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Abstract. Colour is a critical environmental stimulus influencing the productivity of users in a
coworking space. This study investigates to explore the effects of using light-muted, dark-muted and
vibrant colours on the creative productivity of Generation Z users (born between 1995 and 2015) in
coworking spaces. While user preferences tend to favour light-muted walls and tend to avoid vibrant
hues, such as red, yellow and green, experimental finsings with 21 purposively selected respondents in a
virtual coworking space showed that dark-muted colours were more conducive to productivity. This was
evidenced by a higher number of ideas generated in modified Wartegg and Finke creativity tasks and
further supported by Associative Conceptual Network Analysis (ACNA) of verbal protocols, which
revealed greater conceptual depth. Psychological responses related to focus, mood and comfort also
found to mediate these effects. Overall, a dark-muted colours appear to optimally support productive
behaviour in coworking spaces.
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1. Introduction

Visual stimuli are the dominant stimuli in interior design. One of the easiest and
most effective approaches to enhance visual appeal is by selecting colours for
prominent interior elements such as walls, which attract the most attention in
coworking spaces. The use of colour in interior design aims to create a specific
atmosphere that can influence the psychological state and behaviour of users.
Coworking spaces, favoured as the preferred third place for Work from Anywhere
(WFA) practitioners, also employ colour application strategies to establish an
atmosphere that supports productivity (Cabral & van Winden, 2022; Oldenburg, 1977;
Littman, 2021; Mouratidis, 2021; Cheang, 2002; Tu et al., 2020). This can be observed
in the trend of using muted colours in coworking spaces, although some spaces opt for
vibrant colours as they are believed to stimulate users (Kwallek et al., 1988; 1996;
2007; Kiiller et al., 2009). This duality has prompted researchers to explore the true
effects of muted and vibrant colours on the creative productivity of coworking-space
users, including the factors involved in the process.

Despite this growing interest, the psychological and behavioural impacts of colour
application - specifically muted versus vibrant colours - on users' productivity remain
unclear, particularly among Generation Z. This study addresses this gap by
investigating the following research questions: 1) How do light-muted, dark-muted and
vibrant colours affect the productivity of Generation Z coworking space users? and 2)
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Which psychological factors mediate the relationship between colour use and
productivity? It is hypothesised that dark-muted colours will foster greater focus and
productivity among Generation Z users compared to light-muted and vibrant colours.
This study also contributes a novel methodological approach by combining Virtual
Reality (VR) simulation and Associative Conceptual Network Analysis (ACNA) to
examine the psychological and creative effects of interior colours in coworking spaces.

2. Research context

a. Coworking spaces and the rise of remote work culture among Generation Z

Coworking spaces have emerged in response to the growing demand for flexible,
informal work environments that maintain productivity. Originally designed to facilitate
social interaction through open-plan layouts and shared amenities, these spaces have
since evolved to include semi-private and private areas (Howell, 2022). The industry
has expanded significantly in recent years, particularly following the COVID-19
pandemic, which accelerated the shift toward remote work (Cabral & van Winden,
2022). Coworking spaces are now widely used by remote workers seeking productive
environments that also support creativity and innovation, particularly through flexible
spatial design and stimulating atmospheres (Oldenburg, 1977; Cheang, 2002; Tu et al.,
2020; Littman, 2021; Mouratidis, 2021). Given their appeal to Generation Z (ages 18-
25), visual aesthetics have become a key design focus, with an observed preference for
muted colours and natural or imitation materials, often shaped by local context and
brand identity (McCrindle & Wolfinger, 2014; Sulistyawati et al., 2024).

b. Colour saturation and its effects on productivity and creativity

Colour is one of the most immediate and influential sensory elements in interior
design, with visual stimuli often dominating other perceptual inputs in shaping spatial
experience (Spence et al., 2012). Its psychological impact is largely determined by
saturation and value levels, which influence mood, focus and comfort - core factors that
underpin productivity and creativity in work environments (Gendolla, 2000).

Muted colours, characterised by low saturation and extreme value levels (either
near white or black), are widely applied in coworking spaces due to their calming
qualities and ability to support concentration (Hornung, 2012; Kwallek et al., 1988).
However, empirical findings indicate that predominantly white spaces may contribute
to distraction and error-prone behaviour (Brill et al., 1984; Kwallek et al., 1988).
Conversely, dark-muted tones - despite being less popular due to perceived heaviness -
may Yyield underexplored benefits for cognitive focus (Kwallek et al., 2007).

In contrast, vibrant colours, defined by high saturation and moderate value, such
as bright reds, yellows and blues, tend to increase arousal and visual stimulation
(Kwallek et al., 1988; 2007). While this can promote alertness and energy (Kwallek et
al., 1996; Porter, 1997), it may also lead to overstimulation and reduced attentional
stability, especially during tasks requiring sustained focus (Kwallek & Lewis, 1990;
Elliot et al., 2007; Yerkes & Dodson, 1908).

These findings show that there is a relationship between colour properties -
specifically saturation and value - and the influence on psychological responses such as
mood, focus and comfort, as shown in Figure 1. These responses, in turn, act as
mediators that affect both productivity and creativity in coworking environments. As
such, intentional colour design becomes a critical strategy in shaping cognitive and
emotional conditions conducive to effective work.
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Figure 1. Summary of how the colour process affects productivity

c. Assessing creative productivity through divergent thinking

Productivity is a behavioural outcome influenced by both internal and external
factors. Internally, mood and creativity play significant roles, where externally factor
such as interior design shape our experience. In coworking spaces, where productivity
IS a core expectation, the design of the physical environment - particularly its capacity
to support positive mood and creative engagement - can be a determining factor.

Productivity is defined by the ability to complete tasks efficiently and accurately.
However, this efficiency often depends on an individual's creative capacity to generate
solutions. Low mood and diminished creativity undermine productivity, making it
essential to understand how environmental stimuli can be leveraged to enhance both.
This study focuses on creative productivity, defined as productivity that results from
and involves the creative ability to solve problems or perform tasks innovatively.

Creative thinking is closely linked to divergent thinking - the capacity to produce
multiple alternative ideas. This can be assessed using tools such as the Wartegg
Drawing Test and the Finke Creative Synthesis Task, both of which evaluate the
quantity and quality of generated ideas (Finke & Slayton, 1988; Crisi & Dentale, 2016).
While neurophysiological data (e.g., brainwave activity) can offer insights into
cognitive states, such methods provide limited information about the depth or
originality of ideation (Kiiller et al., 2009).

Creativity can also be assessed through verbal protocol analysis, which captures
thought processes during task performance. Research by Georgiev et al. (2012), Junaidy
et al. (2013; 2024) and Adharamadinka and Junaidy (2022) shows that combining this
method with Associative Conceptual Network Analysis (ACNA) reveals the depth and
structure of abstract ideas and can be utilized in creativity research to capture the level
of divergent thinking. ACNA quantifies creativity using out-degree centrality (ODC)
scores, which indicate the richness and connectivity of conceptual associations.

Verbal protocols combined with ACNA provide a structured method for
evaluating creative productivity. By mapping conceptual associations and calculating
out-degree centrality (ODC) scores, this approach captures both the quantity and depth
of creative output. It enables researchers to assess how interior design elements, such as
colour, influence the originality and complexity of user-generated ideas in coworking
environments.

3. Methods

a. Preliminary Observation

An initial observational study was conducted in six coworking spaces across
Bandung, Indonesia (Figure 2). Observations were carried out from 09:00 to 12:00,
focusing on user types, activity patterns and interior spatial characteristics. Common
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areas were the primary feature of interest and users predominantly consisted of
students, freelancers and remote workers. Based on these observations, three coworking
spaces featuring visible wall elements were selected for further study.

Ruangduduk.co Bosscha Space

Sans.Co

Figure 2. Observed coworking spaces in Bandung, Indonesia

A visual-based pre-experiment questionnaire was distributed to 169 Generation Z
university students (aged 18-25) to evaluate their perceptions of colour in coworking
environments. Respondents were shown images of three coworking spaces, each
featuring a different dominant wall colour - light-muted, dark-muted or vibrant (Table
1) - and asked to assess their impressions. The questionnaire also included a colour
selection task based on 20 high-saturation hues from the Munsell colour chart (Figure
3). Participants were instructed to select the hues they perceived as most vibrant. The
results identified red (1), yellow (5) and green (8) as the most vibrant, which were then
used as the base hues for the experimental stimuli.

Based on the questionnaire, respondents perceived that the grey cell images are
supporting creative productivity with various arguments. From those arguments,
researcher screened the adjectives and forming 25 adjective pairs that were used as the
main basis for measuring respondents’ psychological responses during the experiment.
These adjective pairs were then adjusted for semantic similarity and aligned with the
evaluation, potency and activity dimensions from semantic differential measurements
by Osgood et al. (1957). The evaluation dimension is contributed by adjective pairs:
familiar-unfamiliar, elegant-shabby, interesting-boring, positive-negative, beautiful-
ugly, natural-imitation, exciting-ordinary. The potency dimension is represented by:
simple-complex, smooth-rough, spacious-cramped, harmonious-contrast, formal-casual,
clean-dirty, clear-blurry, light-heavy and mood up-mood down. Meanwhile, the activity
dimension consists of: cool-warm, bright-dark, public-private, comfortable-distractive,
focused-unfocused, awake-drowsy, relaxed-tense, vigorous-lethargic and energetic—
tired.

236



L. MAWALLI, D.W. JUNAIDY: THE INFLUENCE OF MUTED AND VIBRANT COLOURS ON...

Table 1. Visuals of coworking spaces in the pre-experiment questionnaire

Light-muted Vibrant Dark-muted
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Insights from this pre-experiment phase directly informed the selection of colour
conditions and adjective items used in the semantic differential questionnaire during the
VR-based experiment.

b. Experiment

The experiment was conducted in a laboratory setting using Virtual Reality (VR)
headsets to project a simulated coworking space interior that replicates the atmosphere
of real-world environments (Cha, 2020). The virtual environment was adapted from
previously observed coworking spaces to ensure ecological validity. Each respondent
was directed into a chamber consisting of a transition and testing area. In the transition
area, participants were given five minutes to relax and receive instructions before
proceeding to the testing area, where they used the VR headset and controllers. The
layout of the experiment site can be seen in Figure 4.
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Figure 4. Chamber used for the experiment

A total of 21 purposively sampled participants who passed a screening process
took part in the study. A within-subjects experimental design was employed, in which
each participant experienced all three colour conditions: light-muted, dark-muted and
vibrant. The colour conditions were developed by combining three hues - red, yellow
and green - with three saturation-value levels, resulting in nine experimental conditions.
This design allowed a systematic comparison of how hue and colour intensity influence
creative productivity.

Participants underwent two training sessions prior to the experiment to familiarise
themselves with the VR equipment and Gravity Sketch software, thereby minimising
potential bias due to differing levels of VR proficiency. The experimental sessions were
conducted across different weeks between 09:00 AM and 12:00 PM, a time range
selected based on typical working hours conducive to productivity.

For each condition, participants were shown a geometric shape (triangle, square or
trapezoid) and asked to generate alternative object ideas. These shapes served as stimuli
in tasks adapted from the Wartegg and Finke creativity tests. The participants were
instructed to observe their surroundings, familiarise themselves with the colour-rich
virtual environment and then perform the creative task. During the task, they were
required to intuitively draw new object ideas and verbalise their thought processes. An
illustration of the VR setup used in the experiment is shown in Figure 5. This approach
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enabled the simultaneous capture of externalised ideas and internal cognitive processes,
allowing for analysis of both behavioural and conceptual dimensions of creativity.

Figure 5. Virtual coworking space layout and illustration of the experimental process

Each creative task was limited to three minutes per condition. After completing
each task, participants filled out a semantic differential questionnaire designed to assess
their psychological responses to the environment. The questionnaire used a 7-point
semantic differential scale and consisted of 23 pairs of evaluative words, developed
from a pre-experiment survey (Table 5).

The entire experimental sequence - acclimation, VR task, verbal protocol and
post-task questionnaire - was repeated under each of the three colour conditions (light-
muted, dark-muted, vibrant), with a randomised order of colour condition and
geometric object assigned to each respondent to control for order effects.

c. Data Analysis

Verbal data obtained from the verbal protocol procedure during the screening
phase were categorised based on nouns, translated into English and grouped according
to three conditions. These data groups were further processed using the University of
South Florida (USF) dictionary to obtain word associations from spoken nouns. To
explore latent aspects and the depth of potential abstract ideas more authentically, the
process continued with ACNA using PAJEK software. This analysis yielded ODC
scores indicating the level of association and abstraction formed from the spoken nouns
and associated words. The ODC scores naturally form a hierarchical data structure of
word associations, enabling the identification of the most highly associated words and
their corresponding association scores for each condition, which indicates the level of
creativity. Additionally, numerical data from the semantic differential questionnaire and
the number of respondents’ ideas were analysed using factor and descriptive analysis.

4.  Findings

a. Associative Conceptual Network Analysis (ACNA)

The analysis of in-depth layers revealed that the dark-muted condition had the
highest ODC scores and was more inclined towards the in-depth layers within the
context of this research. The ODC scores as seen in Figure 6 and Table 2 indicate that
the dark-muted condition prompts respondents to provide more abstract ideas, resulting
in the highest level of creativity compared to the light-muted and vibrant conditions. An
analysis based on group conditions and respondents’ genders was also conducted.
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However, the comparison of means for each group showed no significant differences
between the gender and hue groups.

Light Muted Condition Vibrant Condition Dark Muted Condition
(Red-Yellow-Green) (Red-Yellow-Green) (Red-Yellow-Green)

obc Associative obc Associative obc Associative

Spoken Words Spoken Words Spoken Words
Score Words P Score Words P Score Words P
BUILDING, ROOM, WALL. LAND, INSIDE TER, LUNCH, CONTAINER BISCUT,
0,10 house ROOH REE, CORNER. LIGHT 0,11 food ; m,, R F CREAM, CAFE. PAN, 012 food ‘F&?_k;a rA F( 7N7A ;‘z;mnnu TRAY.
DECORA SANDWIC
LAND, SPRINKLE FOOO. BEVERAG S i —
TREE. DESK. HAT MOUNTAIN. ROOF. COVER. PART. MAP, ELEVATOR_MACHINE
0,09 water URDER, POLLUTION, BOKT SAIL e 0,08 house BOTTLE. SIDE, ABOVE, TABLE. BASE 0,08 car BOX. SEAT, TRAFFIC. HANDLE, ROAD.
TABLE, SHIRT, ROOF, TREE, FLAT, ABOVE FLOOR, PLAN, TREE, WOOD, ROOF, FOOD, MAP. VASE, UNDER, BREAD, BLUE
0,08 top SKIRT. SIDE. BOTTLE. ERASER 0,08 top PLACE, WALL' DOOR, INSIDE, MOVE. 0,08 water PLANT. FLOW, GLASS, P
OOM, BOX, SHAPE, ROUND, R
L R OF: 1 0O, WAL, DOLL. G
0.07 square TRIANGLE, CORNER, OBJECT. FLAT, F 0,07 square 0.08 house ;:‘\)'[;\LR;LEUUL‘&))}GH :OLJ';KAL GLASS,
0,00- 0,00- 0,00-
0,06 0,06 0,07
*partly showed *partly showed *partly showed

Figure 6. Associative Conceptual Network Analysis (ACNA) based on conditions

Table 2. The mean ODC scores based on gender and hue groups

Mean ODC Score Mean ODC Score

Condition Hue Male Group Female Group
Red 13.7 14.4
Light-muted Yellow 146 14.2
Green 13.7 14.2
Red 14.4 16.2
Vibrant Yellow 15.8 15.3
Green 144 13.7
Red 14 143
Dark-muted Yellow 154 14.3
Green 13.8 14.3

b. Number of ideas

We also compare the number of ideas generated under the task instructions.
Participants were instructed to generate complete alternative objects from the given
geometric shapes for each condition. The total number of ideas generated by all
respondents in the muted light-muted condition was 139. However, in the vibrant
condition, the total number of ideas generated by all respondents was 138. However,
the dark-muted condition has the highest number of ideas with 151 generated (Table 3).
These ideas were manually counted based on ideas generated by each respondent and
synchronized with the verbalized report.
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Table 3. Result of respondent ideas

Hue Light-muted Vibrant Dark-muted
WL

Red

Green

c. Semantic differential questionnaire response

Validity test

The validity test in Table 4 showed that the 25 pairs of words used in the semantic
differential questionnaire needed to be reduced. This decision was based on the fact that
items A7 (bright-dark; a=0.257), Al4 (formal-casual, a=0.153) and A15 (public-
private; a=0.140) did not meet the requirement of a Pearson’s coefficient of <0.5.

Table 4. Adjective word pairs validity test

Pearson

Label Adjective pair Coefficient Sig. (2-tailed)
Al Cool - Warm 0.459 0.000
A2 Comfortable - Disruptive 0.718 0.000
A3 Interesting - Boring 0.622 0.000
A4 Simple - Complex 0.496 0.000
A5 Spacious - Cramped 0.596 0.000
A6 Harmonious - Contrast 0.739 0.000
A7 Bright - Dark 0.257 0.042
A8 Clean - Dirty 0.418 0.001
A9 Elegant - Shabby 0.608 0.000
Al0 Positive - Negative 0.718 0.000
All Beautiful - Ugly 0.711 0.000
Al2 Clear - Blurry 0.440 0.000
Al3 Smooth - Rough 0.713 0.000
Al4 Formal - Casual 0.153 0.231
Al5 Public - Private 0.140 0.275
Al6 Familiar - Unfamiliar 0.569 0.000
Al7 Light - Heavy 0.680 0.000
Al8 Natural - Imitation 0.695 0.000
Bl Focused - Unfocused 0.638 0.000
B2 Exciting - Ordinary 0.580 0.000
B3 Awake - Drowsy 0.405 0,001
B4 Relaxed - Tensed 0.675 0.000
B5 Vigorous - Lethargic 0.676 0.000
B6 Energetic - Tired 0.520 0.000
B7 Mood up - Mood down 0.750 0.000
B8 Cheerful - Sad 0.633 0.000
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Reliability test

The reliability test results showed that word pairs A1-Al8 and B1-B8 were
reliable, with Cronbach's alpha coefficients of 0.909 > a (0.6). This indicates that items
Al1-Al8 and B1-B8 consistently measure respondents’ responses.

Factor analysis

Statistical analysis was conducted using SPSS 24 software to examine the factors
formed from the semantic differential questionnaire. The statistical analysis included
factor analysis based on a semantic differential questionnaire dataset, which passed the
validity test and reliability test as shown in Table 5.

Valid data from the experimental questionnaire were then analysed using
exploratory factor analysis to examine the grouping of the 23 pairs of words formed in
this experiment. The KMO and Bartlett's test coefficients of these data were 0.800 >
0.500, indicating that the data met the requirements for factor analysis. As a result,
three factors were formed from the 23 pairs of words.

Table 5. Rotated factor matrix

— Adjectives Factor
Label Adjectives (+) ) ) 1 > 3
B4 Relaxed Tensed 0.856
A2 Comfortable Disruptive 0.737
Ab6 Harmonious Contrast 0.729 0.317
Al3 Smooth Rough 0687
Bl Focused Unfocused 0.623 0.462
A9 Elegant Shabby 0.579 0.495
Al10 Positive Negative 0.520 0.382
Al7 Light Heavy 0.415 0.376
Al6 Familiar Unfamiliar 0.377 0.348
B6 Energetic Tired 0.818
B8 Cheerful Sad 0.805
B3 Awake Drowsy 0.775
B2 Exciting Ordinary 0.713
B7 Mood up Mood down 0.567 0.703
A3 Interesting Boring 0.478 0.628
B5 Vigorous Lethargic 0.514 0.553
Al18 Natural Imitation 0.387 0.523
Al2 Clear Blurry 0.708
All Beautiful Ugly 0.461 0.682
A8 Clean Dirty 0.583
Al Cool Warm 0.537
A5 Spacious Cramped 0.327 0.428
A4 Simple Complex 0.391
Eigenvalue 9.1 2.9 1.8
% 39.73% 12.91% 7.94%
KMO 0.800

Three factors were identified with scores higher than 0.50. Factor loadings for
certain word pairs, such as A17, Al18, A5 and A4, were excluded. Factor 1 (F1) was
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contributed by word pairs B4 (0.856), A2 (0.737), A6 (0.729), A13 (0.687), B1 (0.623),
A9 (0.579) and A10 (0.520). Factor 2 (F2) was contributed by word pairs B6 (0.818),
B8 (0.805), B3 (0.775), B2 (0.713), B7 (0.703), A3 (0.628), B5 (0.553) and Al8
(0.523). Factor 3 (F3) was contributed by word pairs A12 (0.708), A1l (0.682), A8
(0.583) and Al (0.537). The three factors were labeled focus (F1), mood (F2) and
comfort (F3). The focus factor (F1) included the word pairs relaxed-tensed,
comfortable-disruptive, harmonious-contrast, smooth-rough, focused-unfocused,
elegant-shabby and positive-negative. The arousal factor (F2) included the following
word pairs: energetic-lethargic, cheerful-sad, awake-drowsy, exciting-ordinary, mood
up-mood down, interesting-boring, vigorous-tired and natural imitation. The comfort
factor (F3) includes the word pairs clear-blurry, beautiful-ugly, clean-dirty and cool-
warm (Figure 7).

nnnnnnnnnn

Less Focus Less Comfortable

Figure 7. Scatter plot of room conditions between factors

Respondents exhibited heightened focus in dark-muted environments, even
though light-muted conditions showed a comparable effect, albeit not significantly
different, likely due to their shared muted attributes. Conversely, vibrant settings
elicited the lowest focus levels. Light-muted spaces were deemed the most comfortable,
contrasting with vibrant environments perceived as the least comfortable. Vibrant
conditions induced higher arousal levels, with no marked difference compared to dark-
muted conditions. However, focus levels remained superior in dark-muted
surroundings. Overall, dark-muted environments consistently fostered positive focus,
arousal and comfort impacts. Light-muted coworking spaces, even though comfortable,
exhibited moderate effects on focus and arousal. Vibrant-coloured rooms notably
boosted arousal but were rated as the least comfortable and supportive of focus
compared to the other conditions.

5. Discussion

This study offers both theoretical insights and methodological innovation in the
exploration of colour’s influence on creative productivity, particularly within
coworking spaces designed for Generation Z users. While previous research has largely
emphasised the benefits of light-muted colours in traditional offices - often associating
white and beige tones with cleanliness, neutrality and cognitive clarity (Kwallek et al.,
1988; Hornung, 2012) - this study challenges such assumptions by demonstrating the
potential of dark-muted colours to support higher levels of creative output. The dark-
muted condition yielded the highest Overall Divergent Coefficient (ODC) score and
idea count, suggesting its capacity to stimulate deeper cognitive processing, promote
abstraction and sustain ideational flow. These outcomes may be attributed to the lower
visual intensity and perceptual calmness provided by dark-muted environments, which
may reduce cognitive noise and enhance internal focus. Such findings extend the
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application of arousal-performance theories (Yerkes & Dodson, 1908), affirming that
moderate arousal - achieved through subdued visual stimuli - optimally supports
complex creative tasks.

These findings provide a direct response to the research questions posed.
Specifically, the variation in idea generation and focus across the three colour
conditions addresses RQ1, while the role of psychological dimensions such as focus,
arousal and comfort answers RQ2. The results also lend support to the hypothesis that
dark-muted colours enhance productivity among Generation Z users.

Methodologically, this study presents a novel integration of Virtual Reality (VR)
simulation and Associative Conceptual Network Analysis (ACNA), offering a unique
contribution to the study of spatial cognition. The use of VR allows for immersive yet
controlled manipulation of environmental variables, enabling participants to experience
realistic spatial conditions without the constraints of physical redesign. Simultaneously,
ACNA captures verbalised cognitive data, allowing for the quantification and
visualisation of idea networks, providing a more nuanced understanding of how
environmental stimuli influence ideation patterns. This combination of tools addresses a
critical gap in design and behavioural research: the challenge of linking spatial stimuli
with real-time cognitive outcomes in a methodologically rigorous way. As such, the
framework presented here offers a replicable model for future investigations into how
designed environments shape psychological and behavioural responses, particularly in
creative settings.

From a practical perspective, the findings offer preliminary but meaningful
guidance for designers and architects working in coworking and other collaborative
environments. Specifically, dark-muted colours are recommended as dominant spatial
elements in areas intended for concentrated creative activity. These colours may be
applied to primary surfaces - such as walls, ceilings or modular partitions - to foster
environments conducive to focus and ideation. Light-muted colours, whilst
psychologically comfortable, may be better suited to informal zones or transitional
spaces that prioritise ease and relaxation. Meanwhile, vibrant colours, despite their
energising effects, should be used selectively, as their high saturation may lead to
overstimulation and diminished focus during complex cognitive tasks. Ultimately, this
study underscores the idea that colour selection is not merely a matter of aesthetics, but
a critical design decision that can influence creative performance, psychological
wellbeing and user satisfaction.

Beyond coworking environments, the implications of this study extend to other
creative domains, including design studios, arts-based classrooms, innovation labs and
therapeutic or rehabilitative spaces. In each of these settings, colour can be leveraged to
align spatial ambience with the cognitive and emotional demands of the task. By
understanding how different colour categories modulate arousal, focus and comfort,
designers and educators can more effectively tailor environments to different phases of
the creative process - from exploration and brainstorming to refinement and critique.
Furthermore, the VR-ACNA methodology demonstrated here offers a scalable and
adaptable framework for exploring other environmental variables such as lighting,
spatial layout, materiality and acoustics. This opens up broader avenues for
interdisciplinary research at the intersection of design, cognition and immersive
technology.

However, the findings of this study should be interpreted in light of certain
limitations. Most notably, the relatively small sample size (n = 21) and reliance on a
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homogeneous group of student participants restrict the generalisability of the results.
Whilst purposive sampling and VR-based controls allowed for internal validity and
depth of cognitive insight, the statistical power was limited, particularly in detecting
more subtle differences across colour conditions. As such, the conclusions drawn here
should be viewed as exploratory rather than definitive. Future studies should aim to
involve larger and more diverse samples, encompassing different age groups,
professions and cultural backgrounds, to enhance the robustness and applicability of the
findings. Additionally, longitudinal studies or field-based VR experiments could
provide insight into how colour effects evolve over time and in real-world collaborative
settings.

In summary, this research positions colour - particularly dark-muted colours - as a
cognitively strategic design element with the potential to enhance creative productivity
in coworking spaces and beyond. By combining immersive technology with conceptual
analysis, the study offers a methodological and conceptual foundation for advancing
human-centred design practices rooted in cognitive science and spatial psychology.

6. Conclusion

While this study found that dark-muted colours can enhance focus and creative
productivity, these findings should be interpreted with caution due to the small sample
size and the simulated VR environment. Nonetheless, consistent outcomes across both
ACNA and psychological factor analyses support the potential of dark-muted colours as
beneficial design strategies in coworking spaces. Future studies are needed to confirm
these effects in real-world settings and with broader participant groups.

Therefore, it can be inferred that using colours that tend towards dark-muted,
supported by adequate and appropriately standardised lighting, is highly recommended
to encourage productive behaviours and generate more original ideation. Light-muted
colours may serve as a secondary option, offering comfort without optimal support for
focus. Vibrant colours, while potentially increasing the number of ideas, tend to reduce
focus and originality and are thus not recommended for dominant use in coworking
space interiors.
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