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ABSTRACT

This study is conducted to develop a collaborative visualization framework in the cross-field working group.
The goal of this project is to provide a proper framework that can be used to develop a platform to allow
collaborative visualization to be implemented inter-disciplinary groups, in two different settings: university
students and research groups in research and development companies and institutions. The study begins with
preliminary works to define the collaborative visualization published in the previous research. It focuses on
the factors to develop an effective collaborative working environment through visualization and shared
understanding among the staff/users from inter-disciplinary backgrounds. In addition, this study also
investigates the interaction between human cognition, collaborative factors, and ICT attributes of
visualization in developing an efficient working group to achieve common goals and objectives. To conclude,
the framework will be tested to validate its possible contributions to the targeted collaborative working
groups. The study is hoped to contribute to the identification of factors that connect the application of
collaborative assisted tools in visualization with the development of human cognition and shared
understanding towards achieving efficiency especially in a multi-disciplinary working environment.

Keywords: Cross-Field Working Group, Collaboration Visualization, Human Cognition, Structural

Equation Modelling, Smart-Pls

1. INTRODUCTION

Collaboration is deemed to be one of the
essential factors that will lead to the success of the
business, as well as to improve operational
efficiency. That is one of the reasons why most
industries have now begun to realize the importance
of nurturing the culture of collaboration to stay
relevant in the market. Taking example of oil and gas
industry (which was hit by a major economic
recession since 2015); 95% of the operators in the
industry agreed that collaboration has been an
integral part of their day-to-day business ['l. This
figure shows a major improvement towards the
acceptance of collaboration among the operators,
rather than the last recorded figures for the previous
two years; 86% in 2016 and 74% 2015.

The concept of bringing together people from
different sets of skills and expertise to achieve a
common objective might sound feasible; but this
process is doubted to be much harder as it sounds.
Together with the rapid development of technology

assisted tools in business and commercial sectors,
collaboration is thought to be the most sought-after
mechanisms to ones that involve directly in the
decision-making process, project management as
well as business operations. This however comes
with a whole new set of different challenges (that
may hinder, or limit collaboration in a cross-field
work group): (1) conflicting goals — a person from
sales department might or might not have the same
aspiration, motivation, and goal than his/her other
counterparts in operations or logistics department.
(2) lack of understanding on coworkers’ roles,
responsibilities, and terminologies — the word
‘volume’ is easily misinterpreted as it carries two
different meanings in sales (sales volume counted as
quantity), and in production (calculated in matrix
like liters or ounces). (3) Unaware of coworkers’
works and contributions, and the mindset of working
together is too time consuming.

Effective communication is essential to
establish a cohesive understanding in a cross-field
working structure. Moreover, effective
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communication is also important to facilitate fast
decision-making, thus improving productivity [,
Traditional types of communication (physical
communication) like those that involve listening,
talking, and writing could no longer carry the needs
of collaboration like mentioned above. Visualization
is thought to be one of the most suitable tools to be
added on top of the traditional communication and
believed to be a better way to promote proper
understanding among the team members despite the
disparities in ideas and vocabulary used in multiple
domains and sub-divisions.

This has brought us to the ideation of this study,
which is to understand the relationship between
visualization and collaboration and how can the
elements of media used in visualization could help in
improving the effectiveness of collaboration in a
cross-field/cross-functional working group
/environment.

2. LITERATURE REVIEW

According to Bl visualization is a set of image
representation that is used to convey complicated
ideas clearly, precisely, and efficiently. Besides that,
it also possesses certain kinds of mechanisms to
allow knowledge and information sharing in more
impactful but simpler way [. Collaborative
visualization is another  sub-discipline of
visualization which uses computer-supported visual
representations to establish  inter-disciplinary
communications that allow people for different
backgrounds to work together, share, sort and find
information to achieve a common goal B,

The merger between the ideas of collaboration
and visualization promotes several techniques and
approaches to connect human cognitive skills of
analysis and computer technology.

2.1 Cross-field Collaboration

Based on research conducted by [ the
involvement of employees and managers in
collaborative activities pertaining to their roles and
functionalities has increased by 50% in these past
two decades. This figure has shown organizations
and companies’ seriousness in embracing the
collaborative endeavors especially in breaking the
wall of conventional hierarchical business practice,
which involved series of decision-making
procedures into a long chain of operational process.

Most of the organizations that opted to this
conventional working practice usually divide their
operational process into smaller divisions; that will
carry out specific roles and functionalities. Each of
these divisions will then work independently to
complete their part and then hand over the activity to
the next division driven by the series of long
decision-making procedures.

To counter the flaw of this traditional method,
cross-field collaboration (also known as cross-
function collaboration) has been introduced by
fostering the idea of bringing together array of
specialists that were once separated according to
their roles and functionalities, into one group, which
thru it they can jointly work, think, and develop new
ideas and solutions in conjunction with the
organization’s operational process. Besides that,
cross-field collaboration is also thought to be one of
the most relevant mechanisms that could help in
reducing the likelihood of rework, redundancy, and
other unnecessary activities; that usually causes
delays in the process of transferring knowledge and
information as what has been implied thru the
conventional hierarchical methods [,

A paper published by ®! has also stated that
cross-field collaboration could have a major impact
in enhancing efficiency of a particular cross-field
working group, especially thru the processes that are
important in stimulating the motivation, self-
regulation, synergistic output, and confident level of
the group’s members.

2.2 Knowledge Integration Mechanism

A study by 1 has suggested that an organization
that wishes to adopt cross-field collaboration
practice in their operation must first develop a
refined structure mechanism, in order to address the
aforementioned  challenges and differences.
According to [1%, structure mechanism is necessary
for effectively integrating knowledge intensive work
like the one involved in multi-disciplinary works and
discussions. This supposition is basically made upon
research conducted by 'l which stresses on the
importance of structural mechanism reformation to
process multidisciplinary information due to
changing of environment and setting.

In this kind of structural mechanism, members
of cross-field collaborative working group are
benefited from the formal structural specification
setting created in the collaborative working group, to
stimulate member’s ability to coordinate their
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activities, thinking and practices in accordance with
their shared environment and common objective 121,

In simpler words, this mechanism emphasizes
how structural composition plays a role in shaping
the way the knowledge is integrated, thus resulting
in more synchronized work practices among
collaborative group members. This structural
mechanism is called knowledge integration
mechanisms and was initially pioneered by [,
which instigates the importance of any organization
to implement these mechanisms in their operation, to
embrace the overwhelming amounts of information
shared and later being produced, out of the
collaborative working environment.

According to the study by ), knowledge
integration mechanisms involve several formal
processes and structures that are essential in the
process of delivering, accepting, and synthesizing
different types of knowledge among group members.
These processes include a series of information-
sharing meetings and discussions to support
common understanding among the group members.
Through these activities, group members can also
contribute to the process of recombining intelligent
resources in such a way to help the organization to
exploit the knowledge for the sake of future
innovations and advancements.

2.3 Shared Mental Model

In overall, human cognitive system is said to be
contained of individual mental model, which is
responsible in organizing knowledge structures, that
are illustrated based on reality in accordance with
human’s capability in interpreting and interacting
with their surroundings 4. However, in a group
setting, every member’s mental model must be
integrated to project a single knowledge structure,
thus creating common understanding among them.
This has led us to the theory of shared mental model
that can be expressed based on two elements: task
and team mental models.

Based on earlier research related to mental
model, it could be deduced that mental model acts
like a “gatekeeper” that will guide an individual to
either process, or neglect the information based on
what they perceive in the world surrounding them
U151, The concept of the mental model has since been
applied in many sectors particularly business and
organization management, knowledge transfer
processes, human-technology interaction, and even

decision-making procedures. The coordination
between multiple mental models will then form what
is called the shared mental model. The shared mental
model is often regarded by previous researchers as
one of the most effective tools in promoting an
effective collaborative working practice among
group members, without the need of having too
much communication.

This is because, the theory of shared mental
model emphasizes in the process of creating similar
knowledge structure among the group members,
which is in reluctance of their personal perceptions,
and interpretations that they created in their
individual mental models. This theory is basically
acted as “binding mechanism” that will uphold
tightly the individual mental models and
subsequently provided a cognitive map on where and
how information and knowledge should be
organized to complete a similar task 116,

The shared mental model also comprises of two
different components which are, tasks mental model
and team mental model. Research by [ has
underlined that task mental model consists of task
content and equipment, while team mental model
consists of team content, and team interaction.

She then put it into simpler explanation as task
mental model is consistent with the idea that teams
need to perform activities related to the task (task
work) and team mental model reflects how well the
team works together (teamwork). Previous research
conducted by ['®] has also indicated that these two
components technically coexist even though
numerous researchers chose to separately treat these
components as a separate entity.

This is because '8 believed that the group
members should first develop task mental model, as
a sense of familiarization, and eventually forming
team mental model, once they are well understood
on their tasks, works, all other requirements that will
allow them work together as a team. This process is
undoubtedly will require some time as the process of
familiarization might take a little while to facilitate
more space for the group members to develop their
understanding before they can form their own
interpretations and perceptions to the task that they
were assigned to.

Once the group members abled to comprehend
these two components of shared mental model, they
can then transform the information that they have
mutually contributed into sets of meaningful models,
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thus increasing the efficiency of the group towards
achieving the same goal. Conclusively, shared
understanding that they have created out of the
implementation of shared mental model will
somehow hasten the exchange of meaningful
communication that is important in creating new
knowledge.

2.4 Collaborative Visualization

Visualization is deemed to be one of the
supporting tools that can provide a natural and
beneficial way to elicit difference in the perceptions
and interpretations that someone holds as part of
their individual mental model '), With a proper
techniques and approaches, visualization can
contribute to enhancing comprehension, memory,
thus facilitating the process of decision-making as
well as widening an opportunity for the group
members to further involved in the exploration of
new knowledge and analysis [,

By stimulating the process of expressing mental
models through visualization can postulate greater
degree of freedom to express concepts in ways that
the members aren’t usually be able to. This will
somehow help the members to gain confidence and
subsequently improve their willingness to contribute
towards a shared commonplace, as what the shared
mental model suggests. This is because, the pictorial
representations that consist in the visualization can
help in supporting the evidence that are somehow
more complicated to be deduced based on verbal
explanations.

The term collaborative visualization was first
expressed by [ as the “subset of CSCW
applications in which controls over parameters or
products of the scientific visualization process is
shared”. From this point of view, collaborative
visualization is developed as part of CSCW that
emphasizes  collaboration  with  interactive,
manipulable visualizations for the scientific
visualization community. This definition however
has been opposed by ) as they believed that the
definition is overly restricted by limiting the power
to control or manipulate the visualization only to the
scientific visualization community. For this reason,
they have proposed a broader definition of
collaborative visualization, that also considers the
elements of CSCW and by emphasizing on the
shared use of interactive visual representations and
information processing to help amplifying the

cognitive factors involve in the development of
collaborative visualization.

“Collaborative visualization is the shared use of computer supported, (interactive), visual
represeniations of data by more than one person with the common goal of coniribution io

Jjoint information processing activities.”

Figure 1: The general definition of collaborative
visualization drew by .

From the definition, it can be deduced that
collaborative visualization is a set of interactive
visual representations that would allow users
(regardless expertise and communities) to joint
viewing, interacting with, discussing, or interpreting
the representation. On the other hand, the term
“information processing” is used to acknowledge the
contributions of several theories related to cognition
which describes the situations of which users
belonged to different groups and expertise come
together to jointly think, provide, and discuss to
achieve one final consensus result or understanding
(221 Besides that, the broad definition of
collaborative visualization would also make
significant use of the groupware matrix developed
by 23 through a vague distinction between each
group or categories, that will allow any systems or
applications for collaborative visualizations to cross
boundaries and utilize both synchronous and
synchronous elements of the classifications.

SAME TIME DIFFERENT TIME
Synchronous Asynchronous
oo FACE TO FACE CONTINUOUS
e INTERACTION TASKS
L"‘l-_l S Discussion rooms, Team rooms, large
=S single display public display, shift
3 o groupware, shared work groupware,
table, wall displays, project management
roomware etc. etc.
wy
R REMOTE
ol & INTERACTIONS
'E E Video conferencing,
& S instant m ing,
&5 ' | chatsMUDs/Virtual
= worlds, multi-user
IS editors etc.

Figure 2: Time/Space Matrix proposed explaining
four major scenarios in collaborative work.

Space-time matrix of collaboration specifies a
couple of potential collaboration scenarios. Note that
a system does not have to fall exclusively inside one
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of the four categories, e.g., online visualization
websites where users can cooperate both in real-time
and asynchronously. Level of understanding
between people from various groups (cognition)
can’t be classified as sole indicator to determine the
performance or quality of a collaborative
visualization system; instead, other contributing
factors like levels of engagement between users and
the system must also be considered to provide a
broader perspective to the available visualization
approaches.

Once again, P! has contributed to defining a
proper categorization on how levels of engagement
could assist users to correlate between the
intervention of technology and computer-supported
system to the possibilities of creating new analysis
on the data or information that they shared using
collaborative representations. Levels of engagement
can properly be addressed through these three
categories:

Table 1: Level of Engagement

Level 1 | Viewing Visualization system that assists the users to view static or animated
visualization without proposing any interactive platforms that will
allow users to cngage with the system or annotate the represented
information. This level of engagement is commonly used in scenario
like classroom, lectures or mectings that involve only onc presenter to
teach or explain for his’her counterparts that belong to a larger group

of people. This kind of visualization might help in discussing or

Jested st ofiah
p setof

Level 2 | Interacting | Users from various scttings are given freedom or ability to choose and

and sclect alternative views of the data that can be uscd for personal or

Exploring llab di analysis and di For remote or

distributed scttings, several forms of communications arc implemented

lud: udio links.

in the system i chats, cmails or vid:
A face-to-face communication can also be done in collocated settings,

which is to discover and explore different and wider aspects of the data,

ing altcrnative interpretations among the users involved and to

discuss within a bigger context.

d contents arc i

Level 3 | Sharing [ At this level, user d into the system.

and Users arc given ability to create, upload, and share new datascts and

b

Creating | visualizations. This level of visualization is g more at
especially in catering larger group of people as well as to promote some

kind of awareness of which inputs and views from multiple partics is

highly regarded.

The combination of three major factors;
time/space dimension (groupware matrix), cognition
and level of engagement into a collaborative
visualization system will open more possibilities in
developing an advanced collaborative visualization
system. Besides that, 1 also explains that
collaborative visualizations must consider elements
of computer graphics, perception, software
development, interaction, cognitive and social
psychology, etc., to achieve the final goal.

2.5 Media Synchronicity Theory (MST

Media Synchronicity Theory (MST) has been used
to further elaborate the connection between human
cognition and visualization. A review wrote by [2¢]
emphasized the importance of Media Synchronicity
Theory (MST) in the development of visualization
system. MST comprises of five different principles,
that would reflect media richness and characteristics
in the process of creating shared understanding and
cognition among the audiences through visual
assistance.

Five principles of MST are: reprocessability,
transmission velocity, symbol sets, parallelism and
rehearsability. The diagram below shows the basic
concept of SMM in relation with MST:
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Figure 3: The initial model that shows the relation of
MST and SMM.

As was aforementioned in the introduction, this
study aims to solidify the foundation laid out in
previous research/studies that independently
investigated collaboration, knowledge integration
mechanisms, shared mental model as well as media
synchronization. This has left us with a gap to fill in,
which in a way is hoped to be beneficial for us to
explore on how could all of these elements are
related to each other, why some of them might or
might not necessarily be related to the whole
equation and what could be a possible impact if one
of them is enhanced or dropped from the whole
equation (situation), especially in facilitating
collaboration in the cross-field/ cross-functional
work groups or settings.
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3. METHODOLOGY

This study is designed based on quantitative research
method, which utilizes the usage of questionnaire,
tailored to test every construct (element), and
variables involved in testing the hypotheses used for
the study. The quantitative research method was
picked because of its nature, which stimulates
deductive reasoning that allows researchers to form
hypotheses, collect data and conduct analysis which
allows the hypotheses to be proven right or wrong.
In this study, a survey was conducted to establish a
correlational analysis between the variables used in
this study, to best verify the hypotheses that were
initially proposed in this study.

3.1 Research Methodology Framework

The framework was carefully lined out to direct
this research study to achieve its initial aims. Figure
2 depicts the breakdowns of the research
methodology adopted for this study.

To summarize, the methodology was laid across
four consecutive phases; background study and
research topic discovery, conceptual framework
development, questionnaire development and
deployment (data collection), data analysis
(validation of results) conducted via PLS-SEM
techniques and its evaluation.

n
=
=
z
=
’

" i
o Background 1! o Problem !

-
a . and theoretical | | Statements, 1

. studies |' Rescarch !
= Background Study  Defincresearch 1| Questions, :

topic, objectives
' and questions

Objectives,
Scope of Study.

2<

! o Theories

. ]
= Extomtoe i1 identification
literature i

~ Design Framework o 1 ® Factors |
Development ' ;";;":“;r: g influencing /
oy | collaboration .
& ' framework ||+ Proposed .
' ek ¢ 0 design A
v . SYSOpwER framework '
' ! '
| ! i !
p ¢ 5
;= Identify

relevant  topics

A and methods for

* Survey
instrument
* Data collected

Q

& Data Collection

* Engagement
with

respondents
* Data collection

< PHASE 3

Data Analysis & Evaluation

Figure 4: Research Methodology Framework.

Results analyzed and validated at the fourth
phase would later determine the relationship of each
of the variables/factors tested and would be the basis
for proposing the final framework to be presented at
the end of this research study. Each phase was
represented with its own deliverables, which would
also be the bases for the later phases.

3.2 Background Study and Research Topic
Discovery

Extensive literature study was conducted to
construct the problem statements from the research
gap found in the targeted field of study. It was
initially discovered that there wasn’t any research
study specifically investigated the connection
between a successful cross-field collaborative
working group, with any relatable theories that came
as the basis to create a visually assisted collaboration
tools (visualization tools) like dashboards etc.

Once identified, the formulation of research
objectives and the development of research
questions were carried out to strategically delineate
the research scope and boundary while feasibility of
completing the study within a given timeline.
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3.3 Conceptual Framework Development

A conceptual framework was developed by
conducting another round of literature review to
select the most suitable models proposed in past
research studies. At this stage, there are two major
components that will be highlighted in the
development of the framework, and they are
represented as below:

a) Visualization components that consist of
ICT or technological aspects or attributes
that will help in enhancing collaborative
working  environment and  group’s
efficiency.

b) Collaborative components that consist of
human or individual aspects that will
influence the collaboration and
subsequently group’s efficiency.

To comply with the aim of this study, the
integration between these two components (MST
and Collaborative Factors) was further extended to
include the process of creating shared mental model,
in the process of stimulating a common
understanding among the members of the
collaborative working group. This is an important
indicator to determine the success of any
collaborative working groups, especially of those
that consist of multi-disciplines members.

3.4 Questionnaire and Data
Collection

Development

The development of conceptual framework will
lead the study to phase 3, Questionnaire
Development and Data Collection. At this stage, the
identification of available research questionnaire is
conducted to be adapted during the execution of
phase 3. Besides that, as for survey sampling, the
process of identifying sample size and unit is also
being conducted to match the purpose of the study.
Engagement to targeted participants and respondents
prior to survey activities was also established to
ensure the smooth process during data collection.
This will also be part of the data collection
administration section in this phase.

The proposed targeted participants can be
grouped as two, the amateurs and the professionals.
The reason for dividing these participants into two
major groups is mainly due to the findings from 71,
281 and ['71 that stressed on the importance of
cognition maturity in determining the performance

of a team. Based on their study, it is found that group
members might take sometimes to develop a
collective understanding and action towards any
situational implications, as it is found that the
interaction between two types of shared mental
model (task and team) exist in a unique
representation that will result in a distinctive
consensus outcome. For this reason, the targeted
participants are grouped into two:

a) Amateurs

Consisted of undergraduate students from
Universiti Teknologi PETRONAS, who
was then involved in multi-disciplinary
projects, like Engineering and Technology
Project (ETP). This group of students were
regarded as amateur because of their
limited experience in engaging with cross-
field collaborative working group, thus
giving up the opportunity to create better
understanding on the process of developing
shared mental model in a less matured
cognitive environment.

b) Professionals

Consisted of group of people from various
background who have been working in a
cross-field collaborative working group for
some significant amount of time. The
targeted participants include members of
Exploration Research study Teams, in oil
and gas upstream sectors, as well as
research groups available in the university
that work in multi-disciplinary principles,
to achieve a common objective.

3.5 Evaluation

Evaluation of the design framework is done by
using Partial Least Square - Structural Equation
Modeling (PLS-SEM). SEM is well known as one of
the most hypothesis testing tools that has been
widely used to understand the concepts of ease of
use, user acceptance and even appropriateness of
technology. As for this research, this method is
thought to be suitable due to the nature of the
research itself, of which this research is conducted
based on exploratory research principle. As
explained in the previous steps of the methodology,
findings from the preliminary study had finally
resulted in the conceptual framework that sums up
most of the theories proposed by previous
researchers in their works.
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Developed by 2], PLS-SEM is designed as one
of two branches of SEM that focuses on the iterative
approach that maximizes the explained variance of
endogenous constructs. There are two main
characteristics of PLS-SEM that makes it adaptable
to the purpose of the research is the ability to validate
model based on small sample sizes and formatively
measured construct:

a) Small sample size

Sample size can affect several aspects of
SEM including parameter estimates, model
fit, and statistical power 3%, As compared
to another branch of SEM, Covariance-
based SEM (CB-SEM), PLS-SEM is more
useful and found to be more effective
towards much smaller sample sizes,
regardless the complexity of the models
that it is meant to test. According to a study
by B!, it can be deduced that PLS-SEM
shows greater levels of statistical power
and is able to practice better convergence
behavior rather than its peers.

Among the most popular indicators used as
a guideline to set the minimum sample size
for the usage of PLS-SEM are indicated as
below:

* Ten times the largest number of
formative indicators used to measure one
construct, or

* Ten times the largest number of inner
model paths directed at a particular
construct in the inner model.

Despite of smaller sample size and
more lenient requirement, Hair et al. (2014)
insisted that the technique must also be
treated as any other data analysis tools, of
which attention must be done on the sample
size, as it will have major influence on
model complexity and data characteristics.

b) Small sample size

One of the distinctive features of formative
indicators is the ability to represent
instances in which the indicators caused the
construct. This could be identified through
the way the arrows are pointed away from
indicators into the construct as what is
supposed to show in the model. PLS-SEM
has been recognized by previous research
as to be more relevant in determining the
effects of formative indicators rather than
CB-SEM B,

Research by B% have proposed a multi-stage
process in developing and accessing PLS-SEM. The
processes are generally divided into two parts,
namely, inner (structural) and outer (measurement)
models. Besides that, there are also other processes
like data collection and examination, model
estimation and finally, the evaluation of results.

3.5.1 Model Specification

This process involved the identification of the inner
and outer models. The inner model basically be
developed to highlight the relationships between
each construct. The outer model on the other hand is
responsible for evaluating the relationship between
indicator variables and the corresponding construct.
The most important thing while prior to constructing
these models is the creation of path model that
connects each variable and construct based on the
proposed theories.

a) Measurement Model (Outer Model)
Evaluation
The following step after model

specification is to run PLS-SEM algorithm
311, While measuring the reliability and
validity of the constructs, researchers need
to clearly underline the reflective and
formative measures that are involved in the
study (3%,
b) Structural Equation Model
Model) Evaluation
Once the outer model is tested on its
reliability and wvalidity, the process
proceeds with the evaluation of the
hypothesized relationships within the inner
model. At this stage, the assessment of
model’s quality is done by testing its ability
to predict the endogenous constructs. This
process is unique to PLS-SEM as CB-SEM
uses sample data to gain parameters that are
most suitable to predict the endogenous
constructs.

(Inner
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s

Constructing the measurement model

Assessing the measurement model validity

Model Evaluation

Specify structural model

STEP 2: SEM STEP 1: Measurement

Evaluation

Assessing structural model validity

Figure 5: The Partial Least Squares — Structural
Equation Modeling (PLS-SEM) Procedures

3.6 Documentation and Final Write-up

The last phase of the research study put into
focus the strategies to devise the conceptual
framework that was initially tested in the earlier
phases. A final framework was proposed with a
hope to best explain the relationship between Media
Synchronicity Theory (MST) and collaboration
factors in facilitating the workflow of cross-field
collaborative groups, especially in improving their
mutual understanding, and to achieve greater
productivity.

4. RESULTS AND DISCUSSION

To reach a common understanding as what the
shared mental model suggests, the use of appropriate
amount of both types of media (synchronous and
asynchronous) is essential to avoid cognitive
overload, that in the end preventing the process of
achieving common understanding 31, From these
justifications, the first hypothesis is drawn:"

H1: All the five attributes of ICT (elements of""
MST) have a significant relationship with the
process of developing shared mental model."

4.1 Human Factors as Collaborative Attribute

To explain the relationship  between
collaborative attributes and the development of
shared mental model in human shared cognition
perspective, an analysis from a study conducted by
(34 has been done. From their study, its understood
that a team is made up of individuals that are

engaged in shared tasks (task mental model) with a
common goal, and committed to a common purpose,
performance goals, and approach for which they
hold themselves mutually accountable. There are
three major components that should be listed under
human factors, that can be regarded as part of the
collaborative attribute: trust, roles and skills and
relationship."

H2: Human factors in the collaboration
attributes" "have significant relationship with
the process of" "developing shared mental
model."

4.2 Organizational Factors as Collaborative
Attribute

A study conducted by 3% has underlined a few
organizational behaviors that may hinder the process
of cross-field collaboration. Both team leader
authority and goal congruency are associated with
collaborative leadership, that should be formed in
the process of creating cross-field collaborative
group. This element of organizational factor is worth
highlighting in this study because of the fact the
proposed visualization framework is developed to
address the need of cross-field working groups. In
this kind of environment, leadership is thought to be
one of the most important elements in minimizing
the impact of technical disparities that possible be
occurred in a team.

H3: Organization factors in the collaboration”
attributes have significant relationship with
the" '"process of developing shared mental
model."

4.3 Shared Mental Model on Group’s
Effectiveness
In research by [ they have proposed a
relationship between the overlapping of both team
and task SMM that will lead to greater team
effectiveness. This somehow indicates a significant
or positive relationship between team shared
cognition and effectiveness. A proposition by 2] that
similar SMM research findings of face-to-face
settings can also be applied to the distributed and
virtual settings of which this research is focusing on.
Regardless of the collaborative setting, the same
tools of developing shared understanding are used,
which is through the development of both types of
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Shared Mental Models (SMM). And for this, another
hypothesis can be deduced, which is:"

H4: The convergence of both types of shared
mental” "model will have impact on team
effectiveness.

44

4.4 Proposed Theoretical Framework

Based on the explanations above, the research
framework is proposed as below:

\ HI

Shared Mental Mosel
Development

H4

Y H2 /

AT

]

H H
H
* |3

oraronncrors | |

Figure 6: The proposed theoretical framework."
4.5 PLS-SEM Result

Following the results from the questionnaire
sent out to two groups of respondents, amateur and
professionals, a model is created using SMART-
PLS. The structural model was created following
each construct representing the variables that were
tested in the model. In total initially there were 46
constructs that were tested, and summarized
according to codes e.g., TV, PS, TSK etc.

From the first-round test, the reliability and
validity tests were conducted by using SMART-
PLS. In this section there are three readings to be
considered, they are: Convergent Validity,
Discriminant Validity and Composite Reliability. In
Convergent Validity, one major statistical reading
that is going to be included is Average Variance
Extracted (AVE). It is important that AVE readings
for each construct to be above 0.5, for it to be
considered valid, for the model.

e

o

Figure 7: The structural model (post items
removal). Values indicated in the circle indicate the
AVE readings which are now above 0.5.

Initial reading of the model has identified
several constructs with lower than 0.5 AVE reading.
To mitigate this issue, low loading items need to be
eliminated/removed from the model, to help the
constructs achieve its validity reading. It is important
to note that 4/46 indicators have been removed from
the model, which is around 8.7% of the whole
indicators, significantly lower than 20% items
removal marked for the model to be considered
valid. To check reliability of the model, SMART-
PLS utilizes Composite Reliability readings versus
the traditional Cronbach’s Alpha readings
commonly used in SPSS. For the model to be
considered reliable, the minimum threshold reading
for composite reliability is 0.700, of which all the
constructs in the model have significantly passed.
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Figure 8 shows the table containing Composite
Reliability and AVE readings of the model.

For the following type of validity test, the model
was tested to get the values of Discriminant Validity.
For the constructs to be considered to pass the
Discriminant Validity test, the reading must not
exceed 0.85. Items are considered invalid due to
their overlapping behavior which could indirectly
indicate that the items could be used to measure
more than one constructs/variables.

TS

os:

Figure 9 shows the table containing Heterotrait-
Monotrait Ratio Discriminant Validity of the model.

From the readings, it could be indicated that
some of the items in the model have been
exemplifying “red” values — above than 0.85. The
way to solve this issue is by also using items removal
method, however too much items removal could also
affect the validity of the model. This is the issue
encountered in the model as of this time, as these DV
values will somehow impact the readings of our P-
Values, in the bootstrapping test later.

From the initial result of testing (until the point
when the paper was written), some constructs used
to determine the hypotheses in this study were
generally considered to be possessing significant
level of similarities — which somewhat affected the
way how one variable would reflect the change of
the other variable. It was initially proposed that the
usage of media assisted tools which contain several
elements of MST like Symbol Set and Rehearsablity
would positively influence the creation of Task
Mental Model, that subsequently impact the
common understanding among team members. From
the discriminant validity test conducted based on the
results of the questionnaire, it was statistically
deduced that these elements were deemed to be off
the same in nature, which the Smart-PLS couldn’t
identify the correlational basis that was supposed to

be made up in explaining the relationship between
these constructs.

In the research model used for the hypotheses
testing, Task and Team mental model were placed in
the same position, which both ways they were
written to be influenced by the other lower-ordered
constructs, and at the same time were also impacting
each other. The study also suggested that these
relationships between the two types of mental model
would somehow affect the common understanding
of team members, as a result to measure
effectiveness of the cross-field working groups.
This, however, was also challenged by the result of
the discriminant validity test, as again they were
deemed to be too significantly alike for them to have
had the causal-relational relationship proposed
earlier in the study.

From these results, the study would then need to
revisit the proposed model to look for the necessity
for it to be revised, for the constructs and variables
to pass the discriminant validity (DV) test. Once the
solutions are found, the evaluation of the model is
hoped to be completed within the expected time,
with a result that is more accurate, and could best
describe the relationship between the constructs, and
the hypotheses used in the study.

5. CONCLUSION

From the initial results presented in the earlier
section, the study could conclude that some of the
hypotheses were directly affirmative of what was
initially proposed by the previous literature.
Common understanding (which was used to measure
team’s effectiveness) was proven to be influenced by
the factors of collaboration (human and
organization) as well as the elements of Media
Synchronicity Theory (MST). This could somehow
tell us that, to create a proper visualization tool, to
support collaborative work environments in a cross-
field settings, the tool must’ve included these
elements (collaboration and MST).

This conclusion, however, couldn’t concisely
represent the complete result of this study, as some
of the constructs needed to be reviewed and tested
again. This conclusion also didn’t fully or
objectively answer the research question on what
and how these factors of collaboration and MST
impact the effectiveness of cross-field working
groups.

Upon completing this study later, a
collaborative visualization framework will be
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developed with a focus to provide a guideline to a
proper visualization system especially in promoting
collaborative working environment among cross-
field working group in both professional and
amateur settings.
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