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Abstract. Creativity, a primary objective across academic disciplines, has
received considerable attention over the past few decades. While much focus has
been put on the measurement of individual creativity, a notable research gap
remains regarding social collaborative creativity that occurs in blended learning
settings. This work offers an initial validation of the psychometric properties of
a self-reported instrument, the Assessment Scale for Creative Collaboration
(ASCC) that can measure learner perceptions of creative collaboration in a team
within a computer-supported collaborative learning (CSCL) context. In this
study, 236 undergraduate and graduate students rated the key variables of creative
collaboration. Exploratory factor analysis resulted in a three-factor scale (21
items) measuring ‘Synergistic Social Collaboration’, ‘Distributed Creativity” and
‘Learning Regulation and Achievement’. Cronbach's alphas indicated good
internal consistency for the subscales. An instrument with psychometric
properties for the assessment of creative collaboration is much-needed for the
growing community of researchers and practitioners looking into creativity in
education. It is also critical in advanced technical subjects, such as Design, HCI
and Engineering, where collaboration is essential in developing innovative
products.
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1 Introduction and theoretical background

Recent decades have seen the rise of creativity as a critical element in higher education
(HE). Creativity can provide a competitive advantage for today’s young graduates and
enhance their employment prospects as they transition into innovation-oriented digital
industries [33]. Yet, the field appears significantly under-researched [5]. The bulk of
present research has largely focused on organizational settings, while creativity in
education, particularly in the areas of Design, HCI, and Engineering, has not been the
focus of targeted investigation. Furthermore, collective, versus individual, creativity



has yet to be robustly investigated, despite the expanding practice of sociocultural
learning approaches in HE [29].

A multi-dimensional construct, creativity has always been challenging, especially in
investigations seeking to identify the elements required for its effective practice and
evaluation, as well as its technology-supported configurations. Research has provided
a number of frameworks and models that attempt to theorize about creativity. These
primarily focus on personality characteristics [41] and outcomes [15]. Various
methodologies, such as the observatory [20], self-reported [27], evaluative [2, 15] and
neurobiological [5] aim to capture different perspectives of the construct. Some of the
assessment strategies for creativity include protocol analysis [12], purpose-specific
coding for content analysis, behavior and activity-based testing [32], interaction
analysis [29] and external evaluation of creative products [2, 15]. Lastly, the majority
of psychometric measures, such as the ‘Torrance Test of Creative Thinking” (TTCT)
[30] and the ‘Kaufman Domains of Creativity Scale’ (K-Docs) [12], focus on individual
dimensions of creativity. For collaborative endeavors, the assessment of creativity
remains largely under-explored. A few studies have qualitatively observed
brainstorming teams in an attempt to document collaborative creativity [23]. Others
reported on distributed creativity through a computer-mediated discourse analysis
approach [30]. What remains missing from the literature is an instrument aimed at the
assessment of social creativity in education.

This work focuses on the creative collaborative processes of students in blended HE
settings — especially those in highly technical fields, such as Design, HCI and
Engineering, which require high levels of collaboration to develop innovative products.

As such, this study seeks to derive a psychometrically valid measure for the
evaluation of participant perceptions of such group processes using an existing
instrument, the Assessment Scale for Creative Collaboration (ASCC), as the main
deliverable of the European-funded CoCreat Lifelong Learning Project [36]. The
reliability measure for the 25 items of the instrument was reported at an earlier stage of
the project; its psychometric properties had yet to be assessed.

The scale measures the principal variables of creative collaboration as perceived by
team members in blended learning settings, based on underlying CSCL and creativity
theories [7, 9, 10, 17]. The term refers to the collaboration processes between people
across creative and other disciplines. The initial 25 items of the scale measure the
creative processes that stem from ill-defined problems, which initiate cycles of
imagination, divergent thinking and problem-solving that are driven by learners’
interest and engagement in a task. Learners draw from prior subject-level knowledge
and withstand time pressures to develop novel and appropriate outcomes.

The purpose of this study is to extend these findings by:

1. Determining the factors of ASCC and presenting its subscales’ reliability.
2. Interpreting and analyzing the conceptual relationships of subscale variables, guided
by background work.

In short, an instrument with psychometric properties for the assessment of creative
collaboration—so as to be able to research creativity in HE—is both needed and not yet
in place. The process for its development is described in the following sections.



2 Methodology

2.1 Instrumentation

The ASCC questionnaire uses a 7-point Likert scale and aims to elicit information about
key concepts of creative collaboration in CSCL settings. It employs the term ‘creative
collaboration’ based on multiple CSCL theories. The 25 questionnaire items prompt
for divergent thinking, domain-level knowledge, critical thinking, response to real-life
problems, social aspects of co-present and distant collaboration, conceptual factors of
interest and engagement in collaboration, individual and joint time-management,
learning regulation and time pressure.

2.2  Participants

The ASCC was completed by a total of 236 international undergraduate and graduate
students who had prior experience of collaborative projects. The sample falls within the
fair-to-good range of roughly 10 observations per item [24]. Students were asked to
complete the questionnaire based on their most recent collaborative project experience.

2.3 Parallel Analysis (PA)

To define the statistically significant factors (eigenvalues) to be extracted, we first
conducted Parallel Analysis (PA). Both PA and scree plot suggested a three-factor
structure for the 25 items of the ASCC, which also matched the eigenvalue of >1
criterion.

2.4  Exploratory Factor Analysis (EFA)

Descriptive statistics presented an average range of item means of 4,26 — 5,92 (M=5,29)
and adequate diversity in opinions (SD=1,46). EFA was conducted, using the Principal
Axis Factor (PAF) extraction method as well as an Oblimin Oblique rotation method
(delta=0) on the ASCC’s variables, which were expected to be correlated - a typical
phenomenon in social studies. The Kaiser-Meyer-Olkin measure of sampling adequacy
was found to be of an optimal value of ,913. The Bartlett’s test of sphericity, reporting
on the homogeneity of the correlation matrix [30], was found to be significant (32 (300)
= 3117,52 p < .001). The three factors obtained accounted for 47,28% of the total
variance in the ASCC variables. Extracted factor eigenvalues and respective total
variance percentages were as follows: Factor 1=9,084 and 36,33%, Factor 2=1,672 and
6,68%, Factor 3=1,065 and 4,26%.

A within variables approach indicated that the variables have a moderate to high
level of common variance based on the extracted communality values: >.5 accounted
for the 48%, >.4 accounted for the 40% and the rest for values of <4. The rotated pattern
matrix (pattern coefficients) results indicated an initial set of eleven variables for Factor
1, seven variables for Factor 2, and seven variables for Factor 3. We retained variables
with the following criteria: a) a pattern coefficient of 0,4 and above and b) significant
differences in cross-loading values (approximately > 0,20) [21].



Table 1. Scale dimensions, descriptions and individual items

Dimension 1

Synergistic Social Collaboration

Theoretical Origin

A 9-item subscale that assesses social collaborative learning and the conceptual variables
of interest and emotional factors such as belonging, mutuality and trust

Group interest in 1. Everyone in our group was interested in
Interest
the task the task.
Trust between 2. Classmates/colleagues in my group trust  Social Collaborative
participants each other. Learning
Orientation towards 3. Everyone in my group wanted to make a
Interest
the task successful product.
Safe atmosphere 4. We had a feeling of belonging together. Somal_ Collaborative
Learning
Communication 5. We were all able_: to express our ideas, Creativity
even controversial ones, freely.
Discussion of 6. We were able to share and discuss our Creative
ideas ideas with each other. Collaboration
Level of collaboration 7. We understood ea<_:h other’s viewpoints at Soual_ Collaborative
the start of the project. Learning
Adequate 8. Our group had the necessary knowledge  Social Collaborative
knowledge base to be able to complete our task. Learning
9. | had agood idea of what the others in

Shared knowledge
and goals

my group knew that is relevant to this
activity.

Interest

Dimension 2

Distributed Creativity

Theoretical Origin

A 7-item subscale that assesses collective divergent thinking and externalization, the
degree of tension and perceived co-presence in distant teams

Problem boundaries

10. We weren’t always certain about how to

carry out the task which led us to explore  Creativity
stretched or broken different possibilities.
A degree of 11. We sometimes disagreed, but we .
Creativity

disagreement or tension

discussed our different points of view.

Group-based
time pressure

12.

My group was pressured to complete in
time.

Time Pressure

Degree of co-presence

13.

We were able to share information

(formally - text based) between group members e.g. via a wiki or Interest
shared document.
14. We could see or find out what other

Possibilities for people knew or were thinking about. For
externalizing example, we could draw, write or build Creativity
representations things on the computer that the other

group members could see and/or read
Degree of co-presence 15. We were able to chat informally with the

other group members via text or social Interest

(informally - SN)

networking.



Level of 16. My group generated diverse and novel Creativit
divergent thinking ideas in response to the task. y
Dimension 3 Time Regulation and Achievement Theoretical Origin

A 5-item subscale assesses the degree of individual and collective time-management as
components of learning regulation and achievement

Stretching boundaries  17. We went beyond the set task. Creativity
Group-level time 18. Our group organized our time for Time Management
management learning well.

Individual time 19. | organized my time for learning well Time Management
management

20. The set task/activity enabled us to express Social Collaborative

Emotional expression X .
P our emotions. Achievement

Level of imagination ~ 21. Between us we used a lot of imagination  Creativity

Qualitative judgements about the retention of variables were made during post-PAF-
processing. With the exception of items 2, 4 and 7 in Factor 1, the rest cross-loaded on
other factors, but were maintained due to their compliance with retention criterion (b).
Factor 2 loaded with a total of seven items. Item 16 failed the retention criteria, but was
retained due to its critical conceptual significance related to divergent thinking. Factor
3 loaded with a total of seven items, out of which two did not match retention criteria
and were thus dropped from the instrument. Factor 3 resulted in a total of five variables
(see Table 1).

2.5 Reliability Analysis

Following FA, we proceeded to investigate the three subscales’ internal consistency
reliability and expected the following: a) a Cronbach’s alpha coefficient minimum of o
= 0,70 for the subscales [6] (the minimum value of 0,7 is acceptable for newly
developed scales [16]), b) Inter-item correlations ranges of 0,3 and 0,7 to indicate
homogeneity but no redundancy [25], c¢) small inter-item correlations standard
deviation, preferably < .1 [25] and finally, d) a minimum value of 0,4-0,75 for corrected
item-to-totals as indicated in the item-total statistics results [21]. These are presented
in Table 2, while individual reliability results for each sub-scale are outlined in the
following three sections.

Table 2. Initial Reliability Statistics for the ASCC Subscales (N = 236)

Cronbach’s Mean inter-item SD of inter-item No. of

alpha correlations correlations items
Factor 1 ,924 ,695 0,01 11
Updated* ,893* ,654* 0,00* 9*
Factor 2 778 ,505 0,01 7

Factor 3 ,758 ,529 0,01 5




Subscale 1. This subscale presented an optimal level of internal consistency at o = ,92
[6]. Most items fell within the inter-item-correlation ranges, apart from three items,
which were above the value of 0,7. A closer examination in conjunction with the item-
to-total correlation results, indicated that two out of three were far higher than the
recommended upper limit and were therefore deleted. Item 1 was retained as a key
conceptual variable of ‘interest’ within the subscale. A second reliability analysis,
resulted in a lower (updated*), but still high, Cronbach’s value of a = ,89 (see Table 2).

Subscale 2. Reliability analysis of its seven items concluded an acceptable value of
Cronbach’s o = ,77 (see Table 2). This subscale presented an item (12) that failed to
meet the minimum criteria, in a few of the inter-item-correlation ranges. Based on the
fact that it measures ‘time pressure’, a key conceptual element inherently linked to
creativity and collaboration, the variable was retained.

Subscale 3. Reliability analysis of the subscale’s five items concluded an acceptable
Cronbach’s value of a =,76 (see Table 2). Item 20 scored just below the minimum
value of 0,3 in the inter-item-correlation matrix (0,29). It was nevertheless retained in
the subscale due to its critical theoretical significance (see Table 1). As all subscale
coefficients resulted high alpha values (o > ,70), the scale presents high internal
consistency.

3 Discussion

This work undertook an initial validation of ASCC in response to an increasing need
for instruments to assess collaborative creativity in HE team-work settings. EFA
resulted in a three-factor scale, with a total of 21 items measuring ‘Synergistic Social
Collaboration’, ‘Distributed Creativity’ and ‘Time Regulation and Achievement’.

3.1  Subscale 1: Synergistic Social Collaboration

The choice of term for this subscale relies on the role of synergy amongst collaborative
team members in the production of greater results than the sum of separate individual
parts. It comprises concepts related to both co-present computer-supported, as well as
distant collaborative learning (CSCL) [11, 22]. The first subscale includes 11 items and
addresses all co-present, physical, computer supported and distant collaborative
learning (CSCL). It includes a number of affective variables, such as the sense of
belonging, mutuality and trust between participants, as well as cognitive variables such
as the ability to develop a shared understanding of individual viewpoints within a group
(see Table 1).

The persistent recurrence of interest as an intrinsic motivational variable is
anticipated, as it appears strongly intertwined with literature on collaborative learning
and creativity. With both affective as well as cognitive traits, the construct of interest
and engagement is linked to conceptualizations about one’s self as well as the social,



physical, and conceptual environment (i.e. ‘Shared knowledge and goals’) [34]. It is an
intrinsic component of task-value derived from the Expectancy-Value theory. It also
acts as a motivation for, and expectation of, success in performing a task i.e.
‘Orientation towards task success’ [35]. This is supported by the high correlation value
between the two variables, ‘Group engagement’ and ‘Task Success’ (r =,664).

Further theoretical associations confirm the structure of this subscale. For example,
as interest and engagement grow, learners and collaborators in a field become naturally
more inquisitive and explorative (‘Discussion of early ideas”) leading to in a field and
further generation and analysis of ideas occurs. The ‘Discussion of early ideas’ is
evidently clearly a significant stage in both collaborative and creative learning
processes, that and it is also highly correlated to ‘Group Engagement’(r = ,558) in the
subscale. The ASCC report posits that this variable, typically related to brainstorming
activities, is explicitly linked to Collaborative creativity literature [19]. Similarly,
‘Adequate knowledge base’ is regularly encountered across theoretical domains.
Sufficient level of domain knowledge is projected by Amabile [2] in her componential
theory of creativity and is also a primary variable in social constructivism as a precursor
to higher-level cognitive functions in collaborative learning. Prior knowledge is also
strongly connected to interest and engagement in this subscale (r = ,550) and across the
literature [18].

3.2  Subscale 2: Distributed Creativity

Drawing from Sawyer’s and DeZutter’s [29] definition, this seven-item subscale is
labeled ‘Distributed Creativity’, as the majority of its variables relate to this concept.
Creativity is presented in the form of original ideas or products of the team-driven
‘Level of divergent thinking’, which are deemed suitable for a purpose (i.e. ‘My group
generated different and novel ideas in response to the task’). This type of collective
creativity is heightened in response to ill-defined problems that lack explicit directions
(‘Problem boundaries stretched or broken’). Furthermore, a moderate ‘Degree of
disagreement and tension’ within a respectful and trusting context is a positive
precursor to collective novelty in ideas. This is supported in the correlation value
between these two variables (r = ,452). A ‘Degree of disagreement or tension’ in the
form of argumentative exchange can also enforce reflective reasoning during a
collective creative task [36]. Tension in itself denotes evidence of engagement and
interest, which is also found in the form of ‘Degree of co-presence’ (formal/informal
and offline/online) in the subscale.

Another point of interest is the positive relationship between time pressure, and
creativity, which is evident in the subscale. This relationship appears to work in
opposite ways in the literature. Studies have shown that working under pressure
impedes creativity by leading participants to choose safer options, rather than the more
exploratory or time-consuming [1]. That said, working with mild-to-moderate time
pressure, as a “challenge stressor” [28] can be beneficial, reportedly triggering creative
effort and motivation. Apart from the high inter-item correlations in ‘Degree of co-
presence’ (r =,544), these variables correlate with ‘Externalizing representations’ (r =
,473), the latter of which is also highly correlated with ‘Level of divergent thinking’ (r



= ,476), presenting the second-highest correlation in the sub-scale. The link between
creativity and externalization in social collaboration is key, particularly in the domains
of Design and Engineering.

The process of using physical or digital artefacts such as paper sketches, texts or 3D-
prototypes to portray thoughts on to tangible objects is used for communicative,
coordinative, explorative and reflective creative activity [38]. These require a high
degree of co-presence amongst team members, which is made evident through the
subscale’s high inter-item correlation structure between the two variables.

Finally, ‘Group-based time pressure’ and ‘Stretching problem boundaries’ present
high inter-item correlations (r = ,463). The latter correlates well with the ‘Degree of
disagreement or tension’ (r = ,443). We note that ‘Stretching problem boundaries’ refers
to the exploration of different possibilities, as opposed to ‘Stretching boundaries’ in
subscale 3, which suggests going beyond or improving upon the expected quality of the
assigned deliverable.

3.3 Subscale 3: Time Regulation and Achievement

This factor’s name draws from the inherent interaction between learning regulation
(encompassing time regulation) and achievement, based on relevant literature [26]. It
consists of five items. ‘Individual’ and ‘Group-level time management’ carry—as
expected—nhigh inter-item correlation (r =,636) in the subscale. The literature indicates
that time-management is a primary component of learning regulation [26, 31] and
reports on its three components, namely, self-regulation, co-regulation (pairs) and
“socially shared regulation” [13] (teams). Shared learning regulation, in terms of time
and effort, concerns tactics that are implemented according to a plan, so as to increase
learning gains (self) or attain a collective target.

Additionally, the relationship between self/collective regulation (‘Group time-
management’), efficacy and creative achievement (‘Stretching boundaries’) is well
documented in behavioral studies [26]. Bandura [4] states that an understanding of
one’s abilities, as well as “being purposive” towards an end goal is what leads to
drafting and following a systematic learning action plan to the point of completing or
going beyond the end goal (“We went beyond the task’). These two variables bear
positive inter-correlations in the subscale (r=,463). Imagination, a factor synonymous
with divergent thinking, is also highly correlated with ‘Stretching boundaries’ and
‘Group time management’ (r = ,435). The literature denotes that creative individuals
consciously seek to regulate their practices to produce novel outcomes [37].

‘Emotional expression’ also relates to conceptions of regulated learning as a means
of commitment and orientation towards an end goal. The term has a positive correlation
with achievement (‘Boundaries stretched’) in the subscale (r=,334). It is also supported
by the literature [28], which widely agrees that collaboration built on socio-emotional
spaces that foster inter-connectedness amongst participants enhances creativity.
Conversely, negative emotional load stemming from a distrustful or restrictive
atmosphere hinders expression and generates poor creative outcomes.



4 Conclusion

An instrument with psychometric properties that can assess creative collaboration is
much-needed in the growing community of researchers focusing on creativity in higher
education. This is especially important in the educational areas of Design, HCI and
Engineering, where collaboration is key to produce innovative outcomes. The ASCC,
a self-reported questionnaire, is designed to measure the perceived creative
collaboration amongst teams working in blended learning settings. The objective of this
study was to examine the ASCC’s psychometric properties by (i) determining its
subscales and presenting their reliability value and (ii) interpreting and analyzing the
relationships of the subscale variables, guided by conceptual groundings from earlier
work. Factor analysis resulted in a three-factor structure (21 items), namely,
‘Synergistic Social Collaboration’ (9 items), ‘Distributed Creativity’ (7 items), and
‘Time Regulation and Achievement’ (5 items), all bearing good reliability values.
Future improvements could focus on using a Confirmatory Factor Analysis to provide
additional validity for the ASCC instrument.
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