Research Article https://doi.org/10.12973/ev-jer.11.4.2413

European Journal of Educational Research

Volume 11, Issue 4, 2413 - 2428.

ISSN: 2165-8714
http://www.eu-jer.com/

Multivariate Analysis of Co-creation Activities in University Education

Eirini Vardakosta® Georgios Priniotakis Michail Papoutsidakis
University of West Attica, GREECE University of West Attica, GREECE University of West Attica, GREECE
Marisa Sigala Dimitrios Nikolopoulos
University of West Attica, GREECE University of West Attica, GREECE

Received: June 17, 2022 = Revised: August 28, 2022 = Accepted: October 2, 2022

Abstract: This paper investigates the viewpoints and perspectives of 179 undergraduate students engaged in a co-creation project
regarding their anticipated progress, exploring, simultaneously, the affecting factors. The students attended the physics course in the
Department of Industrial Design and Production Engineering at the University of West Attica, Greece. The investigation is
implemented through a questionnaire that appraises the students' co-creation expectations in association with collected
demographic data via twenty-two close-ended questions (Q1-Q22). Several statistical data sets are presented, including descriptive
and correlation statistics and principal component and exploratory factor analyses. The majority of the replies are provided by male
participants in their first year of study, with an average age of between 18 and 19. The correlation coefficient between the questions
ranges from -.04 to.73, with the maximum occurring between the questions Q19 and Q20. Factor analysis justified by KMO (.862)
and Bartlett’s sphericity (1749.843, p=.000) tests indicates five principal components within the following factors determining the
undergraduate co-creation activities: responsible behaviour, feedback, helping, tolerance, and personal interaction. The above
findings may contribute to the implementation of students’ co-creation as they are valuable tools for the design and pre-requisites
for a successful implementation.
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Introduction

Universities have been operating in an ever-changing environment in recent years due to economic, socio-cultural, and
environmental pressures (Brown, 2007; Farquharson et al.,, 2018; Herbst, 1999; Martusewicz, 2013; McRoy & Gibbs,
2009), focusing on the changes required to keep up with data technology and innovation (Barnard & Stoll, 2010; De
Freitas & Oliver, 2005), external quality and regulatory pressures (Dandridge, 2019). Due to this, appropriate teaching
strategies are formulated, aiming at the active involvement, participation, productive learning but also the development
of critical thinking skills of students (Karahan et al, 2022) and the entanglement of policymakers and other
stakeholders. Co-creation has emerged as a new theoretical framework through which universities can bring different
points of view together, improve their capacity to gather and use scarce resources, and develop a long-term solution
acceptable to all stakeholders (Gronroos, 2011). Rogers and Freiberg (1994) report that during co-creation, the
professor becomes a co-student, accepting students as knowledgeable and critical partners in knowledge. Later,
McWilliam (2008) points out that with co-creation, the professor is faced with a new challenge: the change of his
relational position to that of integration in the middle, whereby in collaboration with the student, the student becomes
a co-creator in the learning procedure. According to Cook-Sather et al. (2014), co-creation is described as a
collaborative, reciprocal process through which all participants have the opportunity to contribute equally, though not
necessarily in the same ways, to didactic and pedagogical conception, as well as decision-making and implementation
in research and analysis. Three important, dynamically connected phenomena are also described, namely, student
participation, co-creation activities, and partnership.

The concept of co-creation originally started in the fields of business and marketing. Czepiel (1990), states that
customer involvement in a business can lead to greater satisfaction. Prahalad and Ramaswamy (2004) characterise co-
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creation as the development of shared values by companies and customers. This allows customers to construct
experiences, define and solve common problems, and create an environment where customers can actively engage in a
dialogue and emphasise variations of experiences. Other investigators perceive co-creation as a typology to highlight
the variety of activities within it (Chathoth et al., 2013; O'Hern & Rindfleisch, 2010; Yi & Gong, 2013). Specifically,
O’Hern and Rindfleisch (2010) express the view that there is a linkage between the development of a new product and
the types of co-creation, which are grouped based on contribution and activity selection and include submitting,
tinkering, collaborating, and co-designing. Chathoth et al. (2013) refer to the way in which hotel businesses can move
from co-production to co-creation by presenting another typology where the two concepts are related. Later, Yi and
Gong (2013) define the typology of co-creation activities in the context of running a business with its customers, which
is described in two dimensions: participation and off-role behaviour. Participation includes the concepts of information
seeking (Kelley et al.,, 1990; Kellogg et al., 1997), information sharing (Ennew & Binks, 1999), responsible behaviour
(Bettencourt, 1997), and personal interaction (Ennew & Binks, 1999; Kelley et al., 1990) while off-role behaviour
consists of the concepts of feedback (Groth et al., 2004), advocacy (Bettencourt, 1997; Groth et al.,, 2004), helping
(Groth et al., 2004; Rosenbaum & Massiah, 2007) and tolerance (Lengnick-Hall et al., 2000). That is describe that eight
factors determine co-creation activities. Finally, Sutarso et al. (2019) transfer the typology of Yi and Gong (2013) from
the field of business to university education and, specifically, to postgraduate students from 18 public and private
universities in Indonesia, where the factors that determine their co-creation activities are investigated. Co-creation was
seen as a process where the student identifies with the customer, who, in collaboration with the professors, is mutually
involved in the assembly and disassembly of the cultural product.

In the case of a whole-class (Bovill, 2020) the benefits of co-creation for students vary and include indicatively
improved skills for future professional development, including teamwork, critical thinking, and communication skills,
increased self-confidence, enthusiasm, commitment, and motivation, developing and experiencing a more equitable
relationship with professors achieving learning beyond the lesson, and transitioning to new learning contexts
(Bergmark & Westman, 2016; Bovill, 2014; Bovill et al.,, 2010; Deeley, 2014; Deeley & Bovill, 2017). But there are also
challenges to a whole-class approach to co-creation, like time constraints, large classes, "sticky classes", gaps between
espoused and actual practice, and sustaining co-creation that require the professor to adapt his teaching practice by
learning the students to adopt different teaching approaches that are open, collaborative, interactive, and democratic
(Bovill, 2020).

Accounting that co-creation has already been applied in university education at undergraduate (Clothier & Matheson,
2019), postgraduate (Bovill, 2020; Bovill et al., 2010) and doctoral level (Riva et al., 2022), this paper investigates the
co-creation approach at the undergraduate level with various statistical aspects, in an attempt to contribute to further
knowledge in this research field. This paper describes the ways of thinking, behaving, and acting that corresponds to
co-creation activities of undergraduate students in the Department of Industrial Design and Production at the
University of West Attica, Greece, participating in a co-creation project in a physics course during their first year of
studies. The authors use the typology of Yi and Gong (2013) with other approaches to investigate the factors that
determine the successful integration of co-creation activities of 179 participating students. Converging results are
presented, providing distinct aspects of the problem and limitations and future work.

Methodology
Research Design

This paper aims to locate elements and factors related to co-creation to explore the strengths and weaknesses of the
approach in its early stages and the robustness of a full co-creation implementation of the physics course. 179 students
are required to complete their compulsory physics course with a co-creation approach. All these students are enrolled
in the Department of Industrial Design and Production Engineering at the University of West Attica, Greece, which is a
public University. Prior to the initiation of the co-creation project, all 179 students attended lectures on co-creation to
get prepared for their project. After the lectures, all students completed a questionnaire about their conceptualisation
and view of co-creation. The analysis of the replies to this questionnaire will be thoroughly presented in the following
sections. The questionnaire is formed according to Yi and Gong (2013) and Sutarso et al. (2019) in the context of
university education. In addition to demographic data (gender identity, age, year of study), it contains, 22 close-ended
questions (Appendix 1) with replies on a five-point Likert scale. The replies are coded as 1 for "Disapprove", 2 for
"Slightly Disapprove,” 3 for "Neutral," 4 for "Slightly Approve" and 5 for "Approve". As is evident, high sum scores are
associated with a high appreciation for co-creation.

Sample and Data Collection

The students filled out the questionnaire anonymously via Google Forms in the spring semester 2020-21. The
anonymous responses of all 179 students are exported in ASCII format for further use.
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Analysing of Data

Statistical analysis is performed in R, SPSS version 28 and SPSS AMOS version 26 softwares. The following approaches
are applied:

1. Descriptive statistics, specifically partial and overall questionnaire distributions of Likert-scale data, are
implemented to explore the overall tendencies of the dataset,

2. Correlation matrix is applied to delineate the dependences or associations between variables (Q1-Q22),
3. Kaiser-Meyer-Olkin (KMO) test is employed to measure the suitability of the questionnaire dataset for factor analysis,

4. Bartlett's sphericity test is usually associated with the KMO test. It is used to test the null hypothesis that the
correlation matrix is an identity matrix. Note that an identity correlation matrix means that the replies to questions Q1-
Q22 are unrelated and, therefore, not ideal for factor analysis,

5. Principal Components Extraction and Rotation applied to test whether the principal components (here the question
replies) are independent and, therefore, uncorrelated. At first (initial phase), an eigenvalue is calculated for every
component together with a corresponding percentage and cumulative variance. The eigenvalue indicates how many
components explain the corresponding percentage and cumulative variance. The percentage variance is the proportion
of the total variance described by each component, and the cumulative variance is the cumulative sum of all previous
percentage variances. Obviously, for the first component, percentage and cumulative variances are equal. After this
calculation (the extraction phase), the principal components are extracted. These are all the components that have
eigenvalues equal to or greater than one. Thereafter (rotation phase), the principal components are rotated via a
varimax rotation using the Bartlett score in accordance with 4 above,

6. Principal Component Analysis which contains the analysis of the principal components identified in 5 above. It is
used to calculate the percentage of the total variance (percentage variance) that each component describes in the
dataset. The analysis consists of two steps:

a. Communalities Calculation: A communality is the sum of the square loadings (h?) of each component (i.e., the
reply to questions Q1-Q22). The communalities are the estimates of the variance of each component (i.e., each
question reply) accounted for by all components (i.e.,, by all questions’ replies). In another viewpoint, via a
multiple linear regression model transforming the (possibly correlated) components into new (possibly
uncorrelated) components, namely the principal components, the communality (h?) is equal to the square of the
Pearson’s r correlation coefficient (r?) of the multiple linear regression model that transforms the (possibly
correlated) components into (possibly uncorrelated) principal components. In an alternative aspect, the
communality (h?) is the fraction of the total variance that is common among components, whereas the remaining
(1-h2) is the uncommon fraction of the total variance. In this aspect, a communality close to 1 suggests that the
associated item explains more of the total variance than an item with a lower communality value. Typically,
communality values below .40 are neglected in further analysis.

b. Rotation of the component matrix: This is performed between the number of factors identified with a certain
number of factors (columns) and the factor components (identification number of replies to questions related to
the factor) (rows). The rotation is done via varimax with Kaiser normalisation.

7. The identified factors with their loadings are used for the interpretation of the students’ co-creation.

8. Implementation of confirmatory factor analysis to test the suitability of the model derived from the exploratory
factor analysis.

Results

Out of the 179 participating students, 114 (64%) are men and 63 (35%) women. 2 participants (1%) did not provide
information of their gender identity. Ages 18 and 19 occupy percentages 39.66 and 31.84%, respectively (71.5% total).
76% of the students are in the first year of their studies. Descriptive statistics of the students' replies to the 22
questions (Q1-Q22) of the co-creation questionnaire are shown in Table 1, while Figure 1 presents the distribution of
the replies in an overall manner.

Table 1. Students' Answers Regarding Co-Creation Activities (Q1-Q22)

Students' answers
Code Disapprove Slightly Disapprove Neutral Slightly Approve Approve

Q1 1 2 15 48 113
Q2 1 21 66 48 43
Q3 0 5 35 53 86
Q4 11 29 51 34 54

Q5 4 7 35 54 79
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Table 1. Continued

Students' answers
Code Disapprove Slightly Disapprove Neutral Slightly Approve Approve

Q6 1 12 31 51 84
Q7 11 20 78 36 34
Q8 0 2 25 59 93
Q9 13 19 55 39 53
Q10 10 20 70 51 28
Q11 2 2 28 43 104
Q12 1 4 32 54 88
Q13 4 14 49 71 41
Q14 4 10 32 72 61
Q15 16 26 72 37 28
Q16 15 30 59 39 36
Q17 15 15 53 48 48
Q18 5 2 40 60 72
Q19 8 17 50 50 54
Q20 11 24 71 34 39
Q21 1 4 12 36 126
Q22 0 1 13 23 142

Physics course Likert Plot
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Figure 1. Students’ Replies to Questions (Q1-Q22) Regarding Co-Creation Activities

The majority of the replies of Table 1 are between 3 and 5, namely between “Neutral” and “Approve”. This is
characteristically shown in Figure 1, where the yellow, orange, and red colours occupy the largest part of the diagram.
This is a significant finding, since most of the students start with very positive altitudes and good conditions, for a
completion of the course of physics with the co-creation approach. Observing the data of Table 1 the following
conclusions are derived:

1. Q22 received, by far, the most positive grades from the students (142 (79%)) “Approve” rating) than any other
question. Only question Q21 (Appendix 1) received similar grading (126 (70%)). The reader may recall that Q22
(Appendix 1) refers to the way professors are treated by their students, while question Q21 explores how students
behave with each other. Interestingly, Q22 received positive to-full positive grading (“Slightly Approve” or “Approve”)
since 165 (92%) provided such replies.

2. Q10 received a significant neutral rating with 70 (39%) of students providing this grading. It is interesting though,
that Q10 has about an equal tendency to positive replies (total 79 (44%) positive responses), whereas the negatives are
much fewer (30 students). Interestingly, Q10 (Appendix 1) refers to the students' acceptance of the teaching approach.
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3. Q15 also received a significant neutral rating with 72 (40%) neutral grades. As with Q10, Q15 received also more
positive grades (65 (36%) responses) than the negative grades. Q15 refers (Appendix 1) Q15 refers to the “new-
knowledge” approach that students show to their professors.

4. Q16 gathers the largest number of 1 or 2 grading. 45 (25%) students give such grades, namely they choose not to
inform their professors about their difficulties in lessons (Appendix 1).

This may be either because they do not have the intimacy with their professors for something like this, or because they
choose not to stand out from the other students.

Subsequently, the following particular cases are presented in Figure 2:
These cases are indicative, as there are other questions that present differentiations.

1. Q22 which is the question with the highest counts of positive grade 5 responses (“Approve”) given by students being
in their first year of study (Figure 2a) while simultaneously it has the highest counts of positive grade 5 responses
(“Approve”) given by male participants (Figure 2b).

2. Q7 is the question with the highest counts of neutral grade 3 responses in the age group between 18 and 19 (Figure
2c).
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Figure 2. Special Cases of Replies to Questions: (a) Q22 With Year of Study, (b) Q22 With Gender Identity and (c) Q7 With
Age
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Appendix 2 presents the correlation table between all variables of the questionnaire (questions Q1-Q22). The
correlation matrix investigates whether there are statistically significant correlations between the variables.

Following hypotheses were formed in this study:
HO: There is no statistically significant correlation between the variables
H1: There is a statistically significant correlation between the variables

the following correlations are of greater significance and, thus, are emphasised (the reader should also refer to
Appendix 1 for the content of each question):

1. Q19 versus Q20: Correlation is statistically significant (r= .73, p = .01< .05). Rejecting HO, it can be supported that
students who state that they wish to encourage their fellow students to attend the lectures tend to state that they are
willing to encourage their fellow students to participate in the lectures actively,

2. Q21 versus Q22: Correlation is statistically significant (r= .69, p = .01< .05). Rejecting HO, it can be supported that
individuals who state that they wish to treat their classmates with courtesy and respect tend to state that they are
positive about treating their professors with courtesy and respect,

3. Q5 versus Q6: Correlation is statistically significant (r= .69, p = .01< .05). Rejecting HO, it can be supported that
students who state that they wish to help their classmates with homework tend to state that they are willing to explain
to their fellow students the points of the lessons that they do not understand.

4. Q12 versus Q13: Correlation is statistically significant (r= .65, p = .01< .05). Rejecting HO, it can be supported that
individuals who state that they want to attend their lectures regularly tend to attend their lectures carefully and with
interest.

5. Q15 versus Q16: Correlation is statistically significant (r=.65, p =.01<.05). Rejecting HO, we can say that people who
stated that they wanted to turn to their professors to find suitable study sources for their courses tended to state that
they were willing to inform their professors about their difficulties in lessons.

Table 2 presents the results from the KMO and Bartlett's sphericity tests. As aforementioned, both tests check the
integrity of the questionnaire data for factor analysis. Especially KMO test checks how well the achieved sampling
adequacy measures factorability. Precisely KMO test measures the proportion of variance among each variable (Q1-
Q22) in the correlation matrix. In an alternative view, KMO test represents the degree to which the other variables in
the dataset predict each observed variable and with this indicates the suitability for factor analysis. KMO varies
between 0 and 1, with larger values indicating higher suitability for factor analysis. Kaiser and Rice (1974) suggest that
KMO should at least exceed .50 for a correlation matrix to be suitable for factor analysis. According to this reference the
KMO Values of .862 (Table 2) indicates the high suitability of the questionnaire dataset for factor analysis.

Table 2. KMO and Bartlett's Sphericity Tests

Kaiser-Meyer-0lkin Measure of Sampling Adequacy .862
Approx. Chi-Square  1.749.843
Bartlett's Test of Sphericity df 231
p .0001

As mentioned, the Bartlett’s test of Sphericity is used to test the null hypothesis that the correlation matrix is an
identity matrix. The statistic is approximately chi-square distributed with df degrees of freedom and p of the chi-square
statistic (Bartlett, 1951). Since p < .01 it can be supported, alternatively, that the questionnaire data are adequate for
factor analysis.

The above findings indicate that an exploratory factor analysis, applied to the replies of the students to the
questionnaire data, is adequate and valid in order to search for an unobserved variable (hereafter called factors) that
are fewer than the 22 questions of the questionnaire and can, thus, reorganise the whole dataset and describe it
alternatively. Table 3 presents the results of the method of principal components extraction and rotation. Figure 3
shows the associated scree plot, i.e., the plot of the eigenvalue of each component versus the component number.
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Figure 3. Scree Plot Presenting the Examined Dataset

Table 3. Varimax Rotated Component Loadings of Factors and Variance Explained for 22 Components of the Examined

Dataset
I Extraction Sums of Squared Rotation Sums of Squared
Initial Eigenvalues . .
Loadings Loadings
Component
% of . % of . % of .
Total . Cumulative% Total . Cumulative% Total . Cumulative%
Variance Variance Variance
1 7.163 32.559 32.559 7.163 32.259 32.259 3.390 15.411 15.411
2 2.286 10.389 42.949 2.286 10.389 42.949 3.365 15.294 30.705
3 1.557 7.076 50.024 1.557 7.076 50.024 2.741 12.458 43.163
4 1.545 7.021 57.045 1.545 7.021 57.045 2.476 11.255 54.418
5 1.150 5.228 62.273 1.150 5.228 62.273 1.728 7.854 62.273
22

Extraction Method: Principal Component Analysis.

In both Table 3 and Figure 3, the component number is the ascending number of each question reply (Q1-Q22). The
reader should recall that the eigenvalue of each component shows how many components explain the corresponding
percentage and cumulative variance. For example, component 1 (reply to Q1), explains almost as much variance as
seven (eigenvalue=7.163) components (replies to questions) accounting for approximately 32.5% of the initial total
variance. Component 2 explains as much variance as approximately two components (eigenvalue=2.286), describing
10.3% more proportion of the total variance (cumulative variance approximately, 32.5+10.3=42.9) and so on. Above
five components, the corresponding eigenvalue is below one. This is a significant finding because it indicates that five
components are enough for exploratory factor analysis. This is also supported by the fact that the five components
present after the extraction phase (Table 3, columns 5, 6 and 7) explain the 62.3% of the total variance. Notably, the
five-component cumulative variance remains also 62.3% after the rotating phase (Table 3, columns 8, 9 and 10).
Interpreting the results from another point of view, it can be supported that the eigenvalue variation after including
five different components to the exploratory factor analysis, will not add significantly more information, i.e., maximum
of five different question replies are enough to define a factor in exploratory factor analysis. The latter is very
significant and should be emphasised. Due to this all presented analysis hereafter is implemented with five
components.

The Communalities of the components (replies to questions Q1-Q22) is shown in Table 4.

Table 4. Communality Calculation

Question Communality (h?)

Q1 466
Q2 660
Q3 660

Q4 693
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Table 4. Continued

Question Communality (h2)

Q5 763
Q6 702
Q7 565
Q8 505
Q9 646
Q10 623
Q11 566
Q12 690
Q13 702
Q14 424
Q15 656
Q16 579
Q17 618
Q18 623
Q19 599
Q20 547
Q21 714
Q22 698

Table 5. Rotated Component Matrix. Factor Components (Columns) Versus Number of Questions Reply and Related Factor
Loadings

1 2 3 4 5
Q4 756
Q15 751
Q16 718
Q7 708
Q2 673
Q12 843
Q13 808
Q11 705
Q5 826
Q6 775
Q17 678
Q22 865
Q21 834
Q10 824
Q9 785

Table 5 presents the results from the analysis of the rotated component matrix. The results of this table are of extreme
importance, and they should be stressed. On the one hand, the table shows that only five factors are needed to describe
the actual statistical tendencies of the full Q1-Q22 database. On the other hand, it presents the exact question numbers
that correspond to each of the one of the identified five factors that efficienly describe the questionnaire dataset. Factor
1 contains questions (with this order of significance) Q4, Q15, Q16, Q7 an Q2. Factor 2 contains Q12, Q13 and Q11 and
so on. These latter results in relation to the question contents (Appendix 1), can lead to the formation of names for the
five factors identified by the rotated component matrix. According to the contents of the questions, these five factors
can be named as; (a) feedback (five questions), (b) responsible behaviour (three questions), (c) helping (three
questions), (d) personal interaction (two questions), and (e) tolerance (two questions).

Table 6 presents the five factors with their suggested names versus the actual question content which is shown in
Appendix 1 and the factor loadings of Table 5. It can be observed that factor loadings range from .673 (“I am willing to
make my own comments when the professors explain part of the course”) to .865 ("I treat my professors with courtesy
and respect”) (please refer also to Appendix 1).
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Table 6. Student Co-Creation Activities Factors

Factors Questions Loadings
Feedback [ turn to my professors to find suitable study sources for my courses. 751
[ report my ideas and opinions about the lessons to my professors. .756
[ inform my professors about my difficulties in the lessons. .718
[ am willing to make my own comments when the professors explain part of the 673
course.
With my participation, [ help the professors in conducting the courses. .708
Responsible [ will complete the assignments given to me by my professors 705
Behaviour ’ '
I regularly attend my lectures. .843
[ attend my lectures carefully and with interest. .808
Helping [ help my classmates with homework. .826
[ explain to my fellow students the points of the lessons that they do not 775
understand. '
I inform my classmates about my difficulties in lessons. .678
Personal Interaction I treat my classmates with courtesy and respect. .834
I treat my professors with courtesy and respect. .865
Tolerance If a lecture is rescheduled at an inconvenient time for me, I will accept it. .785

If my professors do not teach the course according to the way I would like to teach

it, I will accept it. 824

The graphical approach of the confirmatory factor analysis for the model of five co-creation factors is presented by
using SPSS AMOS version 26 is presented in Appendix 3.

Table 7 presents the main indices of the model performing confirmatory factor analysis as well as the acceptable
values. These indices are the Chi-square statistic measure (CMIN), the Comparative Fit Index (CFI), the Root Mean
Square Error of Approximation (RMSEA), and other measures so as to certify the performance of the model under
consideration.

Table 7. Model Fit Measures and Acceptable Values

Measure Estimate Threshold Terrible  Acceptable Excellent Interpretation
CMIN 163.638 - - - - -
DF 80 - - - - -
CMIN/DF 2.045 Between 1 and 3 >5 >3 >1 Excellent
CFI 912 >.95 <0.90 <0.95 >0.95 Acceptable
RMSEA .077 <.06 >0.08 >0.06 < 0.06 Acceptable
PClose .006 >.05 <0.01 <0.05 >0.05 Terrible
Discussion

According to the above, for all questions (Q1-Q22) about co-creation activities, the positive answers with grades 4 or 5
"Slightly Approve" or "Approve" are much more than the negative grades, 1 or 2 “Disapprove” or “Slightly Disapprove”.
However, special attention should be paid by professors to questions that indicate possible weaknesses of students
such as Q10, Q15 and Q16 mentioned above. The positive results are also confirmed through the exploratory factor
analysis, where it is found that five factors determine the co-creation activities. These factors are feedback, responsible
behaviour, helping, personal interaction and tolerance. Feedback is the factor that reflects the degree to which a
student provides feedback on the learning process through activities such as participation in the lesson, reporting ideas
and opinions about the course, commenting, informing their professors of any difficulties, and their guidance in finding
suitable study sources. Responsible behaviour is the factor that indicates the degree to which the student completes the
tasks given by the professor attends regularly, but also with attention and interest, the lectures of the related courses.
Helping is the factor that relates to the extent to which the student assists the fellow students in understanding or
doing homework but also reports the difficulties they face in the lessons. Personal interaction is the factor that refers to
the relationship of students with each other but also with professors who are retain courtesy and respect. Finally,
tolerance refers to the degree to which the student is tolerant of events such as rescheduling a lecture at an
inconvenient time or if the way the course is taught is not what the student would expect.

Based on the above, the factors extracted from the analysis of the questionnaire confirmed five of the eight co-creation
activities formulated by Yi and Gong (2013) for the business space and applied later by Sutarso et al. (2019) in the
context of university education. The existence of the above five factors is a very important condition for the completion
of the physics course with co-creation. It should be stressed that Sutarso et al. (2019) report five factors as well. These
factors are the strong points of the students' behaviour, through which, in collaboration with the professors, the
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students maintain and further strengthen the co-creation activities. It may also be useful, prior to or during any co-
creation approach, if professors could additionally consider the possible weaknesses of some participants to be able to
intervene actively and undertake corrective actions to improve them. Moreover, co-creation is an approach where the
professors open up the learning and teaching experience to negotiate and redesign the course each time a new class of
students is met, responding to the students’ needs and adopting a potential commitment to the profession with each
group (Bovill, 2020).

The authors comparing the factors defining co-creation activities between postgraduate students, as investigated by
Sutarso et al. (2019), and undergraduate students in the course of Physics found that there is an identification between
four of the five factors, specifically those of feedback, responsible behaviour, helping, and tolerance. Nevertheless, there
is one factor that differs, which for postgraduate students is seeking information, while for undergraduate students it is
personal interaction. The existence of the factor of seeking information for postgraduate students could be justified due
to their undergraduate studies and previous experience in university education, which is absent from the
undergraduate students, most of whom are only in the second semester of their academic studies. The existence of the
factor of personal interaction for undergraduate students could be justified due to the importance given by them in the
field of relationships, mainly with fellow students and their professors, with whom they will spend at least five years
together. On the contrary, the duration of postgraduate studies is much shorter (one and two years) and does not allow
for the establishment of strong bonds between students and professors. Finally, Sutarso et al. (2019) conducted their
study in 18 postgraduate programs, referring to a broader study framework compared to the authors' study, which is
defined in the context of an undergraduate course.

However, the appropriateness of the model of five co-creation factors resulting from the implementation of exploratory
factor analysis was investigated through confirmatory factor analysis and indices calculation.

Initially, the model which is being considered and the independence model were statistically significant (p < .05). The
standardised regression weights defined a threshold value as a minimum level below which the items were not loaded
properly. The minimum threshold level of .50 is required, or sometimes even .70, in order that the assumption is not
violated. Consequently, all the items were loaded properly as all values were significantly high (Appendix 3). According
to table 7, the index CMIN for the degrees of freedom (DF) is considered particularly satisfactory (excellent).
Nevertheless, based on the p of CMIN (p=.00) is observed a statistically significant difference between the model under
consideration and the saturated model. Also, the indicators RMSEA and CIF are considered acceptable despite the value
of RMSEA in reference its cut-off (p< .01) threshold. Note that the confirmatory factor analysis provides alternative
viewpoints, yet it does not cancel all previous findings with the statistical tests already presented.

Despite any weaknesses in the produced model, the present work identified essential elements that can affect the
design and successful fulfillment of co-creation in university education. These elements are useful design tools and pre-
requisites for the implementation of the co-creation.

Conclusions

From the exploratory factor analysis, five factors determine the co-creation activities of the undergraduate students in
the course of physics: feedback, responsible behaviour, helping, personal interaction, and tolerance. Based on the
results of Figure 1 and the factor analysis, the participating students have satisfactory conditions to complete the
course of physics with the co-creation approach. Professors should consider the findings of the present research and
repeat it each time they meet a new class of students, in order to maintain and increase the students' strengths and
reinforce any weaknesses, so that a whole-class co-creation approach can be implemented. The start of co-creation
could assist the first semesters of students' studies, and if continued in other semesters, or even the whole curriculum,
could help the progress of the entire department. Thus, providing all the necessary time both for the institutional
processes that must accompany the framework and for teachers, students, and interested members to adapt to the
specific way of working.

Recommendations

Universities, through their senior leadership, should provide support to co-creation teams. This support includes the
availability of time, space, tools, and small-scale funding, as well as the appointment of key people at the university,
who will contribute to the implementation of new strategies in co-creation initiatives. Finally, an essential role in the
success of co-creation is to be played by the professors, who should be open both to the development of new skills and
to the reformulation of their teaching practice, processes that require time and painstaking effort. However, carrying
out the whole process helps the academic staff develop their experience and scientific and research abilities.

In particular, future research could use combinatorial and qualitative research methods to illustrate additional
dimensions. The variables that can be studied for the extension of this topic are the family environment, the economic
situation, or other higher education structures. Also, the findings of this study come from a specific course, that of
physics. The study could be applied to other courses in the curriculum in order to compare the results produced.
Finally, such studies could be applied in addition to the educational context. Of particular interest and future research is
the study of co-creation in the administrative context, which is one of the critical factors in achieving the goals of
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University education and, at the same time, an essential element of its quality, since it ensures the conditions for its
smooth and most efficient operation.

Limitations

Using exclusively quantitative research methods is both a recommendation and a limitation of this study. Also, a
limitation of this study is the fact that the majority of students are in their first year of study, so their views and
perspectives are likely to have been affected to a considerable extent by their previous experiences in collaborative
learning environments in high school. It should be noted that the operating framework of higher education is
completely different. Finally, in this study, there is no investigation of the produced results of the participating
students, regarding co-creation, in terms of gender identity, age, or year of study.
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Appendices
Appendix 1

Table Al. Question Number (Q1-Q22) and Content

Code Content
Q1 [ would like to receive feedback from my professors on my progress or work in the lessons.
Q2 [ am willing to make my own comments, when the professors explain part of the course.
Q3 [ am positive in asking my professors for further explanations for part of the courses.
Q4 [ report my ideas and opinions about the lessons to my professors.
Q5 I help my classmates with homework.
Q6 [ explain to my fellow students the points of the lessons that they do not understand.
Q7 With my participation, [ help the professors in conducting the courses.
Q8 [ accept any different views regarding the courses of my professors or fellow students.
Q9 If a lecture is rescheduled at an inconvenient time for me, I will accept it.
Q10 If my professors do not teach the course according to the way I would like to teach, I will accept it.
Q11 [ will complete the assignments given to me by my professors.
Q12 I regularly attend my lectures.
Q13 [ attend my lectures carefully and with interest.
Q14 I am looking for information about my courses from various sources.
Q15 [ turn to my professors to find suitable study sources for my courses.
Q16 [ inform my professors about my difficulties in the lessons.
Q17 [ inform my classmates about my difficulties in lessons.
Q18 [ am willing to share information, knowledge and experiences with my professors and fellow students.
Q19 I encourage my fellow students to attend the lectures.
Q20 I encourage my fellow students to actively participate in the lectures.
Q21 [ treat my classmates with courtesy and respect.
Q22 | treat my professors with courtesy and respect.




Appendix 2

Table A2. Correlation Matrix Between Questions Q1-Q22

Q1L Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Q13 Q14 Q15 Q16 Q17 Q18 Q19 Q20 Q21 Q22
Ql 100 26 34 29 .16 .21 .19 24 -02 .10 .34 .27 28 31 .19 .23 .14 .23 42 35 25 .33
Q2 26 100 52 58 33 21 44 20 -04 .04 .19 .07 .10 .19 29 31 .32 .41 .17 22 .08 .13
Q3 34 52 100 50 .33 31 34 37 .08 -04 26 .28 24 31 23 27 29 38 26 24 33 34
Q4 29 58 50 1.00 36 .32 .56 .28 -01 -01 .22 .14 27 22 44 40 39 47 31 38 .04 .12
Qs .16 33 33 36 100 .69 40 40 .16 .16 .31 .12 28 29 29 29 51 55 .42 28 31 .26
Q6 21 21 31 32 .69 100 42 38 22 24 38 29 36 32 27 26 .41 54 48 36 27 .23
Q7 .19 44 34 56 .40 .42 100 28 .08 .14 .19 .16 31 23 47 44 31 41 29 38 .05 .07
Q8 24 20 37 28 .40 38 28 1.00 21 .16 .26 .28 27 34 20 .19 .28 .42 35 30 .47 43
Q9 -02 -04 .08 -01 .16 .22 .08 .21 1.00 .42 .09 .06 .08 .12 .04 .07 .00 .12 .19 25 24 21
Q10 .10 .04 -04 -01 .16 .24 .14 .16 42 100 .13 .10 .13 .14 .16 .04 -03 20 24 .19 .09 .12
Q11 34 .19 26 22 31 38 .19 26 .09 .13 1.00 57 52 37 .18 26 30 28 42 31 29 .29
Q12 27 .07 28 .14 .12 29 .16 .28 .06 .10 .57 100 65 .36 .15 .23 .15 24 38 28 .40 .35
Q13 28 .10 .24 27 28 36 .31 27 08 .13 52 65 100 .46 .35 36 26 37 .49 43 32 .28
Q14 31 .19 31 22 29 32 23 34 12 14 37 36 46 100 .48 35 29 39 34 30 29 .22
Q15 19 .29 23 44 29 27 47 20 .04 .16 .18 .15 35 .48 100 .65 .33 40 29 .38 .03 .03
Q16 23 31 27 40 29 26 .44 .19 07 04 26 23 36 .35 .65 1.00 35 33 36 .40 .09 .12
Q17 14 32 29 39 51 41 31 28 .00 -03 30 .15 26 .29 33 .35 1.00 51 39 .37 .09 .12
Q18 23 .41 38 47 55 54 .41 42 12 20 28 24 37 39 40 33 51 1.00 .45 41 31 .36
Q19 42 17 26 31 42 48 29 35 19 24 42 38 49 34 29 36 39 45 1.00 .73 .35 .35
Q20 35 22 24 38 28 36 .38 30 .25 .19 31 28 43 30 .38 40 37 41 73 100 .22 .21
Q21 25 .08 33 .04 31 27 .05 .47 24 09 29 40 32 29 .03 .09 .09 31 35 .22 100 .69
Q22 33 13 34 12 26 23 .07 43 21 12 29 35 28 22 .03 .12 .12 36 35 21 .69 100
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Figure A1. The Graphical Approach of Confirmatory Factor Analysis for the Model of Five Co-Creation Factors:



