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ABSTRACT

The importance of enhancing group decision-making and involving different professionals
in decision-making process is a challenging issue in diverse disciplines, engineering,
medicine, and also biotechnology. Literature review highlights the basic needs of integrative
group decision-making. However, such an integrative group decision-making has not been
yet applied in biology and biotechnology areas of research. Using an appropriate decision-
making model will aid researchers in accurate experimental decision-making process. In this
regard, this study developed an integrative group decision-making model called
“Grounded-Group Decision Making (GGDM)” model. The current body of knowledge in
group decision-making methods was investigated to understand shortcomings and
constrains faced by previous researchers. Accordingly, this study developed the GGDM
model which was specifically applied in biological self-healing concrete construction
process. As a case of application, the GGDM was applied to validate constructability of
diverse inoculation methods in biological self-healing concrete construction, including,
vascular network, encapsulation, silica gel, active carbon, and direct use. The GGDM model
was implemented within three (3) decision-making sessions. In conclusion, GGDM model
provided considerably more accurate, integrative, and consensus-value-based results in
validation of inoculation methods. In conclusion, “Adaptation” and “Benchmarking”
methods were the most suitable methods in biological self-healing concrete construction
process. Moreover, establishment of GGDM model will aid software development in
biological decision-making process design in future.

Keywords: Grounded group decision-making method; Decision-making in biotechnology;
Biological self-healing concrete
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1. Introduction

Conducting “Group Decision Making” process is a
critical issue in diverse disciplines, including, engi-
neering, medicine, sociology, and also, biotechnology.
The decision-makings performed in technological
innovations can be enhanced by better integration of
professionals’ inputs to any development process [1].
Wingreen and Levin [2] state the challenges in under-
standing integration and cooperation of professionals
into the decision-making process and how it becomes
firmed over evolutionary procedure is at the core of
understanding biology. It is critical to understand how
professionals may profit from collective decision-mak-
ing [2]. In this regard, Gupta et al. [3] express that
technological advances for scientific detection in
decision-making methods and models need to be
supported effectively.

2. Literature review

Group decision-making is the root of scientific and
technological advances in different disciplines; albeit
in biology and biotechnology it has not been grown
sufficiently. Literature study was conducted to investi-
gate current body of knowledge in integrated group
decision-making. The context of current group
decision-making models may be referred to the
research initiated by Numi [4] who proposed “Collec-
tive Decision Making” approach to improve abilities
of group decision-making methods. Numi [4]
enhanced predictive accuracy of solution concepts
regarding “Collective Decision Making” theory. Kim
and Ahn [5] preceded it with the aim of solving the
problem of incomplete information of multiple deci-
sion-makers, and then proposed “Interactive Group
Decision Making”. Moreover, Gass and Rapcsak [6]
proposed the “Expert Group Aggregation” to appoint
voting powers of participates in decision-making pro-
cess. Kilgour [7] and [8] developed the “Coalition
Analysis” method which coordinates decision-makers’
actions. Tanino [9], Van Den Honert [10], Chwolka
and Raith [11], Xu [12], and Cho et al. [13] state that
expert integrative decision-making studies can be
improved by considering “preference”, and they
developed, the “Preference Ordering”, “Group Prefer-
ence Aggregation”, and “Preference Relations”.
Beynon [14] and [15] enhanced the issue by proposing
“Aggregation and non-equivalent importance of indi-
vidual members” and “Inter-Group Alliances”.
Recently, P´erez et al. [16] and [17] developed a
dynamic and heterogeneous method to incorporate
both selection and consensus processes. In that base,
Ma et al. [18] developed the issue based on subjective

preference information and objective decision matrix
regarding “Multiple Person” approach in group deci-
sion-making. More recently, Bulut et al. [19] enhanced
this issue to the “Expert Prioritization” which deals
with the lack of consistency control. He used identical
decision support rather than weighted expert choices,
and lack of measurable criteria. There are some other
efforts in the automated decision-making called
“group decision making problems” as stated by Lu
et al. [20]. In this case, decision-maker’s degree of
coefficients can be calculated to enhance the final
decision [21].

In biology and biotechnology areas of research,
there are few decision-making methods developed by
researchers for a variety of purposes. For example,
Gelfand [22] developed the Russian Foundation for
Basic Research (RFBR) as a decision-making system
for funding management by agencies. He claims that
currently RFBR cannot fulfill adequately agencies’
management requirements. Moreover, Lemaire et al.
[1] developed the Local Monitoring Committee (LMC)
decision-making system for broad numbers of
stakeholders. Lemaire et al. [1] state LMC opts for
circulation of the minutes of experts meetings, and
also issuing progress reports on its collective activities
to decision-makers.

3. Problems with current decision-making methods

According to this literature study, the researchers
developed different group decision-making methods
in order to address various issues. Regarding
literature review, some highlighted issues in group
decision-making process are; predictive accuracy of
solutions, preference ordering, geometric mean aggre-
gation, non-equivalent importance, and voting power
of participants, group preferences, coordinate actions
of decision-makers, inconsistency in judgments, and
ranking solution alternatives. Understanding difficul-
ties and shortcoming of existing group decision-
making methods encouraged authors to come up with
a new method. The shortcomings of existing group
decision-making methods are clustered into two
main categories; (A) logistical shortcoming, and (B)
technical shortcomings. The following outlines the
sub-categories of each category;

(A) Logistical shortcoming:
(A-1) Difficulty in arranging specific time with

different participants.
(A-2) Cost of invitation and managing the sessions.

(B) Technical shortcomings:
(B-1) Difficulties associated with “special skill and

ability” of participants.
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(B-2) Difficulty in attaining a consensus where the
number of participants is high.

(B-3) Difficulty in approaching the discussion in
the way that participants agree with the right
conclusion, not creating a crisis situation.

(B-4) Difficulty to come up with a sound
conclusion where different participants have different
viewpoints.

4. Grounded group decision making (GGDM) model

In the process of group decision-making, two
preliminary contexts are foreseen: (i) in “Structured
problem” cases, there is lesser need to conduct group
decision-making, and the decision-maker(s) may judge
by default. For “non-structured problem” or “creative
problem solving” cases the need to conduct a group
decision-making is relevant and decision-makers may
use specific Group Decision Support System (GDSS)
(Klimešová and Brožová [23], (ii) in the decision-
making process, there is a “responsible” decision-
maker who will come up with the final decision based
on observed judgment of decision-makers. This
responsible decision-maker in GGDM called “GGDM
researcher”. Thus, “GGDM researcher” will record the
decision process and analyze the decision results.

As mentioned before, “Delphi” can be used in
close group discussions (CGD) to conduct “voting”,
“discussion on devoted”, and “next round” procedure.
Based on Delphi, the agreement in discussion can be
concluded if there is more than 70% agreement on the
issue. The GGDM model is suitable if decision-makers
in CGDs asked for another CGD round by other
“resource relevant to the issue” (other appointed deci-
sion-maker(s)). Thus, this study used GGDM as
method of data analysis approach. GGDM provides
numbers of condition and sub-conditions that should
be considered in any case of group decision-making,
where there is a need for several CGDs. The GGDM
model defines that three conditions may result from
each CGD session as follows (Fig. 1);

Condition a: Decision-maker(s) make the decision, if
decision-maker(s) know relevant information about a
specific part or about the whole issue.

Condition a.1: The decision-maker(s) may select a
suitable person to be considered as “resource(s)
relevant to the issue” to contribute to a specific part or
whole of the issue in another session of CGD.

Condition a.2: The decision-maker(s) may want to
know the judgment of the “resource(s) relevant to the
issue” before making their decision. Decision-maker(s)
may discuss together in a meeting or other modes of
communication to make the decision. The decision-
maker(s) may choose the decision process of the
“resource relevant to the issue” or may make a
judgment which is considered as in between of
themselves and their decisions.

Condition b: Decision-maker(s) do not make the
decision. If decision-maker(s’) knowledge is not
relevant in a specific part or whole issue.

Condition b.1: Decision-maker(s) may choose or
recommend another “resource(s) relevant to the
issue” as decision-maker(s) in the similar discipline
to judge conclusively instead of another session of
CGD.

Condition b.2: Decision-maker(s) may ask for recon-
sideration on an issue if during the CGD session the
understanding about the issue may have improved
according to the observation and intuition of the
“Decision Researcher” (“Decision researcher” is
referred to researcher in this study).

Condition c: Decision researcher will make
concluding decision. If in the most recent CGD
decision-maker(s), all, made decision without opening
any condition including a.1, a.2, b, b.1, and b.2.

Fig. 1 illustrates the GGDM model in the adapted
process of decision-making and various conditions.
The GGDM provided the mathematical modeling of
directions applied to conditions resulted from each
CGD as follow;

Direction “a”: Decision to be made including
response of in the most recent CGD session.

Concluding Decision 

In the case of 
condition 1.1

In the case of 
condition 2.1

In the case of 
condition 1.2

In the case of 
condition 2.1

To conduct Close Group Discussion

c

a.

a.2

1.b

b.2

In the case of 
condition 3

Establishing the Issue

To identify resource(s) relevant to the issue

b a 

Fig. 1. Grounded group decision making (GGDM) model.
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Direction “a.1”: Decision to be made based on
considering response of decision-maker(s) to the issue,
and resource(s) relevant to the issue, which one is
less.

Direction “a.2”: Decision to be made considering
absolute response in the following CGD sessions
(another round of Delphi).

Direction “b”: Decision to be made considering
absolute response of in the following CGD sessions.

Direction “b.1”: Decision to be made based on
considering absolute response of the resource(s)
relevant to the issue introduced by decision-maker(s).

Direction “b.2”: Decision to be made considering
CGD sessions value (SV) considered by the decision
researcher.

Direction “c”: Concluding decision to be made
based on GGDM concluding formula.

The GGDM formula, named as FW(ai) is to calcu-
late final weight (FW) of sub-issue number i, (ai), of
discussion.

FWðaiÞ ¼
Xn
j¼ 2

minfWPj;W Pr
j
g � SVj

� �0
@

1
A� ai;

i ¼ 1; 2; 3; . . .;m

(1)

where WPj is assigned weight by participants number
j in CGD for sub-issue ai, W Prj is assigned weight by
resource(s) relevant to the issue, whom introduced by
participants number j in CGD for sub-issue ai, ai is a
sub-issue of discussion, Max (FW(a)) is maximum
possible weight can be given for one sub-issue, and
SVj refers to CGD SV considered by the decision
researcher which the CGD session included
participant number “j”.

In the cases where participant(s) did not intro-
duced resource(s) relevant to the issue, min {WPj,W Prj}
where taken as WPj. Furthermore, participant(s) in the
cases participant(s) did not vote and left the absolute
decision for introduced resource(s) relevant to the
issue min {WPj, W Prj}taken asW Prj. Eq. (2) indicates
the consensus calculation in GGDM model for sub-
issue ai based on percentage (%). If the final consensus
calculated more than 70%, the alternative is selected
and that issue is approved.

FWðaiÞ=MaxðFWðaÞÞ ¼ Consensus in % (2)

5. GGDM model application in biological
self-healing concrete development

Biological self-healing cementitious materials are
defined as the ability of a cementitious material to

repair damage automatically or autonomously by
micro-organisms. Currently, the civil engineering
researchers in biological self-healing concrete are chal-
lenging with finding the appropriate micro-organism
sources for their purposes. The researchers attempt to
build the biological self-healing concrete which has
higher strength, durability, permeability, and remedia-
tion qualities in comparison with traditional concrete.
In this regard, they are looking for the most appropri-
ate micro-organism sources to build biological
self-healing concrete. To date, four methods have been
developed to find a suitable micro-organism source,
including, isolation, adaptation, DNA (Deoxyribonu-
cleic acid) cloning, and benchmarking [24].

Briefly, the ‘isolation” method aids to isolate a
targeted micro-organism in pure living cultures and
then studied in laboratory experiments. The “adapta-
tion” method is a trait with a current functional role
in the life history of a micro-organism that is
maintained and evolved by means of natural selection.
The “DNA cloning” method allows discrimination of
strains that are indistinguishable based on biochemical
or serological tests. The “benchmarking” method
allows to rationally select the adequate method or
combination of methods for the specific kind of
investigations or specific information.

This study implemented the GGDM model in
finding an appropriate micro-organism sourcing for
biological self-healing concrete development. The
following section explains method of data collection,
survey instrument design, sampling, managing the
respondent, and GGDM application for data analysis
of the pilot study.

5.1. Data collection

A field expert Delphi structured CGD used as the
method of data collection. A structured fixed-format
self-reporting decision-making form was prepared to
be filled up by decision-makers. Stangor [25] states
Likert scaling, and semantic differential both are well-
known to capture someone perception, or opinion, on
an under testing issue. Thus, the study used five-point
Likert and semantic differential rating scale methods.
In five-point rating scale, one refers to “Weak” to five
refers to “Excellent”. The study collected respondent
(s) perception based on the instruction in “determin-
ing the suitability of methods of microorganism sourc-
ing in biological self-healing concrete development”
(Table 1). Totally, seven experts involved in the CGD.
Data collection process was conducted in three group
decision-making sessions. In each decision-making
process, firstly, the researcher recorded the general
information about the respondent(s). Next, the
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researcher briefed the aim of discussion and defined
the terminologies used in. The researcher filled up the
form based on expert’s explanations and justifications,
and then confirmed the written responses with them.
In final stage, GGDM researcher asked for cross-
vote-weighting of decision-makers to each other. After
the three group decision-making sessions, GGDM
researcher weighted each SV subject to reliability of
final issue of decision-making to the discussed issue is
decision-making session (Table 1).

5.2. Data analysis

To analyze the collected data, the research used
the Grounded Group Decision Making (GGDM)
method. According to GGDM results, suitability
validation on methods of micro-organism sourcing,
“Isolation” and “Benchmarking” methods of micro-
organism sourcing suitable for biological self-healing
concrete development have been determined by 70%
saturation regarding experts’ justifications and consen-
sus (Table 1). The results align with constructability
issues related to biological self-healing concrete.

The research found the results and analysis of
GGDM with much more less logistical and technical
difficulties. In comparison with traditional group
decision-making methods, the results of the GGDM
model are much more reliable and integrative. To sum
up, the mathematical modeling of GGDM model was
found to be more trustable and applicable. In
implementing GGDM method, the mathematical
model may vary case by case. This issue is needed to
be developed further in future studies.

6. Conclusion

The GGDM model provides considerably more
accurate, integrative, and consensus-value-based
results by a systematic group decision-making process.
In the systematic decision-making process, GGDM
model validates the methods of micro-organism sourc-
ing based on weight assigned by participants within
three sessions of Delphi. This approach has specific
advantages as compared to the difficulties faced in
traditional group decision-making methods. The
GGDM approved the Adaptation and Benchmarking
items based on consensus rate of more than 70%. The
GGDM model has a great potential to be enhanced as
software in biological decision-making process design.
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