
  

 

 

 
Abstract— When it’s between a robot on your team and a 

human member of a competing team, who will you favor? Past 

research indicates that people favor and behave more morally 

toward ingroup than outgroup members. Conversely, people 

typically indicate that they have more moral responsibilities 

toward humans than nonhumans. This study puts participants 

into two competing teams, each consisting of two humans and 

two robots, to examine how people behave toward others 

depending on Group (ingroup, outgroup) and Agent (human, 

robot) variables. Measures of behavioral aggression used in 

previous studies (i.e., noise blasts) and reported liking and 

anthropomorphism evaluations of humans and robots indicated 

that participants favored the ingroup over the outgroup, and 

humans over robots. Group had a greater effect than Agent, so 
participants preferred ingroup robots to outgroup humans.  

I. INTRODUCTION AND OVERVIEW 

Although robots have great potential to help in the 

military (e.g., defusing bombs), when used in these contexts, 

military personnel can grow attached to the robots. In some 

cases, they demand that a broken robot be fixed rather than 

replaced because it is part of the team [1], or hold full 

military funerals for a robot that served well. While those 

uninvolved may see this as silly or a waste of time and 

money, those involved are loyal to robot team members. 

Literature indicates that group context and membership 

affects liking of and moral consideration of others.  People 
prefer ingroup humans and treat them more positively than 

outgroup members [2-4]. The same is true of responses 

toward ingroup versus outgroup robots [5-7]. However, it is 

uncertain how ingroup robots compare to outgroup humans. 

Under certain circumstances, will people disregard the needs 

and desires of other humans in favor of ingroup robots (e.g., 

use money to repair a robot rather than feed the hungry)? 

In this paper, we examine how humans behave toward and 

perceive ingroup and outgroup members that are humans or 

robots. On two teams that each contained two humans and 

two robots, participants competed against the opposing team 

and were given the opportunity to assign painful noise blasts 
to players. After the game, participant perceptions of 

anthropomorphism (i.e., human likeness), positivity, and 

entitativity (i.e., cohesiveness) of players were assessed via 

questionnaire. The goal was to determine which factor of a 

target more strongly influences participant behavior and 
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perception: Group (i.e., ingroup, outgroup) or Agent (i.e., 

human, robot).  

II. BACKGROUND  

This background section reviews how group and Agent 

relate to moral behavior and perceptions. 

A. Group 

Group membership is critical to group interaction because 

people typically view their ingroup more positively than 

their outgroup. They are more likely to cooperate with them 
[8, 9], and favor them morally [10]. For example, 

participants indicated that it was more important to be loyal 

to the ingroup and less important to avoid harming others 

when an ingroup member harmed an outgroup member, but 

not when an outgroup member harmed an ingroup member 

[11]. In this way, people justified aggression or competition 

against outgroup members as ingroup loyalty. 

People typically categorize others as ingroup members 

(i.e., “like me”) or as outgroup members (i.e., “not like me”) 

when they first see them. Categorization may occur based on 

characteristics that the perceiver may share with the subject 
(e.g., shared hometown, common goals) [8, 9]. Participants 

even prefer arbitrarily assigned minimal ingroups (e.g., “red 

team”) over outgroups [8]. 

The same type of categorization occurs with nonhumans 

that are viewed as social. Experimenter-generated group 

membership cues (e.g., gender, nationality, shared task) 

influence participant categorization of a humanoid robot as 

an in- or outgroup member [5-7, 12]. This, along with robots 

behaving like ingroup members (e.g., interactive [13], 

humanlike [14], helpful [15]), affects their liking of the robot 

as in human-human interaction. This in turn affects behavior 

that could be considered moral – that is, participants took 
more heed of a robot’s protests against being turned off if it 

helped them than if it did not [15]. When robots were given 

to the military to defuse bombs, many military squads 

bonded with their robots and hesitated to send the robots into 

dangerous territory [1, 16]. Thus, group membership of 

robots is relevant to moral decisions regarding robots. 

B. Agent, Anthropomorphism, and Moral Judgments  

When people perceive agents to be more humanlike, they 

find it more important to behave morally toward that agent 

[17]. For example, people typically consider it more 

important to behave morally toward humans than bugs. This 

humanization has been broken down into two factors: 

Human Nature traits, or the ability to experience, versus 

Uniquely Human traits, or the ability to think deeply. 
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1) Human Nature 

Human Nature traits or experience refers to the ability to 

perceive sensations and feelings (e.g., warmth, fear, joy) 

[18]. High-experience entities include humans, and to a 

lesser extent, animals. Low-experience entities include 

machines and inanimate objects. Because people perceive 
high-experience entities as able to suffer, they perceive it as 

more immoral to harm them than to harm low-experience 

entities [17, 19, 20].  

Because people typically consider robots to have low 

experience [21, 22], they indicate that robots deserve fewer 

moral rights than humans [23] and that it is worse to violate 

moral responsibility towards humans than robots [24]. 

2) Uniquely Human 

Uniquely Human traits, or agency, refers to the ability to 

exert control on the world or to act intentionally [17]. 

Agency relates to civility, rationality, and refinement [18]. 

High-agency entities include adult humans and some 
technical systems (e.g., machines that play chess are 

rational). Low-agency entities typically include animals and 

inanimate objects. Because high-agency entities have the 

ability to consider others, they are perceived to have more 

moral responsibility than low-agency entities [18]. 

Robots are viewed as low or high in agency, depending on 

cues (e.g., humanlike appearance) and the situation of 

interaction. More complex robots are viewed as more 

agentic than simple robots [23], but even social robots like 

Kismet are viewed as less agentic than adult humans [22].  

C. Group Membership versus Anthropomorphism 

Overall, people typically favor ingroup over outgroup 

members (e.g., in liking, moral behavior). People also favor 

humans over robots (e.g., give them higher moral status). 

Will group membership or human likeness more strongly 

influence liking and moral behavior when they conflict? 

Prior research indicates that group membership affects 
perceptions of human likeness. When two groups competed 

with each other, people dehumanized the outgroup (i.e., saw 

them as less human) [18]. In this way, participants give less 

moral standing to out- than ingroup humans.  

Conversely, making robots ingroup members increases 

attributions of anthropomorphism and mind [7]. This may 

increase moral consideration for robots despite their default 

low moral standing [23, 24]. Participants hesitated more to 

ignore a robot’s wishes and turn it off when it had 

cooperated with them (i.e., like an ingroup member) than 

when it had not [15]. 
Because group membership status affects viewing others 

as humanlike, group membership may supersede human 

likeness in terms of affecting human behavior toward agents. 

The study presented below measures how people aggress 

against others by the volume of painful noise blasts they 

assigned to others, as in previous research (e.g., [25, 26]) – 

that is, violating the moral principle of harm [11]. 

D. Overview 

This study examined how Group (ingroup, outgroup) and 

Agent (human, robot) affect how people treat others. We 

measured aggression (i.e., volume of intense noise blasts 

assigned), and how humanlike and how positively they 

viewed players. 

Hypotheses. 

1. Noise blast volume 

a. Participants will give softer noise blasts to ingroup 

members than to outgroup members and softer noise 
blasts to humans than to robots. Group will have a 

larger effect than Agent. 

b. We included an initial round (before participants 

knew how others would assign noise blasts), middle 

rounds, and a final round in which participants were 

given a chance to give louder noise blasts that they 

were told might cause actual damage (i.e., “may 

cause ringing in ears for up to three days,”) to see if 

these factors would influence results.  

2. Anthropomorphism: Ratings will be more anthropo-

morphic and positive for in- than outgroup members, 

and for humans than robots, on human nature and 
uniquely human traits. Group will have a smaller effect 

than Agent. 

3. Entitativity: Participants will indicate feeling more 

cooperative and “like a group” with the ingroup than the 

outgroup, and with humans than robots. 

III. METHOD 

A. Design 

Target was manipulated within subjects as: Group 

(ingroup, outgroup) and Agent (human, robot). 

B. Procedure 

The experiment was approved by the Indiana University 
Institutional Review Board (IRB). Participants were run four 

at a time in the psychology building at Indiana University. 

The purpose was described as examining noise as a 

distraction in various situations (e.g., listening to music 

while working decreases task efficiency). Participants who 

objected to hearing noise blasts as loud as 130 dB were 

excused from the session. This happened only twice, and 

other participants took their places. 

When participants arrived at the study, they gathered in 

a hallway outside the experiment room where they could (if 

they chose) interact.  When they entered the room, the 

experimenter randomly assigned all eight players (i.e., 
humans and robots) to two groups: red team and blue team, 

each containing two humans and two robots. Team members 

were given armbands that matched their team color. The 

experimenter described the task (see Task section) and then 

brought teams (of two participants) into the next room one at 

a time to meet their robot teammates (who wore the 

appropriately colored armbands around their bodies). 

After meeting the robots, participants completed the 

task in separate rooms, and then the computer prompted 

participants to complete surveys. Finally, they were 

debriefed, given one credit for their psychology class, and 
dismissed. 

C. Robots  

The robots were minimally social Mugbot robots (see 

Figure 1) constructed as described at mugbot.com. Mugbots 



  

have eyes, can also swivel their heads 180 degrees, and can 

be programmed to speak. 

The experimenter asked all teammates to introduce 

themselves, and the Mugbots greeted participants and gave 

their names (e.g., Botty, Mugsy). 

Next, the experimenter had each teammate listen to an 
example noise blast through a set of headphones. 

Participants were told that because these robots are designed 

for conversation, they hear in a similar way to humans, and 

that the noise blasts are comparably aversive to humans and 

robots. To illustrate this, when the Mugbots “heard” the 

noise blast, they shook their heads and said something like, 

“I don’t like that.” Then, the experimenter led participants to 

separate rooms for the task, so they had no more direct 

communication with teammates. 

  
Figure 1. Mugbot robots (left); mugbot with headphones (right) 

D. Task 

The task was a price-guessing game programmed using 

Java in Eclipse. A computer screen displayed an item (e.g., 

couch, watch), and each participant guessed the price. 

Participants were told that teammates’ answers were 

averaged for a final answer. (This was to create teams in 

which the members were interdependent because prior 

research has indicated that interdependence is an important 

part of teams.) The team that came the closest to the correct 

price on a given round won that round and one member of 

the winning team was “randomly selected” to assign noise 

blasts to all eight players (including themselves) before the 
next round. The game included 20 rounds for the main game 

and one for the final round. For each round, participants 

were shown the average guess for each team, the actual 

price, which team won, and whether they were the player 

who would select the volume of noise blasts for this round. 

In reality, the game was rigged such that participants 

actually played on their own, with other players’ responses 

simulated. Participants won approximately 50% of the time 

and were “randomly assigned” to give noise blasts four 

times during the main rounds and once in the final round.  

E. Noise blasts/Aggression 

After each round, one player assigned noise blasts. The 

possible noise blasts were described as ranging in volume 

from 80 dB to 135 dB during all main rounds and from 110 

to 165 dB during the final round, with 5 dB intervals. Each 

level of noise could be assigned to only one player, so 

different players had to receive different noise levels (Figure 
2). Otherwise, participants might just give everyone the 

same level to be fair. Participants viewed a chart relating 

different noise levels to known sounds (e.g., 80 dB = normal 

piano practice, 100 dB = piano fortissimo, 120 dB = 

threshold of pain, 135 dB = live rock band). In reality, 

participants never received noise blasts above 85 dB in order 

to protect their hearing.  

During the noise blast phase, participants other than the 

one who selected the volumes could see which team was 

giving the blast, but not which individual member or the 
volume of the noise blast given. In reality, the volumes for 

everyone other than the one who selected the volumes were 

randomized by the computer program, but noise blasts from 

ingroup members were softer on average than the noise blast 

from outgroup members to simulate how teams often favor 

the ingroup.  

 
Figure 2. Screen for assigning noise blasts to Names 1-8 (actual participant 

and robot names were used during the experiment) 

F. Measures 

Noise Blasts. Volume of noise blasts was used to 
measure aggression as in previous research [25, 26]. Volume 

of noise blasts created three measures for each target 

(ingroup human, outgroup human, ingroup robot, outgroup 

robot): (1) decibels given in the first round, (2) the average 

decibels given during the main game, and (3) decibels given 

during the final round (which had higher sound levels). 

Surveys. Surveys were rated on a Likert scale from one 

(Strongly Disagree) to seven (Strongly Agree). 
Manipulation check. Participants indicated perceived 

cooperation and competition within and between teams to 

test if they treated the overall teams like teams. 
Anthropomorphism. Participants rated players on 

positive and negative traits that were Uniquely Human and 

Human Nature drawn from [27] (see Table 1). To shorten 

the survey and avoid fatigue effects, two of the five traits 

from each category were rated, counterbalanced across 

conditions. Participants rated one randomly chosen member 

of each category: ingroup human, ingroup robot, outgroup 

human, outgroup robot. 

 Entitativity. Participants rated how much they felt 

cooperation, competition, and as part of a group with 

ingroup and outgroup humans and robots to test how they 

responded to individual members of the teams. 
Demographics. Participants reported gender identity, 

age, major, and prior experience with robots and computers. 
Table 1. Anthropomorphism traits 

 Human nature Uniquely human 

Positive Curious, friendly, fun-

loving, sociable, trusting 

Broad-minded, humble, 

organized, polite, thorough 

Negative Aggressive, distractible, 

impatient, jealous, nervous 

Cold, conservative, 

hardhearted, rude, shallow 



  

IV. RESULTS 

Three participants were excluded because of technical 
faults during the experiment, and one more was excluded for 

answering questions inaccurately (i.e., giving the same 

answer to all questions and commenting that the answers 

given were random). The remaining sample contained 21 

females and 27 males. Data were analyzed in SPSS 24. 

Values of p < .050 were considered statistically significant. 

A. Team cooperativeness – manipulation check 

Paired samples t-test indicated that participants viewed 

the interaction as more cooperative (t(47) = -2.29, p = .026) 

and less competitive (t(47) = 3.98, p < .001) within the 

group than between groups. 

B. Noise blast volume  

We ran a 2 (Group) x 2 (Agent) x 3 (Time) repeated 

measures ANOVA on volume (see Table 2 and Figure 3). 

Because the final round volumes were louder, we subtracted 

30 dB from the final round volumes to make the scales have 

the same beginning for the analysis (Table 2 shows 

untransformed values). 

A main effect of Group indicated that participants gave 

louder volumes to outgroup than ingroup members (F(1, 47) 

= 177.42, p < .001, np
2 = .791). A main effect of Agent 

indicated that participants gave louder volumes to robots 

than humans (F(1, 47) = 12.74, p = .001, np
2 = .213). An 

interaction effect of Group and Agent occurred (F(1, 47) = 

10.41, p = .002, np
2 = .181) such that the difference between 

ingroup and outgroup humans was greater than the 

difference between ingroup and outgroup robots. No other 

significant effects occurred. 
Table 2. Noise Blast Volume (in dB) given to players. Format: M(SD). 

 First-round Middle rounds  Final round 

Ingroup human 87.65(8.54) 90.24(7.75) 119.90 (11.10) 

Ingroup robot 96.98(13.14) 96.68(9.73) 126.72 (11.56) 

Outgroup human 110.31(11.53) 109.22(12.14) 140.94 (15.74) 

Outgroup robot 110.99(10.34) 114.15(10.09) 144.79 (11.14) 

 
Figure 3. Average Noise Blast Volume given in the study (30 subtracted 

from final-round volume); error bars represent standard deviation 

C. Anthropomorphism/dehumanization 

To test differences in perceptions of anthropomorphism 

across targets, we ran 2 (Group) x 2 (Agent) ANOVAs 
(Table 3). 

Human Nature Positive Traits showed a main effect 

of Group with ingroup members rated as having more 

positive human nature traits than outgroup members (F(1, 

47) = 13.99, p < .001, np
2 = .229). No main effect of Agent 

or interaction effect occurred. 

Human Nature Negative Traits showed a main effect 

of Group, with ingroup members rated as having fewer 

negative human nature traits than outgroup members (F(1, 
47) = 5.62, p = .022, np

2 = .107). There was no main effect 

of Agent. An interaction effect occurred (F(1, 47) = 6.07, p 

= .017, np
2 = .114) with humans ingroup members rated as 

having fewer negative human nature traits than human 

outgroup members, but robot in- and outgroup members 

rated similarly (see Figure 4). 

Uniquely Human Positive Traits showed a main effect 

of Group (F(1, 47) = 13.28, p < .001, np
2 = .220) with 

ingroup members rated as having more positive uniquely 

human traits than outgroup members. No effect of Agent or 

interaction effect occurred. 

Uniquely Human Negative Traits showed a main 
effect of Group (F(1, 47) = 9.62, p = .003, np

2 = .170) with 

ingroup members rated as having fewer negative uniquely 

human traits than outgroup members. A main effect of 

Agent (F(1, 47) = 13.95, p < .001, np
2 = . 229) occurred with 

humans rated as having fewer negative uniquely human 

traits than robots. No interaction effect occurred. 
Table 3. Ratings of ingroup (IG) and outgroup (OG) humans (H) and robots 
(R) on anthropomorphism positive (+) and negative (-) traits. Format: M(SD) 

 Human 

Nature + 

Human 

Nature - 

Uniquely 

Human + 

Uniquely 

Human - 

IG-H 4.70(0.87) 2.37(1.34) 4.85(1.05) 2.29(1.35) 

IG-R 4.60(1.33) 2.83(1.42) 4.67(1.01) 2.74(1.36) 

OG-H 4.33(.75) 2.98(1.36) 4.33(0.68) 2.90(1.41) 

OG-R 4.20(0.97) 2.80(1.33) 4.33(0.96) 3.18(1.37) 

 
Figure 4. Ratings of Human Nature Negative Traits for players; error bars 

represent standard deviation 

D. Feeling of Entitativity 

Cooperation showed a main effect of Group (F(1, 47) = 

33.16, p < .001, np
2 = .414; Table 4) with more cooperation 

with the in- than the outgroup. A main effect of Agent (F(1, 

47) = 7.08, p = .011, np
2 = .131) showed more cooperation 

with humans than robots. No interaction effect occurred. 

Competition showed a main effect of Group (F(1, 47) = 

24.13, p < .001, np
2 = .339) with participants feeling less 

competitive with in- than with outgroup members. There 

was no main effect of Agent or interaction effect.  
Feeling like part of a group with players showed a 

main effect of Group (F(1, 47) = 39.68, p < .001, np
2 = .458), 

with ingroup members rated as more part of the group than 
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outgroup members. A main effect of Agent occurred (F(1, 

47) = 6.48, p = .014, np
2 = .121) with humans rated as more 

part of the group than robots. An interaction effect occurred 

(F(1, 47) = 7.87, p = .007, np
2 = .143) with ingroup humans 

rated as more part of the group than ingroup robots, but 

outgroup humans and robots rated similarly. 
Table 4. Ratings of players on cooperation, competition, and feeling like a 

group. Format: M(SD) 
 Cooperative  Competitive  Part of group 

Ingroup human 5.33(1.52) 2.94(1.63) 5.33(1.37) 

Ingroup robot 4.88(1.47) 3.29(1.80) 4.65(1.64) 

Outgroup human 3.65(1.62) 4.60(1.53) 3.27(1.54) 

Outgroup robot 3.38(1.79) 4.46(1.58) 3.29(1.75) 

V. DISCUSSION 

A. Manipulation Check 

Participants rated the ingroup situation as more 

cooperative and less competitive than the intergroup 
situation. This indicates that the scenario effectively put two 

teams against each other and created two distinct groups. 

B. Noise Blast Volume 

At all time points, participants (on average) gave higher 

volumes to outgroup members than ingroup members and to 
robots than humans, confirming our hypothesis. 

The effect size for Group was considerably larger than 

for Agent, indicating that it was a greater predictor of how 

participants responded to players. In this context, 

participants favored ingroup robots over outgroup humans. 

Future research should examine if this extends to less 

competitive contexts and to everyday life.  

A possible limitation of the study was that it used the 

cover story that loud noises may affect cognitive 

performance, and some participants indicated that they gave 

loud noises to outgroup members as a competitive attempt to 

make them perform worse. However, this does not alter our 
interpretation of the results because the pattern of volumes 

given during the earlier rounds did not differ from the 

pattern in the final round – after which no benefit for the 

competition could occur. It might be that participants merely 

sought to justify their behavior using this explanation. 

Another possible limitation was that after participants 

heard the noise blasts from ingroup and outgroup members, 

they might modify their behaviors based on group norms. 

However, because the first noise blasts (given before 

receiving any other noise blasts) showed a similar pattern to 

later noise blasts, the pattern described above was not 
influenced by other participants’ supposed selections. 

In the study, we did not ask if participants thought it 

was believable that the robots actually experienced the noise 

blasts as painful. However, on measures of human likeness, 

participants rated humans and robots similarly suggesting 

that they viewed the agents as similar. If participants had 

thought it was not believable that robots can experience 

pain, they should have given all robots louder noise blasts 

than all humans – but they didn’t. Instead, ingroup robots 

received softer noise blasts than outgroup humans . 

It must be noted that human preference for ingroup 

robots over outgroup humans can be somewhat disturbing. 
During the final round, participants gave the outgroup 

humans a noise blast volume that they believed exceeded the 

threshold of pain and was halfway to “intolerable” 

(according to the reference sheet they had; e.g. 60 dB “soft 

noise”, 180 dB “intolerable), far more than they gave the 

ingroup robot. This raises the question of how far humans 

will go to save ingroup robots. 

C. Anthropomorphism/dehumanization 

Group. Across the analyses, ingroup members were 

consistently rated as having more positive and fewer 

negative traits (across human nature and uniquely human 

traits) than outgroup members. This indicates that humans 

viewed ingroup members more positively than outgroup 
members regardless of agent type. This was expected as in 

previous research on group membership [5-7, 12]. 

Agent. Overall, participants rated humans and robots 

similarly on positive and negative human nature and 

uniquely human traits. One exception was that robots were 

rated as higher than humans on uniquely human negative 

traits. This is similar to prior research that indicates that 

machines are often seen as having more negative uniquely 

human traits (such as cold and calculating) [18]. It is curious 

that these minimally social robots were rated to be as 

anthropomorphic as humans. It may be that participants had 
a different standard of comparison for humans and robots 

[28, 29]. That is, they may have rated robots as high in 

human nature traits “for a robot.” Future studies should use 

anchors for the ratings of humans and robots that can be 

directly compared to examine if this effect persists. 

Interaction effect. An interaction effect occurred for 

Human Nature Negative Traits such that for humans, 

ingroup members were rated lower than outgroup members, 

but for robots, there was no difference between ingroup and 

outgroup members. This indicates that in some instances, 

group effects were larger for humans than robots. Future 

studies should examine when group effects will be larger 
versus approximately equal for humans compared to robots. 

D. Entitativity 

Cooperation/competition. Participants indicated 

feeling more cooperation and less competition with ingroup 

than outgroup members and feeling more cooperation with 

humans than robots. This confirms our hypothesis. 
Entitativity. Participants indicated feeling more as 

“part of a group” with humans than robots and with ingroup 

than outgroup members. There was an interaction effect such 

for the ingroup, humans were rated as more part of the group 

then robots, but for the outgroup, humans and robots were 

not differentiated. This suggests that within human groups, 

people may continue to differentiate between humans and 

robots – some ingroup members are more equal than others. 

However, this pattern is not reflected in the volume of noise 

blasts participants gave to players. Future studies should 

examine which pattern dominates different situations. 

E. Implications 

This study indicates that people can come to favor 

robots over other humans when robots are on their teams in a 

competitive context. To make robots accepted by humans, 

designers or advertisers might create a competitive context 



  

for using the robots. For example, users could team up with 

their robots against friends or strangers on Pokémon Go. 

Also, as noted in section V-B (Noise Blast Volume), it 

may be disturbing that participants favor ingroup robots over 

outgroup humans. This study indicates that participants were 

willing to cause pain to outgroup humans in order to spare 
ingroup robots – and these were robots that were only 

minimally social. Presumably, more humanlike robots would 

be more easily integrated into the ingroup [8, 9], and 

participants would go even further to save them from harm. 

Future studies should examine how far this extends and 

under what circumstances. How much harm will people do 

to humans to save their robots? Ethicists, lawmakers, and 

robot designers should consider if and when robots should 

not be treated as ingroup members so that limited resources 

can be given to humans rather than to robots. 

The study examined ingroups and outgroups only in a 

competitive and short-term context. Future studies should 
examine how people treat robots that are “like members of 

the family,” (e.g., Jibo) compared to loose acquaintances. 

VI. CONCLUSION 

Soon, robots will live and work alongside humans. The 

study indicated that in a competitive game context, group 

membership was more important than agent type in terms of 

how humans behave toward others. Specifically, humans 
favored ingroup robots over outgroup humans both 

behaviorally (i.e., aggression measure) and in attributing 

positive traits to them. In the future, it will be important to 

consider how favoring an ingroup robot might poorly affect 

outgroup humans, especially when resources are limited. 
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