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[bookmark: _Toc100320300]Abstract
[bookmark: _heading=h.4d34og8]There are several aspects of design that are crucial for creating a positive user experience (UX) in mobile apps. One of the most important aspects is that of colour and its relationship with the imagery and flow of the application. Certain colours look better together than others, determined by a type of colour theory called colour harmony. The present study investigated the effects of colour harmony on user experience and perceived aesthetics in the context of a mobile application. Particular examination of the 4 different elements of user experience; Hedonic Quality Identification, Hedonic Quality Stimulation, Pragmatic Quality and Attractiveness was examined. Having viewed one of two versions (harmonious colour, disharmonious colour) of the same mobile app, 54 participants rated their experience. Results demonstrated a significant difference in the dependent variable scores. However, the disharmonious version of the app surprisingly scored higher in user experience and perceived aesthetics was surprisingly the more liked of the two, scoring higher in both UX and perceived aesthetics. Additionally, the only element within user experience that was affected was Hedonic Quality Identification. Given this result, further research is proposed into the types of colour harmony to affect these variables and investigating eye tracking as a form of measurement.



1. [bookmark: _Toc100320301]Literature Review 
1.1. [bookmark: _Toc100320302]Visual Design and User Perception
	The visual design of an online environment significantly affects a user’s perception (Sánchez-Franco et al., 2013). Within the field of visual aesthetics, researchers investigate how first impressions are created and what they depend on (Tuch et al., 2012). One’s first impression of a design can be identified as the visceral level in Norman’s Emotional Design Model (2004). As it is involuntary, the visceral response can create difficulty in identifying why something is perceived as visually appealing, as it is an automated response that cannot be controlled. 

Perceptions are formed through top-down (concept-driven) and bottom-up (stimulus-driven) processing (Grondin, 2016; Tan, 2018). According to Lindgaard et al. (2006), users can perceive visual appeal within 50 milliseconds. Visual appeal is an experience that is dependent on the user and may alternate throughout the interaction with a mobile app or website (Alharoon, 2020). Miniukovich and De Angeli (2014) examined the relationship between the first impression and subsequent evaluation of web pages. The results supported Lindgaard’s (2006) reporting that participants’ perception altered very little between 50 milliseconds and 4 seconds, demonstrating the importance of the observers’ initial perceptions, reiterating that fast-paced process of a first impression is propelled by appearance and matters most, according to Norman (2013). Douneva et al. (2015) observed the influence of website design on first impressions, aesthetic evaluations, and memory performance. The results demonstrated that high colour saturation was the least preferred between those large images and an image/ text balance. 

Mobile technology is a fast-growing field that continuously connects with our work and day-to-day interactions (Jayatilleke et al., 2018). Since its inception, design research on mobile apps and websites has continuously coincided with technology development. Despite this research, what precisely influences user preference in certain mobile apps remains unclear (Bhandari et al., 2018). An example of historical research, where certain design principles were identified, is dated at 1891, where Jackson identified repetition, variety, contrast, radiation, and symmetry as fundamental principles to consider in design (as cited in Kimball, 2013). Currently, however, there are five design principles in user experience (UX), according to the Norman Nielsen Group; scale, visual hierarchy, balance, contrast, and Gestalt. Identifying these principles in detail is essential when considering the design of mobile apps, especially with the user in mind. However, a user is more likely to tolerate usability and UX issues when an interface is visually appealing (Lindgaard, 2007). It is suggested by research that the halo effect could be responsible for this. Tractinsky et al. (2000) propose that due to visual beauty being the most outstanding and apparent characteristic that is noticed, it is one of the first to be perceived by a user, thus influencing the perception of the interface in later interactions. Despite the usability being low, due to the interface having an aesthetic layout, the user associates that with a satisfying experience overall (Tractinsky et al., 2000).
[bookmark: _heading=h.17dp8vu]
1.2. [bookmark: _Toc100320303]UX and Visual Aesthetics
	UX is defined as the effects felt, by a user, as a result of interaction and usage context of a system, device, or product, including the influence of usability, usefulness and emotional impact, and savouring the memory after the interaction (Hartson & Pyla, 2013). Sharp et al., (2019) identify UX as a vital part of interaction design and declare that it can be achieved while considering satisfaction, enjoyment, fun, entertainment, helpfulness, motivation, aesthetic pleasure, support of creativity, reward, and emotional fulfilment. The goals of UX are to analyse and develop the quality of the users’ experience, i.e., to be aesthetically pleasing (Sharp et al., 2019). In addition, researchers have identified several factors influencing UX, specifically when designing mobile apps and websites. For example, Hogan (2014) identifies influencing factors of UX as accessibility, information architecture, usability, and aesthetics. 
	
The importance of aesthetics has been acknowledged since the time of Plato and Aristotle (Pappas, 2020). The current emphasis in technology development and media, such as mobile apps, incorporates beauty through visual aesthetics. Creators and users consider aesthetics when designing and viewing such media, particularly concerning the ease and enjoyment of use. Research has found that the nature of beauty is not goal-oriented but self-oriented, whereas goodness relates to both (Hassenzahl, 2004). When designing online interfaces, although it is essential to consider the opinions of others, it is not necessary to design something that satisfies everyone involved (Garrett, 2010). Graphic design involves developing the visual communication of information, using elements such as colour, images, typography, and layout (Van Duyne et al., 2007).
	
Although it is crucial to have a visually appealing mobile app, it should not be the designer’s primary focus. UX is best when there is a balance between visual appeal and ease of use (Sharp et al., 2019). Mahlke (2006) conducted a study involving MP3 player skins and observed that users preferred a skin with reasonably low usability but high aesthetics over another that scored higher on usability but scored lower on aesthetics. 
[bookmark: _heading=h.26in1rg] 
1.3. [bookmark: _Toc100320304]Colour Perception and UX
	The perception of colour occurs when photoreceptors in the retina, consisting of three cone-opponent mechanisms; red-green, blue-yellow and black-white (luminance), receive light (Mullen et al., 2005; Johnson 2014). Colours are distinguished most efficiently when a strong signal occurs on one of these three channels while a neutral signal on the other two, i.e. red, green, yellow, blue, black and white (Johnson 2014). Some people may only identify colour as a factor when considering the creative arts, but colour can also psychologically impact emotion, attitude, and interest (Bakshi & Gilbert, 2015). As a result, this affects user behaviours and attitudes, influencing their learning (Kimmons, 2020). According to Kimmons, among UX and LX (learning experience) designers, colour is generally approached in an exchange between “technical prescription and intuitive preference”. Kimmons (2020) suggests that the four guiding considerations concerning colour use are contrast, attention, meaning and harmony. 
	
Colour is an essential aspect of design, but little is known as to why individuals prefer specific colours over others. Research has shown contrasting results regarding preferred colour in digital design. For example, Bonnardel et al. (2011) carried out two studies involving colour in web design; the first study investigated web homepage colours and the preference of designers and users. Results showed that participants regarded blue and orange as the most appealing colours for both users and designers, which the authors argue could be explained by the emotional association with these colours. In the second study, three colours (blue, orange, and grey) were used, and the results demonstrated that colour was a determining factor in how users interacted with the website. Users found the grey site less appealing than the other two and less time was spent on the blue site than on the orange one. This suggested that the participants may have felt more affinity with this site, explaining the length of time and its appeal.
	
Additionally, Skulmowski et al. (2016) carried out a study involving the effects of colour saturation on visual appeal. Unlike other research, results showed that saturation caused adverse effects on visual appeal, trustworthiness, and usability, depending on the domain. These results identified that the research available could not be generalised to the perception of websites (Skulmowski et al., 2016). Given that the type of domain made a significant difference, this suggests that the effects may also be evident with the introduction of a different type of interface. Oyibo and Vassileva (2020) observed how the layout of information and colour temperature of a website for mobile devices influence essential user experience (UX) and six design attributes (perceived aesthetics, perceived enjoyment, perceived ease of use, perceived usefulness, and intention to use). Colour temperature involves whether a colour has warm (orange) or cool (blue) undertones (Feisner, 2006, as cited in Attiah & A. Alawad, 2021). The researchers observed that both information layout and colour temperature significantly influence perceived aesthetics, perceived enjoyment, perceived usefulness, and intention to use. Oyibo and Vassileva (2020) also reported that cooler colour temperatures (blue and green) positively influences perceived effectiveness and intention to use.
[bookmark: _heading=h.35nkun2] 
1.4. [bookmark: _Toc100320305]Colour Harmony
Colour harmony is achieved when the juxtaposition of colours produces a satisfying unity or balance (Paterson, 2004; as cited by Weingerl & Javorsek, 2018). There are six basic hue templates of colour harmony based on their positions on the colour wheel (Weingerl & Javorsek, 2018; See Appendix A), These hue templates include monochromatic (colours with similar or equal hue), analogous (colours next to each other with similar hues), triadic (three colour hues separated by 120 degrees on the colour wheel), complementary, (colours on opposite sides of the colour wheel) split-complementary (three colours, with two being either side of the complement of the third on the colour wheel) and tetradic (double complementary scheme, two complementary pairs lying opposite each other on the colour wheel; Weingerl & Javorsek, 2018). 

In research, authors have used the terms “harmony” and “preference” interchangeably, resulting in contradiction and confusion in existing literature (Schloss & Palmer, 2010). There is limited research on the relationship between colour harmony and its effects on user experience related to mobile apps. Schloss and Palmer (2010) carried out a study and reported that colours most similar in hue were rated with higher colour preference and harmony. However, no overall increase was observed in preference or harmony ratings for complementary hues. Additionally, Seckler et al. (2015) observed the link between objective design factors and different facets of subjective aesthetic perception. The results showed that websites of high symmetry, low complexity, blue hue, medium brightness or medium and high saturation received the highest overall aesthetics ratings.

Venni and Betrancourt (2020) studied the impact of website colour harmony on four dependent variables; usability, aesthetics, user experience, and memory. They used the AttrakDiff2 questionnaire (Hassenzahl et al., 2003), which divides user experience into four elements, two of which focus on hedonism (related to, characterized by, or considered in terms of pleasant, or unpleasant, sensations).  Hedonic Quality Identification (communication of human identity and personality), Hedonic Quality Stimulation (the need for personal development, to improve personal skills and knowledge), Pragmatic Quality (traditional task-related usability aspects, i.e. efficiency, effectiveness and learnability) and Attractiveness are the subscales in question. The researchers reported that disharmonious colours received a lower pragmatic score, caused a distraction for visual attention, but led to higher memory recall scores. They also observed that harmonious colours did not affect navigation or perceived usability, perception of aesthetics, hedonic qualities, and user experience. 
[bookmark: _heading=h.44sinio] 
1.5. [bookmark: _Toc100320306]The Present Study
	There is a lack of research regarding the relationship between colour and user experience in the context of mobile applications. Although there is research on the effects of colour on user experience and aesthetics in websites, limited results are available, specifically focusing on mobile applications. With this and previous research in mind, the present study will investigate the effects of mobile app colour harmony on user experience and perceived aesthetics. 

The research questions presented are as follows:
RQ1: Are perceived aesthetics and user experience affected by colour harmony?
RQ2: Does colour harmony affect aspects of user experience differently?
RQ3: Which elements of user experience are affected by colour harmony?

The hypotheses presented are as follows:
H1: There will be a significant difference for app users on their perceived aesthetics scores based on the app’s colour harmony.
H2: There will be a significant difference for app users on their user experience based on the app’s colour harmony.
H3: There will be a significant difference for app users on Hedonic Quality Identification scores based on the app’s colour harmony.
H4: There will be a significant difference for app users on Hedonic Quality Stimulation scores based on the app’s colour harmony.
H5: There will be a significant difference for app users on Pragmatic Quality scores based on the app’s colour harmony.
H6: There will be a significant difference for app users on Attractiveness scores based on the app’s colour harmony.
[bookmark: _heading=h.z337ya][bookmark: _heading=h.3j2qqm3][bookmark: _heading=h.1y810tw]
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2. [bookmark: _Toc100320307]Method
[bookmark: _Toc100320308]2.1 Design
The present study employs a between-groups, quasi-experimental design. The independent variable is colour harmony (k=2, harmonious vs disharmonious) and user experience and perceived aesthetics are the dependent variables. According to Charness et al. (2012), advantages of employing a between-groups design include statistical power. This means that the design’s internal validity does not depend on the sample being randomly assigned to conditions, the statistical power can be substantially boosted, and they coincide more naturally with theoretical mindsets. 

[bookmark: _Toc100320309]2.2 Participants
A total of 73 participants were recruited for the present study. However, after removing missing data and those who did not pass the Ishihara (1987) colour test (See Appendix C), 54 participants (16 male, 38 female) were included in the analysis. Participants were gathered using convenience snowball sampling and aged between 20 and 59 years old (M = 25.33, SD= 8.95). The participants declared themselves to have average or higher mobile app proficiency (average = 29.3%, above average = 34.5%, excellent = 36.2%). Most participants claimed to spend 4+ hours daily using mobile apps (58.6%), with only 1.7% spending less than one hour. The current study was approved by the Department of Technology and Psychology Ethics Committee (DTPEC), and all participants were treated according to ethical standards of the Psychological Society of Ireland.

[bookmark: _Toc100320310]2.3. Materials
The stimulus material consisted of two colour versions of the same mobile app (See Appendix B). This app, named GroupPro, was previously designed by the researcher for the 3rd year Applied Psychology Group IT Project module. This app was created to allow for a single collaborative app that contains all the necessary functions for group work, saving space in the user’s device and making creating a group project easier. The app design contains features like document creation, accessible communication, progress tracking and task checklists. The colour palette of the harmonious condition was chosen to support the “complementary” hue template of colour harmony (Weingerl & Javorsek, 2018). The disharmonious palette was identified by choosing a palette that avoided these types by adjusting each colour's hue (Nemcsics, 2007). Each colour version of the app was edited using Affinity Designer (Version 1.10.4). See appendix B for screenshots of both conditions.
All materials were provided to the participants in a Microsoft Form (See Appendix C). The results were kept on a password-protected computer, according to the IADT GDPR procedure, which states that IADT owns the data collected and the thesis supervisor is responsible for storage and deletion. The Ishihara (1978) colour test was used to establish the participants' colour vision and determine if they would distinguish between the colours adequately. The Microsoft Form also included an information sheet, consent form and debrief (See Appendix C). The information sheet contained the reasons for the study, the benefits of taking part, how the participants' data would be collected and anonymised, and information on how to withdraw from the study. It also included contact details for the researcher and supervisor. In addition, the consent form contained statements declaring the participants' willingness to participate in the study and indicated their awareness that their participation was voluntary. Two scales were used to measure perceived aesthetics and user experience (See Appendix D). Finally, the debrief included a statement thanking the participants for taking part in the study and reassuring them of their ability to withdraw if they so wished. 
Two separate scales were used in data collection (See Appendix D). The VisAWI-s questionnaire (α = .88; Moshagen & Thielsch, 2010) measured aesthetics, characterised by high objectivity, reliability and validity, and economic applicability and assesses the general factor of aesthetics (Thielsch & Mochagen, 2013; 2015). This is the short version of the 7-point Likert scale of visual aesthetics of websites inventory, The AttrakDiff2 questionnaire (α = .92; Hassenzahl et al., 2003) determined the user experience. This consists of 28, 7-point bipolar items that represent opposites. The questionnaire is split into four subscales each containing 7 items; Hedonic Quality Identification subscale (HQI; α = .84), Hedonic Quality Stimulation (HQS; α = .76), Pragmatic Quality (PQ; α = .641) and Attractiveness (ATT; α = .92).
[bookmark: _Toc100320311]2.4. Pilot Study
	A pilot study was conducted (n=6) to outline any problems which may have negatively affected the study. Problems identified by the test participants were rectified prior to the final data collection. This pilot study allowed the researcher to ensure that the questions and instructions provided were easily understandable. Additionally, minor problems were detected and rectified. This included rephrasing some of the instructions to appear clearer as they were initially misleading to the participants. Furthermore, in the Ishihara Test (1987) to detect colour blindness as an exclusion criterion the researcher underlined the instruction of typing “none” if there was no number evident. The wording of the task description was also rectified to make it clear that the participants were to observe the app while carrying out the task.
[bookmark: _heading=h.qsh70q]
[bookmark: _Toc100320312]2.5. Procedure
The participants were provided with two links to the present study and were asked to select one of their choosing. When they clicked their desired link, they were directed to one of two Microsoft Forms (either the Harmonious or Disharmonious condition). The participants were welcomed and invited to take part in the study on the form. The participants read the information sheet, which notified them of all the necessary details according to DTPEC. They were then directed to a virtual consent form within the Microsoft Form, where they agreed to take part. In addition, each participant was asked a series of demographic questions such as age, gender and mobile app use habits. The participants were then asked to participate in the shortened Ishihara Colour Test to test for possible colour blindness (Ishihara, 1987). As research has demonstrated, online colour blindness tests effectively test for colour blindness (Van Staden et al., 2018). Next, the form presented the participants with a task requesting that after “Following the below link, log in (you are not required to create an account), explore the app and find the most recent message in the Group IT project folder.”, followed by a link and an explicit instruction to return to the Microsoft Form once the task was complete. Having returned to the Microsoft Form, the participants filled out the VisAWI-s and AttrakDiff questionnaires to establish perceived aesthetics and user experience. Once the participants filled out both questionnaires, they were debriefed and thanked for participating in the study.
3. [bookmark: _Toc100320313]
Results
3.1. [bookmark: _Toc100320314]Overview
Participants were randomly assigned to one of two mobile app conditions and their experiences were reported using Vis-AWIs (Moshagen & Thielsch, 2010) and AttrakDiff2 (Hassenzahl et al., 2003) questionnaires. The AttrakDiff2 questionnaire was reverse coded to match that of the Vis-AWIs (1 = negative score, 7 = positive score). Two Hotelling’s T² MANOVAs (multivariate analyses of variance) were conducted, on Version 27 of IBM SPSS, to measure if there was a significant difference for user experience and perceived aesthetics based on the version of app (harmonious vs. disharmonious) they experienced. Initial outliers were identified and removed so as not to distort the statistical analysis.

[bookmark: _Toc100320315]3.2 Analysis 1  
[bookmark: _Toc100320316]Descriptive Statistics
The first analysis was carried out using the AttrakDiff2 questionnaire as a whole variable. 54 participants were included in the analysis. Table 1 contains descriptive statistics for the dependent variables (user experience and perceived aesthetics) disaggregated by the independent variable (harmonious, disharmonious).

Table 1
UX and Aesthetics Descriptive Statistics (N = 54)
[image: Table
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[bookmark: _Toc100320317]Assumptions
[bookmark: _heading=h.2p2csry]Preliminary tests were conducted to establish test assumptions (See Appendix E). There was a linear relationship between perceived aesthetics and user experience in each colour condition, as assessed by scatterplot (See Figure 1 & 2). There was no evidence of multicollinearity, as assessed by Pearson correlation (|r| < 0.9). Mahalanobis distance was used to assess multivariate outliers; the critical value of 13.82 was not surpassed (max. value = 7.79), thus the assumption was not violated. Boxplots were assessed determining that there was a univariate outlier in the data (Figures 3 & 4). The data was normally distributed, as assessed by Shapiro-Wilk test (p > .05). There was homogeneity of variance-covariance matrices, as assessed by Box's test, M = 1.13, F (3, 486720) = .356, p = .785). 
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[bookmark: _heading=h.147n2zr]Figure 1. Linearity Scatterplot for Harmonious Condition This figure displays linearity of the dependent variables in the harmonious condition.
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Figure 2. Linearity Scatterplot for Disharmonious Condition This figure displays linearity of the dependant variables in the harmonious condition.
[image: Chart, box and whisker chart
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Figure 3. Boxplot of Harmonious Condition. This figure demonstrates the univariate outlier present in the data of the harmonious condition.
[image: Chart, box and whisker chart
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Figure 4. Boxplot of Disharmonious Condition. This figure demonstrates that there are no univariate outliers present in the data of the disharmonious condition.
[bookmark: _Toc100320318]Inferential Statistics
The Hotelling’s T² MANOVA yielded that there was a statistically significant difference between the disharmonious and harmonious groups on the combined dependent variables, user experience and perceived aesthetics, Wilks' Λ = .859; F (2, 51) = 4.18, p =.02; partial η2 = .141 (See Appendix E). Following this statistically significant result, an independent t-test, using a Bonferroni adjusted α level of .025 (.05/2) with a simultaneous 97.5% confidence level was used for each variable. Table 2 displays mean differences between the dependant variables. The mean scores for the disharmonious condition scored higher in each dependant variable. 
Table 2
UX and Aesthetics Differences between Colour Harmony [image: Table
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Figure 5 Mean Scores of User Experience and Perceived Aesthetics for Colour Harmony

The results (See Appendix E) show that there was a statistically significant difference in perceived aesthetic scores between the harmonious and disharmonious conditions, p = .016, therefore H1 is accepted. Additionally, there was a statistically significant difference in user experience between the participants in the harmonious and disharmonious conditions, p = .005, therefore H2 is accepted. 

3.3. [bookmark: _Toc100320319]Analysis 2 
[bookmark: _Toc100320320]Descriptive Statistics
[bookmark: _heading=h.3o7alnk]A second Hotelling’s T² test was conducted to investigate the significant difference within the user experience variable. The AttrakDiff2 questionnaire subscales (Hedonic Quality Identification (HQI), Hedonic Quality Stimulation (HQS), Pragmatic Quality (PQ) and Attractiveness (ATT) ) were the dependant variables. The independant variable was colour harmony (harmonious and disharmonious). 54 participants were included in the analysis. Table 3 contains descriptive statistics for HQI, HQS, PQ and ATT disaggregated by the independant variable (harmonious, disharmonious).

Table 3. 
UX Subscales Descriptive Statistics (N = 54)
[image: ]

[bookmark: _Toc100320321]Assumptions
Preliminary tests were carried out to assess assumptions (See Appendix F). There was a linear relationship between user experience subscales in each colour condition, as assessed by scatterplot (Figures 6 & 7). There was no evidence of multicollinearity, as assessed by Pearson correlation (|r| < 0.9). Mahalanobis distance was used to assess multivariate outliers; the critical value of 18.47 was not surpassed (max. value = 11.30), thus the assumption was not violated. Boxplots were assessed determining that there were no univariate outliers in the data (See Figure 8 & 9). All dependant variables were normally distributed, as assessed by Shapiro-Wilk's test (p > .05), except PQ scores in the harmonious condition (p = .005). However, due to Hotelling’s T² MANOVA being a reasonably robust analysis, violations of normality can be tolerated when the sample size has at least 20 in each cell (Tabachnick & Fidell, 2019). There was homogeneity of variance-covariance matrices, as assessed by Box's test, M = 13.003, F (10, 12927.490) = 1.192, p = .291.
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Figure 6. Linearity Scatterplot for Harmonious Condition This figure displays linearity of the dependant variables in the harmonious condition.
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Figure 7. Linearity Scatterplot for Disharmonious Condition This figure displays linearity of the dependant variables in the disharmonious condition.
[image: ]
Figure 8. Boxplot of Harmonious Condition. This figure demonstrates no univariate outliers present in the data of the harmonious condition.
[image: ]
Figure 9. Boxplot of Disharmonious Condition. This figure demonstrates no univariate outliers present in the data of the disharmonious condition.
[bookmark: _Toc100320322]Inferential Statistics
The second Hotellings T² yielded that there was a statistically significant difference between the colour conditions on the combined dependant variables; Wilks' Λ = .681, F (4, 49) = 5.74, p < .001; partial η2 = .319 (See Appendix F). Following this statistically significant result, an independent t-test, using Bonferroni adjusted α level of .01 (.05/5) with a simultaneous 99% confidence level was used for each subscale. Table 4 displays mean differences between the dependant variables. The mean scores for the disharmonious condition scored higher in each dependant variable.

Table 4
UX Subscales Mean Differences between Colour Harmony 
[image: Table
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Figure 10. Clustered Bar Chart of Mean Scores for Dependent Variables in each condition
The results presented (See Appendix F) show that there was a significant difference for HQS (see Table 4). All other differences were not significant, thus H4 is the only hypothesis accepted in this analysis.



4. [bookmark: _Toc100320323]Discussion
[bookmark: _Toc100320324]4.1. Overview 
[bookmark: _heading=h.23ckvvd]The current study set out to analyse the effects of colour harmony on user experience and perceived aesthetics. The visual manipulation of colour harmony was sufficient to impact the dependant variables, in line with H1 and H2. There was difference in perceived aesthetics and user experience based on the colour harmony condition experienced by the participant, coinciding with the halo effect theory (Tractinsky et al., 2000). However, with further analysis of the subscales of the AttrakDiff2 questionnaire, the results demonstrated that the significant difference in user experience was for the Hedonic Quality Stimulation element only. The results indicated that colour harmony influences how the user experienced the app and if they thought it was visually appealing.

A surprise to the researcher was that the participants enjoyed the appearance of the disharmonious colours more than the harmonious colours. Research has shown that websites of blue hue or medium brightness received the highest overall aesthetics ratings (Seckler et al., 2015). Other researchers reported that disharmonious colour received a lower score in pragmatic quality (Venni & Bétrancourt, 2020), unlike the current study’s mean higher pragmatic scores in disharmonious colour. Venni and Bétrancourt (2020) reported that colour harmony did not affect the other 3 aspects of UX (HQI, HQS and ATT), unlike the current study which reported a significant difference in user experience was for the Hedonic Quality Stimulation. Where theories of colour and emotion suggest that attractiveness enhance learning and attention (Venni & Betrancourt, 2020), the findings of the current study suggest otherwise. An explanation for the higher score for the disharmonious condition is suggested by arousal theory (Sung & Mayer, 2012). Despite the visual elements of the app being less attractive, arousal theory suggests that disharmonious colour will still raise the arousal levels of the user (Sung & Mayer, 2012). Another explanation could be that the vibrancy of the disharmonious colours drew the attention of the participants (Tractinsky et al., 2000), thus making them observe the app more. Eyetracking data analyses in Venni and Betrancourt’s (2020) study suggested that disharmonious colours constitute a more visible irrelevant graphic element than harmonious colours as it attracted more eye fixations, but without influencing task performance.
  

	
[bookmark: _Toc100320325]4.2. Theoretical and Practical Implications
The implications of the current study suggest that colour harmony is a significant aspect of user experience of mobile apps. App designers should be especially diligent when it comes to the choice of colour and colour palette while designing apps, as they can affect the way the user perceives the app. Whether the choice of colour be harmonious or disharmonious, the user will notice it when considering using the app again. There is a lack of research on the incorporation of disharmonious colour in web and app design. The results of the current study have demonstrated that there is a place for colour disharmony in the design of interfaces and in UX research. The current study’s results have highlighted that interface users may find disharmony in colour more exciting and interesting to look at. Attention can be drawn to the idea that as technology develops, maybe so do the users’ opinions of visual aesthetics and what qualifies as an aesthetically pleasing interface. Furthermore, it can be pointed out that the results have displayed the need for more colour harmony research to be undertaken in the UX industry and strengthens the findings that colour influences the impressions and experience of the user (Oyibo & Vassileva, 2020).
4.3. [bookmark: _Toc100320326]Strengths and Limitations
The current study provides a new insight into the relationship between colour harmony, aesthetics and UX. A strength of the current study was that both groups had the same size sample, giving a good representation of the data. Additionally, employing a between groups design avoided the participants from being influenced by more than one condition. Finally, the sample was collected from a wide demographic of ages and places e.g., social media, providing a larger representation of the population than if they were recruited from one location i.e. the college campus.
Limitations of the study include a small sample. There was a limited amount of people over the age of 40 (9.5%). Furthermore, the complexity of the task was relatively low, limiting the users to exposure to the app and preventing them from experiencing a more in-depth interaction.

4.4. [bookmark: _Toc100320327]Future Research
[bookmark: _heading=h.32hioqz]A suggestion for future research is to use a larger more diverse sample size. A larger range of age and general demographic would be more representative of the population. Future research could particularly focus on an older age group, who would be less native to technology. Another suggestion would be to focus on gender as an independent variable and investigate if that affects the results. This would be particularly useful information for interfaces that are targeted at gender-specific audiences. Additionally, future research may benefit from the investigation of the different colour harmony types and their effect on the user experience. Researchers may find a statistical significance in observing the effects of accessible colour palettes for those with visual impairments or colour blindness. Finally, the current study used a student designed low fidelity prototype. Designing a fully functioning high-fidelity prototype or using an already existing mobile app for participants to test may improve the quality of feedback and would broaden the reach of research in UX design.

4.5. [bookmark: _heading=h.1hmsyys][bookmark: _Toc100320328]Conclusion
[bookmark: _heading=h.41mghml][bookmark: _Toc100319735]	The current study identified that colour harmony influences users’ perceived aesthetics and user experience. While hedonic aspects were influenced, there was no specific effect for pragmatic and attractive aspects of UX. Research into the harmony of colours is evidently important and should be expanded. As technology becomes ever more pervasive, so will the demand for interfaces that are equally as usable as they are aesthetic, and the development of this research will influence interface development and user experience 
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Vis-AWIs Questionnaire
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Information Sheet - UX, Perceived Aesthetics and Colour Harmony in
Mobile Apps.

You are being invited to take part in research investigating the effect of mabile application colour harmony on
perceived aesthetics. This project is being undertaken by Ciara Little for 2 major research project as part of the
B5cin Applied Psychology, 1ADT.

Before you decide whether you wish to take part, itis important for you to understand why this research is being
done and what it will involve. Please take time to read this information carefully and discuss it with someone you
trust. Ifthere is anything that is unclear or if you would like more information please ask. Our contact details are
at the end of this information sheet. Thank you for reading thi.

What is the purpose of the project?
Initial opinions of mobille apps are formed in a matter of milliseconds. Many factors may influence this perception
‘The current study aims to focus on how the colour harmony of a mobile app affects the users experience (UX) and
aesthetic perceptions of the app.

Who s being invited to take part?
“This study is for anyone that is familiar with mobile applications and uses them on a regular basis.

What is involved?
I you choose to participate, you will be asked demographic questions about your age and gender, and the device
you are completing this study on, followed by 2 simple colour blindness test and a test version of an 2pp to
navigate through. You will be asked to perform 2 short task after clicking on an external link, and then to return to
this form to fill our a questionnaire. The study should take approximately 15 minutes.

Dol have to take part?
You are free to decide whether you wish to take part or not. If you do decide to take part, you will be asked to
sign a consent form that lets us know you have read this information sheet and understand what s involved in the
research. You are free to withdraw from this study at any time and without giving reasons. By choosing to take
part or not take part i this study will have no impact on your marks, assessments or future studies.

What are the disadvantages and risks (if any) of taking part?
‘The current study should not be distressing in any way and should not include any disadvantages or risks.
However, you are not required to complete all questions if you do not wish to.

What are the possible benefits of taking part?
We cannot promise the study will help or benefit you, but the information we get from the study will help to
increase the understanding of the influence of web design on trust perceptions,

How will my information be used?
Your responses to the questionnaire wil be combined with al other participants data and statistically analysed. No
individual's data will be identifiable in the final report. The results of this analysis will be reported in the thesis for
the BSc i Applied Psychology in the Dun Laoghaire Institute of Art, Design & Technology. This can be requested
through the library at 1ADT, or by emailing the researcher or supervisor at N0O170247@studentadtie or
marian.medonnell@izdte. This study may also be published in an academic journal article and may be written
about for blog posts or media articles and these can be requested from the researcher.
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Information Sheet Continued
How will my data be protected?

Under the EU General Data Protection Regulation (GDPR) the legal basis for collecting data for scholarly research
is that of public interest. The regulations regarding the protection of your data will be followed. Only data which is
needed for analysis will be collected. By giving your consent to take part i the study you are consenting to the
use of your data as detailed in this information sheet.

‘The data will be retained by the researcher for at least one year and may be retained for up to 7 years f the
results of the study are published in certain capacities (eg. in 2 journal artice). There is also a possibiliy that the
fully anonymised dataset may be submitted to a journal and made availzble to other researchers and academnics
worldwide for verification purposes, but if this occurs it will be ensured that you are not identifiable from the data.

As the supervisor on this project, |, Marian McDonnell, am responsible for ensuring that all datasets will be stored
iin accordance with GDPR regulations and those which are not submitted to 2 journal will be fully deleted on o
before 01/03/2029.

‘The researcher, supervisor, and staistics lecturer will have access to the data collected. The data wil be stored
securely on a password-protected computer. In the case of a data breach, the data protection officer in IADT will
be informed immediately. The level of the identifability of the data will be coded. The data will be kept untilthe
end of the research process and then securely disposed o,

You willfind contact information for 1ADT's Data Protection Officer, Mr Bemard Mullarkey, 2nd more information
on your rights concerning your data at https://iadtie/about/your-rights-entitlements/adpr/

Who has reviewed the study?

“This study has been approved by the Department of Technology and Psychology Ethics Comittee (DTPEC).
What if you have any questions o there s a problem?

I you have a concem about any aspect of this study, you may wish to speak to the researcher(s) who will do their
best to answer your questions. You should contact Ciara Litle at N00170247 @studentiadtie or their supervisor
Mearizn McDonnell at marianmcdonnel @iadtie

‘Thank you for taking the time to read the information sheet and considering taking part in the study.

Date: 15/02/22
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* Required

Consent Form

I confirm that | have read and understand the information sheet for the above study and have
had the opportunity to ask questions. *

O ves
O No

I understand that my participation is voluntary and that | am free to withdraw at any time. *

O ves
O no

I understand that data collected about me during this study will not be identifiable when the
research is published. *

O ves
O No
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1.am over 18 *

O ves
O no

I agree to take part in this study. *

O ves
O No

Insert your code here, including the first letter of your first name, last letter of your surname,
and the last three digits of your phone number. (Eg. John Smith - JH123) *

Enter your answer
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Ishihara Colour Test

‘The aim of this test is to determine colour blindness deficits. Please answer what number you can see in the
image. Type "none" if you cannot see any numbers,

What number can you see here?

Enter your answer

What number can you see here?

Enter your answer
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What number can you see here?

Enter your answer

What number can you see here?

Enter your answer
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What number can you see here?

Enter your answer

What number can you see here?

Enter your answer
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Demographic Questions

13

What is your gender?

O Male
O remale

O 1 prefer another description

What is your age in years?

Enter your answer

What kind of proficiency would you say you have using mobile apps?

O poor

O eelow Average
O average

O Above average

O excellent
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How much time would you say you spend using mobile apps daily?

o

Less than an hour

o

1 hour

@]

2hours

o

3 hours

o

4+ hours

What type of device are you using to complete this survey?

Enter your answer

Task: Following the below link, log in (you are not required to create an account), explore the
app and find the most recent message in the Group IT project folder.

PLEASE RETURN TO THIS FORM AFTER YOU HAVE COMPLETED THE TASK
Copy & paste this link into a new tab

https//projects.invisionapp.com/prototype/GroupPro-
ckimewgxq0019pc01672tt7zb/play/0dbb0b09

Have you completed the above task? Answer Yes/No. *

Enter your answer
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Please provide your impressions of the product you have tested by check marking your impression on
the scale between the terms offered n each line.
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Please judge the present website according to the following statements on a scale
ranging from 1 (strongly disagree) to 7 (strongly agree), thank you very much!

32 ¢ % osEr &,
1. Everything goes together on this site. ] ] €] @ ® ®
2. The layout is pleasantly varied. [0] @ ] @ ® ®
3. The color composition is attractive. (0] () ) @ ® ®
4. The layout appears professionally ) ° ® ® © ®

designed.

Strongly
o oo

5]
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Correlations”

Aesihetics
Tofal Score _ AfrakTotal
Aesthetics Total Score  Pearson Correlation 1 856
Sig. (2talled) <001
N 27 27
AttrakTotal Pearson Correlation 856 1
Sig. (2-tailed) <001
N 7 27
= Gorrelation s significant at the 0.01 level (2-tallea).
a Colour Harmony = Harmonious
Colour Harmony = Disharmonious
Correlations®
Resinetics
Tofal Score _ AfrakTotal
Aesthetics Total Score  Pearson Correlation 1 756"
Sig. (2-ailed) <001
N 27 27
AttrakTotal Pearson Correlation 756 1
sig. (2-talled) <001
N 27 27

*_Corrslation is significant atthe 0.01 level (2-ailed)

a. Colour Harmony

isharmanious




image41.jpg
& MAH_1

778723

5.29697
5.04243
477618
455191
4.04897
3.99895.




image42.jpg
Tests of Normality®

Kelmogorow-Smimov® Shapiro-Wilk
Colour Harmony _ Statistic o Sig. Statistic af sig
‘Aestheics Tofal Score  Disharmanious 133 27 200" 950 27 211
AtrakTotal Disharmanious 091 2 200" 960 27 78

* This is a lower bound of the true significance.

a. Colour Harmony = Disharmonious

b. Lilliefors Significance Correction
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Tests of Normality®

KelmogorowSmimov® Shapiro-Wilk
Colour Harmony _ Statistic o Sig. | Statistic o sig
Aestheics Total Score  Harmonious. 128 27 200" 969 27 576
AtrakTotal Harmonious 082 27 200" o7t 27 635

* This is a lower bound of the true significance.
a. Colour Harmony = Harmonious
b. Lilliefors Significance Correction
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Box's Test of
Equality of
Covariance

Matrices®

Boxs M 700
F 223
aft 3
a2 491898.091

Sig. 880
Tests the nul
hypothesis that the
obsenved covariance
mattices of the
dependentvariables
are equal across
groups.




image45.png
Descriptive Statistics

ColourHarmony  Mean  Std.Deviation
Aesthetics Total Score_ Harmonious 1577 5421 2
Disharmonious 13,04 5050 27
Total 1743 5440 53
AtrakTotal Harmonious 11082 23509 2
Disharmonious 12774 22037 27
Total 11934 20584 53
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Multivariate Tests®

Effect Value F Hypothesis of | Emordf  Sig
Intercept Pillai's Trace 967 723.050° 2000 50000 <001
Wilks'Lambda 033 723.080° 2000 50000 <001
Hotelling's Tracs. 28922 723050° 2000 50000 <001
RoyslargestRoot 28922 723050° 2000 50000 <001
ColourHarmony Pillai's Trace 124 3550 2000 50.000 036
Wilks'Lambda 876 3552° 2000 50.000 036
Hotelling’s Trace. 142 3550 2000 50.000 036
Roy's LargestRoot 142 3550 2000 50.000 036

a. Design: Intercept + ColourHarmony
b. Exact statistic
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Pairwise Comparisons

97.5% Confidence Interval for

Mean Difference®
Difference (- .
DependentVariable () Colour Harmony _ () Colour Harmony ) Std.Emor_ Sig®  LowerBound  Upper Bound
Aesthetics Total Score  Harmonious Disharmonious -3.667 1.466 016 -7.051 -.282
Disharmonious Harmonious 3667 1.466 016 282 7.051
AttrakTotal Harmonious Disharmonious -19.407 6.667 005 -34.795 -4.020
Disharmonious Harmonious 19.407 6.667 005 4.020 34.795

Based on estimated marginal means

* The mean diffsrencs is significant atthe 025 level

b. Adjustment for multiple comparisons: Bonferroni.
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‘Colour Harmony = Harmonious
Correlations®
Hedonic Hedonic
Quality Qualiy Pragmatic
deniifcaiion _Stimulation Qually  Atractiveness
Hedonic Quality Pearson Correlation 1 480" 837" 862"
deniication
Sig. (2-tailed) 011 <001 <001
N 27 27 27 27
Hedonic Quality Pearson Correlation 480" 1 233 458"
Stimulation
Sig. (2-tailed) 011 243 016
N 27 27 27 27
Pragmatic Quality Pearson Correlation 837" 233 1 786"
Sig. (2-tailed) <.001 243 <001
N 27 27 27 27
Attractiveness Pearson Correlation 862" 458" 786" 1
Sig. (2-tailed) <001 016 <001
N 27 27 27 27
*_Correlation Is significant at the 0.05 level (2-tallea).
= Correlation Is significant at the 0.01 level (2-tallea).
a_Colour Harmony = Harmonious
‘Colour Harmony isharmonious
Correlations®
Hedonic Hedonic
Quality Qualiy Pragmatic
deniifcaiion _Stimulation Qually  Atractiveness
Hedonic Quality Pearson Correlation 1 283 6317 910"
deniication
Sig. (2-tailed) 153 <001 <001
N 27 27 27 27
Hedonic Qualy Pearson Carelation 283 1 005 30
Slnusicy Sig. (2-tailed) 153 981 077
N 27 27 27 27
Pragmatic Quality Pearson Correlation 6317 005 1 7017
Sig. (2-tailed) <001 981 <001
N 27 27 27 27
Attractiveness Pearson Correlation 910" 346 7017 1
Sig. (2-tailed) <001 077 <001
N 27 27 27 27

*_Corrslation is significant atthe 0.01 level (2-tailed)

a. Colour Harmony

isharmonious
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Tests of Normality”

KolmogorowSmimov® Shapiro-Wilk
Colour Harmony _ Statistic o Sig. Statistic o sig

Hedonic Qualty Disharmonious 100 27 200" 978 27 826
Identifcation

Hedonic Qualty Disharmonious 145 27 150 961 27 39
Stimulation

Pragmatic Quality Disharmonious 101 27 2000 965 27 476
Atractiveness Disharmonious 122 2 200" 945 2 163

* This is a lower bound of the true significance.

a. Colour Harmony = Disharmonious

b. Lillisfors Significance Conrsction
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Tests of Normality®

KolmogorowSmimov® Shapiro-Wilk
Colour Harmony _ Statistic o Sig. Statistic o sig

Hedonic Qualty Harmonious 130 27 200" 961 27 384
Identifcation

Hedonic Qualty Harmonious 141 27 181 958 27 33
Stimulation

Pragmatic Quality Harmonious 232 7 <00t 881 2 005
Atractiveness Harmonious 14 2 200" 938 2 107

* This is a lower bound of the true significance.
a. Colour Harmony = Harmonious
b. Lillisfors Significance Conrsction
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Box's Test of
Equality of
Covariance

Matrices®

BocsM 13003
F 1182
att 10
a2 12027.490

sig. 201
Tests the nul
hypothesis that the
obsenved covariance
mattices of the
dependentvariables
are equal across
groups.

a. Design:
Intercept +
ColourHarmo
ny
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Descriptive Statistics

ColourHarmony _ Msan _ Std. Daviation
Hedonic Quality Harmonious, 2570 8.004 27
denfiicaion Dishamonious 3078 6.902 27
Total 2824 7833 54
Hedonic Quality Harmonious 2437 5772 27
Stimulafion Dishamonious 3207 5961 27
Total 2822 6.992 54
Pragmatic Qualty Harmonious 3141 8158 27
Dishamonious 3233 5863 27
Total 3187 7.061 54
Atractiveness Harmonious 2685 8844 27
Dishamonious 3256 9645 27
Total 2970 9607 54
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Multivariate Tests”

Partial Eta
Effect Valus F Hypothesis df _ Emordf  Sig Squared
Intercept Pillai's Trace 980 589.404° 4000 49000 <001 980
Wilks'Lambda 020 589.404° 4000 49000 <001 980
Hotelling's Tracs. 48115 589.404" 4000 49000 <001 980
RoyslargestRoot 4815 589.404" 4000 49000 <001 980
ColourHarmony Pillai's Trace e s73r° 4000 49000 <001 319
Wilks'Lambda 681 5737 4000 49000 <001 319
Hotelling's Tracs. 468 5737 4000 49000 <001 319
Roy's LargestRoot 468 5731 4000 49000 <001 319

a. Design: Intercept + ColourHarmony
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Pairwise Comparisons

98.76% Confidence Interval for

Mean Difterence®
Diffrencs (- N
Dependent Variable ) Colour Harmony__ () Golour Harmony ) Sid.Emor SigP  LowerBound  UpperBound
Hedonic Qually Harmonious, Disharmonious 5074 2034 016 10337 189
Identiication
Disharmonious _ Harmonious 5074 2034 018 -189 10337
Hedonic Qualty Harmonious Disharmonious 7704 1597 <001 11836 -3572
stimulation 5
Disharmonious  Harmanious 770 s <001 3572 11836
Pragmatc Qualiy Harmonious Disharmonious 9% 19% 634 5935 4083
Disharmonious _ Harmonious 926 193 634 -4.083 593
Atractiveness Harmonious Disharmonious 5704 2518 028 12220 813
Disharmonious __Harmanious 5704 2518 028 813 12220

Based on estimated marginal means
* The mean diffsrence is significant atthe 0125 level
b. Adjustment for muttiple comparisons: Bonferroni.
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Harmonious

Disharmonious

(n=27) (n=27)
Variable M SD M SD
Perceived Aesthetics 15.37 5.71 19.04 5.05
User Experience 108.33 25.96 127.74 22.94





