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Abstract 

C2 processes will be increasingly affected by automation. Think, for example, of artificial 

intelligence that supports situation awareness or gives advice on a course of action. Insight into these 

effects are particularly important as automation evolves from intelligent task support towards an 

intelligent teammate. To enable effective human-autonomy teamwork, in addition to task-related 

factors, more knowledge is required on relational aspects.   

In general, human functioning in teams is largely affected by factors that emanate from an 

unconscious level. Think, for example, of assumptions regarding level of knowledge of other team 

members (taskwork), assessment of trust regarding commitment to the task, or assessment of social 

intent in communication (teamwork). This raises questions whether psychological mechanisms still 

operate in the same way, when human teams would be complemented by intelligent autonomous 

systems. Do humans apply the same rules to autonomous systems as they would to fellow humans and 

can these systems ever fully understand and act on the endless number of implicit social rules and 

underlying dynamics?  

We recently started a research programme to experimentally investigate these issues. We use a 

virtual environment resembling a first-person shooter task. In this task the participant makes decisions 

together with his buddy (an autonomous system) and by systematically varying various characteristics 

of the buddy we can investigate their impact on aspects such as acceptance of advice and trust. 

To date, one experiment has been conducted mainly demonstrating that the quality of the buddy’s 

advice has a significant impact on acceptance and trust. A second experiment is currently being 

conducted focusing on trust repair. The main research question is to what extent trust repair will be 

affected by giving an apology and/or an explanation for the incorrect advice. 

The paper will provide an overview of relevant social-psychological factors on human automation 

interaction, the first results of our own research and some implications for future C2 processes. 
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1. Introduction 

The traditional battlefield and command and control (C2) processes will be increasingly be affected 

by automation. Nowadays, robots or unmanned systems are already deployed in bomb disposal as well 

as search and rescue missions (Teo, Wohleber, Lin, & Reinerman-jones, 2019). Current applications 

mainly involve dull, dirty or dangerous tasks, as to reduce risks to humans, boredom or fatigue. But as 

AI technology matures, the role of autonomous systems within teams will evolve from serving as a 

support system to being what could be considered a full team member that interacts with humans similar 

to how humans interact with one another. In this case we talk about a Non-human Intelligent 

Collaborator (NIC). A NIC is defined as an artificial entity which is able to autonomously engage with 

its environment in direct interaction, involvement and/or interdependency with humans and other 

artificial entities in order to meet a certain objective. Besides deciding and acting on an individual basis, 

both the human and the artificial entity complement each other’s decision-making process and actions. 

In order to do so, they must be able to understand complex ideas (relative to the activity), to adapt 

effectively to the environment and to combine task-related with social and team-related skills that 

enable effective and efficient collaboration.  

When human teams would be complemented by intelligent autonomous systems like NICs, it raises 

questions whether the psychological mechanisms that shape human collaboration still operate in the 

same way, Do humans apply the same rules to NICs as they would to fellow humans and can NICs ever 

fully understand and act on the endless number of implicit social rules and underlying dynamics? A 

successful human team allows members to share the workload, monitor other team members, and 

contribute expertise on subtasks. Team members each have been assigned a specific role and must 

interact dynamically, interdependently, and adaptively to achieve a common and valued goal or mission 

(Ososky et al., 2012). To be successful, teams require both taskwork and teamwork. Taskwork is 

defined as the interaction of individual team members with tasks, tools and systems, while teamwork 

represents a set of interrelated thoughts, actions, and feelings of each team member that are needed to 

function as a team through coordination and cooperative interaction (Salas, Sims, & Shawn Burke, 

2005). Such collective cognitive activity from individual group members about team and task 

processes is called shared cognition (Razzouk & Johnson, 2012). Each individual team member 

possesses its own cognitions such as understandings, beliefs, interpretations, and mental models about 

different aspects of the team’s work. These cognitions about team and task are largely affected by 

factors that emanate from an unconscious level. Think, for example, of assumptions regarding level of 

knowledge of other team members (taskwork), assessment of trust regarding commitment to the task or 

assessment of social intent in communication (teamwork). It is the overlap of these cognitions that is 

considered as “shared”. However, team cognition is more than the sum of the cognition of each 

individual within the team, as it emerges from the team process and the interaction between individual 

members (Razzouk & Johnson, 2012). The abstract concepts that allow teams to collaborate are thus 

formed by social interactions, which are, in turn, shaped by primarily implicit psychological 

mechanisms. In short, these mechanisms are major contributing factors to human team successes and 

failures.  

Strategic choices will be made increasingly by, or with the assistance of, intelligent autonomous 

systems thereby delegating some decision rights to these intelligent autonomous systems. Both 

commanders and soldiers will use technology that supports situation awareness or gives advice on a 

course of action. This could involve interacting with highly advanced decision-support systems, or 

possibly remotely controlling physical or embodied autonomous systems, such as drones or NICs.  Such 

collaboration with intelligent autonomous teammates will impact C2 processes that include both 

taskwork and teamwork. A large part of the existing literature within the field of Human-Autonomous 



Teaming (HAT) focusses on taskwork (Kerstholt, Barnhoorn, Hueting, & Schuilenborg, 2018). 

However, given that autonomous systems will increasingly play more social, human-like, roles (de 

Graaf & Allouch, 2017), knowledge about the relational aspects of HAT is becoming more and more 

relevant. The present paper explores how psychosocial aspects like trust might be of influence on  

teamwork in HAT and on future C2 processes. 

2. Theoretical framework  

2.1 Psychosocial mechanisms in teamwork 

Research within the field of HAT, or related fields like Human-Robot Teaming (HRT), focusses on 

the development of autonomous systems that are designed to be a partner rather than a tool. This implies 

that systems like NICs should have the capabilities to collaborate with humans as a full teammate in 

working towards a common goal (Teo et al., 2019). In order to design a NIC with such potential, it is 

important to understand how human teams communicate and cooperate effectively.  

Although we like to believe that humans, especially in a military context, make conscious decisions, 

the reality is that human decision-making is largely determined by unconscious processes and driven 

by emotions and “gut-feeling” (Kahneman, 2011). As with many other aspects of life, our social 

relations are predominantly shaped by these processes. The same is true for communication, an essential 

aspect of human teamwork. The interpersonal communication process and our social environment are 

greatly influenced by non-verbal communication (Phutela, 2015). Whereas humans are able to use both 

explicit (e.g., speech, written communication) and implicit (e.g., body language, facial expressions, 

gestures) ways of communicating, NICs are heavily dependent on explicit communication (Schaefer, 

Evans, & Hill, 2015).  

Research suggests that NICs can trigger the same psychological mechanisms and social schema’s in 

humans as human partners would. Due to our social nature, humans are programmed to bond with others 

and these social routines are also elicited by artificial entities (Krämer, Pütten, & Eimler, 2012). 

According to the CASA-paradigm (Computers-Are-Social-Actors), “people apply social rules, norms, 

and expectations to their interactions with computers, and treat computers as if they were social actors”. 

This tendency arises unconsciously when social cues, like personality traits, are triggered (J.-E. R. Lee 

& Nass, 2010). To construct a mental model of the NICs abilities, people are likely to rely on prior 

experiences with systems that seem to be similar to the current one. When interacting with new systems, 

humans often employ metaphors and naturally make organic attributions to inorganic systems, which 

is known as anthropomorphism or zoomorphism (Ososky et al., 2012). People want to understand what 

a system is doing but providing full transparency would require such a quantity and breadth of 

information that it would be likely to cause a technology overload for the NIC and an information 

overload for the human (Sarter & Woods, 1995). Anthropomorphism allows human operators to 

generate a more emotional and user-friendly mental model of the NIC, even though this is not always 

accurate (Culley & Madhavan, 2013). Culley & Madhavan (2013) sound a note of caution with regard 

to anthropomorphism in artificial agents, as it strengthens the human tendency to attribute human 

features to non-human systems, which can have a big impact on the development of trust in a system. 

If trust is based on characteristics that the human has assigned to the system as a result of 

anthropomorphism, instead of resulting from experience with the system itself, that trust may be 

unsubstantiated. 

Yet, on a relational level, anthropomorphism can be beneficial, as research suggests that humans are 

more likely to collaborate with intelligent autonomous teammates if they show the same qualities and 

traits that allow humans to team with other humans (Teo et al., 2019). For example, a study within the 



CASA-paradigm found that humans showed more trust towards computers that expressed empathetic 

emotions than to computers that did not (J.E.R. Lee & Nass, 2010). However, the perceived capabilities 

that can be suggested by giving the NIC human-like qualities should not deviate too much from the 

NICs true capabilities. Research also shows that transparency in both behaviour and communication is 

an essential aspect for building trust in human-autonomy teams (Barnes et al., 2014).   

Although human teamwork is shaped by automatic and emotional processes, it also requires explicit 

communication and conscious decision-making. Following the CASA-paradigm that holds that humans 

have the tendency to treat computers as if they were social actors, NICs should be designed to act on 

both the emotional aspects and the cognitive aspects in order to maintain a sustainable interaction with 

a human.  

Since much of human behaviour and interpersonal communication is implicit, it is important to look 

into those underlying aspects that sustain social relations. Especially high-risk situations with high 

levels of uncertainty and complexity will trigger emotional responses, which will influence 

psychosocial relational aspects like trust, reciprocity and responsibility. We emphasize the importance 

of trust, as it is a predictor of reliance and cooperation (Lee & See, 2004). As studies from the CASA 

paradigm demonstrate, we can translate the social rules we apply and the social expectations we hold 

regarding trust-building in the interpersonal context into human-computer interaction settings (J.-E. R. 

Lee & Nass, 2010). By examining what is already known about trust and teamwork in interpersonal 

trust literature, we can try to translate this knowledge into the context of HAT. 

2.2 Trust 

Interpersonal literature about trust differentiates between multiple types of trust, including 

competence-based, benevolence-based, and integrity-based trust (Kim, Cooper, Ferrin, & Dirks, 2004; 

A. Y. Lee et al., 2010; Mayer, Davis, & Schoorman, 1995). Competence is the set of skills, 

competencies, and characteristics that allow the trustee to have influence within some domain (Mayer 

& Davis, 1999). Benevolence is the perception of a positive attitude of the trustee towards the trustor. 

Integrity includes honesty and morality and is defined as the trustor’s perception that a trustee’s actions 

adhere to a sound set of principles (Mayer & Davis, 1999). Lee and See (2004) note that, in both human-

computer trust as human-human trust literature, the influence of affect is typically undervalued, while 

the impact of cognitive capacities is often exaggerated. Affective aspects of trust have the most direct 

impact on behaviour, since people not only think about trust, but foremost feel it (Fine & Holyfield, 

2006). 

Trust plays a crucial role in effective team performance as the presence of trust facilitates 

collaboration and cooperation between interdependent actors. When team members with different roles, 

skills and task responsibilities must work together towards a common goal, they rely on each other and 

must appropriately trust their teammates that they will perform as required in order to accomplish that 

goal (Lee et al., 2010). Appropriate trust, or trust calibration, refers to the relation between a person’s 

trust in the automation and the automation’s capabilities. Calibrated trust matches system capabilities 

and leads to appropriate use, whereas poor calibration, meaning either overtrust or distrust, can lead to 

inappropriate reliance on automation, which can compromise safety and profitability (J. D. Lee & See, 

2004). Especially under complex and uncertain conditions, the establishment of calibrated trust among 

teammates is essential for efficient collaboration and communication (Parasuraman, De Visser, Wiese, 

& Madhavan, 2014) 

Trust tends to be less of influence in stable, well-structured contexts. But as automation becomes 

more complex and goes beyond a simple tool with sharply defined and easily understood behaviours, 



the importance of trust increases. Trust plays a crucial role in people’s ability to overcome the cognitive 

complexity and the uncertainty that is associated with increasingly sophisticated automation. Trust 

guides reliance when complexity and unexpected circumstances make a complete understanding of the 

system impossible (J. D. Lee & See, 2004). Especially when trust is betrayed, alarming emotions cause 

the nature of trust to change (J. D. Lee & See, 2004). As in military contexts, trust is often perceived 

under attentional overload situations. This triggers automatic processing, where many aspects of causal 

reasoning occur outside conscious awareness (Kahneman, 2011). To enable people to focus their limited 

attentional capacity, emotions bridge the gaps in rationality (Loewenstein, Hsee, Weber, & Welch, 

2001). When cognitive resources are unable to support a rational decision, emotions will guide 

behaviour (J. D. Lee & See, 2004). 

Studies on trust do not solely focus on the beneficial effects of trust, but also expose the complex 

processes through which trust can develop. Trust is gained in drops and lost in buckets, and repairing 

trust after it has been broken appears to be even more difficult than building trust initially (Kim et al., 

2004). Given the complexity of many military situations, NICs will, despite their advanced situation 

awareness, not always be able to make the perfect decision or come to a correct conclusion. Hence it is 

not inconceivable that a NIC will at some point in time provide their human buddy with an incorrect 

advice. An incorrect advice and its potentially damaging consequences can lead to a violation of trust. 

Trust affects reliance, where people tend to rely on systems they trust and tend to reject systems they 

do not (J. D. Lee & See, 2004). In our current studies, we look at trust and reliance in terms of advice 

acceptance. When working with an intelligent teammate as a decision support system, trust and its effect 

on advice acceptance is an important aspect of Human-Autonomy Teaming. We investigate how 

different types of trust develop in an uncertain context, how a violation of trust effects other factors like 

willingness to cooperate and whether such processes are similar to those occurring in human-human 

interaction.  

3. Method 

In order to determine whether human-NIC interaction processes can be compared to human-human 

processes, we are developing a series of experiments to test various aspects of this interaction. To this 

end, we developed a virtual environment for executing military missions. The environment resembles 

a first-person shooter game taking place in a rural environment with trees, mountains and abandoned 

houses for hiding purposes.  

Executing a (military) scenario in this environment allows human test-subjects to experience what 

interacting with a NIC might look like in the future. This provides an opportunity to study the various 

socio-psychological aspects of human-NIC interaction discussed above. 



 

Figure 1. View of the participant in the virtual environment 

3.1 Experiment 1 

In the first experiment we conducted we ran a scenario in our virtual environment where the human 

participant had to interact with a teammate in the virtual environment. This teammate resembled either 

a human or a NIC (Figure 2). Our focus was on the effect of type of teammate on the degree of advice 

acceptance and trust experienced by the human participant in his teammate. 

In both conditions the teammate was controlled by one of the experiment leaders in an adjacent 

room. In the human teammate-condition the participant was aware that the teammate was controlled by 

a human. In the artificial teammate-condition the participant was kept under the impression that the 

robot was operating autonomously.  

 

Figure 2. The NIC and ‘human’ teammate 

Participants were instructed to head back to basecamp as fast as possible. At three different moments 

in the scenario, the participants’ teammate provided them with information on whether it detected 

enemies or not and the corresponding advice to take shelter or continue moving respectively. After the 

advice was given, participants were asked to rate their willingness to accept the advice and the level of 

trust in their teammate (three types of trust were measured; benevolence, integrity and competence). 



Afterwards, participants received feedback from the system on whether the advice was correct or not. 

The first advice was always correct, the second time the teammate made an error provoking a violation 

of trust, the third instance no feedback was provided. 

3.1.1. Results 

The study demonstrated that the participants’ level of trust in their teammate was significantly 

affected by whether the advice turned out to be correct or incorrect. After receiving negative feedback 

(e.g., an incorrect advice), willingness to accept an advice and trust (benevolence, integrity, and 

competence) all significantly decreased. On the other hand, positive feedback significantly increased 

trust, perceived integrity, and perceived competence. Benevolence trust and willingness to accept the 

advice were not significantly affected by positive feedback.  

The study also looked at anthropomorphism, to evaluate how human-like the teammate was assessed 

to be when it represented either a NIC or a human form. Although the NIC was seen as significantly 

less human-like than the human teammate, type of teammate did not affect advice acceptance and 

perceived trust. This is in line with literature based on the CASA paradigm that suggests that interaction 

with a NIC is comparable to interaction with humans (Krämer, 2010; J.E.R. Lee & Nass, 2010) 

The results of the first experiment show that a violation of people’s positive expectations about the 

NIC can undermine trust in such a way that it harms collaboration. As long as a NIC operates in complex 

and uncertain contexts, a mistake cannot be ruled out. Therefore, the ability to successfully repair 

violated trust should be included in the design requirements of the NIC. To find out what strategies can 

be used to repair trust, we examined literature on inter-human relations and set up a study to investigate 

trust repair in human-NIC interaction.  

3.2 Experiment 2 

In human-human trust literature, multiple strategies for trust repair are found. Among these are; 

ignoring the occurrence of the costly act, apologizing and conveying regret about the costly act, 

explaining why the failure occurred, and promising that it will not happen again in the future (de Visser, 

Pak, & Shaw, 2018; Kim et al., 2004; Kim, Dirks, Cooper, & Ferrin, 2006). An apology can consist of 

multiple components, such as an expression of regret, an explanation of what went wrong, an 

acknowledgement of responsibility and a request for forgiveness. Research suggests that the 

composition of an apology matters. A study in which the number of apology components was 

manipulated showed a linear trend, where more apology components were perceived as better than 

fewer components (Lewicki, Polin, & Lount, 2016). 

Building and actively repairing trust typically is a unique human ability, which can possibly be 

infused into autonomous systems and NICs. We are currently conducting an experiment on how 

apology and explanation effect trust repair in Human-NIC Interaction. In this case, an apology refers to 

a simple expression of regret like “I am sorry”. As earlier research showed that humans showed more 

trust towards computers that expressed empathetic emotions (J.E.R. Lee & Nass, 2010), apology was 

chosen as it is a more affective strategy in trust repair. Explanation was included since it has proved to 

be a successful strategy in interpersonal trust repair (Lewicki et al., 2016) and as it is a more explicit 

and non-affective way of communicating, it is expected to be an appropriate strategy for a NIC. 

It was found in previous literature that offering an apology or an explanation after having made a 

mistake is more effective in repairing trust than offering neither (Kim et al., 2004; Kim et al., 2006; 

Tomlinson, Dineen, & Lewicki, 2004). An explanation is expected to benefit trust as it increases 

transparency in communication, which is an essential aspect for building trust in human-autonomous 



teams (Barnes et al., 2014). In addition, an explanation is expected to improve the perceived quality of 

an apology.  

To test this, the same experimental set-up is used as in experiment 1. However, in this iteration the 

participant’s teammate always resembles a NIC. Again, the NIC gives advice during the course of the 

mission, being correct the first time, but making an error the second time. This results in the participant 

coming face to face with an enemy, exchanging fire, causing a trust violation. In an attempt to repair 

trust, the NIC comments on his incorrect advice shortly after the violation has occurred. A 2x2 design 

was used for different trust repair strategies, apology vs no apology, and explanation vs no explanation. 

In all conditions, including the baseline, the NIC acknowledges that a mistake was made. 

“The advice I gave you was wrong.” 

Depending on the condition, a sentence was added to this acknowledgement. In the apologies condition 

the NIC indicates that he has provided a wrong advice and is sorry about it. 

“I am really sorry” 

In the explanation condition, the NIC informs the participant that he erroneously identified an enemy 

as an ally due incorrect classification. This is a competence-based trust violation. 

“The enemy was carrying the weapon of an ally. Because of this, my 

classification led to an incorrect conclusion” 

We expect that the combined effect of offering both an apology and an explanation will be the most 

effective in repairing trust. 

3.3 Future studies 

Pending the results of our second experiment we are looking ahead to develop several experiments 

in the future to further examine the psycho-social implications of collaborating with a NIC, and how 

this interaction is similar or different from human-human interactions. 

Our second study focusses on the trust repair strategies apology and explanation in response to 

competence-based trust violation. Studies show that different types of trust require different strategies 

of trust repair. Affective initiatives prove to be the most effective in reaction to violations of 

benevolence-based and integrity-based trust, whereas providing sufficient information is key to 

enhancing perceived competence-based trust (Xie & Peng, 2009). Other studies show that apologising 

is beneficial after a competence-based trust violation, while in case of an integrity-based trust violation 

it is more effective to deny as apologising can be even more harmful because it involves an 

acknowledgement of guilt (Kim et al., 2004; Kim, Cooper, Dirks, & Ferrin, 2013; Kim et al., 2006). 

For further research, it would be interesting to include various types of trust violations in combination 

with different types of trust repair strategies. 

At a later stage we also want to look at the influence of responsibility on trust and reliance. Research 

that studied psychological factors affecting reliance on advice of decision aids found that reliance is 

affected by the amount of responsibility people feel about the overall task outcome, where people rely 

more on a reliable aid when they feel more responsibility (Van Dongen & Van Maanen, 2013).  



4. Implications for C2 

Contemporary and future operations will increasingly take place in hyper-connected mission 

environments against (near) peer and or networked opponents. These environments require C2 

processes to be fast and agile in order not to lose momentum and initiative. Traditional hierarchical C2 

processes are becoming an impediment to mission effectiveness as decision making is often lengthy, 

bureaucratic and standardized and therefore take too much time and limits the adaptivity of the armed 

forces (van Bemmel et. al., 2017). Approaches which allow a high(er) degree of autonomy and 

delegation of decision rights to field level, such as ‘Mission Command’ or ‘Power to the Edge C2 

approach’, are promising concepts to speed up decision making (Alberts and Hayes, 2003). Key 

enablers of these C2 approaches are, amongst others, a high level of trust within and between teams at 

all levels and adequate situational awareness.  

The delegation of decision rights to field level is likely to result in more information processing and 

analysis at field level. Intelligent artificial team members, like NICs, might enable field level 

commanders to cope with the expected higher workload. As the level of intelligence of these systems 

increases, the level of decision rights allocated to these systems, to the NICs, will probably increase as 

well, either deliberate or unintentional. Unintentional allocation of decision right can for example be 

AI algorithms used to enhance and speed up the analysis process. The more intelligent these systems 

become, e.g. by using deep learning techniques, the less comprehensible the output of these systems 

will be for a human decider. So although the human might formally have the decision rights (to agree 

or disagree with the advice given) one could argue whether this still holds when the advice is difficult 

to be checked by the human and the human role has moved to an accorder rather an decider. It is 

basically trust in the system that drives the decision as trust plays a crucial role in peoples’ ability to 

overcome situations when complexity makes a complete understanding impossible (J. D. Lee & See, 

2004). 

It is yet unclear whether and how integration of NICs in military units and the delegation of decision 

rights to artificial team members will affect the C2 process. As mentioned earlier human decision-

making is largely determined by unconscious processes and driven by emotions and “gut-feeling” 

(Kahneman, 2011). These unconscious processes are effective guiders when they are fed by 

experiences. Will the experiences of the human decider who’s cognitive process is heavily supported 

by AI be sufficient to feed the unconscious processes needed for intuitive decision-making? Besides AI 

enhancements to process and analyse data and information AI systems can also be used to manage and 

increase the speed of information throughout a (military) staff and between field units. This is expected 

to speed up decision making and C2 agility as information is more broadly shared, but only if 

information paralysis is prevented and the C2 approach is adjusted accordingly. The integration of NICs 

can be promising to allow delegation of decision rights to field level and to speed up C2 processes but 

will only have a positive effect if NICs are trusted team members at all levels. So to gain, maintain and 

restore trust in AI systems is of utmost importance for future AI-enabled C2 processes.  
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