptation rule:

if [Ii,t/(vIND,i + vCOOP,i + vCOMP,I + vSDN,i + vSIN,i + vHA,i)] > 0.5

then PNi,t + internalization− change− rate

otherwise PNi,t − internalization− change− rate

(3)

4.10 Personal norms are a multiplier for each motivational factor in the decision-making calculation. That way,
personal norms reinforce norm-consistent and inhibit norm-inconsistent motivational factors. More precisely,
agents check which action a motivational factor supports best, through comparing the two action-specific ex-
pectations of a motivational factor. The personal norm, which supports the same action, is multiplied by value
and expectation of a motivational factor. A personal norm of approval (PNi,t > 1) strengthens a motivational
factor that favours a behaviour. Conversely, a personal norm of disapproval (PNi,t < 1) weakens a motivational

JASSS, 26(1) 6, 2023 http://jasss.soc.surrey.ac.uk/26/1/6.html Doi: 10.18564/jasss.5003



factor that favours a behaviour. Taking the individualistic goal as an example, personal norms affect the influ-
ence of all motivational factors in decision-making according to the following rule:

if INDC,i,t > INDD,i,t

then INDi,t × vIND,i × PNC,i,t

otherwise INDi,t × vIND,i × PND,i,t

(4)

Agent heterogeneity in values: Seven agent types

4.11 Table 2 illustrates the implementation of the seven agent types, which is based on (1) the presented literature
(see the Appendix), (2) the authors’ psychological expertise, and (3), whenever (1) and (2) did not give a clear
decision, the matching of the resulting agent’s behaviour with the personality type. As presented in the con-
ceptual model, DINO agents possess six motivational factors, shown in the rows of Table 2. Agent types differed
in their values, shown in the cells, defining the importance of motivational factors.

Agent Types
Cooperators Conditional cooperators Defectors

Type 1 Type 2 Type 3 Type 4 Type 5 Type 6 Type 7
individualistic goal 0 1 1 2 2 3 1

cooperative goal 3 3 2 2 1 0 0
competitive goal 0 0 1 2 2 1 3

social descriptive norm 0 2 2 2 2 1 0
social injunctive norm 1 3 2 1 3 1 0

habit 3 2 0 0 0 1 3

Table 2: Implementation of seven agent types by differing values of motivational factors. Agent types (depicted
in the columns) are defined by the values they ascribe to the single motivational factors (depicted in the rows).
Values may ascribe high (3), medium (2), low (1) or no (0) importance to a motivational factor.

Parametrization, initialization, and model execution

4.12 All expectations varied between [0-1]. Higher values indicate a better fit of a motivational factor and a specific
action. They were initialized to a neutral midpoint of 0.5. Agents’ personal values ranged between [0-3] and
were initialized depending on agent type (see Table 2). Personal norms ranged from [0-2] and were initialized
with 1. Social injunctive norm expectations were static, being set to slightly support cooperative behaviour with
0.6 for the cooperative and 0.4 for the defective social injunctive norm expectation.

4.13 As presented in our conceptual model of norm-based decision-making, the different adaptation processes dif-
fered in their speeds. First, we assumed that goal expectations, social descriptive norm expectations and habit
expectations are adapted in a fast adaptation process. The according expectation − change − rate was set
to 0.2, making expectations adaptable from one extreme to the other within about five rounds of the game.
Second, we assumed that personal norms are adapted in a slow adaptation process. We conducted a sensitiv-
ity analysis for the internalization − change − rate, keeping the expectation − change − rate stable at 0.2
(see Appendix). The model showed relatively stable results for change rates between 0.01 and 0.07. We set the
internalization − change − rate to 0.02, allowing personal norms to change from full norm approval to full
norm disapproval within 100 rounds of the game.

4.14 In each time step, agents first calculate their intentions for each action and then act on the strongest one. Agents
observe the actions of others and receive their payoff. Next, agents adapt their goal expectations through first
reinforcement learning and second observational learning. Then, social descriptive norm and habit expecta-
tions are adapted. Lastly, agents adapt their personal norms through norm internalization and update their
memory concerning payoffs. Model execution was terminated after 200 time steps, as this is a period in which
lock-in phenomena have occurred and agents’ internal dynamics have stabilized in most model runs. The first
five time steps were excluded from the analyses.
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Experiments and Results

5.1 We now address our two research questions. First, we investigated which conditions facilitate norm internal-
ization, analysing which agents internalize what norm under which circumstances. Second, we examined the
effects of norm internalization by manipulating agents’ personal norms. In the present work, we studied norm
internalization as an additional influence in decision-making over and above the ones of other normative and
non-normative behavioural drivers. As a proof-of-concept simulation, we additionally tested its independent
effects by comparing the model with norm internalization to the model without. Results are presented and
discussed in Appendix.

5.2 Personal norms to cooperate and to defect are hereafter called C-PN and D-PN, both of which agents internalize
(i.e., approve of or disapprove of). A model run relates to a specific group composition of three agents playing
the 3-person PDG. Since the model is purely deterministic, no repetitions of the same model runs were con-
ducted. Generally, we analysed 84 different group compositions, because the seven agent types can form 84
different groups of three.

Which conditions facilitate norm internalization?

5.3 Figure 3 illustrates agent dynamics of norm internalization, depending on agent type, type of norm (C-PN or D-
PN), and group composition. Norm internalization is shown as the absolute value of the personal norm of one
agent at a time step (0-200), ranging from norm approval (in turquoise), across indifference (in white) to norm
disapproval (in purple). Group compositions are shown as three-digit numbers, indicating the three agent types
in the group (e.g., group composition “123” = agent types 1, 2, and 3), ordered along group cooperativeness.

Figure 3: Agent types’ internalization of the personal norm to cooperate (C-PN, figures on the left) and the per-
sonal norm to defect (D-PN, figures on the right) over 200 time steps, depending on the group composition of
agents. Norm internalization ranges from disapproval (in purple) to approval (in turquoise) of a personal norm,
while white colour indicates indifference towards a norm. Group compositions are shown as three-digit num-
bers, indicating the three agent types in the group. Groups are ordered along group cooperativeness (i.e., digit
sum and largest single digit) in ascending order (from bottom to top).
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Figure 4: Agent types’ internalization of the personal norm to cooperate (C-PN, figures on the left) and the per-
sonal norm to defect (D-PN, figures on the right) over 200 time steps, depending on the group composition of
agents. Norm internalization ranges from disapproval (in purple) to approval (in turquoise) of a personal norm,
while white colour indicates indifference towards a norm. Group compositions are shown as three-digit num-
bers, indicating the three agent types in the group. Groups are ordered along group cooperativeness (i.e., digit
sum and largest single digit) in ascending order (from bottom to top).

5.4 Generally, all agent types might at least develop one personal norm of approval. Highly intrinsically driven
agents (i.e., types 1 and 7) approved of the norm according to the behaviour they inherently prefer under (al-
most) all circumstances (see Figures 3A and 4G). The other agent types (i.e., types 2 – 6) might temporarily ap-
prove and disapprove of both norms, depending on the group composition (see Figures 3B-D and 4E-F). Agent
types 2 – 4 approved of the C-PN in the majority of group compositions (see Figures 3B-D), types 5 and 6 ap-
proved of the C-PN or D-PN in roughly equal parts (see Figures 4E-F), and agent type 7 mostly approved of the
D-PN (see Figure 4G). This supports Hypothesis 1a that cooperative agents tend to approve of the C-PN and
defective agents tend to approve of the D-PN.

5.5 For norm approval, a cooperative setting was generally beneficial. It allowed rather cooperative agents to
achieve their cooperative goal when cooperating. Interestingly, it also allowed defecting agents to be better
than others (satisfying their competitive goal) or to accumulate payoff (individualistic goal) through defection.
Achieving goals and complying with norms leads DINO agents to approve of a norm. More defective settings
made the norm internalization process longer, in which one or both personal norm(s) were approved or disap-
proved of before a stable state was reached. This especially applied to conditional cooperators.

5.6 For example, in highly heterogeneous settings consisting of a cooperator and a defector, conditional coopera-
tors tended to (partly) disapprove of a one norm before approving of the other (see Figures 3C-D and 4E). This
often ended in D-PN approval. While this phenomenon was especially typical to conditional cooperators, it was
observable in many agent types (2 – 7). For conditional cooperator types 3 and 4, playing with another (similar
or more cooperative) conditional cooperator and a defector resulted in disapproval of both norms (see Figures
3C-D). For types 5 and 6, however, norm internalization in these settings resulted in C-PN approval (see Figures
4E-F). Too cooperative settings led agent types 5 and 6 to approve of the D-PN and types 3 and 4 of the C-PN.
Highly defective settings led all conditional cooperators to disapprove of both C-PN and D-PN. Hence, Hypoth-
esis 1bwas only partly supported. While cooperative settings did facilitate approval of the C-PN, they facilitated
approval of any norm, and defective settings did not facilitate approval of the D-PN.
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What are the effects of norm internalization?

5.7 To examine the effects of norm internalization, we conducted two series of experiments. In both, we varied
the degree to which agents have internalized personal norms. First, we manipulated one norm, keeping the
other constant. This shows the effects of having internalized a certain norm depending on the group compo-
sition. Second, we varied both norms independently from each other, representing aggregated results across
group compositions, showing the effects of internalizing multiple, potentially conflicting norms. To address
our hypotheses, we looked at three different outcome variables: cooperation, behavioural changes, and payoff
inequality.

5.8 Figure 5 shows the effects of agents having internalized a certain norm, the C-PN, to varying degrees, depending
on group composition of agent types. Group compositions are again ordered along group cooperativeness, de-
fined by the cooperativeness of the single agents. In the beginning of a model run, we once manipulated agents’
personal norms within their boundary values ranging from full disapproval to full approval. In between full ap-
proval and disapproval manipulations, manipulation strengths decrease towards the framed “Baseline”, show-
ing the standard model runs in which no manipulations were conducted. Outcomes were aggregated across
agents and time.
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Figure 5: Manipulation of the personal norm to cooperate (C-PN) depending on group composition of agent
types. The C-PN was varied from full disapproval to full approval. No manipulation was conducted in baseline
model runs. Left to right shows agent group compositions, ordered along cooperativeness. Group compositions
are defined by three-digit numbers, indicating the three agent types in the group, ordered by digit sum and
largest single digit. Effects are shown regarding (A) cooperation (ranging between [0,1], averaged across agents
and time), (B) absolute number of behavioural changes, and (C) inequality between agents’ individual payoffs
(ranging between [0,1], averaged across agents and time). Duration of model runs: 200 time steps.

5.9 Figure 5A shows that agents’ cooperation increased with stronger approval of the C-PN and decreased with
its disapproval compared to the baseline model runs, supporting Hypothesis 2a. In rather cooperative group
compositions, slight manipulations towards approval of the C-PN led to pure cooperation of all agents. Strong
manipulations achieved the same result even in more defective group compositions. Although approval of the
C-PN increased average cooperation in all group compositions, some groups of agents were not tipped over
to pure cooperation. Conversely, full disapproval of the C-PN led to pure defection in all group compositions,
even those consisting of solely cooperators. Figure 5B indicates that high numbers of behavioural changes were
generally associated with defective group compositions as well as (partial) disapproval of the C-PN. A similar
pattern was found in Figure 5C regarding payoff inequality, whereas inequality increased especially with C-
PN disapproval in mixed, heterogeneous groups. In case of full disapproval of the C-PN, behavioural changes
disappeared, and equality was established due to pure defection of all agents, supporting Hypotheses 2b and
2c. The effects of full norm approval partly supported the hypotheses as well, but effects were less univocal.

5.10 To investigate the effects of having internalized both, potentially conflicting personal norms, we varied C-PN
and D-PN independently. Figure 6 shows the effects of full disapproval to full approval of both norms regard-
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ing cooperation, behavioural changes, and payoff inequality. Again, disapproval and approval manipulations
decrease towards “Baseline” model runs without manipulation. Results were aggregated across agents, time,
and group compositions.

Figure 6: Manipulation of personal norms to cooperate (C-PN) and to defect (D-PN). Personal norms were varied
from full disapproval to full approval. Effects are shown regarding (A) cooperation (ranging between [0,1], av-
eraged across agents, time, and group compositions), (B) absolute number of behavioural changes (averaged
across group compositions), and (C) inequality between agents’ individual payoffs (ranging between [0,1], av-
eraged across agents, time, and group compositions). Results were averaged across 84 group compositions of
agent types. Duration of model runs: 200 time steps

5.11 Figure 6A shows that norm approval and disapproval were generally behaviourally effective, which again sup-
ported Hypothesis 2a. However, it also shows that a personal norm of disapproval had even stronger behavioural
effects than a norm of approval. Full disapproval of the C-PN led to pure defection. As a result, behavioural
changes and payoff inequality disappeared (see Figures 6B and 6C), supporting Hypotheses 2b and 2c. Full
disapproval of the D-PN led to cooperation in large parts, however, not pure cooperation. The diagonal from
the lower left corner (full disapproval of both personal norms) to the upper right corner (full approval of both
personal norms) indicates that equally strong norm disapproval was associated with defection. Equally strong
norm approval did not affect cooperation, behavioural changes (see Figure 6B), and payoff inequality (see Fig-
ure 6C). Dominance of the C-PN over the D-PN tended to decrease behavioural changes and payoff inequality,
which supports Hypotheses 2b and 2c. Contrary to the hypotheses, dominance of the D-PN tended to increase
behavioural changes and payoff inequality.
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Discussion

6.1 The aim of our research was to provide the next step towards understanding the dynamics of norm internal-
ization better. Based on psychological literature, we developed a conceptual model of norm-based decision-
making, made assumptions regarding the mechanisms of norm internalization, and implemented both into the
agent-based DINO model. In the conceptual model, personal norms, being the product of norm internalization,
are regarded as an additional motivational force in decision-making over and above the situational expecta-
tions and personal values of goals, habits, and social norms. Thus, the model accounts for inter-individual
differences in norm internalization. The conceptualization of personal norms introduces a new level of com-
plexity, being behaviour-specific rules. This implies the existence of a personal norm for each behavioural al-
ternative. In the DINO model, they may develop independently from each other, while each personal norm may
be approved of, representing a normative belief of appropriateness, or disapproved of, representing a norma-
tive belief of inappropriateness. In the present work, we tested the model regarding facilitating conditions and
independent effects of norm internalization.

Conditions of norm internalization

6.2 A cooperative setting was generally beneficial to develop a personal norm of approval, which partly supports
Hypothesis 1b. Cooperative settings allowed cooperators and conditional cooperators to approve of the norm
to cooperate (as predicted). However, they also allowed defectors to approve of the defection norm. In highly
defective settings, agents tended to disapprove of both norms. Hence, for norm approval most agents were
dependent on the cooperation of others. In line with Hypothesis 1a, cooperators mostly approved of the coop-
eration norm and defectors of the defection norm. These highly intrinsically driven agents mostly approved of
the norm they inherently preferred even in defective settings.

6.3 Conditional cooperators were more flexible regarding which norm they internalized. Empirical studies showed
that conditional cooperators are highly influenced by the social setting (e.g., Burlando & Guala 2005; Kurzban
& Houser 2005), increasing cooperation in cooperative settings (Fischbacher & Gächter 2010) and decreasing
it in the presence of defectors (de Oliveira et al. 2015). This strongly relates to the DINO agent types 3 and 4.
They approved of the cooperation norm in cooperative settings, which was associated with cooperation, and
disapproved of both norms in more defective settings, associated with defection (see the Appendix). The model
also replicated the empirical finding of conditional cooperators siding with the defector in highly heterogeneous
settings (Hartig et al. 2015; Lucas et al. 2014), showing that this behaviour goes along with approval of the
defection norm.

6.4 Relating to more individualistic and competitive DINO agent types 5 and 6, Fischbacher and colleagues (2001)
found a behavioural pattern in 14% of participants characterized by conditional cooperation and a decay of co-
operation above a certain contribution level of other players; a pattern they called “hump-shaped”. In the DINO
model, these types approved of the defection norm in more cooperative settings. However, when playing with
a defector and a conditional cooperator (rather than a pure cooperator), they eventually started cooperating
and internalizing accordingly. It prevented them from following through on their individualistic and compet-
itive goals, making it difficult to exploit each other. Similarly, Gächter & Thöni (2005) reported that their less
cooperative subjects cooperated more when playing with similar others. They concluded that when “there are
no cooperators around to free ride on [. . . ] they understand that they need to cooperate among themselves
if they want to earn money.” (pp. 310–311). The DINO model showed that defective conditional cooperators’
approval of the cooperation norm is facilitated by other conditional cooperators when defectors are present.
On the contrary, this facilitated disapproval of both norms in more cooperative conditional cooperators (types
3 and 4). These types were dependent on a cooperative setting to approve of the cooperation norm.

6.5 Interestingly, conditional cooperators as well as type 6 generally approved of the cooperation norm in many
group compositions. Regarding, for instance, the balanced goal structure of type 4 or the strong individualistic
goal of type 6, this result was rather surprising. It suggests that approval of the cooperation norm is achievable
for many types with different goal structures. This relates to empirical evidence that cooperative behaviour,
such as pro-environmental behaviour, may result from different motivations including environmental and eco-
nomic concerns (Brandon & Lewis 1999; Thøgersen 2003). Moreover, experimental research showed that even
people that are predominantly motivated by gain rarely act completely egoistically (Camerer 2003).

6.6 The DINO model also suggests that the relative importance of personal norms matters. In ambiguous settings
and generally in conditional cooperators, agents’ motivations were often too ambiguous for developing any
norm of approval. As norm internalization was modelled as a motivational source for dissonance reduction
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phenomena, disapproval of one norm reduced agents’ internal conflicts and consequently could facilitate ap-
proving of another norm. This finding relates to Lindenberg & Steg (2007) goal-framing theory, wherein the
authors argued for the importance of the relation between multiple goals. Since in the DINO model personal
norms influence goal importance, one may assume that not only the relative importance of goals but also of
personal norms is of significance.

Effects of norm internalization

6.7 In the DINO model, agents’ behaviour was generally associated with approval of the according norm, support-
ing the idea formulated in Hypothesis 2a that norm internalization increases norm compliance (Andrighetto
et al. 2010b; Axelrod 1986; Deci & Ryan 2000; Gintis 2004). The model also showed that norm approval is only
behaviourally effective in those agents that are not overly disinclined towards the behaviour. For agents that
are highly intrinsically driven, norm disapproval was more effective in achieving behavioural change. Hence,
the motivational strengthening via norm approval of an inherently undesirable action did not exceed the mo-
tivational support that an inherently desirable action had in these agents. For example, to make defectors co-
operate, disapproving of the defection norm was more effective than approving of the cooperation norm. This
is an interesting point, relating to prospect theory (Tversky & Kahneman 1992). Therein the authors suggest
that people give more weight to avoiding something undesirable than to achieving something desirable. Sim-
ilarly, recent socio-political developments suggest the power of norm disapproval, such as the 2017 emerging
Swedish “flight shame” movement to reduce flying drastically lowered the number of aircraft passengers in
Sweden.

6.8 However, norm-based intervention studies predominantly focus on norm approval, often not testing the effects
of norm disapproval (e.g., Hamann et al. 2015; Terrier & Marfaing 2015). As has been proposed before (Schwartz
& Fleishman 1982), our results suggest that the effects of norm disapproval are potentially underestimated and
might be worth further investigating. In case of conflict between the two personal norms, the model showed
that disapproval of both tends to be associated with defection. This seems plausible with defection being the
dominant strategy in the PDG (Dawes 1980) Equally strong norms of approval did not affect overall cooperation,
supporting again to the idea that the relative importance of personal norms matters for behavioural decisions
(Lindenberg & Steg 2007).

6.9 The DINO model presented mixed results for Hypotheses 2b and 2c, showing that norm internalization may
increase or decrease behavioural inflexibility and payoff equality. The hypothesized effects of norm internal-
ization increasing inflexibility and payoff equality held true for collective approval of the cooperation norm and
disapproval of the defection norm. Hence, the model supports the idea that internalization has the potential
to make agents more persistent (Andrighetto et al. 2010b). Moreover, it illustrated that persistence is limited to
the behavioural option that is collectively beneficial. In these cases, norm internalization resulted in agents de-
veloping strong habits, making the two difficult to differentiate on a behavioural level, which relates to Epstein
(2006) assumed connection of internalization and habit formation.

6.10 However, approval of the defection norm increased behavioural flexibility and payoff inequality. As Bendor &
Swistak (2001) have famously demonstrated, pure defection is an unstable state. The DINO model suggests that
the instability of defection is related to collective approval of the defection norm or disapproval of the coop-
eration norm. Norm disapproval may have counterintuitive effects on agents, making them more flexible and
adaptive (see the Appendix), which shows their dissimilarity from habits. Very strong norm disapproval again
effectively promoted behavioural consensus and thus stability and equality. Similarly, research has shown that
social norms may have diverse and contradictory effects (see the Appendix), also regarding social inequality
(Conte & Castelfranchi 1995; Saam & Harrer 1999; Ullmann-Margalit 1977). The DINO model showed that equal-
ity can be fostered through collective internalization of the same norm except for approval of the defection
norm.

Limitations and future research

6.11 This work has a number of limitations, offering various leverage points for future research. The DINO model was
implemented within the framework of an iterated 3-person PDG. Real-world situations are often characterized
by more than two behavioural alternatives, larger and dynamic groups, changing payoff matrices, outcome
uncertainty, et cetera. The focus of our work was to advance the cognitive representation of internalized norms
in agent-based models. We considered it important to account for multiple personal norms, effects of their
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approval and disapproval as well as personality differences, in order to better understand norm internalization
processes.

6.12 For an initial implementation of these aspects, we tried to limit complexity in the situational framework. Our
choice fell on the PDG, describing the core of a conflict that is common to many situations (Dawes 1980) and
that we consider particularly interesting for studying norm internalization. Compared to the 2-person game,
the 3-person game entails a different logic (Dawes 1980), allowing to easily increase the agent number later-on.
In the 3-person game, emerging norms are specific for the small group context. In larger groups, one would
expect that subgroups may emerge and develop their own social norms – a process that is not represented so
far.

6.13 In developing our conceptual model, we aimed for principles and structures that also fit a more complex game
with more behavioural alternatives, such as a commons dilemma (Ernst 2010; Hardin 1968; Ostrom et al. 2002).
Applying the conceptual model to different behavioural domains may require different/additional goals as Jager
(2000) similarly described for needs. It remains for future research to investigate norm internalization in larger,
dynamic groups, test the effects of multiple group memberships, and take outcome uncertainty into account.
Moreover, effects of situational influences through norm interventions, changes in the payoff matrix, et cetera,
are promising approaches for influencing norm internalization and should further be investigated.

6.14 Whereas the developed conceptual model of norm-based decision-making is an extension of the frequently
used theory of reasoned action, it still simplifies in various aspects. For instance, it does not consider all psycho-
logical factors that have been proven to significantly influence people’s behaviour, such as values in the sense
of higher-order beliefs (Schwartz 1977b). Psychological constructs sometimes lack a clear definition and differ-
entiation with concepts even being used interchangeably. To improve (dynamic) theories of decision-making,
further research is needed investigating the distinct mechanisms and independent effects of motivational fac-
tors – something social simulation can greatly contribute to (Jager 2017; Jager & Ernst 2017).

6.15 Furthermore, the model so far considers only one process in decision-making, being a subjective utility-maximizing
decision calculation in the sense of deliberation. Scholars have argued for the existence of two distinct pro-
cesses (cf. dual-process theories, Kahneman 2003; Petty & Cacioppo 1986) with the second being a fast and in-
tuitive decision process. Implementing the conceptual model into a more complex game with more situational
information will facilitate including heuristic shortcuts that agents use when specific situational cues appear
(Gigerenzer 2001). Additionally, we simplified by considering social injunctive norms and personal values as
static. To better understand the implications of norm internalization on the dynamics of social norms, it is an
important step to endogenize social injunctive norms. Including personal value change would enable the study
of norm internalization in the larger context of personality development.

6.16 There is a long tradition in studying normative agent-based systems, focusing on various aspects that are rele-
vant to norms (Neumann 2010a). Whereas the DINO model does by far not represent all important mechanisms,
missing for example social enforcement (Andrighetto et al. 2010b), we aimed at advancing the study of norms
in agent-based systems on different levels. First, our representation of norms as (1) behaviour-specific and
(2) ranging from approval to disapproval introduces a new level of complexity. The DINO model suggests that
these aspects matter. Second, by implementing the norm internalization process in a generic decision-making
context, it is applicable to a variety of decision-making models – also those not primarily focusing on norms.
Prerequisite for applying the DINO internalization process is an expectancy-value model of decision-making,
such as approaches based on the theory of planned behaviour which include models of voting behaviour (Kot-
tonau & Pahl-Wostl 2004), recycling behaviour (Scalco et al. 2017), resource use (Briegel et al. 2012; Nerb et al.
1997), and innovation diffusion (Schwarz & Ernst 2009). The theory of planned behaviour offers an integrative
decision framework that can easily be expanded, and micro theories applied (Jager 2000).

6.17 The DINO model is a theoretical model, developed on the grounds of theoretical and empirical research. Some
model results are well relatable to existing literature. Some assumptions, such as on the adaptation speed of
different norms, remain free parameters and thus to be empirically tested and validated. Presently, there is
very little empirical time-series data on internalization processes, while first shining examples show that they
can be assessed (Szekely et al. 2021). In any case, there is much value in a formalized, coherent, and dynamic
psychological theory (Jager 2017; Neumann 2010b). Simulated theories mean they can be experimented on
(Dowling 1999; Troitzsch 2017). They allow us to investigate the relations between psychological phenomena
on the micro level, such as norm internalization, and social/sociological ones on the macro level (Lorenz et al.
2021). They allow for the induction of hypotheses that may then be tested empirically and – in a recursive pro-
cess – for improvement of theory, simulation, and data. The DINO model presents various hypotheses that
may stimulate future empirical research. For instance, it suggests that norm approval is facilitated by a coop-
erative setting. This could be a starting point for investigating conditions of norm internalization empirically.
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The model also implies that fostering norm disapproval can be a powerful means to achieve norm-consistent
behaviour.

Conclusion

7.1 Norm internalization is considered a fundamental principle in human development (Vygotsky 1930) and an
essential element of socialization (Hoffman 1977). A better understanding of norm internalization seems cru-
cial (Neumann 2010b). In this work, we presented an agent architecture for studying the conditions and inde-
pendent effects of norm internalization within a decision-making framework. The DINO model demonstrated
several main theoretical assumptions and empirical findings. It complements existing research by providing in-
sights into the interactions of internal and external processes that underlie conditions of cooperation and high-
lights the potential of social simulation to provide causal explanations for empirically observed phenomena.
Furthermore, it provides useful conceptualizations for advancing normative agent-based systems and promis-
ing theoretical conclusions that may serve as hypotheses for future research.
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Appendix

A1: Personality differences in values

First, we now briefly present relevant literature to developing the seven personality types and second introduce
them. People’s goal structure, relating to their social value orientation, translates into their willingness to co-
operate (Murphy & Ackermann 2013, 2014; Murphy et al. 2011). Several authors categorized people along that
continuum. Frank (1988) suggested two types: cooperative individuals, who always decide to maximize joint
payoff, and defecting individuals, who strive to maximize their own payoff. Fischbacher et al. (2001) added a
third type: conditional cooperators (see also Fehr & Fischbacher 2002). They have been described as a melt-
ing pot for all kinds of motivations such as “’sucker aversion’, ‘conformity’ or ‘miming’ [. . . ]” (Burlando & Guala
2005, p.36). Their motivation “depends directly on how others behave or are believed to behave” (Fischbacher
& Gächter 2010, p.542), being social descriptive norms. Being prone to social influence is connected to the per-
sonality trait openness (McCrae 2000). Openness is linked to flexibility (Deyoung et al. 2002), relating to a low
importance of relying on habits.
We adopted the classification along the willingness to cooperate continuum with people at the extremes inher-
ently favouring either cooperation or defection. Conditional cooperators in between the extremes are inher-
ently more conflicted and sensible to their social environment. Based on the literature, we assumed that highly
cooperative and highly defective individuals score lower on openness than conditional cooperators. Hence,
they are less affected by situational changes, such as social influences, and rely more on habits in decision-
making. To represent more complexity than the conventional three categories of cooperators, conditional co-
operators, and defectors, we distinguished seven personality types along their motivations. While the number
of seven is in principle arbitrary, it allowed us a more fine-grained differentiation within each category similar
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to a Likert scale. Moreover, each type possesses stereotypical characteristics relevant in the context of norm
internalization. Of course, types do not represent the empirical reality of personalities, which one could con-
sider as being continuous rather than categorical. However, for our purpose types were expedient, reducing
complexity.
We now introduce our seven types, ordered from most to the least cooperative. Cooperator type 1 is intrinsi-
cally highly willing to cooperate and thus to sacrifice the own well-being for the group. It is strongly guided
by its goals, inflexible, and barely influenced by social norms. Cooperator type 2 is similarly high motivated to
contribute to the benefits of the group. However, type 2 also has some self-interest in mind and derives its mo-
tivation from its goals as well as from social norms. Empirically, cooperators represent between 1% and 18% of
the population (1-4% in Noosey et al. 2020; 18% in Burlando & Guala 2005).
The three conditional cooperators (types 3 to 5) are more conflicted, having contradictory motivations. Type 3
is still highly willing to cooperate. However, it has equally strong other goals and is highly susceptible to social
pressures. This makes type 3 inconsistent and malleable by its social surroundings. Type 4 is highly driven by
what others do. Having a rather balanced goal structure, it is highly flexible and can jump on any bandwagon.
Type 5 is worried about getting one’s share from the cake (through individualistic and competitive goals), which
is why cooperation seems too risky. At the same time, it is highly susceptible to social norms. Empirically,
conditional cooperators are the largest fraction, constituting between 35% and 63% of the population (35% in
Burlando & Guala 2005; 63% in Kurzban & Houser 2005).
Defector type 6 is a typical individualist, considering above all its own advantage, generally paying little atten-
tion to social norms. Defector type 7 represents the exact opposite to type 1 along the willingness to cooperate
continuum, which means being highly competitive. Similar to type 1, type 7 is highly motivated by its goals,
and little influenced by social pressures, resulting in a highly inflexible defector. Empirically, defectors repre-
sent between 4% and 33% of the population (33% in Fischbacher et al. 2001; 4-25% in Martinsson et al. 2009).

A2: Sensitivity analysis of the internalization− change− rate

We conducted a sensitivity analysis for the adaptation parameter of personal norms, namely the internalization−
change− rate. We assumed that the adaptation speed of the personal norms was lower than the one of expec-
tations. We set the expectation− change− rate to 0.2, assuming that expectations are adapted quickly within
few rounds of the game, and varied the internalization− change− rate from 0.01 to 0.2. Figure 7 shows the
effects on (A) cooperation, (B) behavioural changes, (C) payoff inequality, and (D & E) internalization of both
personal norms. Figure 7A shows that agents’ cooperation is more similar in several group compositions for
internalization − change − rates between 0.01 and 0.07. Several groups were tipped over to pure coopera-
tion at higher change rates. Lower change rates are were associated with more behavioural changes (Figure 7B)
and slightly higher payoff inequality (Figure 7C). Figures 7D and 7E show that internalization dynamics tended
to be more similar with low change rates.
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Figure 7: Variation of the adaptation speed of personal norms (i.e., internalization− change− rate) depend-
ing on group composition of agent types. Left to right shows agent group compositions, ordered along group
cooperativeness. Group compositions are defined by three-digit numbers, indicating the three agent types in
the group, ordered by digit sum and largest single digit. Effects are shown regarding (A) cooperation (ranging
between [0,1], averaged across agents and time), (B) absolute number of behavioural changes, (C) inequality
between agents’ individual payoffs (ranging between [0,1], averaged across agents and time), and (D E) inter-
nalization of the personal norm to cooperate (C-PN) and the personal norm to defect (D-PN; both ranging from
disapproval to approval, averaged across agents and time). Duration of model runs: 200 time steps.

A3: Proof-of-concept simulation: What are the independent effects of norm internaliza-
tion apart from other normative and non-normative behavioural influences?

Results

To examine the independent effects, we compared the model with norm internalization to the one without.
As guidance for this exploratory analysis, we used the same outcome variables as in the other experiments,
namely: cooperation, behavioural changes, and payoff inequality. Outcome variables were averaged across
time and group compositions. Table 3 shows agents’ cooperation in the model with and without norm inter-
nalization, depending on agent type. Most agent types cooperated more in the model with norm internaliza-
tion, which also caused a general increase in cooperation (see Table 4). Did norm internalization lead to norm-
consistent behaviour? Whereas approval of the C-PN was strongly associated with cooperation (ppb = 0.93),
the D-PN was not correlated with defection (ppb = −0.05), resulting from the fact that defection could result
from D-PN approval as well as disapproval of both norms (see Figure 8) 2. Similarly, correlational data showed
that approval of the C-PN was associated to greater differences in the two behavioural intentions favouring co-
operation (ppb = 0.81), whereas approval of the D-PN was close to uncorrelated with differences in intentions
favouring defection (ppb = −0.11).
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Cooperation
Type 1 Type 2 Type 3 Type 4 Type 5 Type 6 Type 7

Without norm
internalization 0.98 0.67 0.56 0.52 0.53 0.00 0.00

With norm
internalization 0.98 0.84 0.72 0.65 0.40 0.28 0.02

Table 3: Agent types’ cooperation in the model without and with norm internalization. Cooperation ranges
between [0,1], being averaged across 84 group compositions of agent types and 200 time steps per model run.

Without norm internalization With norm internalization
Cooperation 0.51 0.59

Behavioural changes 0.12 2.93
Round of an agent’s last

behavioural change 1.20 54.63

Payoff inequality 0.13 0.25

Table 4: Differences between the model without and with norm internalization. Models were compared regard-
ing cooperation (ranging between [0,1], averaged across agents, time, and group compositions), number of
behavioural changes (averaged across group compositions), round of an agent’s last behavioural change (av-
eraged across group compositions), and inequality between agents’ individual payoffs (ranging between [0,1],
averaged across agents, time, and group compositions). Results were averaged across 84 group compositions
of agent types. Duration of model runs: 200 time steps.

Figure 8: Association of cooperation and the personal norm to cooperate (C-PN; Figure A) as well as defection
and the personal norm to defect (D-PN; Figure B). Each data point represents one agent group composition (out
of 84), averaged across agents and time. Duration of model runs: 200 time steps.

Table 4 shows that agents changed behaviour more often when they internalized norms. Moreover, in the model
with norm internalization behaviour stabilized later and lock-in phenomena occurred later in the game. Without
norm internalization, model runs were strongly determined by agents’ first few actions and their consequences,
while norm internalization made agents’ behaviour more volatile. Norm internalization could be a longer pro-
cess depending on agent type and social setting. Especially those model runs in which agents’ norm internal-
ization was a longer process differed more strongly between the model without and with norm internalization.
Norm internalization was associated with behavioural volatility. Correlations showed that particularly disap-
proval of a norm was associated with more behavioural changes (ppb,C−PN = −0.61 and ppb,D−PN = −0.68)
and later occurrence of lock-in phenomena (ppb,C−PN = −0.83 and ppb,D−PN = −0.56).
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Payoff inequality emerged when agents behaved differently from one another. Norm internalization changed
payoff allocations between agents (see Table 4). Although norm internalization is influenced by social norms,
personal norms do did not encourage behavioural conformity and hence payoff equality, but rather increased
inequality. Payoff inequality is was slightly associated with approval of the D-PN (ppb = 0.25) and disapproval
of the C-PN (ppb = −0.37), whereas the latter relation is better described by an inverted U-shape (see Figure
9A).

Figure 9: Association of payoff inequality and the personal norm to cooperate (C-PN; Figure A) and to defect
(D-PN; Figure B). Each data point represents one agent group composition (out of 84), averaged across agents
and time. Duration of model runs: 200 time steps.

Discussion

In our model, norm internalization overall promoted the emergence of cooperation. Regarding the vast amount
of literature stemming from developmental psychology, moral psychology, economics, etc., closely connecting
norm internalization to morality, this result may not seem surprising (Bicchieri & Dimant 2019; Haidt 2001; Hoff-
man 2000; Nyborg 2018; Schwartz 1977a; Thøgersen 1999). While we drew on these approaches to formulate
assumptions on internalization mechanisms, our conceptualization differs significantly. We did not employ an
ethical conceptualization in the sense of linking personal norms to “moral” or “prosocial” behaviour, but rather
described the mechanisms for making a judgment on appropriateness or inappropriateness. Interestingly, the
model showed that our conceptualization of norm internalization as a slow adaptation process, storing and
abstracting part of the situational learning, promotes cooperation – a result that strongly relates to the above-
mentioned literature.
Norm internalization increased the intention to show a behaviour with agents still being able to behave against
their internalized norms. This result is highly consistent with empirical research (e.g., Bamberg & Schmidt 2003)
and psychological theories (e.g., Schwartz 1977a; Bandura 2001). The DINO model represents, to our knowl-
edge, a first approach towards understanding these empirical norm-behaviour relations. It sheds not only light
onto the question when norm internalization does lead to norm-consistent behaviour but also when it does
not.
Norm internalization increased behavioural volatility and later occurrence of lock-in phenomena. Especially the
ability to disapprove of a norm displays displayed agents’ multi-dimensional motivational structure, leading to
counterintuitive effects of a conditional cooperator (type 5) defecting more and a defector (type 6) cooperating
more. In the model, personal norms influence the importance of motivational factors, making individual pref-
erences malleable by the situation and hence agents more adaptive. That way, agents are (slowly) transformed
by the situation, making the norm internalization a transformative process of the individual as has been the-
oretically assumed (Piaget 1970; Vygotsky 1930). Similarly, Gintis (2004) argued that “internalization of norms
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is thus adaptive because it facilitates the transformation of drives, needs, desires and pleasures” and “altering
agents’ goals” (p. 62).
Whereas introducing norm internalization increased cooperation, it decreased payoff equality. The rise in coop-
eration tended to be driven by single agents approving of the cooperation norm, making agents more persistent
cooperators. As a result, they cooperated more even in groups with defecting others. This led conditional co-
operators and defectors in mixed groups to approve of the defection norm more easily and defect increasingly.
Hence, introducing norm internalization had polarizing effects on motivation as well as payoff distributions. So-
cial norms may to have different, sometimes contradictory macro level social effects, such as reducing social
friction and improving coordination (Sen & Airiau 2007; Shoham & Tennenholtz 1992), maintaining or under-
mining social cohesion (Taylor & Davis 2018), and solving or enforcing social inequality (Conte & Castelfranchi
1995; Saam & Harrer 1999; Ullmann-Margalit 1977). Regarding norm internalization, there is generally little
knowledge about its macro level effects. Lorenz et al. (2021) have shown that motivated cognition causes so-
cietal attitude polarization, which relates to the DINO norm internalization process, building on motivated rea-
soning literature (Festinger 1957; Kunda 1990; Rozin 1999). It seems plausible to assume that in social groups
with multiple norms, internalization of different norms may lead to increased inequality.

Notes

1As the two social descriptive norm expectations are assumed negatively dependent in the present deci-
sion scenario, we refrained from representing them as ranging from appropriateness to inappropriateness for
simplicity and consistency with other expectations.

2Based on the nature of the data, we calculated robust correlation coefficients, i.e., the percentage bend
correlation ppb, since in standard correlation measures such as Pearson’s correlation outliers and normality
violations have strong impacts.
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