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CEDM1: Human Machine Teaming

Introduction

Teams operate in increasingly complex environments 
(Salas et al., 2005). Research environments are needed to 
assess the efficiency of teaming behaviors. Effective team 
assessment needs task environments, challenging events, 
measures of team performance, and competency metrics 
(Cooke et  al., 2019). Gamified environments meet these 
requirements by providing dynamic gaming contexts where 
teaming metrics can be quantified and validated (Burgess 
et al., 2019).

Despite the expanding use of commercial and serious 
games, previous work suggests that using video games for 
teamwork assessment requires further empirical support for 
their validity (Mayer, 2018). Marlow et al. (2016) emphasized 
the current literature gap concerning a need for an understand-
ing of how game mechanics induce teaming behaviors.

This work aims to assess the consistency of video games 
in inducing teaming competencies. Cooperative gameplay 
footage from publicly available streams (e.g., YouTube) was 
analyzed using a developed codebook to identify teamwork 
behaviors and the associated game features.

Background

Teamwork behaviors in gamified environments are informed 
by research in teamwork measurement systems and team-
work assessment in cooperative video games.

Teamwork Measurement Systems

Teams are groups of two or more individuals performing 
interdependent tasks toward a common goal (Salas et  al., 
1992). A team measurement system aims to capture team pro-
cesses and collect team inputs and outcomes. The Input-
Process-Output (IPO) model has been adapted to guide the 
development of measurement techniques (Wiese et al., 2015; 
Ilgen et al., 2005). The Process step assesses the behavioral, 
mental, and cognitive processes and emergent states. Team 
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members can be asked to access their cognition, but self-
assessment (e.g., surveys, interviews) can be subjective and 
biased (Wiese et al., 2015; Sottilare et al., 2018). Independent 
raters, trained to understand and track the assessed behaviors, 
can measure team skills. Examples of such systems include 
behaviorally anchored rating scales (BARS) and behavioral 
observational scales (BOS) (Kendall & Salas, 2004). Using 
these techniques involves developing behavioral markers, 
which are observable indicators of the existence or absence of 
a teaming competency (Rosen et al., 2011). Behavioral mark-
ers do not rely on self-report measures (Sottilare et al., 2018) 
but require researchers to develop concrete definitions of 
tracked and observable teaming behaviors.

Teamwork in Cooperative Video Games

In previous work, the authors started investigating the asso-
ciations between cooperative game features and teaming 
behaviors (Farah et  al., 2022), building on empirical and 
theoretical support from the literature. Depping & Mandryk 
(2017) used cooperation in design by implementing shared 
goals and interdependence through the degree to which team 
members rely on each other. Rocha et al. (2008) provided a 
list of cooperative game mechanics, and Depping & Mandryk 
(2017) associated some of them (e.g., complementary abili-
ties, abilities that affect other players) as examples of 
mechanics that enhance interdependence. They reported that 
cooperation and interdependence had a significant main 
effect on experienced in-game relatedness and enjoyment. 
However, the work did not implement a team measurement 
system approach but focused on social interactions.

Different levels of interdependence and cooperative game 
mechanics were also investigated in asymmetric games, 
where two players collaborate but have different information, 
abilities, and interfaces (Harris, 2019). Interdependence had a 

significant main effect on connectedness and behavioral 
engagement (Harris, 2019).

To assess serious games as suitable environments for 
team research, Mayer (2018) developed TEAMUP, with var-
ious shared puzzles. They reported that gaming expertise, 
team efficacy, and cohesion were significantly associated 
with performance metrics such as scores and errors. These 
findings suggest the internal validity of using video games 
for teamwork assessment.

This work aims to build on previous work by investigat-
ing how consistently the mechanics in cooperative games 
can induce teaming behaviors. Suppose the nature of the 
relationship between teaming competencies and cooperative 
game mechanics can be established. In that case, the results 
of this work can be used to develop design suggestions to 
guide researchers and game designers.

Method

Figure 1 describes selecting and categorizing video games, 
selecting gameplay footage, developing, and iterating the 
codebook, and calculating inter-rater reliability.

Video Game Selection and Codebook 
development

The researchers used web search keywords: cooperative, 
teamwork, and multiplayer video games to select video 
games. Inclusion criteria included three characteristics 
(Morchheuser et al., 2017):

•• Cooperative Video Game (support shared goals)
•• Rules and mechanics that encourage interdependence 

(Seif El-Nasr et al., 2011; Rocha et al., 2008)
•• Support verbal communication between players.

Figure 1.  A diagram showing the phases of game selection and coding.
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Researchers compiled a list of 53 video games as initial 
candidates found through web searches (Step 1). Researchers 
did an initial observation (Step 2) to assess the inclusion 
criteria through open coding (taking general notes of obser-
vations, mechanics, and observed behaviors). Some video 
games were dropped from the list due to the limited avail-
ability of videos on YouTube. The codebook was developed 
in parallel with this process (Step 3). Farah et  al. (2022) 
describe a portion of the codebook. It went through several 
iterations where four people coded a video and discussed 
discrepancies. Two coders calculated inter-rater reliability 
(Step 6) and refined the codebook (Step 4) in the final itera-
tion. One coder proceeded to code the final selection of 
gameplay footage using the final version of the codebook. 
The gameplay videos were selected (Step 5) by following 
three inclusion criteria:

•• Clear commentary and distinguishable player voices
•• Player characters are consistently observable on 

screen through a split or shared screen.
•• Gameplay footage available for the targeted levels or 

amount of time (varies by genre)

Simulation Genre

This study reports the findings from analyzing five video 
games categorized under the simulation genre. The genre is 
characterized by the following:

•• Players perform individual tasks to support shared 
goals.

•• Interdependence is induced through a shared perfor-
mance environment (e.g., assembling a dish, assembling 
a train track, navigating a ship, assembling a letter)

•• Players engage in a game loop (levels have the same 
actions repeated over and over, e.g., assembling the 
same dish over several minutes and navigating a 
spaceship through the whole level).

Table 1 describes the video games that were analyzed.
Table 2 summarizes the number of teams analyzed per 

video game, the levels, and the average time in minutes per 
video game.

Inter-rater Reliability

Inter-rater reliability (IRR) can present a way to ensure con-
sistency across multiple coders and apply codebooks in qual-
itative research (McDonald et  al., 2019). Percent or 
proportion agreement is a basic inter-rater agreement index 
that calculates a ratio between the number of agreements 
over the total number of codes (Gisev et al., 2013). While it 
does not account for the effect of chance in achieving agree-
ment among raters, it is still used and reported (Gisev et al., 
2013). Values between 41-60% are considered moderate, and 
61-80% are considered substantial.

During the codebook refinement phase, two coders 
would code 10 minutes of the same video. If the IRR were 
less than 75%, the two researchers would meet to discuss the 
coding, refine their mutual understanding, and update the 
codebook. This process was completed for two more itera-
tions to refine the final codebook definitions. The final IRR 
values are 73% for Overcooked2, 73% for Lovers in a 
Dangerous Spacetime, and 72% for Key We. After refining 
the codebook, the final version was used by one coder to 
code the selected gameplay footage.

Table 1.  Video Games’ Descriptions.

Video Game Description Acronym

Overcooked 2 (Team 17, 2020) Cooking simulation. Players navigate the kitchen, prepare and cook 
ingredients, and assemble and deliver orders.

OC2

Unrailed! (Indoor Astronaut, 2019) Building train track. Players collect resources and mine obstacles to 
build tracks and avoid crashing.

UR

KeyWe (Stonewheat & Sons, 2020) Assembling and sending letters. Players gather words, type letters, 
and deliver packages.

KW

Lovers in a Dangerous Spacetime 
(Asteroid Base, 2015)

Multiplayer space shooter. Players occupy a spaceship where they 
navigate the environment to defeat enemies, rescue friends and 
avoid crashing.

LDST

Catastronauts (Intertia Game 
Studios, 2018)

Multiplayer space-ship action. Players occupy a spaceship to work on 
different tasks (repair, shoot enemy, deliver tools) to defeat the 
enemy and avoid crashing.

CN

Table 2.  Number of Teams, Levels, and Average Time per 
Video Game.

Video Game Teams Levels Average Time

OC2 10 Level 1-1 to 1-5 15
UR 10 4 to 8 levels 23
KW 10 Levels 1 to 4 13
LDST 8 Level 1 10
CN 9 Level 1-1 to 1-5 15
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Table 4.  Average Percentages and Standard Errors per Teaming 
Competency per Video Game.

Competency KW OC2 UR CN LDST

Situation Assessment 20 (1) 18 (1) 6 (1) 9 (1) 11 (3)
Analysis and Planning 4 (1) 5 (1) 11 (1) 11 (1) 5 (2)
Explicit Coordination 24 (2) 24 (1) 23 (2) 24 (1) 18 (1)
Implicit Coordination 21 (3) 27 (2) 31 (3) 21 (1) 31 (2)
Monitoring and Backup 6 (1) 8 (1) 6 (1) 9 (1) 5 (1)
Systems Monitoring 22 (1) 13 (1) 20 (1) 23 (1) 29 (3)
Cohesion and Social 1 (0) 3 (1) 2 (0) 2 (0) 0 (0)
Adaptive Behaviors 2 (0) 1 (0) 1 (0) 1 (0) 1 (0)
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Figure 2.  Line charts representing percentages of teaming 
competencies for every game.

Results

Team Codes

Table 3 summarizes the teaming competency categories. 
Every competency compiles several relevant behavioral 
markers. For example, for situation assessment, two behav-
iors were coded: 1) recognizing cues in the environment (e.g., 
noticing a button, noticing instructions, recognizing a puzzle 
component), and 2) communicating the meaning of the cue 
(e.g., I think the rice (cue) needs to be cooked (meaning). If I 
move the joystick (cue), the crane moves (meaning).

Consistency

Table 4 presents the average percentages of every teaming 
competency and the standard error. For every competency, 
the percentage represents the total frequencies of behavioral 
markers associated with the competency, divided by the total 
number of codes. Percentages were derived for every team, 
and the table presents the teams’ average and standard error 
per video game.

Figure 2 shows the pattern of each of the five video games 
across the teaming competencies.

Pattern Similarity.  To assess the similarity between the five 
video games in inducing similar behavioral teaming pro-
files, each video game was considered a vector of values 
representing percentages of every competency. The cosine 
similarity calculates the cosine of the angle between two 
vectors as a measure of the similarity between them (Cha, 
2007; Han et al., 2012). It is a value ranging between 0 and 1, 

Table 3.  Descriptions of Tracked Teaming Competencies.

Competency Description

Situation Assessment Developing a shared understanding of the environment (identifying relevant cues and communicating 
meaning) (Rosen et al., 2011).

Analysis and Planning -  Interpreting and evaluating teams’ tasks and available resources.
-  Developing a course of action based on the team's discussion (Rosen et al., 2011; Marks et al., 2001)

Explicit Coordination - � Explicitly sequencing or synchronizing the team's actions by verbally assigning sequential tasks (Rosen 
et al., 2011)

-  Reporting status, location, and needs to the team. (Rosen et al., 2011)
Implicit Coordination - � Sequencing or synchronizing the team's actions without verbal communication. (Espinosa et al., 2004)

-  Doing actions that contribute to the team’s progress without verbal communication.
Monitoring and Backup -  Monitoring team members' progress (Salas et al., 2005).

- � Providing feedback, resources, or behavioral help when an imbalanced workload is noticed  
(Salas et al., 2005).

Systems Monitoring -  Internal tracking of team resources (Marks et al., 2001).
-  External tracking of environmental conditions (Marks et al., 2001).

Team Cohesion and Social -  Verbally expressing encouragement or complementing team skills or abilities (Sottilare et al., 2018).
-  Engaging in social conversations inspired by games' themes.

Adaptive Behaviors -  Diagnosing and evaluating performance through reflection and learning (Rosen et al., 2011).
-  Developing a new strategy resulting from failure in performance (Rosen et al., 2011).
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determining whether two vectors follow the same direction. 
Table 5 shows the cosine similarity values between the 
five-game vectors. Overall, the average Cosine similarity 
was 0.94.

Discussion

Similarity and Consistency

Some competencies were consistently observed with higher 
frequencies in the line chart: explicit and implicit coordina-
tion were consistently ranked in the top three. Systems moni-
toring was also observed among the top competencies. Other 
teaming processes such as situation assessment, analysis, 
planning, monitoring, and backup were observed with low to 
intermediate percentages, while cohesion, social and adaptive 
behaviors were observed with low percentages. The similar 
percentages of these competencies induced by the five video 
games suggest consistency in the behavioral profiles.

The cosine similarity measure assessed the angle between 
the five-game vectors with an average of 0.94. The closer the 
cosine value is to 1, the lower the angle between the vectors; 
therefore, they are more similar in direction. Across all game 
pairs, the cosine was higher than 0.9, showing a high similar-
ity between games. The following sections discuss the impli-
cations of these findings.

Competencies with top percentages: Coordination 
and Systems Monitoring

Explicit Coordination, Implicit Coordination, and Systems 
Monitoring peak frequently across the analyzed games appear-
ing in the top three percentages for KeyWe, Unrailed, 
Catastronauts, and Lovers in a Dangerous Spacetime. 
Coordination has been defined as managing dependencies 
across tasks, resources, and people (Malone & Corwston, 
1990). In gamified environments, dependencies can be 
optional or mandatory, and they arise from cooperative 
mechanics that encourage players to rely on each other (Harris, 
2019). The analyzed games had a variety of interdependen-
cies. Players engaged in multi-directional sequential tasks 
(Saavedra et  al., 1993) (e.g., following specific sequential 
orders in Overcooked 2 and KeyWe). A simultaneous, multi-
directional workflow was also present (Saavedra et al., 1993) 
(e.g., collecting wood for the train track while mining obsta-
cles and assembling tracks in Unrailed or shooting enemies 

while repairing the ship and sharing tools in Catastronauts). 
Players were required to manage these dependencies spread-
ing across their tasks, resources, and team players through 
sequencing and synchronizing their actions and constantly 
reporting their progress, needs, and status.

Previous work suggests that team members must form 
and maintain the team's awareness of multiplayer video 
games by gathering information from the environment 
(Wuertz et al., 2018). The games provided players with rich 
and diverse external environments (enemies, resources, utili-
ties) and internal environments (ship damage, food locations, 
task progress). Therefore, the coder could detect observable 
systems monitoring behaviors through the players’ avatars 
(e.g., avatar looking around the environment), verbal com-
munication (e.g., players reporting on incoming enemies, 
players reporting on train progress), or observable actions 
(e.g., shooting at incoming enemies, repairing ship when a 
crack appears, delivering food when a dish is fully assem-
bled). Frequent verbal coordination resulted in a high per-
centage of systems monitoring since players support their 
shared environment awareness by communicating these 
observations to team members. Through observations, the 
coder did notice frequent associations between systems mon-
itoring and verbal reporting (e.g., players noticing a fire 
spreading in the spaceship and reporting it).

Simulation games are characterized by each level using 
the same gameplay loop, a cycle of repeated actions in a 
game. Teams could execute interdependent tasks through 
implicit coordination (e.g., assembling a dish in a specific 
order, shooting at enemies simultaneously when detected, 
getting, assembling tracks, and typing letters in a word). 
Previous work suggests that expert teams engage in implicit 
coordination and depend less on verbal communication 
(Cannon-Bowers et al., 1993; Wuertz et al., 2018). While this 
paper does not compare experts and novices, all teams 
(regardless of their expertise level) eventually became famil-
iar with the game mechanic through the game loop and there-
fore became more capable of performing implicitly.

Situation Assessment and Analysis

Teamwork behaviors go through time-based cycles. Marks 
et  al. (2001) suggested a time-based teaming framework 
where teams move across transition behaviors, such as situa-
tion assessment and analysis, and execution behaviors, such 
as coordination and planning. They proposed that depending 
on the task demands, teams can spend more time in certain 
stages (transition or execution) and alternate between them 
more or less frequently. The coded behavior markers related 
to assessment and analysis focused on the teams’ behaviors 
of noticing mission-relevant cues, communicating their 
meaning, and analyzing or discussing a way to solve the mis-
sion and develop a course of action. In KeyWe and 
Overcooked, situation assessment ranked higher compared 
to other simulation games. In both games, players spend 

Table 5.  Cosine Similarity Values.

OC2 UR CN LDST

KW 0.97 0.92 0.95 0.94
OC2 0.94 0.93 0.92
UR 0.97 0.96
CN 0.95
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several minutes in one game level (e.g., assembling sushi for 
three minutes or typing and delivering letters) and then move 
to a new level. With every new level, players must identify 
new cues and figure out how to solve the puzzle before 
engaging in execution. Therefore, due to exposure to new 
levels, situation assessment behaviors were observed with 
higher percentages in these two games.

Conclusion

This paper analyzes five cooperative video games from the 
simulation genre. The results show a highly consistent pat-
tern of behavioral profiles across the five games, demonstrat-
ing that video games with similar cooperative mechanics and 
performance environments induce consistent behavioral pro-
files. The cosine similarity measure was 0.94, suggesting a 
high similarity in the pattern. Specifically, the analyzed genre 
was associated with explicit coordination, implicit coordina-
tion, and systems monitoring.

The work has several limitations. While the codebook 
was developed from theoretical teaming research and iter-
ated through coding and discussions, there remains a level of 
subjectivity or potential inconsistencies associated with 
human coding. Future work will look to develop automated 
ways of coding this type of data.

Secondly, the data was collected from publicly available 
footage, and therefore the researchers need direct access to 
the teams' input levels, such as expertise and familiarity. This 
can create limitations when it comes to analyzing teams with 
different competencies. Yet, the analyzed footage and games 
reflect quasi-naturalistic settings where gamers perform out-
side the lab environments. This is an encouraged method in 
games' user research since it allows for natural emergent 
states (Harris, 2019). However, developing a gamified test-
bed where researchers control the simulation parameters can 
provide more opportunities to test different mechanics and 
induce targeted teaming behaviors.

In conclusion, through this analysis, the researchers aim 
to establish cooperative games as environments that can sys-
tematically induce behavioral profiles relevant to the imple-
mented cooperative mechanics.
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