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Abstract:

Purpose: The aim of this paper is to identify the emotions and engagement of customers
versus their openness to product co-creation. The research was conducted among users of a
computer game.

Design/Methodology/Approach:  The  study used  high-tech  methods EEG
(electroencephalography) and a virtual environment, as well as a questionnaire. The
research aims to investigate the customer emotions of the players - their engagement in
testing the product and their openness to product co-creation.

Findings: The authors identified two groups of customers and proposed a simplified
condition for testing openness to product co-creation. The study's sample size was small and
may not represent the entire population. Only one game-type product was examined.
Practical implications: The study's findings have practical implications for practitioners in
product co-creation, product development, and creating a relationship with customers. For
example, the simplified condition can be used for the development of the customer group
which is open to co-create the product.

Originality value: The research provided insights into the relationship between emotions and
player engagement during the game and the determination of openness to product co-
creation with the customer.
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1. Introduction

The research aims to explore the present in customers - the players in their
engagement in product testing and their openness to product co-creation. The
researchers invited 30 university students to the experiment and the sampling
technique was simple random sampling. In the research was used a quantitative
method approach to collect and analyses data.

The study aimed to answer the following research questions: (1) What are the
emotions of players during game testing? (2) What is the level of player
engagement? (3) How do emotions and engagement affect decisions about product
co-creation? The study will contribute to the understanding of the importance of
customer emotions in the co-creation process and may provide insights into effective
strategies for designing and implementing customer co-creation initiatives. The
novelty of this research is to combine traditional tools like questioner with a modern
tool - EEG to describe real emotions and their impact on openness to product co-
creation.

2. Literarture Review
2.1 The Role of Customers in the Process of Co-creation

Contemporary market is driven by increasing competition, but also by changes
resulting from technological advances including the internet and social media
(O’Hern and Rindfleisch, 2017; Rathore et al., 2016), including the fourth industrial
revolution (Schwab, 2017), but also the adoption by companies of customer
orientation.

Increasing competition is causing companies to exceed each other in their sales
efforts and in attracting more customers. And technological change means that
companies may have a variety of modern technologies at both the product creation
and sales and use levels, but the pursuit of novelty can be detrimental to a company's
stability and competitiveness (The End of the Vendor?, 2016). Both activities are
geared more towards active selling than strategically building long-term
relationships with stakeholders.

Striving to build long-term relations requires a company to adopt a customer
orientation. This means that the company places the customer at the center of its
activities, a process that starts with the product design stage and continues through to
the post-purchase behaviour stage (e.g., satisfaction assessment). At this point, it
should be noted that the data acquired in the non-purchasing behaviour stage
becomes the basis for subsequent decisions (challenges).
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Customer orientation also means that the whole company adopts the philosophy - the
mindset - that the customer is the source of value for the company, and that creating
relationships with customers becomes a key success factor (Kiffin-Petersen and
Soutar, 2020; Li Sa et al., 2020; Zhao, 2022).

One important activity in building customer relationships is to invite (encourage)
customers into the co-creation process. Areas of co-creation can be products and
services (Bettiga and Ciccullo, 2019), but also processes and even values (Merz et
al., 2018; Moghadamzadeh et al., 2020; Prahalad and Ramaswamy, 2004a; 2004b).
More and more companies are using co-creation as a tool to build strategic
competitive advantage.

Co-creation with customers can provide benefits in many areas, for example,
innovative ways of working together, building customer satisfaction, increasing
loyalty and greater brand loyalty, increasing willingness to pay and higher product
ratings (Schnurr, 2017). Companies that are open to co-creation are those that are not
afraid of dialogue with their customers and that treat the information and knowledge
provided as equal to that of their employees (Prahalad and Ramaswamy, 2004a).

Companies undertake co-creation activities because they want to prevent failures
and increase the quality of products, which will affect the final level of satisfaction
(Agrawal and Rahman, 2015). Also, the role of customers can be divided into
product conceptualiser, product designer, product tester, product support specialist,
and product marketer (Nambisan and Nambisan, 2008).

It is also important to remember that inviting customers to co-creation is voluntary
(Fiiller et al., 2009), and the whole process is a dialogue between the company and
the customer (Gronroos and Voima, 2013).

2.2 Product Co-creation

The process of co-creation of a product can take different forms, for example, the co-
creation of an idea, co-selection, joint testing, or joint marketing (Agrawal and
Rahman, 2015). An important change is a recognition that it is the customer who
provides value to the company. This means that the customer becomes a source of
competence (Prahalad and Ramaswamy, 2000; Sawhney and Prandelli, 2000), and
the company is open to knowledge sharing, equality, and interaction (Ranjan and
Read, 2016).

Due to the research problem posed, the authors focus on one aspect of co-creation,
i.e. product co-creation, and more precisely on co-creating a product together with
the customer, which is also referred to in the literature as co-production (Fang et al.,
2008; Hu and McLoughlin, 2012; Nuttavuthisit, 2010; Ranjan and Read, 2016).
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The process of co-creating a product is one of the more emotionally engaging, as the
customer invests their resources such as knowledge, time, skills, and experiences
(Hoyer et al., 2010; Koniorczyk, 2015; Mandolfo et al., 2020; Misiak-Kwit et al.,
2021). A key part of this process is product prototyping. This is the creation of a
model, a test version, and a sample. In the creation process, stakeholders have
contact with the product, which builds a bond between the creator and the created
product. Customer feedback obtained in this way allows the discovery of what
product features should be improved.

The product development process is iterative and can involve multiple rounds of
refinement. If customers participate all the time in the prototyping process, they
establish a more lasting relationship not only with the created product but also with
the company. There are six stages of prototyping: conceptualization, design,
prototype creation, testing and evaluation, refinement, and production (Fullerton et
al., 2004; J. Russell and Barrett, 1999).

Also, different forms of prototypes can be created, physical models, virtual
simulations, digital mock-ups, or a basic version of the product. The choice of form
depends on the objectives and features of the product and the capabilities of the
company. Each form has its appropriate testing methods. And encouraging the
cooperation of users will make them feel that they are co-creating the product
together with the company.

According to research, games are the most frequently co-created product with the
customer, which is due to the specific nature of these products and their environment
(El Afi and Smail, 2021; Hussain et al., 2023). According to Elizabeth (Sanders,
2002) product testing is mainly related to the user experience and their attitudes
which are revealed, among other things, by what people say or do. Consequently,
there are many methods for testing a game prototype, among the most popular are
(Sagi, 2016), internal playtest, user testing, focus groups, analyse data, bug testing,
and iterating.

Internally playtest involves bringing together people from different backgrounds and
skill levels to play a game and give their feedback. This provides an opportunity to
gather important information about the game and what needs improvement. User
testing is based on users seeing the game for the first time. This is the moment to
observe the players' interactions and collect their feedback.

Focus groups this method is based on gathering a fairly small group of people to
whom the game will be presented and people will give their opinion on what they
like and don't like about the game. It should be emphasised that data analysis is
important in each of the aforementioned methods. It is based on tracking player
behaviour through embedded code that collects data. This makes it possible to
identify very accurately various player behaviours during the game, such as where
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they spent the most time, what difficulties they had, and whether they moved
smoothly to different tasks and stages.

Another method of testing the game prototype is bug testing, which allows you to
identify and fix any technical issues that affect the satisfaction of the game. Another
tool is Iterate, which is based on three steps, receiving feedback, making a fix to the
game, and testing it. The testing process is repeated until full satisfaction with the
final product is established. In the research presented here, the authors used the
following testing methods: internal playtest, analyse data, and bug testing.

Co-creation with the player-customer can be carried out on many levels and with
varying intensity. However, the most important feature of co-creation is the
willingness to cooperate and be involved in the process. This is a sine qua non-
condition. It also implies that the client has the knowledge and skills in using this
type of product. Customers with ‘uninvolving' personality traits or without
motivation should not be considered for co-creation (Camoiras-Rodriguez and
Varela, 2020; Mandolfo et al., 2020).

2.3 Emotions and Engagement as a Condition for Product Co-creation with the
Customer

People tend to react emotionally to products and become attached to products. As a
result of active participation in the creation of a product, a relationship is formed
between the person and the object. Belk defines it as an integrated self that is created
as a result of the effort expended and engagement (Belk, 1988; Csikszentmihalyi and
Halton, 1981). It is the effect of transferring one's own self onto the product. The co-
created product is an expression of our emotions, value expectations, and identity.

As a result, an emotional bond is formed between the co-creator and the product,
which is referred to as affective commitment or if they compare their identities then
a process of identification takes place.

In a study by Atakan, Bagozzi, and Yoon, it was shown that affective (emotional)
engagement and identification with a product are two separate concepts, but closely
related. They influence the consumer's evaluation of the product. The affective
involvement of the customer will occur when the customer is involved in the product
development stage.

Thus, the design stage builds a cognitive bond (identification with), which will build
affective involvement, and this will influence his identification with the product
(Atakan et al., 2014). An important factor is also the customers' search for fun
(Hirschman and Holbrook, 1982), which is particularly important for playability
products. The effect of feeling strong emotions during product development is
engagement.
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Customer engagement is a multidimensional concept, consisting of cognitive,
behavioural, and emotional dimensions. Berka et al. (2007) on the other hand,
considers these to be information gathering, visual attention, and attentional
allocation.

Important advantages of involving the customer in the co-creation process will be:
having a positive impact on product evaluation, prolonged product life, and
increased product care. If the product is physically co-created with the customer, the
customer's identification with the product may increase, and there may be greater
involvement in promoting the product. (Atakan et al., 2014).

Customer engagement is a multi-stage process, but one that depends on the
individual characteristics of the customer and the type of product. There are five
basic stages: awareness, interest, trial, repeat purchase, and loyalty (Kotler and
Keller, 2016). It should be noted, however, that some clients may not proceed to the
next stage and others may skip some stages. Furthermore, the duration of the process
of moving through these stages can differ significantly, depending on the particular
product and the individual involved.

The affective engagement of co-creation occurs when the product is self-created by
the customer and they begin to endow it with positive emotions. Reasons for
wanting to participate in co-creation include playfulness, curiosity, self-efficacy, skill
development, information seeking, recognition, community support, making friends,
personal needs, and monetary compensation (Fiiller, 2010).

In marketing, both cognitive and emotional bonding approaches are adopted in the
study of engagement with, for example, a brand. They most often refer to five
psychological theories, these are the technology acceptance model, self-
determination theory, social influence theory, flow theory, and theory of planned
behaviour (Tobon et al., 2020). This demonstrates the key role of psychology in
assessing customer behaviour and creating experience value. Mainstream focuses on
the relationship with the brand rather than the customer (Dulabh et al., 2018).

An important component of involvement in product co-creation is motivation.
According to Fuller, motivation is one of the main drivers of customer involvement
in product co-creation (Fiiller, 2010). Motivation has two dimensions that can be
divided into intrinsic and extrinsic. Intrinsic refers to the intrinsic desire to engage in
an activity or behaviour because it is inherently interesting, enjoyable, or rewarding.

People who are intrinsically motivated are driven by the satisfaction of the activity
itself, rather than by external reward or recognition. Extrinsic motivation is a type of
motivation that comes from external factors such as rewards, punishment, or
recognition from others (Solomon, Russell-Bennett, and Previte, 2012).
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The product-game area studied by the authors is characterised by the described
features of engagement and motivation, e.g., to achieve the highest score in a
computer game. Such behaviours may represent the first stage of creating an
emotional bond between the player and the product. To perform a more accurate
analysis can be applied EEG (electroencephalography) to assess the emotional state
of a research participant.

Two studies, conducted by McMahan et al. (2015) and Petrantonakis and
Hadjileontiadis (2010), used the Index of Arousal-Valence to measure emotional
states. This method involves identifying a plane where emotions occur, with Arousal
as one axis and Valence as another. Arousal refers to the intensity of emotions, while
Valence is used to determine if emotions are positive or negative (Russell and
Barrett, 1999), as presented in Figure 1.

Figure 1. Presenting Arousal and Valence on a plane

Arousal
e stressed e contentment
e angry e joy
e disappointed e eager

Valence

e sad
e disengaged
e exhausted

o satisfied
e calm
o feeling tranquil

Source: Russell and Barrett, 1999.

Emotions are a significant factor in providing useful implicit or explicit information
for making quick and effective decisions (Bechara and Damasio, 2005). Moreover,
as one of the types of influence, emotions have the ability to have a short but
powerful impact on an individual (Frijda, 1994). The impact of impacts on clients
depends on individual psycho-physical predispositions. The ability to take data using
modern tools that show a person's emotional state is one of the most objective
methods of research.

With the Arousal and Valence indices, emotions can be defined more precisely by
assigning values and meaning to them. The identification of emotional state and
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intensity paves the way for further analyses of emotions and customer involvement,
e.g., in the process of developing a product together with the company.

3. Materials and Methods
3.1 Research Methods

The research aim of this study is to determine the relationship between emotions and
the level of engagement to determine the willingness to product co-creation. The
described pilot study aimed to gather primary data and analyse them following the
research objectives to conclude:

- What are the emotions of the players during the game testing?

- What is the level of player engagement?

- How do emotions and engagement influence decisions to co-create a
product?

Additionally, the following hypothesis was assumed, the average engagement in the
group of people who declared openness to co-creation is the same as in the group
who did not declare such openness.

In the study were used the following variables: emotions, engagement, and
openness. The researchers used a quantitative approach. Data were collected from 30
students who were selected from different majors and with different levels of playing
ability to achieve randomisation of the research sample. To collect data researcher
utilized modern tools like EEG, a questionnaire survey, and a virtual environment.

The data were analysed using methods such as descriptive statistics, T-student test,
Pearson correlation, task engagement, Index of Arousal and Valence, and inductive
approach.

3.2 Experimental design
The research procedure is shown in Figure 2.

The first step was to define the research problem, which was presented in Figure 2 in
this section. The product was then created in the form of a computer game. The
game was written in C# in the Unity engine. Eight levels were created, which will be
discussed later in this article.

The game was created in such a way that it was possible to record events, which
were then synchronised with the recorded EEG (electroencephalography) signal.
Before the study, a prior verification took place. This consisted of checking whether
something needed to be corrected in the game, or whether the EEG signal was
registering correctly. After completing this step, the study was conducted on a group
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of 30 people (n=30). After each survey, a questionnaire consisting of three questions
was administered.

Appropriate calculations were carried out based on the recorded EEG signal, and
these included calculating the mean engagement at each level for each group,
verifying with Student's T-test whether the averages in both groups were statistically
significant. Arousal and Valence indices for each subject were used to determine
emotion, and the Pearson correlation coefficient was also calculated.

Figure 2. The proposed research procedure.

Definition of the
research problem

Y

Development of a
product

\4

Conducting a research
using EEG

Determination of emotions
and engagement at a
particular level

Exploring the’
correlation between
engagement and
emotions

Verificalion of the
average engagement
between two groups

l

ldentification of co-
creation formula

Source: Own collaboration.
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In the end, the data were combined, allowing the condition to be set for the co-
creation of a computer game product.

3.3 Description of the Game

A platform game consisting of 8 different levels was created in the Unity engine.
Each level contained an intermediate goal (green point), which the player had to
reach first, to then travel to a teleport (purple point), which took the player to the
next level. In addition, each level was time-limited. If a person did not complete a
level they were automatically moved to the next level. There were difficulties at each
level:

- Level 1 - moving the blocks

- Level 2 - the appropriate movement of a block and a rotating element to cover two
lasers

- Level 3 - appropriately move three blocks to cover three lasers

- Level 4 - appropriately move two blocks to cover the lasers whose beam passes
through the cross

- Level 5 - introducing a new element with instructions for its operation, moving the
blocks to cover the lasers

- Level 6 - introducing a new element with instructions for its operation, moving the
blocks to cover the lasers

- Level 7 - avoiding the flashing lasers and avoiding the multiplying object on the
map

- Level 8 - avoiding moving objects

3.4 Description of the Research

The person signed a form declaring voluntary participation in the study before taking
part. An important activity of the study in a virtual environment and using the EEG
tool is the preparation of the test site. This has a significant impact on the quality of
the acquired data from the measuring device (EEG). The most important steps
include, quieting the room, a comfortable place to sit, easy access to peripheral
devices (in the study described here it was a mouse and keyboard and a monitor),
and removal of any interfering devices from the study area.

This procedure was performed with each survey participant. The next step was to
prepare the respondent for the study by wearing a cap (Enobio 20, Neuroelectrics)
and connecting the electrodes to the scalp. The cap with 20 electrodes was placed on
the points of the P7, P4, Cz, Pz, P3, P8, O1, O2, T8, F8, C4, F4, Fp2, Fz, C3, Fpl,
T7, F7, and Fpz and was used to record the testing session.

The electrodes were placed according to the 10-20 system, an international EEG
electrode placement system. The electrodes required wetting of the cap to ensure
proper conductivity between the scalp and the electrode. To verify that the EEG
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electrodes were in good contact with the scalp, the impedance value was measured
using the software Neuroelectrics® Instrument Controller (NIC2) v2.0.11.1. The
sampling frequency was 500 Hz.

Following the above steps, the test was started. A black screen was displayed for 60
seconds before the game screen appeared. The purpose of this step was to calm the
emotions and brain waves of the study participants. The game was then initiated.
During this, the respondent's completion of each level was recorded. The data were
recorded in an Excel file, which was later used to analyse the.

3.5 Measures

The first step involved calculating indices of task engagement, which was related to
answering the research question What is the level of player engagement? The next
step was to examine the Arousal and Valence indices, in order to answer the
question: what are the emotions of players during game testing? By using the
respective indices (Table 1), this was possible. On the other hand, in the final stage
of the study, the two variables’ emotions and engagement were combined to
determine how do emotions and engagement affect decisions about product co-
creation the product?

Table 1. Description of indices used in the examination.

Name of the index Formula Counting Method
The task of Engagement | Fz_Theta/Pz_Alpha Mean electrode
(Kamzanova et al., 2011) registrations on frontal lobe

theta and parietal lobe
alpha. Band of Theta (4-8
Hz), Alpha (7-13 Hz)

Arousal (F3_Beta + F4 Beta) [/ | Registration value from
(F3_Alpha + F4_Alpha) electrodes F3 and F4. Band
of Alpha (7-13 Hz), Beta

(13-25 Hz).
Valence (F4 Alpha / F4 Beta) — | Registration value from
(F3_Alpha/ F3_Beta) electrodes F3 and F4. Band
of Alpha (7-13 Hz), Beta

(13-25 Hz).

Source: Own collaboration.

The reason for choosing these particular indices for analysis was that they can be
used to study engagement as well as emotion in computer games (Kamzanova et al.,
2011; McMahan et al., 2015). Challenges posed to the player in the form of
obstacles such as time pressure or overcoming levels will build excitement and
engagement.

Then, using the Student's T-statistic test, the equality of mean engagement was
examined for the group of people who indicated in the questionnaire that the game
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needed to improve elements with the group who did not. In a further step, the
Pearson correlation between engagement and emotion (Arousal and Valence) was
examined for the aforementioned groups.

In the final step, a simplified precondition was defined by which it is possible to
determine whether the respondent wants to co-create the product.

4. Results

The collected survey data were analysed using Excel. The results are presented in
Table 2.

Table 2. Results of the questionnaire survey

Survey guestion topics Summary of responses
Number of people who said that | 15

the game needs to be improved
(Group )

Number of people who stated that | 15
the game does not need to be
improved (Group I1)

Average engagement in Group | 3.85
Average engagement in Group 11 4.23
Difficult obstacles Lasers, control, movable

Source: Own collaboration.
Each respondent had to answer the following three questions:

o What obstacles caused you the most difficulty?
o s there anything you would improve about the game? If yes, describe it.
e Rate your engagement (scale from 1 to 5).

Among the participants, half (15 people) said that the game needed improvement.
Among this group, the average engagement was 3.85, while in the other group, it
was 4.23. The most common difficulties players encountered were lasers at different
levels, controls, or moving obstacles.

The EEG signal data were analysed using Matlab R2022a. The analysis of the EEG
signal started with bandpass filtering and the removal of power grid interference
(frequencies above 50 Hz). In addition, the signal was detrended and filtered using
the Fieldtrip library. The EEG spectral signal was then analysed using a Morse
wavelet, which calculated the average peak frequency of half a second in a frame
(Lilly and Olhede, 2010; Lilly and Olhede, 2012; Wachowiak et al., 2018).

On the other hand, in order to calculate Alpha, Beta, and Theta frequencies, the
signal was divided into the corresponding bands - Alpha 7-13 Hz, Beta 13-25 Hz,
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and Theta 4-8 Hz. In the study presented here, these indices were used to determine
the emotions that occurred in the players at a particular level and the type (positive,
negative) of emotion. In this respect, four groups of emotions were distinguished
(Figure 3) — positive, two negative, and neutral (0).

Figure 3. The emotional state of the product

Arousal
A

- +

y

> Valence

- 0

Source: Own collaboration.

A positive value of the Arousal and Valence indices indicates positive emaotions
(contentment, satisfaction) about the product (plus), a positive value of the Arousal
index and a negative value of the Valence index speak of negative emotions (upset,
anger) about the product (minus), while negative values of the Arousal and Valence
indices touch on negative emaotions (boredom) about the product (minus). In the case
of a negative value of the Arousal index and a positive value of the Valence index,
one can speak of emotions signifying indifference (impartiality, neutrality) towards
the product (0).

After conducting a study using cognitive neuroscience methods on 30 people, an
engagement index was calculated for each person based on the data collected. And
for each level, a hypothesis was tested: is the average engagement in both groups
equal (Table 1).

Table 1. The p-value of the Student's T-statistic for the average engagement.

Level Mean of group 1 Mean of group 2 Value of p

Level1 |0,003 0,089 0,198
Level2 |0,043 0,028 0,787
Level3 |0,005 0,044 0,473
Level4 |-0,017 0,042 0,245

Levels |-0,007 0,059 0,225
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Level Mean of group 1 Mean of group 2 Value of p
Leveleg |0,010 0,081 0,149
Level7 |-0,009 0,077 0,100
Levelg |0,001 0,049 0,371

Source: Own collaboration.

For all levels, the statistic is greater than 0.05. Therefore, the average level of
engagement in groupl is not statistically significantly different from those in group
2. In addition to this, Table 3 identifies the average level of engagement at each
level, which answers the research question: what is the level of player engagement?
It can be seen that, apart from level 2, the average level of engagement in group 2 is
higher than those in group 1.

The next step was to examine the correlation between Arousal and Valence and
engagement using Pearson's coefficient (Table 2).

Table 2. Pearson correlation coefficient between Arousal and Valence,
and engagement.
Level Index Engagement group 1 | Engagement group 2
Arousal -0,020680 0,580205
Levell
Valence -0,396765 -0,535400
Level? Arousal 0,161174 0,251119
Valence 0,074702 -0,684893
Level3 Arousal 0,020162 -0,159291
Valence -0,021632 0,433415
Leveld Arousal -0,130790 -0,503693
Valence -0,010346 -0,352410
Arousal -0,190448 0,602080
Level5
Valence -0,363068 -0,251246
Levels Arousal 0,634030 0,276227
Valence 0,132963 0,504609
Arousal -0,342666 -0,401571
Level7
Valence 0,049755 -0,060918
Levels Arousal 0,021117 0,207342
Valence -0,496375 -0,265118

Source: Own collaboration.

From the calculated Pearson correlation coefficient, it can be seen that for Group 1
the relationship between Arousal and Engagement is at a low to moderate level. The
only exception is Level 6, where the correlation coefficient between Arousal, and
Engagement was r=0.63. This high result may be due to the features of Level 6,
where players had to familiarise themselves with how a new element in the game
worked.
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This generated strong excitement about overcoming the challenge while engaging in
the task. Since we are dealing with group 1, i.e. people declaring themselves open to
cooperation, the low scores may indicate a weakness in the game that they will want
to improve.

The Pearson correlation coefficient calculated for this group is also low or moderate
between Valence and engagement. In the main, a negative correlation is apparent,
indicating a decrease in commitment. It is not clear whether this means that the
levels are easy or that making changes would not appeal to players.

In the second group, it can be observed that the correlation between Arousal and
engagement is strong (r=0.58) and takes lower values with each level. The reason for
this could be boredom with the repetitive elements in the game and the repetitive
nature of the tasks. A change occurs at level 5 (r=0.60). It is possible that this is an
effect of increased task difficulty. Additionally, the low completion rate of this level -
less than 10% - may be indicative of this. A continuation of the decrease in
correlation is evident in the subsequent stages. This means that the remaining levels
of the game no longer evoked such excitement.

However, in the case of the correlation between Valence and engagement, the
correlation is negative, i.e., as the Valence index increases, the player's engagement
in the game decreases. The levels where we have a negative and strong correlation
are levels 1 and 2. The exception is level 6, where the correlation is positively
strong, i.e., as the Valence index increases, the player's commitment also increases.

The results obtained from the study of the relationship between the Arousal and
Valence indices are difficult to clearly identify the relationship between emotions
and engagement. Therefore, the researchers attempted to write down a necessary
condition to facilitate the recognition of how emotions and engagement affect
decisions about product co-creation. The condition was written as follows:

IF (Emotion in (+,—) AND Engagement > Mean (Engagement) )
THEN Co — Creation of Product,

where Emotion in (+,-) means that the emotion should be in quadrant I, 11, or III,
Engagement - is the involvement of the respondent at the level, Mean (Engagement),
where it means the average involvement of all participants at the given level.

Referring to the condition formulated regarding the willingness to co-create the
product. Positive emotions (+) located in quadrant | of the Cartesian coordinate
system and negative emotions (-) from quadrants Il and Il of the Cartesian
coordinate system were selected.

According to the authors, this means that people, despite having positive emotions
(e.g., satisfaction), want to improve the product they use. In the case of negative
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emotions, people who are annoyed or angry at the product may also seek to improve
it. The 4th quadrant (0) of the Cartesian coordinate system is deliberately omitted
because they show emotions of indifference which causes the respondent to feel
indifferent towards the product, and this affects the lack of openness to co-create the
product.

Table 3 shows the results of how many people want to co-create a level in the game
after using the simplified condition.

Table 3. Number of people who want to contribute to a level in the game

Level Number of people
Levell 6

Level 2 9

Level 3 9

Level 4 7

Level 5 10

Level 6 10

Level7 9

Level 8 7

Source: Own collaboration.

The highest number of people, which is 10, was achieved for levels 5 and 6, while
the lowest number was achieved for levels 1, 4, and 8. Without the use of the
condition, it would appear that half of the people surveyed are ready to develop the
product, which would not be entirely true when the simplified condition is used.

5. Discussion

The results show that those declaring their willingness to co-create the product were
less committed than those who did not. In addition, the Arousal and Valence indices
in group 1 (declared willingness to co-create) did not show a strong correlation
between emotions and involvement. In contrast, emotions could be categorised as
negative (anger) in the majority of people in this group.

According to Velinga et al. (2012) anger is an emotion that motivates people to make
a change in a product, which was confirmed in the study. These people were willing
to provide support and point out what needs to be modified in the game to make it
even better. This is particularly evident at level 5 of the game, which players felt was
the hardest of all in terms of difficulty.

On the other hand, a group was identified that did not declare a change in the game.
For these people, the level of engagement is higher than for group 1. In addition to
this, the correlation showed a strong relationship between emotions and engagement.
The Arousal and Valence scores in group 2 (hon-cooperative) show a dominance of
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negative emotions (boredom). According to the authors, the emotion of boredom
found in this group means that the respondents are not interested in further product
development.

In addition to the emotion variable, the condition depends on the level of
commitment. The requirement is that a person's commitment is higher than the
average commitment of other people. Thus, we are able to select individuals who are
above the average level. The research shows that these individuals are more
committed than others and therefore it is likely that they pay attention to more
details and put more effort into the task at hand. According to the authors, this is a
prerequisite for the willingness to co-create a product to occur.

It should therefore be emphasised that the whole process of openness to co-creation
is influenced by the intensity and direction of the emotions (positive or negative) and
the degree of involvement.

According to the authors, the lack of engagement may also be due to the psycho-
physical characteristics of the player, specifically the level of emotional intelligence.
It can have a positive impact on the participant's engagement in co-creation by
improving communication, enhancing cooperation, and increasing creativity and
ease of problem-solving (Delpechitre et al., 2018; Tong et al., 2022). This set of
skills makes individuals more engaged in the co-creation process, as it can help them
build relationships, generate new ideas as well as perform better.

However, the research conducted did not assess players' levels of emotional
intelligence. This is an area of research that the authors would like to undertake in
the future. The researchers succeeded in identifying the emotions of the respondents
and determining engagement. Also, it was shown that there is a correlation between
emotions, regardless of their type, and engagement.

The results obtained provided an inconclusive answer to the research questions of
what emotions occur among the subjects. Emotions in the study group were highly
variable and changed at different levels of the game. The Arousal and Valence
indices helped mark emotions. This also had an impact on the assessment of
engagement, here too the results were not conclusive to determine the level of
engagement of the players.

From the knowledge available to the authors, such measurement scales have not yet
been developed and this article did not attempt to do so, as this was not the purpose
of this article.

Openness to co-creation depends on positive or negative emotions and involvement,
which should be higher than the group average.
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6. Conclusion

The authors of the study believe that determining willingness to co-create is
dependent on emotion and commitment. It was helpful for this finding to examine
the correlation between emotion and commitment in a group of people who
expressed willingness to co-create a game and a group where willingness was
negative.

Once the necessary data had been obtained, using the Engagement Index, the
average degree of engagement was calculated for individual respondents for the
respective levels and the whole collective; in addition, using the Arousal and Valence
indices, the emotions at a given level were determined.

Then, using the Student's T-test, it was verified whether the mean engagement was
statistically significant between the aforementioned groups. On the other hand, to
formulate a condition depicting openness to co-creation, the relationship between
involvement and emotion was examined.

It should be taken into account that the results obtained are based on a study in
which only one specific product was used, i.e., a computer game. To obtain a general
condition, it is necessary to extend the study to other products. Nevertheless, the
results obtained support the view that product co-creation depends on emotion and
involvement.

The use of EEG, despite being labour-intensive, provides results that are
independent of the respondent's declaration and the precondition created facilitates
the interpretation of the data. The authors of the study plan to extend their research
with an eye-tracking analysis and an index related to emotional intelligence.
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