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Abstract. Serious games together with the gamified and the game-based surveys (GBS), offer an engaging way to increase
citizens’ participation in urban planning projects. However, there is always the risk of untrustworthy participants, which
can decrease the overall reliability of the game-based research. Trustworthiness analysis is a highly challenging task since
the neuropsychology of the GBS respondents and the infinite amount of their possible in-game actions causes many un-
certainties in the data analysis. The novel MCDM approach PROMETHEE-mGgNN (PROMETHEE under m-generalised
g-neutrosophic numbers) is proposed in this paper as the solution to the described problem. Five criteria that might be
automatically calculated from the in-game data are proposed to construct the decision matrix to identify the untrustworthy
respondents. The game-based survey “Parkis” developed to assess the safety and attractiveness of the urban public park
“Missionary Garden” (Vilnius, Lithuania) is proposed as the case study of this research. By applying the proposed meth-
odology, we calculated the trustworthy index value and noticed that it is capable of detecting the behavioural tendencies
of the GBS players.
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data mining.

Introduction

Public space planning is a challenging process since the
different stakeholder groups are likely to have divergent or
even conflicting views on the same projects. Despite the
significant changes in the residents’ needs, urban planning
standards that were developed decades ago are still actively
applied. Traditionally, public space planning is formed by
the rules and procedures defined on the professional city
planners’ long-term experience. However, citizens do not
want to be observers anymore. They keen to be actively
involved in the decision-making affecting neighbouring
public spaces (Ampatzidou et al., 2018). Moreover, the
earlier in the project management decision-makers be-
come aware of the unsatisfactory decisions, the easier it
is to find the most suitable solutions for all the interested
groups (Irvin & Stansbury, 2004).

Public consultations and surveys are the most fre-
quently used methods allowing the decision-makers to
gain feedback on the construction projects. Public con-
sultation is an interactive and popular way to gather an
in-depth understanding of society opinions. However,
since a tiny number of highly motivated people takes part

in public consultations, uncertainty related to the citizens’
attitude toward the analysed project is especially high.
Digital surveys can be chosen as the alternative to pub-
lic consultations. The rapid spread of the internet created
favourable circumstances for the popularity of the online
polls; however, recently, the respondent’s hesitancy for the
traditional surveys has been noticed (Beullens et al., 2018).
The decrease in the online polls’ response rate can be af-
fected by various reasons, including the amplified number
of invitations to fill the survey. The interesting thing is that
even though the hesitancy to the online questionnaires in-
creased, citizens desire to participate in the urban plan-
ning projects continues to grow (Czepkiewicz et al., 2017).
Therefore, the need for new engaging participatory tools
devoted to reflecting citizens” expectations is also grow-
ing (Papadopoulos & Warin, 2007; Stauskis, 2014; Dupuis
& Knoepfel, 2015). For instance, the MIT City Science
Group globally develops a CityScope project to facilitate
innovative ways for consensus building through participa-
tory processes (Alonso et al., 2018). For illustration, this
project’s application in Shanghai (China) aims to develop
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an Urban Decision Support system augmented by artificial
intelligence and augmented reality.

Munster et al. (2017) and Falco and Kleinhans (2018)
made an extensive review of the digital tools that can be
exploited in the modern urban planning processes. Digi-
tal participation technologies like Geographic Informa-
tion Systems (GIS), computer-assisted design (CAD), 3D
visualization, remote sensing, global positioning systems
(GPS) as well as forums, blogs, social media, video and
photo sharing, augmented reality and the virtual worlds
can be applied for this purpose. Online communities,
discussion forums and blogs are the most popular digital
tools that help to integrate expert knowledge and public
opinions. However, crowdsourcing, social media-based
participatory platforms (Felstad, 2009), neogeography
(Foth et al., 2009), Public Participation Geographical
Information Systems (Brown, 2017), serious games and
gamified surveys (Poplin, 2012; Devisch et al., 2016; Au-
bert & Lienert, 2019) are recently emerging as the promis-
ing digital tools capable of to engage the community into
the urban planning processes. Serious games and gamified
surveys might be applied to simulate mechanisms and dy-
namics of the urban space by relating game components
with those existing in real-life environments.

Game-based data collection and analysis are prom-
ising ways for participatory modelling due to intrinsic
game motivational features and the potential for interac-
tive visualization (Hassan & Hamari, 2020). This kind of
participatory tools can develop an understanding of the
complexity of the planning process and create space for
experimenting with different ideas without any immediate
consequences in the real world. Keusch and Zhang (2017)
made a review of game-based and gamified studies. They
highlighted that the term “gamified survey” could be used
to describe both the “soft gamification” (where the appli-
cation of virtual badges and other game mechanics is in-
corporated into the web survey to reduce non-response
level) and “hard gamification” (where the entire survey ex-
perience is turned into a research game dedicated to col-
lect data from the in-game actions of the respondent who
plays the game). In this article, we focus on the gamified

surveys that correspond to the concept of hard gamifica-
tion and call them game-based surveys (GBS).

Results of the classical and game-based surveys are
strongly dependent on the trustworthiness of the par-
ticipants and the chosen data mining strategy. In this
paper term “trustworthiness” is understood as the qual-
ity of a person that inspires his reliability. Uncertainties
related to the inconstant concentration and motivation of
the GBS players always accompanies the GBS based data
analysis. Moreover, there is always a risk that some of the
participants might look at the game-based research non-
seriously and play it “for fun”. It is especially common if
the GBS participants are the volunteers asked to express
their opinion. Since data collected from the distracted,
non-motivated or even maliciously-minded respondents
might cause reliability issues in various stages of the deci-
sion-making process, identification of the untrustworthy
participants is an important part of any game-based sur-
veys. However, this is a challenging task since some poor-
quality responses are inevitable even from the highly mo-
tivated respondents if they are tired, bored, or distracted
by the unpredictable circumstances. This research aims to
exclude GBS players who do not seem to provide enough
effort from those who perhaps got a little distracted dur-
ing the play.

GBS involvement in modern public space planning
processes can be described by the diagram presented in
Figure 1. Participants’ trustworthiness analysis is an in-
tegral part of the data mining stage called “Data cleaning
and validation”. Data cleaning and validation is a challeng-
ing task in classical surveys and even more demanding in
game-based studies (Zhang & Conrad, 2014).

Different data mining techniques can be employed for
the game design validation and the analysis of the play-
ers performance and in-game behaviour. Typically, these
goals are achieved by applying visual analysis (Berta &
Moreno-Ger, 2018), supervised and unsupervised algo-
rithms (Owen & Baker, 2019). Linear models are the most
popular amongst the supervised models, while correlation
and cluster analysis are common approaches among the
unsupervised ones (Alonso-Fernandez et al., 2019). The
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Figure 1. GBS involvement in the modern public space planning processes
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k-means and k-centroids are probably the most popular
clustering algorithms in the context of game-based re-
search. However, these techniques split players into several
divisions but do not rank them inside clusters.

An ordered K-means clustering algorithm inspired by
the multicriteria decision-making approach PROMETH-
EE (Preference Organization for Enrichment Evaluations
method) was recently proposed to solve this issue (Chen
et al.,, 2018). Multicriteria decision making approaches
(MCDM) are widely exploited in different contexts. Re-
cently they were applied to assess construction labours’
safety level (Mohandes et al., 2020), to rank observation
locations for autonomous robot environment exploration
tasks (Semenas & Bausys, 2020), to reflect the psychomet-
ric features of the Visual Analogue Scales (Lescauskiene
et al,, 2020), to increase the accuracy of the checklists-
based quantitative heuristic evaluation (Zavadskas et al.,
2021) or to detect edges in satellite images (Bausys et al.,
2020). However, there are only a few examples of the
MCDM applications in the growing video game industry,
and most of them are dedicated to rank the credibility of
the e-sport players (Pradhan & Abdourazakou, 2020; Ur-
baniak et al., 2020). To the best of our knowledge, there
are no studies where MCDM theory would be applied to
rank respondents based on their trustworthiness in the
game-based studies.

Because of the GBS specifics, a data analysis approach
capable of dealing with the uncertainties raised by the
player’s unpredictability should be chosen for the partici-
pants trustworthiness analysis. In the last decade, numer-
ous fuzzy methods have been proposed to consider the
vagueness and uncertainties of the initial information.
Smarandache (2019) proposed a concept of neutrosophic
sets as the generalisation of the classical fuzzy, intuition-
istic fuzzy (IFS), g-rung orthopair fuzzy and Pythagorean
fuzzy sets. Applying this concept, Zavadskas et al. (2020)
extended the MULTIMOORA decision-making approach
for the environment of the m-generalized q-neutrosophic
numbers (mGgNN).

In this paper, we propose the new PROMETHEE
modification capable of working under the environment
of the mGqNN sets. PROMETHEE and its variations
are frequently chosen for the decision-making tasks re-
lated to neuromarketing and behavioural analysis. For
instance, Zavadskas et al. (2019a) proposed Neutrosophic
PROMETHEE modification for the shopping rent valua-
tion based on potential customers’ emotional and physi-
ological states. Chen and Hung (2020) employed PRO-
METHEE for Personnel Selection Based on Multi-Type
Fuzzy Information. This paper aims to propose the PRO-
METHEE under m-generalized q-neutrosophic numbers
(namely PROMETHEE-mGqNN) and its application for
the trustworthy analysis of the respondents participating
in the game-based survey dedicated to assessing the safety
and attractiveness of the urban public park reconstruction
project.

The essence of the novel PROMETHEE-mGqNN ap-
proach is presented in Section 1. Criteria determined for

the trustworthiness analysis is explained in Section 2.
The case study representing PROMETHEE-mGgNN ap-
plication for detection of the non-reliable GBS players is
presented in Section 3. Lastly, results and discussion are
presented in Section 4.

1. M-generalised q-neutrosophic
PROMETHEE Method

1.1. Preliminaries

M-generalised q-neutrosophic set (mGqNs) is described as

Y= x,&(x),S(x),n(x) 1x € U}, where , 3, n:U > [O,r]
and (0<r< 1). The &, 9, n are the functions, where:

0< &(x),&(x),n(x) <y
0= (5(x))" +(8(x))" +(n(x)) =2 maz1. @)

The functions é(x),S(x),n(x) correspond to m-gen-
eralised truth membership, m-generalised indeterminacy
membership and m-generalised falsity membership. The
triplet y = &, 9, 1 is called m-generalized q-neutrosophic
number mGqNN, where m and q values can be used to
cover different variations of fuzzy sets.

If y; =&,9,,m; and y, =&,,9,,n, are two m-gener-
alized q-neutrosophic numbers defined in the universe set
U and A is any real number > 0, then the operations be-
tween m-generalized q-neutrosophic numbers (mGgNN)

are calculated as follows:
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The ranking between two mGgNN is performed by
the following rules:

If S(\u1 ) > S(\|/2 ), then y, >y,;
If S(w;)=S(w, ), then y; =y, ®)

1.2. PROMETHEE under MGQNN

This section presents a new extension of the PROMETH-
EE method developed for the m-generalised q-neutro-
sophic set environment.

Step 1. Construction of the decision matrix X, which con-
sists of the elements x;, wherei=1,2,...,n,j=1,2,...,m.
The element x;; represents an estimate of the ith criterion
in the it alternative.

Step 2. Normalization of the decision matrix. Vector nor-
malization is applied to get decision matrix X, where ele-
ments X;; is calculated by the equation:

si=12,..,mj=L12,...,m. 9)

Step 3. Neutrosophic conversion of the decision matrix X.
The m-generalised q- neutrosophic decision matrix X is

built from the elements \I/,-j = (l)’;ij,Sij,ﬁij ):

‘Illl q{lZ \Pln
x=| Y Voo V) (10)
\Ilml q’mZ \pmn

Here functions &, 9, 1 describe the truth-membership,
indeterminacy-membership and falsity membership de-
gree. The functions &,9,1:U —>[0,1] follow the condi-
tion 0< &(x) + S(x) + n(x) <3. Elements of the matrix X
are converted into neutrosophic numbers \p;; applying the
standard modification rates as in Zavadskas et al. (2017).

Step 4. Ranking of the alternatives by the PROMETHEE
method. Comparison between all pairs of A; and Ay alter-
natives are performed by calculating the aggregated pref-
erence index 7t{ A;, Ay ) by the following equation:

w(404)= S oup (044, an
i=1

m
where o, is the weight of the it criterion Z(Di =1/|. The
i=1
difference d; between two mGqNN numbers y; and
is calculated as d,-(Aj,Ak):\I/ij ©Vji» where \pj; corre-

sponds to the value of the it criterion of the alternative Aj
and ;. corresponds to the value of the k™ criterion of the

alternative A;. The construction p, (d) =p; (di (A]-,Ak ))

represents the k™ preference function for the it criterion

selected by the decision-maker from the set of available
preference functions. In this study, V-shape preference
function (Figure 2) is applied.
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Figure 2. The unicriterion preference function

Step 5. Calculation of the positive outranking flow:
n

Fr=>n(4,,4;),j=12..n (12)
k=1
and the negative outranking flow:

F; =Zn:n(Ak,Aj),j=1,2,...n. (13)
k=1

Step 6. Calculation of the net flow value F; should be done
to determine the final rank of the alternative Aj:
— Gt _ -
Fj —Fj F] . (14)

Step 7. Deneutrosophication of the net flow value F;. This
step is completed by calculating the score value S(F]) for
each of the alternative A; by the following equation:

34381291 -1

S(F;)= s i
6

Remark 2.1. The negative net flow values are calculated

applying the additional neutrosophic algebra, which can
be expressed as:

(15)

Remark 2.2. For the final interpretation of the PRO-
METHEE-MGQNN results, the ranking of the alternatives
with the positive score value S F«) is taken directly (the
best alternative has the highest score value), while for the
negative score values, the best alternative has the smallest
score value.

2. Criteria for the trustworthiness
analysis of the GBS players

Rational decision-making requires a careful analysis of the
decision problem. Since classical surveys provide data in
the form of text, numbers and figures, game-based sur-
veys also allow data representing coordinates, trajectories,
photos of the visited places or videos of the player behav-
iour. According to the review by Alonso-Fernandez et al.
(2019), the most common information collected from
the logs of serious games include player choices, written
answers, scores, completion times, the overall number of
actions and interactions, number of attempts, errors, mis-
takes, collected items and completed missions, duration of
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the play sessions, player performance, action sequences,
progress, location dynamics, player health and the usage
of the in-game hints.

Various mixtures of these metrics can be chosen to
measure player behaviour in different contexts (Loh et al.,
2015). For instance, it is a normal practice for players of
entertainment video games to sacrifice some of the game’s
missions to achieve the “best mission time”. However, such
a deliberate non-fulfilment of the predetermined missions
can be highly undesirable in the game-based surveys.
Furthermore, such behaviour of the GBS player might be
understood as the lack of motivation to take the GBS seri-
ously. Speeders, straightliners and other respondents with
low motivation also can be excluded as the high threat
to the reliability of GBS results (Zhang & Conrad, 2014).
However, there is no simple way to identify such partici-
pants if they played the game. Visual analysis of player
behaviour could be an appropriate approach in addressing
the problem analyzed in this paper (Keim et al., 2008).
However, since the number of GBS participants can be
unpredictable, visual data exploration might become a
highly time-consuming task even when the specific soft-
ware is employed for the data visualisation. Moreover, the
combination of several metrics representing the players’
in-game behaviour should be analysed to make decisions
on the trustworthiness of the respondents. Therefore, it is
important to look for solutions that would allow decision-
makers to identify potentially unreliable respondents au-
tomatically.

Since the trustworthiness analysis of the GBS players
might be understood as the multicriteria decision-making
task (MCDM), we propose five numerically measurable
criteria and the new multicriteria decision-making ap-
proach PROMETHEE - MGQNN as the solution for the
problem described in this chapter. The criteria set deter-
mined by the authors of this study determined is present-
ed in Table 1.

The criteria set presented in Table 1 is constructed by
referencing the player behaviours often noticeable in seri-
ous games designed to explore the peculiarities of real-

Table 1. The proposed criteria set and their weights

Criteria | Optimum Criteria SWING | Normalized
p description weight weight

C1 MAX | G2me session 100 0.28
time, s
Territory

C2 MAX | exploration 60 0.17
time, s
Words in the

c3 MAX | oPen 90 0.25
question,
number

C4 MIN | Speeding ratio 80 0.22

cs MAx | Game score, 30 0.08
number

world geographical areas. For example, criteria “Game ses-
sion time” (C1) and “Territory exploration time” (C2) are
directly related to the player motivation to delve into the
problem analyzed by the game-based surveys. Criterion
C1 defines time interval from the start to the end of the
session, including the time required to get acknowledged
with the mission’s goal or understand the controls of the
game. Criterion C2 describes player time spent in the sce-
narios dedicated to the exploration of the game territory.
For instance, C2 is equal to the total time the player spent
in the scenarios S1, S2 and S3 of the GBS presented in
this research.

Criterion C3 is determined to represent the total num-
ber of dictionary words recorded as the answer to the open
question presented in the survey (scenario S4 in Table 2).
This criterion is included since poor verbatim responses
are a very good indicator of the respondent’s decreased
motivation. However, even though answers to the open-
ended questions are the easiest ways to identify a poor-
quality respondent, the gibberish and empty responses are
not necessarily the sign of the untrustworthy respondent.
In some cases, survey participants do not understand the
open question or do not know how to answer it. Therefore,
this criterion must be analysed in the context of others.

While a participant who completes the GBS too quick-
ly is also a cause for concern, an additional criterion called
speeding ratio (C4) was also determined. The authors of
this research proposed to calculate this criterion by the
following formula:

tayg (S1) g (S2) tavg (SK)
"8 n(2) t, (k)
n n n

where R, is the speeding ratio of the respondent n; t,(Sk)
is the time interval that the respondent n spent in the sce-
nario Sk and £,,,(Sk) is the average time needed to com-
plete scenario S1. The average is calculated from all the re-
sponses of the survey. Only the scenarios without the open
questions are analysed to calculate the speeding ratio R,,.

The final criterion presented for the identification of
the untrustworthy respondents is the Game score (C5).
Game score directly corresponds to participants perfor-
mance completing the predefined task. However, this cri-
terion is not so important as it might seem since there
is always the risk of the players who want to outwit the
system. For example, if a GBS respondent is asked to in-
dicate the three most interesting places in the virtual park,
he can quickly mark them all in one small area of this park
and still get 100 points for the completion of the task.

Direct weighting criteria elicitation technique SWING
(Von Winterfeldt & Edwards, 1986) was employed to de-
termine the importance of the presented criteria. Three
experts representing the decision-makers, game creators
and urban planners distantly participated in the consen-
sus-based criteria assessment meeting. The final SWING
weights and the normalized weights are presented in
Table 1.

(17)
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3. Serious game “Parkis” as the modern
urban park planning tool

Games fostering citizen engagement promote a civic at-
titude and values by engaging players in the ludic solution
of complex civic problems (Battista, 2017). Serious games
and game-based surveys can reflect a player’s experiences,
thus enabling the transference of behavioural patterns be-
tween the game and the real world. It is especially useful if
there is a need to shift the interests of design and planning
processes towards pluralistic and subjective perceptions of
space and its use (Foth et al., 2009).

In this research, we present a game-based survey to
collect data necessary for the decision making on the
urban park planning projects. For this purpose, we have
developed a new serious game “Parkis’, which is linked
to a specific real-world location called “Missionary Gar-
dens” (Vilnius, Lithuania). This historical urban park is
located in a central part of Vilnius old town. This area is
a part of the former Missionaries monastery founded in
the sixteenth century. It is expected that after the proper
renovation of the park, the new attractive place will appear
for both the tourists and local citizens.

“Parkis” is an offline 3D scenario-based simulator con-
structed to gather civic insights on the urban park reno-
vation plans (Figure 3). GIS data, building models, trees
and other park details (provided in the project plan) were

imported into the “Unity 3D” game development platform
to represent the territory of “Missionary Gardens”. Game
scenarios, collision physics, environmental elements and
the non-player characters were programmed and imple-
mented by utilising Unity-provided libraries. External
SQL database was created to store the information ex-
tracted from the participant game sessions.

The game-based survey “Parkis” has been developed
at the Department of Graphical Systems at Vilnius Gedi-
minas Technical University (Lithuania) after the partner-
ship with Vilnius City Municipality. Municipal authorities
were unsure if the “Missionary Gardens” renovation plan’s
preliminary design is fully coherent with the local com-
munity’s needs. Especially client wanted to comprehend
if the park presented in the renovation project could be a
safe and attractive place for both the citizens and the tour-
ists. Also, they wanted to understand where in this park
are the best places for public events.

Since urban public park (UPP) safety and attractive-
ness are interconnected (Zavadskas et al., 2019b), analy-
sis of “Missionary Gardens” safety and attractiveness was
identified as the main objective of this game-based survey.
“Parkis” game map (Figure 4) was constructed from the
GIS data of the analysed territory and limited to the re-
gion that can be reached in 10 minutes walking by foot
from the neighbouring urban blocks.
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3.1. Scenarios for the assessment of urban
park safety and attractiveness

The narrative of the GBS scenarios should be carefully re-
considered when there is a need to search for complex en-
vironmental decisions like urban park renovation projects.
For instance, if there is a need to get information about the
hiding places of the analysed territory, we can simply ask
the GBS player to present where the hiding places of this
urban park are. However, since this question is highly am-
biguous by its nature, such a task might be the reason why
the collected responses might be highly subjective and in-
accurate. The role-based narrative can be the better choice
to collect data about urban park safety. For instance, if
the GBS player is playing a scenario where he is acting
as a parent who is asked to play “Hide and seek” with his
children, there is a high probability that GBS results de-
scribing the hiding places will be more accurate. Battista
(2017) provided an activity system diagram to illustrate
the mediated relationship between scenario subjects, tools,
role assignments, rules and the conventions of the par-
ticipation. He also stated that the narrative of the serious
games significantly increases participant’s engagement.
Four scenarios (levels) were implemented in “Parkis”
to collect data about the “Missionary Gardens” safety and
attractiveness (Table 2). These scenarios were created in a
way that player movement coordinates, number of hiding
places, mission time, answers to the open question and
the pictures of the most attractive and the most popular
places could be extracted from the game database. In all
the scenarios, players had the possibility to explore the
park territory before completing the predefined tasks.

433

At the end of each scenario, a player gets automated
feedback on how much time he/she spent at this GBS level
and how many points he/she got. Depending on the points
collected, the player is also given a specific nomination
to increase his short-term motivation to play. After com-
pleting each of the scenarios, player data is sent to the
game database for further processing. However, as shown
in Figure 1, data cleaning and validation must be done be-
fore the collected data can be used in the decision-making
processes. It is important to do since data collected from
these respondents might noticeably affect the reliability of
the game-based decisions.

3.2. Discovery of the untrustworthy
respondents: the experiment

Multicriteria decision analysis is widely used to identify
the best employees or the best players of the classical
games.

When the scenario-based simulator “Parkis” has been
developed and approved by the Vilnius city municipality,
it was employed to assess the safety and attractiveness of
the urban park “Missionary Garden” renovation project.
86 students living in Vilnius participated in the controlled
experiment. All the participants were volunteers who have
not played this game until the experiment. During the
experiment, participants were not asked to provide their
name or surname, only gender and age. Fifty men and
thirty-six women between the ages of 20 and 35 years par-
ticipated in this study.

At the beginning of the experiment, all the partici-
pants were acknowledged with the GBS goal. Even though

Table 2. Summary of the implemented scenarios and their characteristics

Scenario name | Scenario goal Participant’s role Non-player characters Data collected
S1. To determine A player is a local citizen who came Children who play the |Player movement paths.
Hide and seek | where are the | to the park to play with children. The |game “Hide and seek” | Time spent in the scenario.
scenario unsafe areas of | player has a limited time to find a Count of the marked hiding
the park hiding place until children start to seek. places and their coordinates.
Three hiding places must be marked to
get the maximum score of 100.
S2. To identify if A player is a park visitor who is keen to | Tourist who wants Player movement paths.
Photographer |the renovated | help tourist (photographer) visiting the |to shoot the most Time spent in the scenario.
scenario park could be | park. In this scenario, a player has to | attractive and the most | Coordinates of the picture
an attractive search for three beautiful places in the | popular places of the | taking place.
place for the park and take pictures of them. A score | park Screenshots that represent the
tourists of 100 is granted for fully completing photographed view.
the task.
S3. To identify if A player is a local citizen who is asked | None Player movement paths.
Public the park could |to walk around the park and mark ten Time spent in the scenario.
community be a popular places where he would like to spend Coordinates of the marked
place place among time with his friends and family. places.
the local A score of 100 is granted for fully
community completing the task.
S4. To determine A player is a park visitor who is asked | People that are walking | Player movement paths.
Open where in the to answer two closed questions and around the place of the | Time spent in the scenario.
Question park is the one open question about the best place | community event Player answers to the
best place for for the community events in this area. questions.
community A score of 100 is granted for fully
events completing the task.
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groups of 15 participants played the game in the same
room simultaneously, they were asked to play individually,
without the discussions between each other. This require-
ment was needed to increase the variety and the reliability
of collected data (Christopherson, 2007). At the end of the
experiment, all the data recorded in the game database
were processed in order to automatically derive the nu-
meric values of the criteria predetermined to identify the
trustworthiness of the players. These values for each of the
respondent are presented in Table 3.

The constructed decision matrix was used to deter-
mine the trustworthiness of the respondents. The novel
PROMETHEE-MGQNN approach was applied to obtain
the trustworthiness index Tj(n) for each participant n.
The methodology presented in Section 1.2. was used to
calculate the trustworthiness index which is equal to the
Score value of the analysed alternative (Eqn (15)). In this
study case, each respondent is represented by a different
alternative. To show the applicability of the MGQNN sets,
the values m = 1 and q = 3 were chosen for m-generalized
g-neutrosophic numbers. These values correspond to the
case of the fermatean neutrosophic sets (Senapati & Yager,
2020).

In this research, we sought to divide the game-based
survey respondents into trustworthy and untrustworthy
ones. For this purpose, based on the analysis of the pos-
sible outliers, the threshold value 8 = -0.1 was determined
by the field experts. If the participant’s trustworthiness in-
dex is less than 8, we consider him to be untrustworthy,
and vice versa. This threshold value has been determined
after mapping the results presented in Figure 5 and the
behavioural analysis of the GBS participants. For this pur-
pose, GIS-based data visualisation representing the per-
formance of randomly chosen 12 reliable and non-reliable
respondents was done. The connection between the calcu-
lated trustworthy index and the behavioural attitude of the
specific GBS players has been analysed for this purpose.

Data extracted from Scenario 1 reveals that 98% of
the respondents completed this scenario by marking three
hiding locations. However, the decision based solely on
the score might be misleading. For instance, analysis of
Figure 6 shows that respondent identified as ID42 (trust-
worthiness —0.5940) marked all the hiding positions close
to the initial starting position. Participant ID77 (trustwor-
thiness -0.1725) also shows suspicious behaviour as his
movement trajectory traverses ponds of the park.

Data extracted from Scenario 2 disclosed that 95% of
the respondents completed it and marked the most attrac-
tive place of the park and two other places with the biggest
potential to be the most popular among the tourists and
among the residents (three places in total). Data analysis
revealed that at this level, the average time spent explor-
ing the territory of the park decreased. The behaviour of
the GBS players also enlightened some signs of decreas-
ing motivation and increasing untrustworthiness. For in-
stance, while the behaviour of the respondent ID42 (trust-
worthiness -0.5940) remains questionable (Figure 7),

Table 3. Decision matrix constructed from the in-game data
representing the behaviour of the GBS respondents

ID| C1 C2 |C3| C4 [C5||ID| C1 | C2|C3| C4|C5
1 | 689 | 405 | 0 | 207 | 0 44 (1596|490 | 6 | 1.34 | 500
2 | 490 | 482 | O | 1.38 | 230 || 45|1038| 863 | 4 | 0.78 | 400
3 | 1933|1187 [ 58 | 0.98 | 450 || 46 | 941 | 713 | 12| 0.88 | 400
4 (1348 | 757 | 8 | 0.93 [ 430 (| 47 |1028| 726 | 26 | 0.89 | 400
5 | 1765 | 916 | 12 | 0.72 | 400 || 48 | 913 | 638 | 8 | 0.96 | 400
6 | 2199 994 [ 31| 0.75 | 400 | 49 | 858 | 659 | 8 | 0.94 | 430
7 | 1357 759 | 14 | 0.82 | 400 || 50 | 856 | 487 |19 | 1.38 | 400
8 | 1431 672 [ 19 | 0.96 | 400 || 51 | 970 | 900 | O | 0.67 | 400
9 3014|1396 | 7 | 0.59 | 450 (| 52| 375|285 | 7 |2.16 | 400
10 [ 2153 | 1149 | 15 | 0.53 | 500 || 53 | 898 | 737 | 2 | 0.88 | 400
11 [ 1333 463 | 25| 1.41 |400 || 54| 908 | 675 | 7 | 1.03 | 330
12 1 958 | 723 | 0 | 0.84 | 300 || 55| 896 | 702 | 8 | 0.94 | 430
131979 | 693 | 10 | 0.89 (400 ([ 56 | 770 | 626 | 4 | 1.04 | 290
14 | 1494 | 1087 | 12 | 0.67 | 400 || 57 | 908 | 598 | 6 | 1.01 | 400
15| 914 | 538 | 18 | 1.12 | 400 || 58 | 825 | 601 | 10 | 1.00 | 430
16 [ 1664 | 976 | 11 | 0.70 [ 700 || 59 | 754 | 595 | 11| 1.29 | 580
17 | 410 | 267 | O | 1.50 (200 || 60 | 562 | 390 | 4 | 1.74 | 400
18 | 927 | 578 | 0 | 1.05 | 300 || 61 | 731 | 547 | 3 | 1.11 | 400
19 | 556 | 449 | 0 | 1.40 | 400 || 62 | 847 | 608 |24 | 1.06 | 430

20 (1268 | 725 | 27 | 0.87 {700 || 63 | 616 | 359 | 9 | 1.86 | 450

21 | 1061 | 525 | 10 | 1.23 | 500 || 64 | 909 | 788 | 10 | 0.83 | 400

22 (1069 | 732 | 17 | 0.83 {500 || 65 | 568 | 357 | 5 | 1.72 | 400

23 | 543 | 266 | 0 | 1.45 {200 || 66 | 749 | 513 | 5 | 1.17 | 400

24 | 775 | 486 | 9 | 0.93 {400 || 67 | 808 | 689 | 4 | 0.88 | 400

25| 142 | 732 | 5 | 0.84 | 400 || 68 | 824 | 664 | 7 | 0.92 | 400

26 | 494 | 285 | 0 | 0.80 | 100 || 69 | 979 | 595 | 4 | 1.05 | 500

27 (1483 835 | 0 | 0.89 {500 || 70 [ 950 | 582 | 16 | 1.08 | 430

28 [1027] 627 | 0 | 0.96 {500 || 71 | 707 | 545 | 26 | 1.23 | 400

29 [2649| 816 | 61 | 0.80 {430 || 72 | 879 | 656 | 8 | 0.94 | 400

30 {2913 (1277 | 21 | 0.52 | 600 || 73 | 799 | 663 | 4 | 1.09 | 560

31 [1015| 575 | 17 | 1.11 {500 || 74 | 533 | 414 | 5 | 1.45 | 400

32| 278 | 258 | 0 | 1.49 {200|]| 75 | 822 | 560 | 12| 1.16 | 400

33| 809 | 554 | 6 | 1.13 {400 || 76 | 483 | 354 | 6 | 1.83 | 430

34 (1139 717 | 4 | 0.86 {600 || 77 | 459 | 302 | 14 | 2.26 | 400

351884 | 636 | 36 | 0.95 [430|| 78 | 864 | 702 | 16 | 0.98 | 400

36 | 732 | 282 | 7 | 223 [500|| 79 | 548 | 440 | 6 | 1.49 | 360

37 | 128 | 122 | 0 | 3.55 {200|| 80 [ 501 | 487 | 0 | 1.56 | 260

38 | 638 | 387 | 0 | 1.63 {300 || 81 | 584 | 421 | 5 | 2.05 | 400

39 | 606 | 487 | 3 | 1.36 {500 || 82 [1176| 814 | 0 | 1.54 | 430

40 | 347 | 339 | 0 | 1.80 | 250 || 83| 842 | 799 | 0 | 0.85 | 300

41 | 505 [ 292 [ 4 | 2.60 [390 || 84 | 646 | 404 | 9 | 1.51 | 400

42| 247 | 166 | 3 | 3.65 | 380 || 85| 916 | 667 | 1 | 1.04 | 450

43 | 417 | 288 | 3 | 2.58 | 400 || 86| 793 | 486 | 7 | 1.46 | 400

respondents ID76 (trustworthiness -0.1249) and ID77
(trustworthiness -0.1725) also started to show the signs
of speeding behaviour. Moreover, participant ID76 has
marked two locations at the same position at the end of its
movement path. Such suspicious actions certainly reduce
the overall trustworthiness of the respondents.
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3 0.2032 33 -0.0371 63 -0.0875
4 0.0001 34 0.0016 64 -0.0043
5 0.0078 35 0.0107 65 -0.1358
6 0.1005 36 -0.0700 66 -0.0443
7 0.0003 37 -0.8500 67 -0.0156
8 -0.0002 38 -0.1600 68 -0.0187
9 0.0588 39 -0.0216 69 -00079
10 0.0361 40 -02848 70 -0.0164
11 -0.0034 41 -0.3459 71 -0.0093
12 -0.0112 42 -05940 72 -0.0187
13 -0.0114 43 -0.3605 73 -0.0018
14 0.0079 44 0.0000 74 —-0.0838
15 -0.0221 45 0.0000 75 -0.0336
16 0.0148 46 -0.0097 76 -0.1249
17 -0.2101 47 0.0001 77 -0.1725
18 —-0.033 48 -00201 78 -0.0108
19 —0.0845 49 -0.0150 79 -0.0899
20 0.006 50 -0.0250 80 -0.1388
21 —-0.0093 51 0.0006 81 -0.1832
22 —0.0001 52 -0.2206 82 -0.0029
23 -0.1719 53 -0.0093 83 -0.0057
24 —-0.0353 54 -0.0200 84 -0.0752
25 -0.0118 55 -0.0105 85 -0.0122
26 -0.0492 56 -00318 86 -00591
27 0.0038 57 -0.0258
28 —0.0054 58 -0.0212
29 0.216 59 -0.0010
30 01012 60 -0.1420

Figure 5. Trustworthiness index T;(n) of the respondents calculated by applying the proposed PROMETHEE-MGQNN method

Trustworthiness (ID76) = -0.1249

Trustworthiness (ID3) = 0.2032

Figure 6. The behaviour of the selected respondents that played Scenario 1 in the gamified survey “Parkis”
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ID47_S2

Trustworthiness (ID76) = -0.1249 Trustworthiness (ID3) = 0.2032

Figure 7. The behaviour of the selected respondents that played Scenario 2 in the game-based survey PARKIS

Trustworthiness (ID76) = -0.1249 Trustworthiness (ID3) = 0.2032

Figure 8. The behaviour of the selected respondents that played Scenario 3 in the game-based survey “Parkis”
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Data extracted from Scenario 3 disclosed that the com-
pletion rate of this level decreased to 91%. The behavioural
analysis of six selected respondents (Figure 8) showed that
the player identified as ID42 is systematically unreliable
(trustworthiness —0.5940). The same reflection was made
about the respondent ID77 (trustworthiness -0.1725),
who marked all ten locations by walking in a circle in the
same area. The behaviour of respondent ID76 (trustwor-
thiness —0.1249) also remains questionable, as it seems
that all ten locations were marked along the respondent’s
movement path regardless of the task presented in Sce-
nario 3. Experts also noted that suspicious behaviour is
the most typical to the respondents with the trustworthi-
ness index smaller than the threshold value & = -0.1. Er-
ratic behaviour was less common among the GBS players
whose trustworthy index was above -0.1.

4. Results and discussion

Data cleaning and validation is an important part of sur-
vey-based decision-making techniques. If data satisfies the
requirement of accuracy, integrity, completeness, validity,
consistency, uniformity, density and uniqueness, they can
be treated as high-quality data. However, data cleaning is a
challenging process since diverging aspects like the chosen
data acquisition strategy, reliability of the participants, and
the criteria set determined to detect inaccurate, incom-
plete and untrustworthy records significantly affect data
quality. Data cleaning in the game-based surveys is even
more challenging since the in-game behaviour of the GBS
respondents must be analysed to ensure the reliability of
the extracted information.

In this paper, we proposed to employ multicriteria
decision-making theory to analyse the reliability of the
respondents who were invited to assess urban public park
safety and attractiveness using the game-based survey
called “Parkis”. Eighty-six persons participating in this
experiment marked 254 positions as hiding places. Visual

@ Attraction points

Hiding places

analysis of the collected data revealed that some of these
places are marked under the bridges or even in the park’s
ponds. It was a clear sign that some of the participants are
untrustworthy and might cause high inaccuracies in the
following steps of the GBS based public space planning
(Figure 1). Application of the PROMETHEE-MGQNN
allowed us to take into consideration the uncertainties as-
sociated with the reliability of the GBS participants. Five
criteria that can be automatically calculated from the data
recorded during the gameplay were determined to cal-
culate the trustworthiness index proposed to divide GBS
participants into reliable and unreliable ones. Based on
this index, we found out that 20.93% of the persons that
were invited to assess the safety and attractiveness of the
virtual public park “Missionary Garden” were identified
as untrustworthy. Identification of these respondents al-
lowed us to exclude their records from the collected data.
In this way, many hiding places marked inside the ponds
or open spaces were eliminated from further data analy-
sis processes. The final concentration areas of the hiding
places and the attraction places are visualised in Figure 9.
Data extracted from Scenario 1 and Scenario 2 were used
for this purpose.

According to the Crime Prevention Through Environ-
ment Design (CPTED) strategy, hiding places might be
the reason for the increased insecurity in the urban pub-
lic parks (Zavadskas et al., 2019b). Therefore, attraction
points play an important part in safety insurance. It can
be observed in Figure 9 that there are five areas where
are no attraction points around the hiding places (these
potentially unsafe areas are marked and zoomed in). The
potentially insecure locations are at the back of the or-
chard, near the restored historic buildings and in the areas
dense with trees. As these locations can be used for public
nuisances (i.e., for alcohol or drugs usage), it was recom-
mended for the decision-maker to pay attention to these
areas.

Figure 9. Concentration points of the hiding places and the attraction places of the virtual urban park “Missionary Garden”
The size of the markers corresponds to the amount of the points detected in the neighbourhood coordinates
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However, it must be said that the lack of details in the
proposed renovation project does not allow GBS devel-
opers to construct the ideal representation of the “Mis-
sionary Garden”. Since park signs, lights, benches, litters
are also important for the urban public parks safety, and
they were not presented in the renovation project, there
might be some biases in the results obtained by the con-
structed game-based survey. However, since gamified or
game-based surveys are much more attractive for the peo-
ple who do not have specialized knowledge on the urban
planning processes, this type of the participatory tools are
much more recommended for the citizens’” involvement in
the decision-making processes.

Conclusions

Serious games and game-based surveys offer an engaging
way to increase citizens participation in the urban plan-
ning processes. However, there is always the risk that some
of the participants are not motivated to take the survey
seriously or reject game-alike solutions as an inappropri-
ate tool to collect public opinions. While data recorded
from this type of respondents might decrease the overall
reliability of the game-based decision-making approaches,
identification of the untrustworthy GBS participants is be-
coming of significant importance.

In response to the determined problem, the novel mul-
ticriteria decision-making approach PROMETHEE under
the m-generalised q-neutrosophic numbers (PROMETH-
EE-MGQNN) was proposed in this paper. The authors of
this study also presented five numerically measurable cri-
teria to identify the trustworthiness of the citizens partici-
pating in the games-based surveys dedicated to exploring
the peculiarities (particularly, safety and attractiveness) of
the real-world geographical areas. While the presented ap-
proach can deal with the uncertainties of initial informa-
tion raised by neuropsychology of the GBS participants,
it can also be considered as the specific data cleaning and
validation methodology.

The game-based survey “Parkis” developed to assess
the safety and attractiveness of the urban public park
“Missionary Garden” (Vilnius, Lithuania) was created
and employed to analyse the practicalities of the pro-
posed methodology. The novel PROMETHEE-MGQNN
approach was applied to analyse data collected from 86
citizens invited to participate in the experiment. Calcu-
lation of the trustworthy index aided to discover that
20.93% of the GBS players might be untrustworthy. Visual
analysis of the participants’ in-game behaviour approved
these results. While the application of the MCDM based
data cleaning allowed us to provide decision-makers with
a more reliable result about the urban park safety and at-
tractiveness, we believe that the proposed methodology
can be successfully transferred to different GBS-based
studies. However, it is necessary to note that criteria de-
fined in this study are directly related to the presented sce-
narios; therefore, the set of parameters predetermined to
identify the trustworthiness of GBS participants must be
reviewed each time individually.
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