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Abstract

Team cognition is shaped by team processes (such as interac-
tion, communication) among the various multidisciplinary team
members. Previous studies emphasize the importance of study-
ing team cognition at a holistic level for tasks that require spe-
cialization of team members. In our view team cognition in-
cludes the team members’ knowledge representations (individ-
ual mental and situational model) as well as those indispens-
able team processes that help to create and share the individual
knowledge.

Our aim was to explore team performance differences by ap-
plying the holistic view of team cognition, studying team com-
munication. After some content based static and sequential
communicational analyses, we studied some specific task related
communicational utterances in the case of 16 NPP operator
teams in simulation environment. The results have revealed the
importance of well established task relevant information collec-
tion utterances, furthermore the crucial role of coherent infor-
mation flow. Results are discussed in terms of the usefulness of
communication utterances in establishing, modifying accurate
team knowledge, in order to describe the underlying process of
team performance differences.
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1 The characteristics of expert teamwork

In the last few decades the technological development has
led to the spread of complex operations in the field of work.
Furthermore, the increased complexity of tasks necessitates a
multioperator environment. No wonder that professional teams
have started to play a crucial role in complex operations, where
the team members possess roles specific knowledge, tasks. The
joint work, the knowledge sharing activity of these team mem-
bers enable them to accomplish tasks that are too complex for
individuals.

In our work teams are distinguished from groups. A group
consists of two or more individuals. A team is a special type
of group, containing some members with specific and varied
roles, with high degree of interdependence among members, re-
quired to perform specific task. This conceptual differentiation
has been pointed out previously in the existing literature study-
ing team work [20], [6], [2], [18]].

Professional teams are highly differentiated from other teams
through exclusive membership of expert specialists, where the
team members represent different areas of speciality. The teams
execute brief operations or missions repeatedly under techno-
logically complex conditions, which requires extended (profes-
sional, vocational) training and preparation from the organiza-
tion as well as from the individuals [9]], [2].

We aim to examine professional teams working in high risk
environment, such as the cockpit of an airplane, an operating
room, an intensive care unit, or a nuclear power plant control
room. High risk environments are environments in which there
is a more than normal chance of damaging one’s own life, the
life of others or material property [9].

In our present study we focus on the Nuclear Power Plant
(NPP) operator team’s communication flow in order to identify
and understand the key communicative behaviours that help to
create a common professional ground, supporting the joint as-
sessment of the current situation and developing adequate team
strategies to face it.
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2 The difficulties vs. the importance of capturing team

cognition

Recently, there seems to be an increased interest in the field of
creating shared understanding, between team members’ knowl-
edge, namely team cognition. A large number of studies aimed
to reveal the underlying processes, premises and consequences
of this knowledge creation and distribution. Despite the numer-
ous studies in this field there is less agreement in the definition,
description, and measurement methods of team cognition.

Researchers studying team cognition are faced with the diffi-
culty of capturing team cognition, since there is no single brain
including all the team members’ knowledge [[17]. In the case of
individuals we could be convinced by the existence of cognition,
located in the brain of each individual. Measurement difficulties
raise the question whether teams really have a common cogni-
tion or not. It is considerably difficult to capture team cognition,
despite all the developed measurement methods, which usually
involve rather than demonstrate the existence of this cognitive
construct. However, it is necessary to emphasize that teams take
actions as a whole unit, so they interact, communicate, distribute
information, coordinate their behaviour, and take joint action.
Furthermore through these processes (such as communication,
coordination) teams interact, share their individual knowledge,
finally establish team cognition. There is one possibility to cap-
ture team cognition at this level, through the team’s observable
behaviour.

The unclear, ambiguous theoretical concepts about team cog-
nition lie behind all the measurement difficulties. Team cogni-
tion is referred to as shared knowledge [4]], team knowledge [2[]
shared cognition [[10], team cognition [17], [[19]], [13]], common
ground [21]], shared mental model [23]], [26]], [35] team mental
models [25]], [34]], [24].

The term team knowledge is preferred by Cooke, N. J., Salas,
E., Cannon-Bowers, J. A. and Stout, R. [2].
term team, instead of shared, because the concept “shared” can

They use the

include apportioned knowledge, but not necessarily common
knowledge. Furthermore they restrict to the term “knowledge”
instead of using the expression “cognition”, because they focus
on a range of team knowledge: team mental model and situa-
tion model. In the present study the concept of team cognition
is used with a broader view, including the mental and situation
models at individual and team level, and team processes (such
as communication, coordination) that help the team members to
integrate their specific professional knowledge. In our present
study we focus on one key team process, on communication that
supports the team to integrate, update, and modify their knowl-
edge on team level.

According to [|18]] team cognition is a collaborative thinking
activity such as assessing the situation, resolving actual prob-
lems, designing and making decisions as an integrated unit.
Cooke, N. J., Salas, E., Kiekel, P. A., & Bell, B. [3] emphasize
that team cognition emerges from the interplay of the individ-

ual cognition of each team member and team process behaviour,
thus team cognition is more than the sum of the individual team
members’ cognition.

The main question in studying teamwork in high risk envi-
ronments is how the team members representing different spe-
cial fields are able to operate and manage a technically complex
system, in a high risk environment. According to theoretical
approaches of team cognition each individual has two different
models: individual mental model, which is long term knowledge
(professional knowledge related to task, and team members) and
individual situation model, describing a momentary, transient
understanding of the current situation. In order to run a com-
plex system it is needed to integrate the information and knowl-
edge of the individual team members. The integration of long
term knowledge, as well as the harmonisation of all the con-
tinuously changing environmental information may be attained
through feam process behaviour such as: communication, coor-
dination, leadership, decision making. The interaction of team
members is remarkably important, since the individual knowl-
edge is transferred to team knowledge through these team pro-
cesses. The output of this process will be two kinds of team level
cognitive constructs: the team mental model, referring to the
collective task and team relevant knowledge (roles and respon-
sibilities, knowledge of teammates, skills, abilities, beliefs), and
the team situation model, describing team collective understand-
ing of the specific situation. This team situation model guides
the team in assessing and interpreting cues and patterns of the
current situation [2]].

Analysing deeper the current literature of team cognition two
different complementary views of this construct can be found.
The collective view of team cognition approaches this cognitive
construct as aggregated individual knowledge. Furthermore, the
team knowledge may be assessed at a holistic level too, by fo-
cusing on the individuals’ actions and behaviour, not only on
their knowledge. Team knowledge at a holistic level is the
team members’ knowledge that has been processed or integrated
through team behaviours such as communication, coordination
or leadership [3]. On one side the collective view proved to be
useful when knowledge is distributed homogenously among in-
dividuals, on the other side the holistic view is more appropriate
when cognitive specialization is part of the team structure [|18].

In spite of the fact that the individual knowledge may be clear
and accurate, the inefficient team processes (such as commu-
nication, coordination) may impede the fusion, integration of
these knowledge structures, leading to inaccurate team knowl-
edge, inappropriate team action. This line of reasoning points
out the importance of holistic approach of team cognition. Thus
our view about team cognition holds this construct as the collec-
tion of individual situation and mental models, as well as those
team processes that help the establishment and modification of
team situation and mental models.

Team cognition guides the team in assessing the cues of situ-
ation, determining strategies, taking appropriate actions. Team

80 Per. Pol. Soc. and Man. Sci.

Julidnna Katalin Sodés /| Mdrta Juhdsz
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performance will be maximized to the extent that team knowl-
edge is accurate, appropriately apportioned among members,
structured in a way that supports the development of effective
strategies [2]]. In turn the team coordination may influence the
team process. An unsuccessful performance result may urge the
team to change their communication, or decisions.

3 Team cognition and performance

Myriads of conceptual work, as well as empirical research
focus on the effects of team cognition on team performance.
Klimoski and Mohammed [20] provide a literature review that
attempted to establish the relationship between the shared men-
tal model and team performance. This conceptual relationship
has been studied in different fields, such as NPP [35], with
league basketball teams [34]], students in simulation environ-
ment [[1]], [23]].

Another bunch of researches in this area focuses on the ef-
fect of situation awareness on the underlying factors of team
performance [27|], [12], [14]. The existing empirical litera-
ture concerning different aspects of team cognition and per-
formance points out that team cognition underlies team perfor-
mance. Teams whose members had similar models about con-
tribution and importance of task showed better project results.
To review the results of these studies we also need to emphasize
that the sharedness of mental models between team members
correlate indirectly with team performance through team pro-
cesses. Moreover, not only the overlapping knowledge counts
in team performance, but also the synergy of the knowledge
structures (similarity between knowledge structures, the relation
among the ways various team members organize their own task
knowledge). Furthermore we also need to stress out the adverse
effects of the excessive shared knowledge on team performance;
too much shared procedural task related knowledge (e.g. proce-
dure to complete the task) has a negative effect on team perfor-
mance.

The importance of studying team cognition in order to de-
sign a successful training or selection intervention to improve

team performance has been also emphasized by some concep-
tual studies (Smith-Jentsch K.A., Johnston J.H., Payne S.C,
2000 [31]]; Cooke, N. J., Salas, E., Kiekel, P. A., & Bell, B.,
2004 [3]]; Cooke, N.J. & Gorman, J.C., 2006 [5]).

The challenge of improving team performance lies in the
complex, multiple interactive processes that shape team cogni-
tion [7]]. Team cognition is shaped by those team processes -such
as interaction of the team members, communication - that help
integrate the team members’ knowledge creating and continu-
ously sustaining team cognition. In this way one of the critical
aspects of team cognition is the team process that helps team
members to create and share their individual knowledge.

4 Communication-based measures of team cognition

In the case of expert teams, where team members represent
different special fields, it is more reasonable to view, analyze
and improve team cognition at a holistic level.

In the case when the team members need to interact together
using verbal or textual messaging, the holistic assessment of
team cognition can be accomplished through communication
analyses [3], [2[], [19]. The researchers elicit the team members’
thoughts by asking individuals to think aloud during performing
their tasks. In the case of teams where there is less need to inter-
rupt the team dynamics by asking the team members to vocalize
their thoughts, team cognition can be measured as team mem-
bers share information, talk to each other during their task ac-
complishment [18]. In this way communication may have simi-
lar functions for teams than cognitive processes for individuals.
By observing team communication, the information flow, the
content of the interaction, the process as well as the products of
the team mind can directly be assessed [5]].

These empirical and theoretical examinations of team cog-
nition constitute the basic motivation of our research, to use
communication analyses, including team members’ dialogues,
characteristics of information flow between team members as a
holistic window to the process how the individual knowledge
will be shared, and integrated into team knowledge. In order
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to exploit the benefits of communication analyses, the measure-
ments should best be made in the context of ongoing team dy-
namics, interactions.

The team members’ communication can be observed and ana-
lyzed in a variety of ways. The empirical studies of communica-
tion should focus on both the quantitative and qualitative aspects
of communication, not just on the content of communication,
what has been said (“‘are they arguing?” “are they on task?”)
but also on how the information was distributed among the team
members, who is in the centre of communication (“how long do
speech turns tend to last?” “who speaks the most?”) [[18]].

It is useful to characterize communication measurements
along two dimensions:

e “physical” data vs. “content” data,
e “static” vs. “sequential” analyses.

Physical measurements are done by trained observers, or by
some specific software. The analyses tend to focus on physical
quantitative aspects of communication (e.g. duration of commu-
nication). They may orient toward the sequencing and timing of
communicative behaviour among team members (e.g. No. of
person A speaking after person B), but may also include assess-
ment of more static quantities, such as duration of speech for
different team members during one specific period of interaction
(e.g. an hour, 10 minuts), or during the complete task. Content
measures are based on the transcribed communication, interac-
tion. On the bases of transcribed information flow, focusing on
what is actually being said, specific coding scheme is developed,
capturing the most relevant part of the information flow, such as
specific keyword indexing, word counts.

Static measurements consider the team’s communication only
at a given point of time (every 10 seconds), or as an aggregate
of the information flow over a period of time (e.g. during a
complete task accomplishment). Sequential analyses take into
consideration the ongoing stream of information exchange, in-
teraction [[19], [17]], [5].

All these approaches provide some important views about the
team process. It could be a relevant message about team interac-
tion if the team’s communication mainly consists of rejections
and only little spontaneous information during the task accom-
plishment (static content measurement). Even though if we take
into account only the raw numbers of specific communication
utterances (e.g. number of spontaneous information), we may
ignore other relevant features of information flow. For example
analysing the conversation context of spontaneous information
(sequential content) we may draw valuable conclusion that most
of the spontaneous information appear after positive verbal con-
firmation.

Combining physical and content, static and sequential meth-
ods provides us relevant information about the team-level pro-
cess, communication that underlies team cognition [5]].

Our research aim was to study the content static and sequen-
tial characteristics of the team communication related to team
performance.

The following section provides a summary of the existing
literature concerning aspects of communication related to the
holistic aspect of team cognition and also to team performance.

5 Links between communicational indicators of team

cognition and team performance

There have been some attempts to help expert team commu-
nication to provide adequate performance under different cir-
cumstances. Waller, Gupta, Giambatista [35] aimed to identify
the adaptive communicative behaviours that help the NPP con-
trol crews to adapt flexibly to a dynamic workload environment.
They claim that training these adaptive behaviours such as in-
formation collection, task prioritization, task distribution is not
enough, in as much that the training per se will not allow adapt-
ing, coordinating, acting promptly and accurately. Accordingly
we need to help team members to create team cognition, which
helps team mates to describe, explain, and make prediction, de-
cide which action to be taken in a dynamically changing envi-
ronment. It is also stated that team members collect and share
information in order to identify tasks they need to perform, and
receive, collect, screen information about these tasks. Appropri-
ate information collection allows the team to better understand
the situation, the system, which will help to build a shared con-
ceptualization of the faced problems, leading to the effective es-
tablishment of team cognition [35]].

All these results suggest that teams attempting to collect more
information will have an opportunity to gain, analyse, under-
stand and make use of the relevant cues from the environment,
in this way they increase the teams shared cognition about the
current situation (situation awareness), thus leading to better
performance. While in low performing teams the members do
not aim to acquire information, they reduce their ability to per-
ceive the relevant environmental cues and act accordingly. Fur-
thermore it has been also found that the use of long words is
negatively related to performance and positively related to rates
of errors [30]. Similarly, other studies claim that the use of
more complex questions loaded the working memory, which in
turn increased the risk of sending and receiving erroneous mes-
sages [29]. The closed, yes/no questions are verifications, they
are easy and quick to answer, in contrast with open questions
(“what, why, how”) that are incomplete and force the addressee
to use the cognitive resources, to think and reflect.

Hypothesis 1: Therefore we hypothesize that teams who en-
gage in more closed questioning activity that aims to gather in-
formation related to the task would perform better, as the re-
ceived information will not charge the cognitive resources and
also help the team to create a shared understanding of the situa-
tion. Higher performing teams will use more closed information
collecting question than low performing teams, where the team
members will engage in more open questions.
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Tab. 1. Types of communication analysis [[19]]

STATIC (time static) = SEQUENTIAL

CONTENT
PHYSICAL

No. of arguments No. of arguments followed by insults

Total seconds spoken  No. of person A speaking after person B

For the efficient information flow between team members it
is also important to answer the question, to provide the infor-
mation in timely manner. Thus it is necessary to emphasize the
importance of the information providing activity in establishing
accurate and updated team cognition during task accomplish-
ment. It has been found in the existing literature that the in-
creases in communication volume, in particular communication
about coordination (number of coordination request), were in-
versely correlated with team performance, [7]. However, it may
be concluded that it is not just the communication quantity that
affects team performance but also the characteristics of commu-
nication such as stability, focus, object of communication, and
timing.

Some of the relevant studies focusing on content and physical
aspect of communication demonstrate the importance of estab-
lished communication procedures for team cognition and also
for performance [[19], [[17]]. The results show that the more pat-
terns of communication (e.g. interaction patterns between team
members) appeared, the less stable was the team’s communi-
cation (e.g. stability of interaction patterns), and also the less
stable was their team cognition and the poorer was their perfor-
mance. Furthermore we tend to assume that team communica-
tion, in order to facilitate team cognition and performance, has
to be focused on the task itself, trying to catch the relevant en-
vironmental cues from the present, and use this information to
project future situations in accordance with the team’s goals.

It has been shown that low performing flight crews were in-
efficient in assessing, detecting changing situation, evaluating
alternative behavioural choices and setting new task priorities
(failing to establish team situation awareness). The study has
also indicated that high performing crews did not work harder,
did not communicate more or less than low performance teams,
in this way it was not the overall level of key adaptive behaviours
(information collection and transfer, prioritization, task distribu-
tion) that significantly influence performance, but the timing of
these behaviours [33]].

This line of reasoning suggests that the information providing
activity has to be focused on relevant technical aspects of the
ongoing situation, as well as to project this information to the
future. If the team’s communication is consistently engaged in
the past, they may fail to perceive and share relevant environ-
mental cues from the present moment.

Hypothesis 2: Thus we hypothesize that the better perform-
ing team’s communication is focused more on the present and
future information, additionally less on the past information, in
contrast with the low performing team’s communication, where
the team members’ communication is more oriented to the past

and less to the present and future information.

In the process of the formation of common knowledge it is
not sufficient to gather and to share the information, but it is also
necessary to confirm the received information. It is not only the
information collection behaviour that counts, but also the ac-
knowledgement of the received information. Beside the shared
knowledge, the importance of its accuracy is also emphasized,
since creating a shared cognition by itself does not lead to high
performance only if the shared knowledge is accurate Heffner,
Salas & Cannon Bowers, 2000 [23]], [24],[1]].

In real NPP operation, the tasks are allocated to several opera-
tors, and what is even more important is that each operator has a
different information source. Communication is the only way by
means of which they share information with each other, in this
way it is crucial to clearly perceive the information in develop-
ing and creating the team shared knowledge. One of the major
characteristic of effective communication is the verbal reaction,
affirmation signing that the addressee perceived the information
[32]. The lack of verbal feedback may suggest that the recipient
overlooked the information (that may be relevant), in this way
the speaker does not know whether the information has been
perceived or not.

At the same time the verbal reaffirming of information may
have some important side effects, the repetition of information
may increase redundancy and what is more important it strains
the linguistic and cognitive resources of crew members [21]].

Conceivably, the individuals who expand the cognitive re-
sources necessary to speak more elaborately, acknowledging the
received information by adding some information do so at the
expense of decreased situational awareness [30]. [21] advises
“Make your contribution as informative as is required, BUT do
not make your contribution more informative than required”.
The use of simple affirmation will help the team to clarify and
acknowledge the received information, in this way to establish
an accurate shared understanding of the situation. Conversely
the affirmation with information will overload the cognitive re-
sources of both the information provider and receiver, creating
interference, impeding the team in creating a clear shared pic-
ture of the relevant aspect of situation.

Hypothesis 3: Thus we hypothesize that teams using more
simple affirmations and fewer affirmations with additional in-
formation will perform better, than low performing teams, where
the team members use fewer simple affirmations and more affir-
mations with information.

The primary task of communication is to foster the establish-
ment, maintenance and modification of team cognition. The
complete information flow between team members is partic-
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ularly important in the joint establishment and fine tuning of
shared knowledge. A coherent information flow helps the team
to distribute and assimilate the relevant information related to
the task and the team, establishing the coherence of the joint
actions.

Coherent communication can be viewed as communication
The
speakers, interlocutors must recognize these thoughts, react to

that gives an answer to a previously initiated thought.

them, and develop new thoughts related to the previous one.
This goal can be achieved only if the members of the conver-
sation are aware of each other’s needs. The coherent conver-
sation can be viewed as continuum, there is a strong semantic
connection, relation between the talk, the parts of a text, such as
cause, condition, affirmation, summary. In other words, the text
is hierarchically structured, each part is semantically related to
other parts [21]. Analyzing the coherence of operators’ conver-
sation, Grommes P. [15]] stated that the coherence can be tracked
to mental processes. The operating room team members share
a broad common professional knowledge which constitutes the
basis to be engaged in a coherent conversation. In turn the coher-
ent flow of information facilitates the creation of shared knowl-
edge, common ground, which is essential for efficient joint ac-
tivities [|15]].

Hypothesis 4: Therefore we hypothesize that teams with
coherent communication flow will have higher performance,
than low performing teams where the information flow is more
loosely connected.

Our research goal has been to capture the underlying factors
of team performance differences, relative to those characteris-
tics of communication that may be directly linked to effective
establishment, maintenance and modification of team cognition.

6 Methods

The data collection was based on operator team interactions
analysis in the Simulator Centre of a Hungarian Nuclear Power
Plant. Since communication is the central factor of our research,
the empirical studies of a “lively” interaction can best be car-
ried out by analyses of carefully chosen simulator sessions. The
Hungarian NPP Simulator Centre may be considered as a realis-
tic, high-fidelity tool that is widely used in training and examina-
tions creating the required level of face-validity to be relevant for
real life situations. The Nuclear Power Plant’s operator teams
consist of four professional fields requiring the interaction of six
members: Unit Shift Supervisor, Reactor Operator, Turbine Op-
erator, Field Operator, Unit Electrician, and Shift Leader. Data
from 16 operator teams’ interaction have been collected. Each
team had to follow the same scenario, however, the operator’s
reaction may have led to some slight differences. Choosing the
simulation, we took into consideration that the scenario had to
be oriented toward communication: in this way, all team mem-
bers had to be involved in solving the control task. Possessing
complementary knowledge they had to share information with
each other to manage the problems occurring during the simu-

lated malfunctions.

In order to provide a complete picture of simulation the sce-
nario will be described briefly (“Failure of one turbine unit”):
according to the annual schedule used by instructors, a live
switchover test needs to be performed, while an unjustified op-
eration of the turbine protection occurs resulting in the failure
of one turbine unit. The failure of the equipment is followed by
the malfunction of the primary circuit pressure control, creating
a condition that also needs to be managed. The mean duration
of scenario is about 35 minutes. The scenario was divided by
the instructors into 4 phases having in centre the representatives
of the four main fields (electrical, turbine, reactor and shift su-
pervisor).

6.1 Performance evaluation

The performance scores were made by the instructors’ evalua-
tion, both at individual and collective levels. The individual per-
formance was based on the evaluation how the role related tasks
were accomplished, using the 3-point Likert scale (1 — poor, 2
— medium, 3 — excellent). The team performance was assessed
by the instructors’ impression about the teams’ efficiency under
the different phases of the scenario using the same 3-point Lik-
ert scale. Based on the assessments of expert instructors the data
can be considered reliable.

Eliciting data from performance assessments we developed
four team performance categories:

1 Excellent team: the whole team performance was evaluated
excellent, through all the phases of the scenario (No. = 4
teams).

2 Medium team: the team performance is medium continuously
through all the phases of the scenario (No. = 5 teams).

3 Unbalanced team: the team performance was varying from
excellent to poor through the scenario (No. = 3 teams).

4 Poor team: the team performance was evaluated steadily as
poor through the complete scenario (No. = 4 teams).

Video records of operators’ activity during the selected sce-
nario have been also used for collecting and analyzing data. In
order to keep the operators’ real life behaviour the instructor
informed them at the beginning of the simulator study about
video recordings during the ongoing training session, but they
did not know exactly which of the programmed scenarios would
be videotaped. Video recordings were made with the operators’
joint consent.

All the recorded conversation of the operators was transcribed
in chronological order, identifying the operators’ verbal utter-
ances. Difficulties occurred in transcribing videotapes due to
communication density during some period of the interaction,
much simultaneous conversation flow between members, ad-
ditionally we had to face with a noisy control room environ-
ment. For all these reasons we have few blind points in the tran-
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scribed videotapes, where the speaker of some utterances cannot
be identified properly.

6.2 Communication analyses:

In our study we aimed to capture some relevant task specific
content static and sequential analyses of NPP team’s commu-
nication. In order to capture the most relevant content static
aspect of team communication some task specific communica-
tion dimension have been developed expanding and specifying
the communication dimensions used in similar environments
(Conversation Analysis by Sacks, H., [28]; Speech Act Type-
inventory for the Analyses of Cockpit Communication, STACK
by Diegritz and Fiirst, [8], Kritka, M. 2001 [21]], In: Dietrich,
R., Childress, T. M., [7]). The final major communication di-
mensions were the following groups:

e Information collecting question: The aim of the question is
information acquisition, for example asking about certain in-
dicators or resources. This can be formulated in the following
two ways:

— Open Question Information: The question is addressed in
order to complete the proposition with certain information,
therefore it is likely to receive a long answer. It usually
starts with words like what, when, who, etc.

— Closed Question Information: The aim of this question is
verification, to judge the truth of a position; therefore the
answer is expressed with either a single word (yes, or no) or
a short phrase. For example “Can we start the program?”

e Information Providing: the team members inform each other
about some relevant aspect of the mission related to human
or technical indicators. This may be grouped into three cate-
gories according to the time focus:

— Information Providing Past: The speaker informs the ad-
dressee about technological information, certain indicators
that happened in the past, or about the crew’s past status,
personnel resources in the past.

— Information Providing Present: The speaker informs the
addressee about some actual, present technological infor-
mation, certain indicators, or about the crew’s present sta-
tus, personnel resources.

— Information Providing Future: The speaker informs the
addressee about some technological information that may
change in the future, foretells about certain indicators, or
about his intentions and future actions.

o Affirmation: It is the manifestation of two-way communica-
tions. It may be formulated in two ways:

— Simple Affirmation: Answers to yes/no question or com-
mands. For example affirmations, acknowledgements, ac-

¢

ceptances, answer such as ‘yes’, ‘no’, ‘ok’, ‘good’.
— Affirmation with Information: A feedback, reinforcement
on a status report or information, or command completed

with additional information.

The team communication sequential analyses focused on the co-
herence analyses. The anchored point of the coherence analyses
was the new thought (that can be a question, information, etc.)
initiated by one of the team members. The main condition of the
coherent conversation is the turn-taking, taking up this thought,
the interlocutor develops a new question, information or com-
mand related to the previous information. Otherwise, if an initi-
ated thought is not taken up by any of the team members, it will
be considered as a thought without turn taking.

All the communication utterances may be related to the task,
suggesting that the conversation is focused on the actual task. In
the case the team members’ attention is not focused on the task,
their conversation will contain non-task related thoughts.

Results

The results shown in Fig. [2] indicate that as the team perfor-
mance increases the frequency of open information collecting
questions decreases (F = 4.690, p < 0.05). However, there
was no significant relationship between the use of closed in-
formation questions and team performance, the same result has
been found for open questions in both individual and team level
analyses. Our first hypothesis is only partially supported by this
statistics. Lower performing teams were engaged in more in-
formation collection activities, used open questions more fre-
quently.

25,00

20,00

15,00

10,00

Mean of Open Information Question

5,00

T T T T
poor average unbalanced excellent

Team performance

Fig. 2. The mean frequency of Open Information Question according to the

team performance

The use of open questions suggests that the transmitter needs
to find out more details to develop a clear picture of the situa-
tions, or about the task, team member’s activity. This question
makes the other person think, forcing to give a longer answer.
Conceivably the good performing teams do not need to use open
questions, as they hold the relevant information about the sit-
uation, task, they just need to receive an affirmation to make
sure their view of the situation, to conclude the discussion be-
fore making a decision. This in turn suggests a more established
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professional knowledge, possessing/holding the necessary infor-
mation to resolve the acute problems.

Table 2] describes the frequency of information providing ut-
terances focused on past, present of future according to the dif-
ferent level of team performance. The results indicate that ex-
cellent performing teams focus on the present during their infor-
mation providing activity, also project the environmental cues to
the future and orient least of all about the past. Hyphotesis 2 was
partially supported, as the results show a significant relationship
in the case of information providing utterances about the past
(F = 4779 p < 0.05) and present (F = 7.109 p = 0.005),
but not in the case of information providing about the future
(F = 1.337, p > 0.05). However, the results confirm our as-
sumption as we may observe form the Fig.|3|a tendency of poor
performing teams using less, excellent teams using more future
oriented information.

Focusing closely on the best, poor and unbalanced perform-
ing teams (Fig. [3) we may describe a general tendency to focus
on the present, and less orientate about the past and future; at
the same time there is a significant difference between the use
of these communication dimension among teams with different
performance. The results suggest that excellent teams succeed
to perceive the environmental elements in the present, also to
project the elements of the present status in the near future. Fur-
thermore the excellent teams — compared to the other teams —

focused least on the past. The unbalanced teams provide most
frequently information about the past, present as well as about
the future. The poor teams’ information flow contains more in-
formation about past events, than excellent performing teams’
communication, and less information about the presently ongo-
ing events and about the future.

Hypothesis 3 predicts that higher performing teams would en-
gage in more affirmation utterances, furthermore they use more
simple affirmations than low performing teams, where team
members engage in more affirmation with information. Fig. 4]
shows that all teams use more simple affirmations, however, the
excellent teams use more simple confirmations frequently and
fewer affirmations with information. Although the differences
are not significant, the results can be regarded as a tendency that
characterizes excellent performing teams using more simple af-
firmations and less affirmation with information.

Finally Hypothesis 4, concerned with the relationship be-
tween coherence of information flow and team performance,
was partially supported. Comparing the coherence indicators
of two excellently and two poorly performing teams’ dialogue,
it has been explored that the poor teams’ conversations include
5.506,
p < 0.05), and fewer thoughts with turn-taking (t = 4.069,p =
0.05) (Fig.[3). The result indicates an ======= more thoughts
without turn-taking (¢ = 5.506, p < 0.05), and fewer thoughts

«««< .mine more thoughts without turn-taking (t =
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Tab. 2. The frequency of usage of providing information communication dimension about past, present, or future according to the team performance

Communication dimensions

The communication dimension frequency according to the team performance

Significance

The most frequent Frequent Less frequent The most rarely
Information Past Unbalanced Poor Average Excellent F=4779 p <0.05
F =4779 p <0.05
Information Present Unbalanced Excellent Poor Average F =7.109 p = 0.005
=======F = 7.109 p =
0.005
Information Future Unbalanced Excellent Poor Average F =1.337 p > 0.05
======= F = 1337 p >
0.05
with turn-taking (r = 4.069, p = 0.05) (Fig.[5). The result in- 7 Discussion

dicates an »»»> .r1735 incomplete flow of information and less
common ground between the poor team members. The excel-
lent teams’ dialogical conversations can be smoothly and tightly
integrated, indicating coherence. In contrast, the poor perform-
ing teams’ flows of conversation are loosely connected implying
incoherence.

Furthermore as shown in Fig. [6] the poor performing teams
use more phrases, thoughts not closely task- or problem related
because of their less focus to problem, task.

m Thoughts
without turn|
taking %

@ Thoughts
with turn
taking %

Excellent1 Excellent2 Poor1 Poor2

Team performance

Fig. 5. The percentage of thoughts with and without turn-taking according
to team performance

Task related

= thought
Not task related
thought

Team performance

excellent poor

Fig. 6. The percentage of not task related and task related thoughts accord-

ing to team performance

Our research aim was to examine some characteristics of
team communication related to team cognition and performance.
Some specific task oriented communicative utterances proved to
be crucial factors in the team processes that create and modify
the common ground, namely team cognition.

In this sense, we endeavoured to capture the aspects of team
processes, specifically communication that leads to the estab-
lishment of efficient team cognition underlying the productive
team performance. To establish team cognition it is important
how the team members collect, transfer, distribute information
between each other.

The results have revealed that the excellent performing teams
use fewer open information collecting questions than the low
performing teams. The frequent use of open questions was as-
sociated with low performance, suggesting that when lower per-
forming teams word their questions they have less information,
knowledge about the environmental cues, so they formulate the
question in a less complete form. In turn the good perform-
ing teams do not use open information questions so frequently,
since they have a more stable professional knowledge about the
ongoing events, being able to face the challenging of situation.
However, it is necessary to emphasize the usefulness of open
questions in establishing team cognition, but only during low
workload, when the cognitive resources are not overloaded, so
postulating an open question will not lead to any negative con-
sequences. In this way effective communication that helps to
establish team cognition, and improve performance includes the
ability to apply simple and succinct vocabulary. This is also
supported by the high performing teams’ tendency (however
not a significant result) of using more simple affirmations, and
fewer affirmations with additional information, conversely with
the low performing teams, where team members exchange more
affirmation with information. The result indicates the need for
a clear information change that helps to establish accurate team
cognition, instead of creating an interference with additional,
not so relevant, information.

Furthermore our analyses confirm that most of the team’s
communication is focused on the status, attributes, and dynam-
ics of relevant actual elements, which could be the basis for the
established awareness of their current status. Additionally for
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the efficient communication it is also important to involve in the
projection of future actions, to extrapolate the ongoing infor-
mation forward in time, to determine how it will affect present
states of the operational environment the future. If the team fails
to focus on the relevant present information, and mainly focus
on the past, this could inhibit the team to capture the relevant in-
formation from the present, failing to develop a comprehensive
picture of the current environment. In this way it becomes more
emphasised the need to develop an established, focused commu-
nication process that supports the creation of team cognition, fo-
cusing on the relevant environmental cues from the present, and
use this information to project future situations in accordance
with the team’s goal.

Finally, the coherent information flow between team mem-
bers proved to be an efficient communication strategy to at-
tain high performance. Coherent communication means that the
team members are aware of the information distributed by oth-
ers, and react to the received information (either with a simple
affirmation, or with a question, or providing additional informa-
tion), creating a semantic connection in the information sharing
activity. In this way coherent communication is one of the key
elements of the effective establishment or modification, fine tun-
ing of accurate and complete team cognition. The conceptual
chain in the conversation helps the team to focus and maintain
the attention on the exchange of information, avoiding the loss
of relevant information.

Our current work aims to explore and determine team perfor-
mance differences based on communicational aspects of team
cognition. As we emphasize the role of team processes be-
haviours, especially communication in establishing and modi-
fying team cognition, a holistic view of team cognition is ap-
plied. In our view team knowledge emerges from the dynamic
interaction of team members, transferring, distributing and shar-
ing information, individual knowledge through team processes.
Thus the study considers some specific content static and se-
quential aspects of communication that could be directly linked
to establishing team knowledge, such as using open and close
information questions, affirmations, information provision, and
coherence of information flow.

Team members need to integrate their long term specific pro-
fessional knowledge (mental model) and transient understand-
ing of the situation (situation awareness) in order to success-
fully run a technologically complex system. The major indis-
pensable criterion of efficient knowledge integration is the task
oriented coherent information flow. Future research should fo-
cus on deeper sequential analyses, revealing the characteristics
of coherent communication.

The results of the present study may be used as a direction for
teams where the distribution, exchange of information is crucial
for joint actions; even so it is difficult to generalize to all team-
work, as long as the present results are based on the analyses
of teamwork in simulation environment following a particular

scenario.

Our results may have some important training application in
developing interventions, particularly under live circumstances
such as simulation environments by focusing on, providing feed-
back related to some specific aspects of team communication.
The use of effectively formulated information collection utter-
ances, the development of a well established effective commu-
nication strategy that focuses on the ongoing events and pro-
jecting the environmental cues to future situations, affirming the
received information could all help the team to build, modify
accurate team knowledge at a holistic level and to improve team
performance.

A potential problem with this approach is that it focuses on
one aspect of team cognition, underlying one of the team pro-
cesses: communication. Thus future work should go beyond
communication, studying other team processes, such as coor-
dination, decision making, and also capturing the professional
knowledge structures, mental model, or situational awareness at
both individual and team levels. Team cognition is a complex
multidimensional construct, accordingly measurement and im-
provement endeavours should involve multiple tools.
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