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ABSTRACT

Colour can be utilised to evoke aesthetic responses and generate specified
atmospheres in indoor spaces. Colour is recognised as an important element of
interior design, playing an essential role in constructed interior space. It significantly
affects the mood, emotion, performance and behaviour of the people who occupy the
space. However, the influence of colour on the students’ learning performance has
until now remained under-examined. The main aim of this study is to identify the
impact of colour on learning performance in study rooms for individual students
within university libraries. Contemporary libraries are considered to be learning
centres and they are places where new forms of knowledge may be generated.
Although studies have been conducted to investigate the influence of different
colours on performance and mood in work offices, very few studies have
investigated the influence of colour on human performance in university learning
environments such as libraries. Therefore, the main question of this thesis is: how
does colour influence learning performance in the individual study rooms in

university libraries?

Action research was used as the methodology in this thesis, integrating a series of
research cycles involving various mixed methods to collect, describe and interpret
the data. Both qualitative and quantitative methods were used (such as experiments,
focus groups, a questionnaire and interviews). This study included four cycles. The
first cycle (literature reviews) aimed to demonstrate how libraries became a place for
learning and how colour schemes developed in relation to library design.

The second and fourth cycles consisted of a series of experiments that examined
the impact of different colours (hues and nuances) on students’ learning performance
in a simulated study environment (individual study room). Participants were asked to
sit at a desk facing a panel painted one of 12 colours (six colours for each study). In
Cycle 2 the colours were vivid red, vivid blue, vivid yellow, light red, light blue and
light yellow; and in Cycle 4 the colours were light yellow, light orange, pale yellow,
pale purple, pale green-yellow and deep yellow. Participants were then assessed for
their emotional response to colour, heart rate changes and a reading comprehension
task (reading articles). The experiment took thirty minutes for each colour condition.
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A Semantic Differential Scale (SD) was used in both cycles 2 and 4 to describe
colour emotion, not the basic human emotions. SD was proposed by Osgood et al.
(1957) and it has been used widely in colour emotion studies such as Gao and Xin
(2006) and Xin et al. (2004). Adjectives were used to describe emotional response to
one coloured wall in an interior environment while participants were seated directly
in front of it. Heart rate was measured to examine the physiology of participants. A
reading comprehension test was used to assess learning performance. The third cycle
was designed to find suitable colours for individual study room in the library by
asking university students in focus groups to select suitable colours that they thought

appropriate.

85 students participated in all three studies; 48 participants were exposed to
different colours in the second and fourth cycles, 37 participants participated in the
third cycle: 17 of these took part in focus groups and 20 responded to a survey. The
quantitative results of the second and fourth cycles showed that the nuance of the
colour and not the hue had a significant impact on learning activity by influencing
the reading comprehension task. It was found that when chromaticness increased, the
reading comprehension task improved; this was clear in the second cycle. Qualitative
data showed that colours with medium chromaticness (light colours), especially light
yellow and light orange, could support the learning performance in the individual
study room. Although participants’ emotional response and heart rate were affected
by colour conditions during the experiments, these influences did not mediate the
relationship between colour and reading comprehension. It can be concluded that
colour can directly impact on learning performance. In addition, it is proposed that
light orange and light yellow can be suitable for learning activities particularly for
reading comprehension tasks in the individual study room.
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Chapter 1 Introduction

1 CHAPTER 1: INTRODUCTION

1.1 Background and Rationale of the Study

For many years, people visited libraries to seek and find information, and also to
find appropriate spaces for their reading. Nowadays, a library is a place of
knowledge acquisition, for communication and to socialise with other people (Sufar,
Talib and Hambali 2012). Libraries have changed and expanded to include a variety
of types, such as the public library, national library, specialist library and university
library (Edwards 2009). University libraries have been considered a hub of campus
life, and central to learning and research, as they are deemed to be a repository for
knowledge and reference texts, as well as a link between students and the
information they require (Freeman 2005). The traditional library was a collection of
sources and services, as well as the structure in which the information was housed.
However, in its most elementary sense it was considered to be just a collection of
books. In contrast, during the digital age, libraries have become much more than a
collection of books; new forms of knowledge are generated and innovative
technologies are creating new methods of storing and delivering information, and

they have become a place for learning (Aina 2004).

This important transformation of university libraries into learning centres is due to
shifts in modes of learning, and to learners becoming more diverse in age, ability and
background. Learning can be defined as an active process of acquiring knowledge or
information that occurs within different environments; and that learning is focused
on connecting specialised information sets (Siemens 2004). Learning in university
libraries takes different modes, including formal learning that is systematic and
guided by instruction, such as listening to lectures. Another mode is informal
learning that is intentional, but not structured or quantified in terms of instructor
delivery and involvement; it occurs when control over the learning situation is given
to the students either socially, experientially, or constructively (Jamieson 2003).
According to Jamieson (2009), informal learning takes place in the library and is
undertaken individually and collaboratively.
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More specifically, the university library’s role has changed from a quiet place to a
modern place for meeting other people and sharing ideas in groups or individually in
a variety of learning spaces to meet all students’ requirements (Sufar, Talib and
Hambali 2012). University libraries have become places to learn and have been
changing their study space into learning spaces based on student’s developing needs
and their ways of learning, as the students become more independent and able to
choose suitable ways of learning (McNamara 2012). Each person has a different
learning style. This means that individuals perceive and process information
differently (Cassidy 2004). According to Spencer-Waterman (2013), there are three
basic learning styles: (1) visual learners who prefer viewing and reading to learn; (2)
auditory learners who prefer listening to a lecture or audiotape; (3) tactile-kinesthetic
learners who remember and understand better when they write or draw or undertake
experiments in the laboratory. A modern university library provides various learning
spaces, such as individual study rooms, group study areas, computer areas and
training or seminar rooms, which cater for diverse learning styles (Jamieson 2003;
Twait 2009). The interior design of future libraries should provide an appropriate

environment for users to enhance their ability to learn effectively.

Library design has responded to the evolution in information technology in
different ways to enable access to electronic material, services and training, and to
make working in the library as easy as possible (Childs 2006). An appropriate
interior design of a library can help to create a place that inspires and motivates the
individual. As an academic and interior designer, I, as researcher am interested in
colour studies, particularly in learning environments, and the relationship between
colour and students. This study will help practitioners to apply the findings about
colour use to learning spaces in university libraries and to develop their knowledge
about colour design in the library, particularly in individual study spaces.

Library design is not only about exterior surroundings; it is also about practical
and pleasing physical interior environments. One of the important areas of a
university library is the individual study rooms. The study room is a place where the
students spend their time for individual study (Jamieson 2009). The students move
between quiet or private spaces to collaborative spaces and back to private spaces
within the library building according to their specific requirements. It is recognised

2
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that individuals who work on complex tasks tend to prefer a private space because
they need a quiet place to concentrate (Varlander 2012). This is so for students in the
library; when the students want to study with more focus and concentration for tasks
such as focused reading, they look for a private and quiet place to study (Jamieson
2003). Therefore, they prefer to choose the individual study room as it is isolated
from other study areas in the library, thereby reducing the external factors that cause
distractions for students.

An individual study space is one of the learning spaces in the library that needs a
high level of design quality to create a suitable study atmosphere. The physical
interior environment, including physical layout, furniture, colour and lighting, has an
important impact on library users’ performance (Brooks 2011; Kumi et al. 2013).
Effective design of the physical environment of the library can attract users or
students to come and use the learning spaces to study. Colour is deemed to be one of
the factors which impacts human achievement in regard to learning. Colour works as
a tool for communication between people and the objects surrounding them (Hard
and Sivik 2001). It plays an important role with the components of environmental

design such as theme, function, built form, location, and direction.

Colour is not only an important aspect in interior decoration; it is also a relatively
easy tool to alter the atmosphere of an environment (Pressly and Heesacker 2001).
Colour, as one of the most important elements of the physical environment, can
impact on students’ lives (Blackmore et al. 2011; Brooks 2011). The colour-person-
environment relationship is an important theoretical concept not only for designers
but also for environmental colour researchers. It is important to consider the way
people exist in different forms of relationship with the built or physical environment
when colouring the buildings and associated environments (Smith 2008). Colour can
impact human psychology through emotions, moods, behaviours, and perceptions;
and it can also impact human physiology through heart rate, blood presure and brain
acivity (Abbas, Kumar and Mclachlan 2006; Killer, Mikellides and Janssens 2009;
Wang and Russ 2008). Colour, as it affects the psychology and physiology of the
learners, is one aspect of the physical environment that may impact on learning
activity. Therefore, the correct use of colour can reinforce users’ ability to interact

with their environment effectively.
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This research focuses on how colour influences learning in individual study rooms
in the library. Indeed, very few studies have investigated the influence of colour on
human performance in learning environments. One such study examines how
environmental colour (blue, red or white) and other variables (study material, private
study room) impact on adult students’ mood, satisfaction, motivation, and
performance (Stone 2001). In addition, a series of studies have been conducted to
investigate the influence of different colours on performance and mood in work
offices (Kwallek, Soon and Lewis 2007; Kwallek, Lewis, Lin-Hsiao and Woodson
1996; Killer, Ballal, Laike, Mikellides and Tonello 2006). Therefore, from these
previous studies about the impact of colour on human performance in work offices,
the research postulates that colours can impact on learning performance in a similar

way in individual study spaces in the library.

Furthermore, many studies have investigated the relationship between human
emotions and colours. These studies mostly focus on emotional responses to a
specific colour sample, exploring positive and negative connotations by using
defined adjectives to capture particular moods and emotions. In these studies,
participants simply match the adjectives with different colours without any reference
to interior space (Gao and Xin 2006; Manav 2007; Ou et al. 2004).

The impact of colour on learning space users’ psychological and physiological
state and performance is gaining greater attention. Although there are numerous
studies about colour, psychology, physiology and learning environment, there is not
a uniform set of findings to give a consistent perspective on the influence of colour
on learning performance in the individual study space of a university library.
Specifically, there is a lack of research combining the concepts of colour,
psychology, physiology and learning performance in relation to individual study
rooms in the library building.

1.2 Aim of Research

The aim of this study is to identify the impact of colour on learning performance
within a university library. The intention is to provide an optimum choice of colour

for individual study areas in the library that architects, interior designers and other
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professionals can utilise in their practice. Recently, the role of a university library as
a learning centre has been an important focus in the contemporary learning sector.
Architects and interior designers have made great efforts to create and design
suitable learning environments to enhance users’ performance and to motivate them
to study by designing appropriate indoor spaces, attending to aspects such as
lighting, colour, and furniture. Many studies in the field of colour have investigated
the effect of colour on physiological and psychological states in different contexts.
This study identifies links between the colour field and the learning experience, and
between the colour field and the psychological field, in individual study rooms
within university libraries. Accordingly, the main question of this thesis is: How
does colour influence learning performance in individual study rooms in

university libraries?

In order to answer the main research question, this research project’s boundaries
were identified. Firstly, different colours (hues and nuances) were examined to
ascertain their effects on learning performance. Secondly, to assess learning
performance, it was decided that a reading comprehension task is a suitable example
of learning, because the participants were visual learners. A reading comprehension
task was done by participants while they were exposed to different colours in a test
room. Thirdly, the individual study room was chosen as the focus of this research,
because as Jamieson (2003) states students spend a considerable time studying alone,

particularly when they want to focus on their task.

Finally, the researcher expected that students’ learning performance would be
affected by colour psychologically (such as in their emotional response to colour)
and physiologically (such as in their heart rate) (see Fig. 1-1). Accordingly, the main

question is further articulated via the following sub-questions:

1. To what extent do hue and nuance influence reading comprehension in the

individual study room?

2. To what extent do hue and nuance influence heart rate and emotional

response to colour in the individual study room?
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3. To what extent do emotional response to colour and heart rate mediate the
relationship between colour and reading comprehension in the individual

study room?

In light of the overall aim, the resultant findings and discussion will address the
objectives of this particular study. The objectives are:

1. Investigate the role of colour in the individual study room.

2. Explore the impact of colour on reading comprehension in individual study
spaces, through considering emotional responses to colour and the impact of
colour on heart rate.

3. Investigate if colour can motivate students to engage in learning activities in

individual study rooms in university libraries.

Emotional Heart Rate Reading
response —> —> comprehension

Figure 1-1: The predicted colour’s effect on emotional response, heart rate and reading
comprehension

1.3 Introduction to Research Methodology

The research methodology addresses on the aims and objectives by integrating
theoretical and empirical research to address the research questions. Action research
methodology was used to guide this research. Action research is usually cyclical in
nature, and the methodology, methods and design for each cycle as they are applied
within this study are described in detail in Chapters 3, 4 and 5. This thesis explores
the role of colour in the indoor space of academic libraries and its impact on
students’ learning performance. The researcher believes that a pluralistic approach is
needed to identify the impact of colour on learning performance in the individual
study room. An experimental method was used to assess learning performance by

asking participants to be in a full-scale room and exposed to different colour
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conditions to obtain valid results. In addition, to obtain more details about the impact
of colour in the indoor spaces, qualitative methods such as focus groups, interviews
and questionnaire have been used to consolidate the results and enrich the
researcher’s understanding of the situation.

1.3.1 Action Research

Action research is one approach within a range of critical methodologies that have
a central interest in exploring the relationship between knowledge and action, where
knowledge relates to power and the power of change. Stringer and Genat (2004, 4)
define it thus: “Action research is a systematic, participatory approach to inquiry that
enables people to extend their understanding of problems or issues and to formulate
actions directed towards resolution of those problems or issues.”

Action research is viewed as a spiral or cyclical process, starting with the research
questions and ending with the application of the knowledge gained that leads to new
questions (Johnson 2011; Kemmis and McTaggart 2000). Kemmis and McTaggart
(2000) demonstrate a simple model of the cyclical nature of the typical action
research process (Fig. 1-2). Each cycle begins with a plan identifying a problem or
issue the researcher wants to explore, an act which means acting on the plan by
designing the study and planning the methods of collecting data, observation
(collecting data and evaluation), and reflection (reflecting on these processes and
consequences) (Kemmis and McTaggart 2000).

This study required for a responsive approach that included both testing and
understanding how colour can impact on reading comprehension and how it can
motivate students to study and use an individual study area in the library; these
requirements led the researcher to adopt the methodology of action research. This
methodology was selected because of the need to provide in-depth, detailed
understanding of colour’s role in the learning environment in the individual study
rooms. This method also enabled the researcher to do a series of studies, each study

(cycle) dependent on the outcomes of the previous cycle.
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The current study includes four action research cycles, which have been
explained, followed the action research spiral: plan, act, observe and reflect. The
planning step of each cycle involved an aim and the focus of this particular phase of
the study. It was developed to explore the question which was identified for this
study: to show how colour can impact on a learner’s performance. In the acting step,
the plan was implemented. For example, the experiments (cycles 2 and 4) and focus
groups (cycle 3) which recorded people’s responses to the colours being tested by
recording emotional responses to colour and heart rate, and the reading
comprehension task. In the observe step, the effects of action were observed and a
summary of all the data obtained from each study completed. The reflect step
involved discussing and analysing the data collected, and the implementation of
actions was evaluated to form the basis for the next cycle of research (see Fig. 1-3).
The outcomes of each cycle’s reflection were essential for the researcher to devise a
new plan to be implemented in the next cycle and thereby gain new insights and
build knowledge.

Figure 1-2: Simple Action Research Model
(Kemmis and McTaggart 2000, 564)
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REFLECT (Cycle 1)
Summary of the main
findings of cycle

PLAN (Cycle 1)
Library, learning,
learning spaces,
precedent samples of

libraries
OBSERVE (Cycle 1) ACT (Cycle 1)

Colours effect on
learning activity in
library: SUMMARY

‘ Literature review

A

REFLECT (Cycle 2) PLAN (Cycle 2)
Analysis and Aim and the focus of
Discussion of the study
Results
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Methods and

Summary of Results

Experiment 1
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Summary of Results
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General Conclusion
and Future Research

Figure 1-3: Mapping of the four cycles

(Al-Ayash 2012)

Introduction
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1.3.2 The Use of Mixed Methods

In action research methodology, there are different approaches, such as qualitative
research methods, quantitative research methods, or mixed. The mixed methods
could include more than one stage or a chain of studies. These studies can be
connected to each other in order to establish accumulated or interactive knowledge
(Hunter, Albert and Brewer 2003). Qualitative research is where the researcher
depends on the views of participants, asks general questions, describes and analyses
the data for themes, and conducts the inquiry in a biased and subjective manner
(Creswell 2008). According to Mills (2007), qualitative research uses descriptive
approaches to understand the data and what the research means from the perspective
of the participants in the study. Qualitative methods include, for instance,

observations, interviews or focus groups.

In a quantitative study, the researcher decides what to study, asks specific, narrow
questions, collects measureable data from participants, uses statistical tests to analyse
the data collected, and conducts the inquiry in an unbiased and objective manner
(Efron and Ravid 2013; Todd et al. 2004). Before conducting the research, a
quantitative researcher states the hypothesis to be tested and specifies the research
procedure that will be used in the study. The researcher also takes control over
appropriate factors that may interfere with the data collection, and identifies a sample
of participants large enough to provide statistically meaningful data. The view of
quantitative researchers is that the world is something predictable and can be

understood by scientific research (Mills 2007).

Research that combines the collection of quantitative and qualitative data in one
study is called mixed methods research design. Mixed methods research is where the
researcher mixes or combines qualitative and quantitative research methods in the
same study (Mills 2007). The researcher can use both qualitative and quantitative
techniques; each method uses different types of strategies, and looks for different
types of findings. Therefore, the nature and purposes of the study influence the

choice of suitable approaches for the study.

10
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This thesis utilised mixed methods that are qualitative and quantitative to collect,
describe and interpret the data. This allowed a more comprehensive picture of the
problem under investigation than would be possible using one method alone.
According to Creswell (2008), using more than one method in one research project

enables the researcher to obtain a more complete image of human experiences.

Qualitative and quantitative data is incorporated throughout the research to
authenticate the project findings. In addition, Creswell (2008) states that there are
several advantages of using mixed methods in a single study. Researchers in a mixed
methods research approach are able to use all of the data available to support a
research project, rather than being restricted to the types of data collection normally
related to a qualitative or quantitative approach (Creswell 2008). It also helps to
solve the research problems that cannot be solved by using either qualitative or
quantitative research exclusively, and enhance the validity of research findings (Mills
2007; Todd et al. 2004).

According to Lewis (2011), the reasons for conducting mixed methods research
are: firstly, to seek convergence and justification of outcomes from different methods
that are studying the same phenomena; secondly, to elaborate, expand or enhance the
outcome of one approach compared with the outcome of another approach. For
example, interviews may yield contrary findings to those from the analysis of
guestionnaire data.

1.4 Data Collection Process

The data collection process focused on the aim and objectives of the research by
integrating the theoretical and empirical research to address the research question.
This data collection process helped to refine and expand the scope of understanding
the research area by assisting in the selection of colours for the experiments. A
detailed description of the methods used in this thesis is provided in Chapters 2, 3, 4,
and 5. This section provides an overview of the methods used to collect data for the
quantitative and qualitative components of this thesis.

11
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1.4.1 Qualitative Data Collection

This thesis incorporates four different methods: literature survey, interviews,

focus group, and questionnaire.

1.4.1.1 Literature Review

The literature review was generated from texts, publications, journals, and
research reports written in the English language through the following databases:
ProQuest, JSTOR, Wiley Online Library, Science Direct, Emerald, Psyclnfo, Google
Scholar, Inform, and subject relevant websites. These publications were taken from
diverse theoretical fields including interior design, the library studies, learning,
colour theory and environmental psychology. The findings lead to a theoretical
framework which bridges the gaps between the core research fields: learning spaces
in libraries, colour, and the psychological and physiological impact of these factors

on learners.

This literature review laid the foundation for the fieldwork and assisted in
designing criteria to select colours, to examine them and to identify the type of
learning and learning space to be used in this study. In addition, the literature review
helped the researcher to identify and select appropriate strategies and methods to
collect data. Furthermore, the literature review has contributed significantly to the
general context for exploration of the potential role of colour inside university
libraries and its impact on the students’ learning performance within these learning

spaces. The literature review is outlined in Chapter 2 (Cycle 1).

1.4.1.2 Interview Method

Unstructured interviews were used in Cycle 2 (Study A) and Cycle 4 (Study C).
This method helped the researcher to obtain in-depth qualitative data, and a detailed
understanding of how colours impact on participants’ psychology and learning in the
individual study room. The unstructured interviews are described in detail in Chapter
3.
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1.4.1.3 Focus groups

The focus group was used in Cycle 3 (Study B) as a qualitative technique in
addition to the questionnaire. Together, these methods enriched the research with
valuable data that enabled the researcher to select suitable colours for the individual
study rooms from the participants’ suggestions in the focus group sessions. They also
gathered information about how colour can encourage students to study in these
spaces. The selected colours were then used in Cycle 4 (Study C) to test their impact
on reading comprehension, emotional response and heart rate. These methods are
described in detail in Chapter 4.

1.4.2 Quantitative Data Collection

This thesis uses quantitative methods to assess reading comprehension, emotional
response and heart rate. The methods are: learning channel preference questionnaire
scale, reading comprehension task, colour emotion scale, and physiological
recordings.

1.4.2.1 Learning Channel Preference Questionnaire Scale

This questionnaire was used to identify participants’ learning styles. The results
identified that they were visual learners. The questionnaire used is detailed in Cycle
2 (Study A— Chapter 3) and Cycle 4 (Study C— Chapter 5).

1.4.2.2 Reading Comprehension

A reading comprehension test was used to assess the learning performance of
participants. It was used in Cycle 2 (Study A) and Cycle 4 (Study C). More details
are provided in Chapter 3.

1.4.2.3 Colour Emotion Scale

The Semantic Differential Rating method was used in Cycle 2 (Study A) and
Cycle 4 (Study C) of this thesis to measure emotional responses to colour, not basic
human emotions. This method is appropriate as it has been used extensively to

measure certain affective features of meaning related to the dimensions of emotion or
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feeling (Stamps 2007). Furthermore, it is easy to apply with different age groups or
cultures. This method is described in detail in Chapter 2 (Section 2.4.3) and in
Chapter 3 (Section 3.2.3.3).

1.4.2.4 Physiological Recordings

The Fingertip Pulse Oximeter was used to record heart rate. This method or test
was used in Cycle 2 (Study A) and Cycle 4 (Study C). It is described in more detail
in Chapter 3.

1.4.3 The Use of a Full-scale Room

The three main methods used for examining the impact of colour in the indoor
environments are outlined in Chapter 2 (Section 2.5.8): 1) full scale room,
evaluations from participants who are personally in the real space or in the
laboratory, 2) viewing cabinet, and 3) simulations method that imitate actual
conditions (photos, videos and software). It was decided that this study would not use
participants in the real space (visiting space in the library) because with this method
it is difficult to find empty individual study rooms, and difficult to change wall

colours and control conditions of this space while it is a functioning facility.

It was also decided not to use a viewing cabinet because the colour experience
differs depending on whether it is applied to a small surface or to a large surface. In
addition, it is difficult to measure the influence of colour on performance by using
colour chips in the viewing cabinet. Further, it was decided not to use simulation
methods to create a simulated space by using software programs such as 3D Max or
AutoCad, because the output of these simulation programs does not yet approach
acceptable reality for research purposes due to the limited capability of the programs
to produce a dynamic moving image; and logistically it would require a considerable

amount of time and resources to produce the required simulations.

Measuring the influence of colour on students’ performance needs the participants
to be in the indoor spaces, where the effects of colour would be more reliable and
valid. Therefore, it was decided to use a full-scale room in the laboratory as an
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alternative to an individual study room in the university library, because it is easy to
control and manage the conditions, and it allows flexibility for collecting data from
participants. This method was used in Cycle 2 (Study A) and Cycle 4 (Study C).

1.5 Data Analysis

In this study, the qualitative data analysis from following procedures, strategies
and outcomes through focus group discussions and interviews with students in the
three studies was used to authenticate the information and detail obtained. The
analysis of qualitative data in this study was performed based on three steps as
proposed by Creswell (2008): data preparation for analysis, identification of key
points from the data, and the process of coding and finding themes.

Data preparation for analysis: the researcher arranged all the data that had been
collected during the study so that it could be accessed easily and quickly for analysis.
The audio/video tapes of focus group discussions, interviews and verbatim notes
from questionnaires were transcribed to provide an accurate record of what was said
and done. The researcher typed the transcription in a Microsoft Word document, and
saved it in specific folders. This technique enabled speedy and convenient access to
data.

Identification of key points from the data: after organising all the data, the
researcher read the data and listened to the audio/video recordings several times to
identify an initial set of themes, notes, and key points. This step enabled the
researcher to think about the arrangement of the data, focus on specific issues, and
consider whether or not more data was required (Creswell 2008).

Coding and representing themes: coding is an analytical process in which text is
labelled and categorised to facilitate analysis and make the data more manageable
(Creswell 2008). The researcher labelled, coded and categorised the data. Focus
group discussions, interviews, and questionnaire responses were saved in word
processing files (.doc format); images were saved in Adobe Photoshop software (jpg
format); and audio and videos of focus group discussions were saved in mp3 formats.

Through the process of coding, the data could be grouped into several relevant
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categories or themes so that it became clustered and refined. The data that had been

coded were reread to look for consistencies and to clarify themes.

The quantitative data analysis was used to measure the effects of colour on
reading comprehension tests, emotional responses, and heart rate by using SPSS
software program (Version 20). Generalised Linear Mixed Models (GLMMs)
implemented through SPSS’s Version 20 were used to analyse the main study data.
The GLMM is “‘generalised’ in the sense that it can handle outcome variables with
markedly non-normal distributions; the GLMM is ‘mixed’ in the sense that it

includes both random and fixed effects (Jiang 2007).

In order to identify the suitable colours for individual study rooms, these measures
were collected with the qualitative data in relation to the themes that emerged during
the data analysis, namely: motivation, emotion, colour preferences, bodily response,
motivation, associative properties, intellectual activity, personal connections and
spatial perception. These findings are detailed in Chapters 3, 4, and 5. Primary data
of the three studies were presented in the form of tables and figures. Additionally,
graphs were used to present statistical information or to contextualise the collected

data through questionnaires and interviews.

1.6 Research Design of Four Cycles

This study includes four action research cycles: Cycle 1 (literature review); Cycle
2 (Study A); Cycle 3 (Study B); and Cycle 4 (Study C).

Cycle 1 (literature review) aims to demonstrate how libraries became a place for
learning and how learning itself changed; and how these changes have affected
contemporary library design such as colour schemes. Cycle 1 also helped to identify
what colours to test in this project, and what methods should be used to measure the
impact of colour on learning performance, heart rate and emotional responses to
colour. The aim was not to assess basic human emotions such as anger, fear,
happiness or surprise but colour emotion (colour emotion is described in more detail
in Chapter 2, Section 2.4.1).
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Cycles 2, 3 and 4 include three studies (A, B, and C). Studies A (Cycle 2) and C
(Cycle 4) were conducted with 24 university students to test the impact of six colour
conditions on the participants’ reading comprehension task in each study. Cycle 2
(Study A) examined colours (light red, light blue, light yellow, vivid red, vivid blue
and vivid yellow); that were selected from Cycle 1 (the literature survey). Cycle 4
(Study C) examined colours (light yellow, light orange, pale yellow, deep yellow,
pale green-yellow and pale purple), based on the findings of Cycle 3 (Study B).

In order to examine the participants’ reactions to colour in the indoor
environment, it was decided that these studies would use a full-scale room simulation
of the real environment by asking the participants to be personally in the space,
where heart rates and reading comprehension were measured and colour emotion
evaluated. These variables were measured in the presence of each colour condition in
the simulated individual study room by letting participants read a paper, with the
wall colour changed between sessions. Chapters 3 and 5 describe the methods, test
room design and experimental procedures, and results and findings are discussed in
detail for Studies A and C.

Several evaluation models have been established by researchers in the field of
environmental psychology to measure the influence of colour on users in the built
environment (Mehrabian and Russel 1974; Osgood, Suci and Tannenbaum 1957;
Russell, Weiss and Mendelsohn 1989; Watson, Clark and Telleggen 1988). Most of
these models were based on the self-report method, and were used to measure human
emotional state, mood and colour emotion or colour connotation (colour emotion is
described in more detail in Chapter 2, Section 2.4.1). The Semantic Differential
Rating method (SDR) was established by Osgood, Suci and Tannenbaum (1957) and
it has been widely used by researchers to scale colour emotion responses in the
indoor environment (Gao and Xin 2006; Kasmar 1992; Odabasioglu and Olguntiirk
2015). In this thesis, the SDR method asks the observers to describe their emotional

response to colours used in Studies A and C rather than how they evaluate the space.

In order to measure the impact of colour on learning performance, student

participants, who were tested to be visual learners, were involved. These are learners
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who prefer viewing and reading to learn. Therefore, a reading comprehension test
was used in Cycle 2 (Studies A) and Cycle 4 (Study C).

The researcher used the NCS colour system in this thesis to choose colours and
has adopted its terminology. It is a way of describing colours exactly as we see them
independent of language, material and culture. In addition, any surface colours that
we see can be defined within NCS and given a precise notation regardless of

material.

Cycle 3 (Study B) aims to select suitable colours for the individual study room by
conducting focus groups to obtain qualitative data from the perspectives of university
students who use library spaces for study, as well as to investigate how colours can
encourage students to study in that space. The outcome of Cycle 3 (Study B) was
tested in Cycle 4 (Study C). Cycle 3 (Study B) comprised two parts. Part 1 was
conducted with 17 university students by using three focus groups, using
questionnaires and group discussions to ask them to select suitable colours for the
individual study room, and to discuss how these specific colours helped and
encouraged them to study. Part 2 involved 20 participants who were asked to fill in a
survey to determine if they agreed or disagreed with the results of Part 1 regarding
the suitable colours selected. All details regarding Cycle 3 (Study B) are described in
Chapter 4. Figure 1-4 depicts the map of the four cycles.
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sidentifing leaning spaces, colours, methods to measure the
impact of colourin the indoor spaces.

*Conducting an experiment to test the impact of six colours
(identified in literature review) on reading comprehension in
Cycle 2 idividual study rooms.

Study A

eConducting a focus group to explore university students')
different perspectives to identify if colours impact on learning.
Several groups were formed to suggest suitable colours to assist

learning in the individual study space. y

*Conducting an experiment to test the impact of chosen colours
which were proposed in Study B by the participants of focus
group on reading comprehension in the individual study room.

J

Figure 1-4: Mapping of the three studies

1.7 Significance of Research

It is clear that the role of the university library as a learning centre is gaining
greater importance in the educational sector (Sufar, Talib and Hambali 2012). Today
the library is a place for learning and exchange of knowledge, as well as where the
students spend most of their time. The colours of a library’s learning spaces can have
a significant impact on the students’ learning performance by affecting their emotion,
and behaviour. Because of the lack of data about the effect of colour in the learning
environment, particularly in the individual study room, this research examined the

impact of some colours on adult students’ performance.

This study is significant for several reasons. First, it provides a better
understanding of the potential role of the use of colour in the university library.
Second, this study contributes to new multi-disciplinary knowledge about the
development of the technologically advanced libraries of the future. Third, this thesis
contributes new knowledge, as it focuses on the impact of colour on reading

comprehension in the individual study rooms within university libraries.
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Fourth, the use of action research as a methodology in this thesis made the
research unique in its approach to collecting and analysing data, and has proven to be
a valuable research strategy for the topic. Using a qualitative method acknowledges
the complexities of individuals’ relationship with and responsiveness to colour. It
adds richness to the data collection by demonstrating participants’ perspectives and

perceptions as learners in regard to colour in learning spaces.

Finally, the findings of the study can be helpful for architects, interior designers
and colour designers who seek methods to improve students’ performance in the
individual study area, while considering the psychological and physiological effects

of colour.

1.8 Ethical Considerations

Ethics approval Form C (Application for Approval of Research with Low Risk)
for this study was obtained from the Human Research Ethics Committee of Curtin
University on 03 July 2012 (approval number BE-82-2012). All participants were
provided with information about the nature and purpose of the research and the
methods. It was made clear to all participants that their involvement in this study was
voluntary and they were informed about their right to withdraw from the research
(experiments and focus groups) at any time without prejudice, and assured that no
harm would come to them as a result of the information they shared, and that all data
from students who had resigned from the study would not be used for the research.
All participants were provided with an information sheet and consent form
containing this information for the three studies.

Participants’ names and details are kept confidential and were not disclosed
throughout the course of the study. Every participant was assigned a code in place of
names. Access to the data gathered was limited to the researcher and her thesis
supervisors. Further, all participants who were involved in the study are
acknowledged confidentially for their contribution and cooperation in the
acknowledgement section of this thesis.
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1.9 Overview of the Thesis

This thesis is organised into seven chapters, and it comprises four action research
cycles. The findings of each cycle lead to planning for another cycle. Chapter 1
provides the background, aims and objectives. This chapter also outlines the research
question, and discusses briefly the methodology and methods used to collect data for
this study. It defines the action research methodology and its process. It also
discusses the data collection process and summarises the methods used for the
literature review and the three studies. The chapter explains the significance of the
research and ethical considerations; and introduced an overview of the organisation
of the thesis.

Chapter 2 (Cycle 1) focuses on the theoretical framework and the background
study of the research. This chapter clarifies the specific aspects of library, learning
and learning environments, emotional response, and colour in order to identify the
gaps in knowledge. It starts with a description of the evolution of library building
through the ages, and then reviews how and why the library recently became a
learning centre in most university life. A learning centre can be defined as “a
dynamic environment which integrates provision to support a range of independent
and group learning activities” (Saur 2004, 67). An overview of the fundamental
knowledge of learning and learning spaces develops an understanding of how
learning methods have changed, and how each person has a different favoured

manner of learning.

In addition, an overview of emotion and its impact on learning activity is given.
Further sections in Chapter 2 (Cycle 1) develop an understanding of contemporary
colour research. Colour perception and colour systems are defined; presentation of
the NCS and arguments for choosing it to work with it is introduced. Moreover, the
impact of colour on psychology, physiological state and performance are described.

Based on the insights from this systematic review, a series of empirical studies
were designed to add to the evidence base by demonstrating that colour in the
interior environment is capable of affecting positively or negatively human

psychology, physiology and performance. In addition, precedent samples of libraries
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are described and the colours used in these libraries presented. Thus the purpose was
to investigate the relationships between colour and learning performance in the
learning spaces in university libraries by exploring the impact of colour on emotional
response, heart rate and performance. It also summarises existing knowledge about
colour presented in previous research into the learning process in learning spaces.

Colours for learning spaces were identified and used in the practical application.

Chapter 3 (Cycle 2) presents Study A, reporting the methods followed to conduct
the experiment and the procedures and implementation of the experimental design,
and discusses the results. Cycle 2 is generated by the reflection on data collected
presented in Cycle 1 to test the impact of six colours on emotional response, heart
rate and reading comprehension in individual study spaces by using experimental

methods and interviews.

Chapter 4 (Cycle 3) presents Study B. Focus groups were used in this study. It is
generated by the outcome and reflection on Cycle 2. The aim of Cycle 3 (Study B)
was to choose suitable colours for individual study spaces in university libraries
based on the users’ perspective, and then to be tested in the next study Cycle 4
(Study C). Participants joined focus groups to discuss which colours can motivate
students to study in these spaces. As well as the design of the focus group method,
the results are presented and discussed in chapter 4.

Chapter 5 (Cycle 4) presents Study C. This study is generated by the outcome and
reflection on Cycle 3 (Study B); it aims to test the impact of colours chosen arising
from discussion between the focus group participants of the effect of hues and
nuances in Study B (Cycle 3) on students’ emotional response, heart rate and reading
comprehension in the individual study spaces. This chapter also describes the
experimental design and data analyses, and discusses the results.

Chapter 6 gives an overview and a summary of the main research findings, and
the limitations of the study and directions for future research. This chapter provides
the conclusion for the whole thesis. Figure 1-5 below summarises the six chapters as
a flow chart.
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 Chapter2(Cyde )

Review of the literature that investigates the

relation between learning spaces, leaming

performance, colour and emotional response in
- the university libraries

' Chapter 4 (Cycle 3)
Conducting focus group discussions (Study B) to
enable the researcher to choose suitable colours

| forindividual study room based on students’ |~
perspectives and discussions, and stating the
Chapter 6
General discussion of the thesis and
conclusion

Figure 1-5: The flowchart of the current study
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2 CHAPTER 2: CYCLE 1 (LITERATURE REVIEW)

Great libraries of the world have the ability to inspire, uplift, engage,
stimulate thought and provoke emotions; libraries which were once
designed for administrative simplicity are now designed for the user
experience.

(Parkes and Walton 2010, 24)

2.1 Cycle 1 (Plan 1): The Aim

The aim of Cycle 1 is to gain knowledge about the nature of a library building and
how it becomes a place for learning, and also to identify available knowledge on how
colours impact on human learning performance, psychology and physiology.
Therefore, this chapter will review the literature in relation to libraries, learning, and
learning spaces, in order to understanding the relationships between them. Moreover,
it will demonstrate that learners learn differently, and explore how these changes
have affected the spatial configurations and decoration of libraries. Further, a review
of previous studies in the field of colour and learning establishes a base for the
researcher to identify which colours should be tested in this project. Previous
research surveyed has assisted the researcher to identify what type of learning
activity and what aspects of psychology and physiology should be examined to

address the research aim. Figure 2-1 shows a framework for the literature review.
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From a place for preserving

written thoughts to a >

centre of learning

Changing from a culture of -
teaching to a culture of
learning Verbals identified from literature
review:
e  Colour dimension (hue-
Learner's emotional nuance)
response and performance - * Emotional response
are influenced by learning e Physiological response
environment > (Heart rates)
e Learning Style (Visual
learning)
e Learning Environment
Colour influences > (Individual study rooms)
psychology, physiology,
performance

Colours used in the study
rooms in the libraries

Figure 2-1: Literature review overview

(Al-Ayash 2013)

2.2 Cycle 1 (Act1): Library as a Learning Space

It is important to understand that libraries have transitioned from a place to
preserve written thoughts to a place for active learning and acquiring knowledge. The
established learning spaces in university libraries have developed in association with
the changes in learning modes and the learners themselves.
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2.2.1 Brief History of the Emergence of the University Library

University libraries did not suddenly appear; they have evolved through the ages.
The word ‘“library’ comes from the Latin word ‘liber which means ‘book’ in Greek
and Romance languages (Reitz 2004). Language was developed by ancient
civilisations to convey their thoughts, and in order to record these thoughts, they
invented writing. As a consequence, our ancestors built places to preserve these
written thoughts, and therefore, such places were the beginning of libraries (Lerner
1999).

There are six stages in the development of libraries through the ages. Table 2-1
summarises the evolution of these stages. Firstly, rooms in temples and palaces were
the first form of library in ancient civilisations after the invention of cuneiform
writing by the Sumerians and hieroglyphics by the Egyptians in 3000 BC, on clay
tablets and papyrus. These libraries were private, not for public (Harris 1995; Lerner
2009) (see Fig. 2-2).

Table 2-1: The evolutionary stages of libraries through the ages

(Al-Ayash 2012)

Date Type of writing Materials for Type of storage Type of library
writing
3000 BC Cuneiform, Clay tablet or papyrus Rooms in temples, or in Private
hieroglyphic palaces
500-1200 AD Alphabet Papyrus rolls or Rooms in monasteries Private or state
animal parchment and mosques
1200-1500 Handwriting Paper (books) Rooms in libraries Public
1500-1800 Printing press Paper (books) Library building Public library,
academic library
1800-1900 Mass production Paper (books, journals, | Library building Civic and local public
printing newspapers) library
Printed information, Physical library and All types (national
1990-Onwards Electronic digital plus CD ROMs and computer disk (virtual library, public library,
electronic materials library) academic library and
personal library)
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Figure 2-2: The shelves of tablets of ancient library in Mesopotamia.
Available from:
https://i0.wp.com/25.media.tumblr.com/tumblr_IxwzmuG4Holgl5d2uol_400.jpg

Historical literature indicates that the first systematically collected library is the
Royal Library, established by King Ashurbanipal, dating back to the seventh century
BC in northern Iraq (Lerner 2009). He established the library for his personal use,
and a few centuries later, the library was opened to scholars. Ashurbanipal’s library
occupied a number of rooms within his palace. These were well organised, and the
materials were arranged in series. Rooms were filled with tablets relating to history
and government, literary works, mathematical, astrological or magical collections
(Harris 1995). The library continued as a private place for a long time in ancient
civilisations. For example, private libraries were common among the wealthy
families in Rome by 50 BC (Lerner 1999).

During the second stage, between 500-1200 AD, the form of libraries became
more systematic (Harris 1995). After Christianity and Islam spread in Europe and the
East, writing was alphabetical and papyrus rolls or animal parchment were used. In
Europe, libraries were an essential part of the monastery, where gospels and books of
theology were kept. The monastery was not just a place for prayer, it was also for
learning activities. For instance, the library served the monastery’s teachers and
students, and the students learned the principles of grammar, arithmetic, geometry,
natural history, astronomy and music (Harris 1995; Lerner 2009).

The third stage was between 1200 and 1500 AD. The form of library changed

from private to public. Therefore, this move was an important historical point in

libraries’ usage (Lerner 1999).
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In the fourth stage of library development, their number increased rapidly in
Europe between 1500 and 1800 AD as a result of the development of printing
technologies, which increased the production of books and decreased their cost
(Edwards 2009). These numerous books needed places to keep them; therefore,
libraries became very common in this period (Harris 1995; Lerner 1999). During this
time, some important libraries were built, such as the Bodleian Library at Oxford, the
French National Library in Paris and the Library of the British Museum (Harris
1995).

In the fifth stage, between 1800 and 1900 AD, the demands of education were
increased, which led to the creation of a new generation of organised libraries
(Edwards 2009). Edwards (2009, 4) states that “education certainly was behind the
development of the library as an essential aid to higher learning.” The number of
universities expanded in the nineteenth century; they changed their traditional
curricula, and the library prospered as a recognisable building type during this time
(Brophy 2005). University libraries are dedicated for educational purposes, and are
the hub of campus life (Edwards 2009). According to Freeman (2005), an academic
library can be considered the heart of an educational institution, and it is a place
where new information technologies can be integrated with traditional knowledge
references. It provides an environment that supports social and educational modes of
learning and research. Libraries are collections of resources gathered for the purposes
of reading, study, and reference; thus they are considered as centres of information
and research (Aina 2004; Onwubiko and Uzoigwe 2004).

In the sixth stage, in the twentieth century, the libraries became more open and
introduced spacious areas and a variety of functions. They changed from an
exclusive building type to include wider community access. The plan of libraries
provided more than one room for reading (Edwards 2009). The library now serves
the academic community in a variety ways to increase its effectiveness. It provides
spaces for collaborative study, individual study, workshops and seminars (Bryant,
Matthews and Walton 2009). In the past, libraries were created for vast collections of
books and other reading materials and they did not provide any of the additional

services and opportunities for learning.
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The evolution of libraries continued during the twentieth century, and with the
application of new technology, the form and storage of information changed. As well
as books, journals and newspapers were stored, and information began to be
preserved in digital form and became available through worldwide computer
networks (Lerner 2009). In recent decades there have been significant changes to
university libraries. The main difference between the old libraries and those of today
is that the spaces have become more complex and multifunctional. The earlier design
was very formal with limited reading rooms, and remained largely unaltered from the
eighteenth century until the early twentieth century. Edwards (2009) describes the
conventional shape of a library as a cube with a domed ceiling (Fig. 2-3 and 2-4). He

describes the library spaces in the eighteenth century thus:

“In the eighteenth century, the reading room was a domed space
surrounded by books on a wall system (bookcases first, open shelves
around the perimeter later). After about a century, the space in the
reading room was colonised by bookcases arranged as spokes in a
huge wheel of learning.” (Edwards 2009, 7)

Figure 2-3: The interior of the reading room at the British Library

(Edwards 2009, 11)
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Figure 2-4: The plan of the reading room at the British Library

(Edwards 2009, 11)

As new forms of knowledge are generated, new ways of thinking about education
and learning are emerging, and innovative technologies are creating new methods of
sorting, cataloguing and delivering information, whether through virtual or physical
libraries (Lushington 2002). The challenge of computer based learning and the entry
of IT into the education fields have revolutionised the university libraries. The
university libraries are becoming more interactive, and as a result, collaborative
learning spaces provide appropriate environments for students’ needs (Boone 2002).
Thus, the library has become a gateway for information, serving a wide spectrum of
information seekers as well as having a critical role to play in the facilitation of
knowledge generation.

In summary, the emergence of the library was a consequence of the development
and growth in rational thought; and its original role was to preserve culture,
knowledge and civilisation from generation to generation. The concept of a library
has transformed from a place for preserving knowledge to a place for exchanging
knowledge. Consequently, university libraries have become not just places for study,
they have become places for formal and informal learning and they are now
considered as learning centres. These aspects of university library usage are
discussed in the following sections.
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2.2.2 The University Library as a Learning Centre

Academic libraries are considered essential buildings in universities, a place to
learn and explore, and they have become learning centres. Libraries in the twenty-
first century have become active places of community and knowledge. Saur (2004)
describes today’s library as a learning centre providing opportunities for students to
engage in different learning activities, with access to learning programs which can be
delivered via print, video, computer or television. He defines a learning centre as “a
dynamic environment which integrates provision to support a range of independent
and group learning activities” (Saur 2004, 67). Learning centres also give the
students a chance to link with other learners and benefit from valuable peer group

support.

Bennett (2005) points out that higher education has shifted from a culture of
teaching toward a culture of learning. In a learning culture, the focus is on helping
students become independent learners rather than on the passive transfer of
information from teachers to students (Powell 2002). In a learner-centred
environment, attention is paid to the experience, knowledge, skills, attitudes and

beliefs that learners bring to the university.

A university library is considered a centre of learning because it supports all
kinds of learning by providing various types of learning spaces (Edwards 2009).
Demas and Scherer (2002) also propose that the library is a place that embodies
learning and teaching as well as cultural and educational values. The students can
learn independently in the library by studying individually or in group, and also by
attending workshops (Frade and Washburn 2006). Waseem (2008) states that, the
interactions between individuals and groups contribute to constructing the store of
knowledge. Thus academic libraries are a link between students and information or
knowledge and are an appropriate environment for students and researchers to study

and do research.

Nowadays, the modern university library has expanded to become a computer
centre, because library services have advanced with the developments in technology.

Libraries make convenient individual connections between people seeking
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knowledge and people who know how to help them find that knowledge (Lushington
2002). Moreover, the library provides computer access to the internet and wireless
technology. The workstations incorporate a variety of utility programs like Microsoft
Office, Macromedia and Adobe, as well as multimedia stations, including recorders
and videos (Boone 2002). All these facilities help patrons to obtain information and

resources easily.

In summary, the library has become a significant place in universities for students
who are looking for an appropriate place to acquire knowledge, to learn in different
ways (see Figure 2-5).

Learning
alone

Learning in
the Library

Teaching process Learning in group

Figure 2-5: The Interaction activities in the university library
(Al-Ayash 2011)

2.2.3 Digital Library and Physical Library

Over recent decades, information technology has changed rapidly, and as it has
developed, its impact on most aspects of daily life has increased. The technology has
been a major force in libraries since the late 1960s. Increasingly, information is
created and offered in a digital format; this transition has required significant
changes in the tools and roles of libraries, and this new environment demands

workplace flexibility and team-based competencies (Beard and Dale 2010).
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The daily tasks for library staff have transformed from manual to technological
systems; for example, the finding and borrowing process for books and other library
collections takes place through automated catalogue systems instead of card systems
(Edwards 2009). Roknuzzaman, Kanai and Umemoto (2009) describe the virtual
library as the phenomenon of the international system of electronic networks which
enable a user at a computer terminal to search bibliographic citations, databases,
electronic publications and other types of information in digital format.

Moreover, contemporary academic libraries provide digital material or electronic
sources in addition to traditional sources via the Internet; thus libraries have become
more virtual than real, as the students can search, choose, read and download books
and journal material through a personal computer or library computer (Beard and
Dale 2010). In the digital age information can be accessed anywhere, and that will
lead to a decline in the use of physical libraries (Neuman 2003). In brief, access to
the knowledge traditionally stored in libraries may become more virtual than
physical in the future. Therefore, the physical library, if it is to exist in the future,
will need to create attractive and inspirational areas that attract students to come and
benefit from a range of library activities that support learning, as well as encourage
the exchange of knowledge.

As mentioned above, the digital library helps students to work virtually anywhere
and anytime. Although the availability of a library’s collection online has increased
greatly, students are still using the physical library for their academic work. Most
ethnographic and observational studies confirm that although most students are not
using the print material, they are engaged in academic work while they are in the
library building (Bryant, Matthews and Walton 2009; Demas 2005; Foster and
Gibbons 2007). Bennett (2006) suggests that the factors that make the digital library
more valuable are convenience and productivity, saving time and the ability to
interact with a virtual environment. However, humans are considered a social species
and like places to meet people for conversation, discussion and learning from each
other. Therefore, activities have an important value for humans; this value can be
found in the physical library which provides various learning spaces that support
students’ learning. On the other hand, using the virtual library has tended to isolate

people and this may impact negatively on intellectual life (Freeman 2005).
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Physical libraries enable social values such as communication, sharing, and
connection, which may not be as real or satisfying in the virtual world; thus students
are attracted to study in the physical library spaces. Freeman (2005) confirms that the
traditional reading room is still considered a favourite area of the library by a
significant number of students. Gayton (2008) considers that the value of physical
libraries lies in their variety of spaces which support and enhance serious study.
Furthermore, Antell and Engell (2007) found that younger scholars support the
physical library more than older scholars; perhaps it is because younger scholars
came of age in the Internet era, and they appreciate the physical surroundings of the
library because they have not had to use the library materials as intensively as

previous generations of scholars.

For decades academic libraries have been seen as portals to information, printed
resources, and more recently digital resources, but, as Demas states, “we have
reawakened to the fact that libraries are fundamentally about people, how they learn,
how they use information, and how they participate in the life of a learning
community” (Demas 2005, 25). As a result, libraries today are in transition both as

institutions and as a building type.

2.3 Learning and Learners

How people learn and know has long been considered a significant question by
theorists, who have investigated how people perceive, know and learn. This section
reviews the learning process and how learners’ differences impact on their ability to
learn and to select a learning strategy, and then discusses the impact of colour on
these processes.

2.3.1 Learning and Learning Spaces in University Libraries

New ways of thinking about education and learning are emerging as a result of
technological, economic, social and demographic change. The ability to learn is one
of the most outstanding human characteristics. Siemens (2004) defines learning as an
active process of acquiring knowledge or information that occurs within different

environments; learning is focused on connecting specialised information sets.
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Learning brings together cognitive, emotional, and environmental influences and
experiences for acquiring, enhancing, or making changes in one's knowledge, skills,

values, and world views (Illeris 2003).

Furthermore, contemporary forms of learning include different ways of learning,
and each person has a different favoured manner of learning or learning preferences,
which are often called learning styles. Schunk (2000) points out that learning styles
are affected by emotional, biological, psychological and cultural factors as well as
past life experiences and the demands of the present environment. The term learning
style refers to how people perceive and process information and the most
comfortable way to learn and to remember (Spencer-Waterman 2013; Schunk 2000).
Learning styles can be divided into three basic styles:

1- Visual learning: learners depend on their eyes to learn easily by viewing,
watching and observing and by reading about a new concept in books or
articles. In addition, pictures, slides, drawings and photos help visual

learners.

2- Auditory learning: learners recall much of what is discussed or heard in the
lectures by concentrating on lessons or listening to audiotapes.

3- Tactile-kinaesthetic learning: learning by touching (tactile) and moving
(kinaesthetic). The information is taken in through hands and movement.
Tactile-kinaesthetic learners like to handle things and to move around
themselves. They remember more easily when they write, doodle or draw.
Participation in laboratory experiments is a powerful medium for these

learners (Spencer-Waterman 2013).

Cassidy (2004) points out that learning styles has a positive impact on academic
performance by enhancing intelligence and motivation. Some researchers have
studied the effect of learning style on academic achievements; the results show that
the preferred learning style can help or hinder success in academic performance
(Castro and Peck 2004; Drysdale, Ross and Schulz 2001).
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Nowadays, learning is the central activity of university libraries. However,
learning takes place everywhere on a college campus, including in classes, libraries
and laboratories. Therefore, study spaces in university libraries have changed into
learning spaces to meet the evolving needs of the students (McNamara 2012). Today,
learning takes different forms. Newton and Fisher (2009) and Oblinger (2006)
classify learning into two types: formal learning that is systematic and guided by
instruction, and informal learning that results from interactions among individuals or
study alone through reading without the direct involvement of the teacher. Informal
learning may occur in a variety of places, such as at libraries, and through daily
interactions and shared relationships in society. Informal learning is one of the
learning forms that facilitate group and individual academic activities, and by its
nature is generally more flexible (Hunley and Schaller 2006).

Modern university libraries have included both formal and informal learning;
formal learning through workshops and lectures that are held in the libraries, and
informal learning through group and individual study where the learners become
more independent (Edwards 2009). Students use different ways to learn based on
their learning styles. They can learn and understand the study material by reading
printed material such as books and journals (visual learning), or listening to lectures
in the class or via computer in the library (auditory learning). Reading
comprehension can be considered one of the types of visual learning; the students
read the text and find the main idea of the text in order to understand the ideas of the
certain topic (McNamara 2012). Reading comprehension is defined as the level of
understanding of a text’s meaning through the interaction between the words that are
written (Rayner et al. 2001).

Obviously, university libraries have become places to learn and have been
changing their study space into learning spaces based on student’s developing needs
and their ways of learning (McNamara 2012). According to Thomas (2010), a
learning space is a place wherein a learning process occurs, such as classrooms,
lecture halls, libraries, laboratories and so on. Furthermore, to promote connectivity,
intellectual exploration and deep thought, university libraries have provided a range
of study environments to suit a diversity of learning types, like formal learning

spaces such as training rooms for seminars or lectures (see Fig. 2-6) and informal
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learning spaces where learners can share with each other or learn individually, such
as reading spaces which include individual (see Fig. 2-7), and group study spaces
(see Fig. 2-8), and computer spaces (see Fig. 2-9) (Jamieson 2003; Bennett 2003)
(see Fig. 2-10).

In addition, Demas and Scherer (2002) confirm that providing a range of learning
spaces in the library will make libraries more effective and appealing spaces, as well
as putting students in the mood for study. Providing these different spaces for
different activities allows students to easily move from group to individual to
computer lab spaces while conducting their research, writing, studying and
socialising (Gfeller, Butterfield-Nagy and Grignon 2011; Twait 2009).

Figure 2-6: Training room at Curtin library
(Al-Ayash 2011)

Figure 2-7: Individual study room at Curtin Library
(Al-Ayash 2011)
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Figure 2-8: Group study room at ECU Library
(Al-Ayash 2011)

Figure 2-9: Computer area at ECU Library
(Al-Ayash 2011)

Individual
Learning
Spaces

Learning
Spacesin
Computer the Library

Spaces

Training
Spaces

Figure 2-10: The forms of learning spaces in the libraries
(Al-Ayash 2011)
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Despite university students commonly using library spaces for collaborative study
in group study rooms, they also tend to undertake solo study in individual study
areas. Individual study in the library could be in private rooms or in semi-enclosed
individual study carrels, which create an environment similar to a partitioned room
(Demas and Scherer 2002). In fact, people who work on complex tasks which need a
high level of concentration may prefer to work in a private office space because of
high noise levels in open-plan environments (Sundstrom et al. 1994). In contrast,
people who work on simple tasks which need a low level of concentration prefer to
work in open-plan environments (Kaarlela-T et al. 2009).

The library has been more than a store for recorded knowledge. It provides a place
for meditation, integration, and creation of new ideas or knowledge. Therefore,
students in the library environment use a variety of study spaces according to their
task; for example, private study rooms for high concentration and study carrels for
low concentration. Individual study rooms or private rooms in university libraries are
the focus of the present study. The present study focuses on the effects of colours on
informal learning, particularly in the individual study areas in university libraries,
and it also focuses on the effects of colours on visual learners (people who prefer
learning by reading books or articles via computer) by using a reading

comprehension test to measure learning performance.

2.3.2 The Relationship between Space, Learning and Human

Psychology

The library space is designed to support a continuum of learning activities. The
relationship between space and person is very strong and interdependent, and this
will impact on learning activity (Temple 2008). In this connection, the physical
learning spaces such as classrooms and lecture halls become an integral part of the
learning process and are linked to specific teaching, learning and management
strategies which, taken together, embody a specific approach to teaching and
learning. Acker and Miller (2005, 3) illustrate the value of learning spaces for
today’s students as: “... how effectively and efficiently the space provides access to

learning resources. These resources include other students, access to information

39



Chapter 2 Cycle 1

technologies and Web content and flexible student and faculty space configurations

that support efficient learning.”

In addition, JISC (2006) argues that learning spaces should be able to motivate
learners and promote learning as an activity, because physical environments have a
significant impact on effective learning and students’ performance. They can bring
people together and can encourage and motivate exploration, collaboration and
discussion (Ball, Beard and Newland 2007). Much current design of learning spaces
has moved away from formal lecture halls towards informal learning spaces, because
they are social, independent and merge physical and virtual environments (Boys
2011).

Several factors contribute to make learning spaces successful in university
libraries. According to Temple (2008), space design plays a significant role in
supporting students’ learning. As learning is a social activity, the design of learning
spaces in libraries should provide welcoming informal and formal spaces; to promote
learning, spatial design also needs to include standards of psychological safety,
serious purpose and respect (Temple 2008). In addition, creating and maintaining a
learning space requires an appropriately supportive climate, where the learning
spaces are imbued with a spirit of hospitality where students can enter into fearless
communication and allow their respective life experiences to be their primary and

most valuable source of growth and maturation as learners (Jamieson 2003).

Oblinger (2006) points out that integrated technology and the provision of various
study spaces which focus on collaborative working is one of the important factors to
meet users’ needs in the library. Likewise, the comfortable and attractive ambience

of the learning spaces will lead to socialising and group work (Boys 2011).

Using design, including colour and lighting, can create stimulating and
inspirational areas in the library. Jamieson (2008) states that there is a considerable
relationship between the built environment and learning activity, where the layout of
space substantially influences student comfort, psychology and motivation through
attributes such as acoustic quality, lighting levels, and also aesthetic aspects such as
colour and textures. Increasing attention has been paid to the effect of the physical
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environment on human psychology in different fields such as architecture, interior
design and environmental psychology (Barrett and Barrett 2010; Gillen, Wright and
Spink 2011; Ryu and Jang 2007; Vergeront 2002). Ryu and Jang (2007) state that
built environment can affect human’s behaviour, emotion, and productivity in some
profound ways. People may feel excitement and stimulation when in a neat place or

annoyance in a crowded place.

The term physical environment refers to buildings and their interiors. This
includes the appearance and layouts of buildings, the arrangement of rooms and
ambient conditions (acoustics, air quality, furniture, lighting, colour and room size)
(Barrett and Barrett 2010). Ulrich (1983) points out that humans react instantly,
unconsciously, emotionally and physiologically in the physical environment, and that
emotional responses can be considered an innate phenomenon, and feelings are
basically sensations that happen before perception and cognition. Thus exposure to
everyday environments may stimulate different responses from the human
psychological system (Leather et al. 2003; Vischer 2007). The physical environment
is believed to be one of the most influential factors affecting a student’s

psychological state in learning spaces (Woolner et al. 2007).

There is a need to understand how students’ psychology changes according to
their perception of environmental elements. Many studies have investigated the
influence of the physical environment on human mood and emotion. Karmel (1965)
studied the impact of classrooms with or without windows on high school students’
emotions. He found that students were unhappy in a classroom without windows, and
they had negative feelings about their school. There is some evidence that differences
in the indoor lighting environment (levels, spectral distribution and so on) can affect
mood (Knez and Kers 2000; Kuller et al. 2006). Knez and Kers (2000) found that
different kinds of mood were produced when the subjects were exposed to the
different colour temperature of lighting.

Research in environmental psychology has demonstrated that various
environmental stimuli can affect mood and emotions (Knez 2001). Thus the physical
environment has a significant impact on how people feel and perform in a learning

space.
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Colour is considered an important aspect of the physical environment. It can
impact on emotional responses and level of arousal, which may indirectly affect
students’ academic performance (Holahan 1982). According to Gao, and Xin (2006)
and Helvacioglu (2011), different colours may sometimes stimulate different
emotions and moods. For example, some colours can increase feelings of calmness

while others can increase feelings of excitement.

Consequently, library design should focus on user experiences in the library
through the creation of flexible spaces for current and future use and provide a range
of welcoming, inviting and exciting study environments to suit a diversity of learning
styles and student preferences, as well as to fit all learning activities. In summary, all
these characteristics contribute to impact on the users’ well-being and efficiency.

The setting of interior spaces has a significant impact on learners’ comfort,
motivation and engagement in learning spaces, and in general on their emotions and
behaviour. Emotion is the focus of many studies which have demonstrated that
emotions have a significant impact on human psychological and physiological
responses to the environment, and that the physical environments can directly
influence or change emotional response. In the next section, the literature
investigating the relationship between colours, psychology, and physiology will be

reviewed.

2.4 Emotional Response

Human emotions play a significant role throughout life because they enrich and
colour our lives (Brave and Nass 2002). It is difficult to imagine not feeling happy at
our success at achieving important things or not being sad if we lose loved ones.
Human emotional responses can be affected by the physical environment (such as
colour and lighting). Therefore, in relation to this research a number of questions
arise. What is an emotional response? How emotions be measured? And how do

emotions influence learning? All these aspects will be discussed in this section.
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2.4.1 Definition of Emotional Response

The role of emotions in human cognition and behaviour has received more
attention in the last decades. Emotion is a highly complex phenomenon that requires
a careful and systematic analysis of its characteristics and components. The
complexity of emotion is due to its great sensitivity to personal and contextual
circumstances (Ben-Ze’ev 2001). Most psychologists believe that an emotion can be
considered a complicated process of responses to a relevant stimulus (Berkowitz
2000). There are many definitions of emotion in the relevant literature. Nevertheless,
there are two generally agreed on apsects of what shapes human emotion. First,
emotion can be defined as a relatively brief episode of coordinated brain, autonomic,
and behavioural changes that facilitate a response to an external or internal event
(Davidson, Scherer and Goldsmith 2003). Second, emotion is a psychological
reaction to events relevant to the needs, goals, or concerns of an individual (Brave
and Nass 2002).

According to Desmet (2003), emotional experience has four components. These
are behavioural reactions (e.g. approaching), physiological reactions (e.g. heart rate),
expressive reactions (e.g. smiling), and subjective feelings (e.g. feeling amused).
Different emotions can be distinguished from one another by the characteristics of
the components (Desmet 2003).

The first component is behavioural reactions. This category includes the impulse
to act in certain ways that are associated with the particular emotion. For example,
when people experience a threat they escape or avoid it (Cardinal et al. 2002). The
second component is physiological reactions; these are changes in autonomic
nervous system activity, brain activity, heart rate, and blood pressure that accompany
emotions (Ben-Ze’ev 2001). A study by Ekman, Levenson and Friesen (1983)
identified physiological measures of emotional experience. They found a relationship
between physiological states (such as heart rate and body temperature) and emotional
states. Their study tested six emotions (surprise, disgust, sadness, anger, fear and
happiness) and found an increase in the heart rate in anger and fear compared to
happiness; finger temperature increases in anger compared to happiness; and skin
resistance decreases in sadness compared to other emotions (see Fig. 2-12).
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Philippot, Chapelle, and Blairy (2002) have also studied the impact of physiological
states on emotional responses by investigating the effect of manipulating respiration
on emotional states. The researchers found that the type of breathing pattern
produced different emotional states. Thus, human emotions can be produced by
changes in physiological states.

The third component is expressive reactions; it is one of the most obvious
indicators of emotional experience (Soussignan 2002). These are the facial, vocal and
postural expressions that accompany emotions. For example, anger comes with a
fixed stare, contracted eyebrows, compressed lips and brisk movement, and then a
raised voice (Ekman and Davidson 1994). Finally, the subjective feelings or
evaluation of a situation, such as feeling happy or inspired, are the conscious
awareness of the emotional state (Desmet 2003).

In this thesis, the researcher focuses on emotional response to colours. There is a
growing interest in the understanding of human feelings in response to seeing
colours, and this is called “colour emotion”. Studies that often are classified under
colour emotion have investigated different issues. A study by Fridell Anter and
Billger (2010) has provided a clarification of colour emotion studies. Some studies
focus on the relationship between colours and basic human emotions like fear, anger,
and happiness (Harleman 2004; Oberascher and Gallmetzer 2003). Another colour
emotion study area deals with colour associations such as warm-cold or hard-soft
(Ou et al. 2004; Xin et al. 2004). A third field of colour emotion studies focuses on
colour preference, harmony or colour evaluation; for example, a study by Ou et al.
(2012) used variables such as “like-dislike”.

The colour emotion in this thesis does not refer to basic human emotions such as
happiness, surprise, or fear. Rather, colour emotion captures observers’ responses on
an associated affective dimension specified by investigators, such as warm-cool and
hard-soft (Ou et al. 2004). The term colour emotion has been used to indicate the
aroused feelings and emotions of people during colour perception (Xin et al. 2004).
Ou (2004, 37) defines it thus “colour emotion is the emotion evoked by colours and
it can be expressed through words”.
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This section has reviewed how emotions are produced and how they can be
measured as part of the wider enquiry into the psychological and physiological

measures and subjective experience of emotions.

2.4.2 Measuring Emotional Responses

To understand the influence of colour on emotional response in the indoor
environment, researchers need measuring methods. Researchers offer various
methods for measuring emotional responses, and a number of the measuring tools
which have been used by researchers to measure emotional response to stimuli in the

built environment are reviewed in this section.

As mentioned previously, emotions have four components: behavioural reactions,
facial expressions, physiological reactions and subjective feelings. Each emotion
component is measured by a different method. Desmet (2003) classified emotion
measurement tools as non-verbal and verbal methods. Non-verbal methods measure
the facial expression (e.g. smiling), vocal and postural expression of emotion, and
physiological component of emotion (e.g. heart rate, blood pressure). Verbal
methods comprise self-report methods that measure the subjective feeling component
of emotion. This section will discuss the self-report methods and physiological
methods, as they are used in this thesis to measure emotions.

2.4.2.1 Verbal methods

The self-report method has been used by researchers to evaluate the influence of
environment on people (Desmet 2003). One of the earlier self-report methods is the
Semantic Differential Rating method (SDR). It is widely applied for measuring
emotional response (Osgood, Suci and Tannenbaum 1957). A semantic scale is
composed of polar opposite adjectives separated by a seven point rating scale (Fig. 2-
11). The position marked 4 is labelled ‘neutral; neither X nor Y’; the 3 and 5
positions are labelled ‘slightly X and slightly Y’ respectively; the 2 and 6 positions
‘quite X and quite Y’, and the 1 and 7 positions ‘extremely X and extremely Y’
(Osgood, Suci, & Tannenbaum, 1957).
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The scores can be assessed by factor analysis procedures to determine possible
common factors that underlie the semantic scales. The majority of the semantic
scales tend to fall into three principle factors. The first factor is evaluation, concerned
with appraisal of whether things are good or bad, fresh-stale, pleasant-unpleasant,
friendly-unfriendly. The second factor is potency, associated with power, size,
weight and toughness such as heavy-light and strong-weak. The third factor is
activity, concerned with quickness, excitement and stimulation, such as warm-cool,

calm-exciting and active-passive (Osgood, Suci and Tannenbaum 1957).

(Concept)
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Figure 2-11: An illustration of Semantic Differential (SD)

(Osgood, Suci and Tannenbaum 1957)

Another dimensional approach is the Pleasure-Arousal-Dominance dimensional
approach (PAD) developed by Mehrabian and Russell (1974). The PAD method
consists of a set of 18 bipolar adjective pairs that are each rated on a 9-point scale.
Factor analyses of the resulting 18 ratings generate scores on the dimensions of
pleasure-displeasure, arousal-non arousal and dominance-submissiveness, to provide
a general description of emotions. The pleasure dimension includes the polar
opposite  terms:  unhappy-happy;  annoyed-pleased;  dissatisfied-satisfied;
melancholic-contented; despairing-hopeful; and bored-relaxed. Arousal is the ability
to respond within that dimension ranging from sleep to frantic excitement. This
dimension includes the bipolar pairs of terms: relaxed-stimulated; calm-excited;
sluggish-frenzied; dull-jittery; sleepy wide-awake; unaroused-aroused. Dominance
signifies that the individual has freedom to act; in other words, he/she has the ability
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to control the surrounding environment. This dimension includes the bipolar term
pairs: controlled-controlling; influenced-influential; cared for-in control; awed-

important; submissive-dominant; guided-autonomous.

The PAD model is based on Osgood et al.’s semantic differential scales; the
pleasure factor corresponds to evaluation, the arousal factor corresponds to activity,
and the dominance factor corresponds to potency (Mehrabian and Russell 1974).
Bradley and Lang (1994) found that this method is widely used as an instrument to
assess events, situations and objects. However, this method has a number of
difficulties. First, measuring 18 different ratings for each stimulus presented in an
experimental session is very complicated, because it requires a great deal of time and
effort. Secondly, statistical expertise is needed for the data analysis. SD and PAD
methods have been adopted by a large number of researchers in the field of
environmental psychology, particularly in colour emotion studies. Both methods
cover an important part of human emotional interaction with the interior

environment, such as emotional response to colour.

The Positive Affect-Negative Affect Scale model (PANAS) is a method
developed by Watson, Clark and Telleggen (1988). This model contains ten Positive
Affect expressions, namely: attentive, interested, alert, excited, enthusiastic, inspired,
proud, determined, strong and active. The ten Negative Affect expressions are:
distressed, hostile, irritable, angry, scared, afraid, ashamed, guilty, nervous and
jittery. The model was based on using two opposite dimensions (Mueller and Curhan
2006). The model may not describe the environment semantically in the same way as
the Mehrabian and Russel (1974) and Osgood et al. (1957) models do.

There are other various constructed instruments that are used in self-report
measurements. One of them is a questionnaire measure called the Affect Grid, which
is designed to assess two dimensions of affect: pleasure-displeasure and arousal-
sleepiness (Russell, Weiss and Mendelson, 1989). It is composed of a nine-by-nine
matrix, and the emotion adjectives are placed at the midpoints of each side of the
grid (Larsen et al. 2009) (see Figure 2-12). The research participant first reads the

general instructions and then is given specific instructions, such as "Please rate how
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you are feeling right now” and then places one checkmark somewhere in the grid
(Russell, Weiss and Mendelson, 1989).

Stress Arouzal Ezcitement
Unpl easant Fleasant
Feelings Feelings
Depression Sleepiness Relazation

Figure 2-12: The Affect Grid- Scale of Pleasure and Arousal

(Russell, Weiss, and Mendelsohn, 1989, 494)

The advantages of previous self-report methods are that rating scales can be used
to assign any set of emotions, and can be used to measure not only individual
emotions but also mixed emotions (Desmet 2003). In addition, they are simple,
explicit and generally quite reliable (Scherer 2005). On the other hand, the main
disadvantage of these methods is their difficult application in translation across
cultures (Desmet 2003). It is difficult to translate emotion words as straight
translation is not available. Usage of colour emotion words and their characteristics

change with languages (Nakamura et al. 2004).

To overcome the problem of between-culture comparisons, a group of non-verbal
self-report instruments have recently been developed in which pictograms are used
instead of words to designate emotional responses. The Self-Assessment Manikin
(SAM) by Bradley and Lang (1994) is an example for this kind of instruments. The
SAM is a non-verbal pictorial scale instrument that directly measures the arousal,
valence and dominance associated with a participants’ affective reaction to various
types of stimuli (Bradley and Lang, 1994; Oliveira et al. 2005). This model (SAM),
allows the participants to evaluate a situation through the use of selected images (see
Fig. 2-13). It includes a five-character scale for each of the dimensions. The
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evaluator can mark between the characters to produce a nine-point scale. The
pleasure dimension is represented by five graphic characters, starting with a smiling
figure representing happiness, and ending with a sad figure representing
unhappiness. The arousal dimension is also represented by five graphic characters,
starting with an excited figure with open eyes and ending with a sleepy figure with
closed eyes. The dominance dimension is represented by the same number of graphic
characters, starting with a very small figure representing submissiveness and ending
with a very large figure representing control or dominance (Koelstra et al. 2012;
Oliveira et al. 2005).
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Figure 2-13: The Self -Assessment Manikin Model
(Morris 1995, 2)

In previous research, there is wide agreement on the advantages of the SAM
model, as it is easy to use by different age groups (children and adults) and it only
takes a short time for the participants to respond; further, it can be used in different
countries as it is language free (Grimm and Kroschel 2005; Oliveira et al. 2005).
However, there is an important limitation for its application in between-culture
studies: this model does not measure distinct emotions but only general emotions
(Desmet 2003).
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After reviewing the types of verbal methods used to measure emotional response,
the researcher selected the Semantic Differential (SD) method. Semantic Differential
was used in this thesis because a lot of colour research has been conducted using this
method to describe character of rooms in the various colours, and to measure colour
emotion. Further, it is easy to be applied with different age groups or cultures. In
addition, investigations have shown this method is reliable (Hogg et al. 1979; Sato et
al. 2000); by using statistical analysis methods the meaning variables of the scale can
be grouped and condensed in many factors.

2.4.2.2 Non-verbal methods

These methods can measure either the expressive or the physiological component
of emotion. Expressive reactions (e.g. smiling), both vocal and postural, can be
measured by capturing them on short video sequences and analysing them.
Physiological reactions refer to activation or arousal such as increase in the heart
rate. They indicate changes in activity in the Autonomic Nervous System that is
associated with emotions. There are various instruments that measure physiological
components of emotion such as blood pressure responses, skin responses, brain

waves, and heart rate (Desmet 2003).

It was decided to use a physiological method to measure emotional response to
colour in the indoor spaces by measuring heart rate in this thesis. Measurement heart
rate is chosen as it is easy to apply in the experiment and it is unobtrusive, so it does

not disturb participants during measurement.

2.4.3 Semantic Differential Method to Measure Emotional Response

to Colour in the Indoor Environment

Colour should provide occupants of the learning spaces with a suitable
atmosphere that supports students to study and concentrate (Chism 2006). Semantic
differential words are used to describe the human’s emotional responses to colour,
which are usually termed colour emotions (Sato et al. 2000; Xin et al. 2004).
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A lot of colour emotion and colour meaning studies have been conducted using
semantic differential scales to measure emotional responses to colour, and they have
used various types of colour stimuli to test people’s evaluative response. Most
studies used colour chips, colour in the computer, or colour patches as the colour
stimuli (Gao and Xin 2006; Gao et al. 2007; Hogg 1969; Odabasioglu and Olguntiirk
2015; Ou et al. 2012; Ou, et al. 2004; Xin et al. 2004;). For example, Hogg (1969)
used the principal component analysis to classify twelve colour-emotion scales and
identified four factors: impact, usualness, evaluation, and warmth. Hog’s results
showed that the evaluation factor was closely associated with only one scale,
pleasant—unpleasant.

Another study conducted by Gao and Xin (2006) used semantic differential scales
to evaluate emotional responses to colour samples sized 1.0 cm x 1.5 cm with 70
participants in a psychophysical experiment. They used 12 emotion variables (light-
dark, soft-hard, warm-cool, transparent-turbid, pale-deep, distinct-vague, light-heavy,
vivid-sombre, weak-strong, dynamic-passive, gaudy-plain and striking-subdued).
These emotional variables were divided into three factors (activity index, potency

index, definition index).

A study by Xin et al. (2004) has used the same twelve pairs of colour emotions
that were used in Gao and Xin’s (2006) study. These word pairs represent the
fundamental emotional responses of human beings to colour. This study was
conducted with 210 participants from Hong Kong, Japan and Thailand using a set of
colour samples each 1.0 cm x 1.5 cm to measure colour emotional responses. In
addition, a number of studies by Ou et al. (2004) were conducted and used the
semantic differential method to evaluate colour emotion. They used 10 colour
emotion scales categorised into three factors: Evaluative factor (clean-dirty, fresh-
stale, like-dislike); Potency factor (heavy-light, hard-soft, masculine-feminine); and
Activity factor (modern-classical, active-passive, tense-relaxed, warm-cool) in a
psychophysical experiment. Each observer assessed twenty 3 x 3 inch colour patches

that were presented one by one in a viewing cabinet.

A few studies have used the SD method to describe colour in a real room
(Harleman 2001; Odabasioglu and Olguntiirk 2015). In a study by Harleman (2001),
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the SD method was used to describe the characteristics of a painted room, in terms of
emotional tone (light-heavy), dynamism (advancing-receding), spatial quality
(closed-open, distinct-diffused) and character (warm-cool). A semantic differential
scale was used also to evaluate the effects of coloured light on the perception of an
empty interior space in a study by Odabasioglu and Olguntiirk (2015). Three colours
of lighting (red, green and white) were assessed by 97 participants, and they
evaluated the experiment room in a questionnaire assessing eight factors:
pleasantness, arousal, aesthetics, usefulness, comfort, spaciousness, colour and

lighting quality (see Table 2-2).

Table 2-2: Eight scales and adjective pairs used in
Odabasioglu and Olguntiirk’s (2015) study

Pleasantness| Arousal Aesthetics Usetulness
attractive /unattractive static/dynamic beautiful /ugly private / public
satisfying /unsatis-

fying mteresting /boring  clean/dirty efficient/inefficient
like / dislike cheerful / gloomy distinctive/ordinary convenient/inconve-

nient

pleasant/unpleasant  calming/exciting tasteful /tasteless useful /useless
impressive /unimpres- tunctional / non-func-

sive relaxing / tense usual /unusual tional

stylish/unstylish

Comfort Spaciousness Light Colour
comfortable /uncom-

fortable high /low bright/dim light /dark
glaring/non-glaring  large /small clear/hazy vibrant/dull

spacious /cramped  light/dark warm /cool

great eye discomfort/ good lighting / poor

no eye discomfort wide/narrow lighting strong / weak

All these studies use the three primary factors introduced by Osgood et al.(1957),
that is, evaluation, potency, and activity, to select colour emotion scales for factor
extraction. Semantic differential scales developed by Osgood (1957) were used in
this thesis to assess the emotional responses to colour during the experimental
sessions. This method is useful in situations with different age groups or cultures,
because it is easy for the researcher to construct and easy for the respondents to use,
and provides reliable quantitative data (Franz 2006). The semantic differential
technique measures certain affective features of meaning related to the dimensions of

emotion or feeling which seem to be universal in the human species; therefore, it has
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been used extensively to measure feelings (Stamp 2007). The studies cited above

were based on experimental data from various countries.

This thesis used the SD method to evaluate emotional response to one coloured
wall in the individual study room, and does not claim to evaluate the impact of the
whole room. The wall acts as a large colour patch by hanging coloured panels on one
wall (see Chapter 3, Section 3.2.4.1 for more details). The scale of the colour relative
to the participant’s position and visual field while undertaking the task is important.

2.4.4 The Influence of Emotion on Learning

The literature on educational psychology provides evidence about how student
learning is influenced by emotions. Recent research on the relationship between
emotions and learning performance confirms the integral relationship between
emotions and learning (Ruthig et al. 2008). Emotions can impact on what is learned
from the surrounding conditions, as feelings can drive attention. According to
Efklides and Volet (2005), emotions are triggered by learning processes such as
learning tasks or by a person’s history in learning situations; these can influence the

willingness of individuals to be involved in the learning process.

Researchers deduced that the information we derive from the surrounding
environment can be influenced by our affective states. For instance, people who feel
happy most of the time are able to pay considerable attention to things and events
that have a happy meaning for them (Berkowitz 2000). Forgas and Bower (1987,
cited in Berkowitz 2000, 79) conducted a study which confirms the impact of

feelings on people’s concentration and attention:

In this experiment, the male and female subjects were put in either a
good or a bad mood by being misled about how well they had done on
a preliminary test; then, seated before a computer screen, they were
asked to read a series of statements describing a stranger. In line with
the notion of effective-attentional congruence, the happy subjects
spent more time looking at the positive information about the stranger
than about the negative information, whereas the unhappy subjects
took more time to read the stranger’s negative qualities.
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In the above study, people who have bad feelings tend to focus on negative things
or events while people who have good feelings tend always to focus and interact with
positive things or events. Meyer and Turner (2006) point out that human thinking can
be influenced by emotional states. When students feel secure, happy and excited
about the subject matter they are studying, they will learn and achieve more
effectively. Emotions can profoundly impact on academic motivation, awareness of

learning and performance (Pekrun 2006).

During recent years, several researchers in the field of memory studies have found
that positive and negative moods have the ability to stimulate learning states and
memory retrieval. Pekrun et al. (2002) showed that learning and memory can be
affected by mood; their results indicated that learned events and memories of the
emotion experienced in the learning state were retained in the mind. Thus, the person
can remember better if the same emotion exists during the time the material is
remembered. In addition, recovery of material is improved when the mood is positive
at retrieval time. Bower (2014) states that happy people retrieved happy memories
more rapidly than sad ones, while sad subjects retrieved sad memories more rapidly
than happy ones.

Pekrun et al. (2002) state that learning performance can be enhanced by positive
emotions which help to improve motivation. Therefore, emotions may stimulate or
reduce students’ motivation to achieve a learning goal. Pekrun (2006) classified
specific emotions into two dimensions. Firstly, emotions are activated; for example,
enjoyment and anger increase physiological arousal and tend to help students take
positive action, in the case of enjoyment, or negative action, in the case of anger.
Secondly, deactivating emotions such as satisfaction or monotony may lead to a
decrease in arousal and action. So, negative deactivating emotions may impede
learning performance, while positive activating emotions facilitate students’ learning
activity. For example, enjoyment can enhance motivation and task concentration,
whereas boredom has been shown to do the opposite (Pekrun et al. 2002; Ruthig et
al. 2008).

Kuschel, Forster and Denzler (2010) showed that a positive mood can enhance
performance on a creative task. Therefore, feeling happy tends to create free

54



Chapter 2 Cycle 1

associations, increasing the ability to solve problems through insight, while a positive
mood can impair cognitive tasks involving assessing, memory and planning because

positive emotion can distract people and reduce their concentration on the task.

In general, positive material or events can be remembered better if the mood and
emotion are positive. Thus, emotions can play a role in the students’ learning
activities; this means that students who are distracted, depressed or made anxious by
negative events or stimuli cannot focus to process information. On the other hand,
positive emotions such as feelings of confidence and happiness help students to
think, master a learning task and process new knowledge.

2.5 Colour in Learning Environments of Libraries

It is obvious that colour plays an important role in our environment. It is difficult
to imagine life without colours. They can add definition and beauty to any space, and
convey meanings and information about our surroundings through our vision.
Therefore, the correct use of colour can reinforce users’ ability to interact with their
environment properly. The question of the nature of colour has confused humans
since ancient times and has produced many answers. This section will discuss
perception of colour, colour attributes, colour vision and colour systems. It also
discusses the influence of colour on psychology, physiology and performance. This
section also reviews methods for examining the impact of colour in the indoor

environment.

2.5.1 Colour Perception

Colour is one of the environmental variables which influence the ambience of a
space, as well as stimulating people on visual, physical and emotional levels. It
appears to be one of the most powerful elements in our environment, and it is
typically one of the first features that individuals notice when entering a room
(Holtzschue 2002). People know what colours surround them, such as red, blue or
green, but the question of what is colour is still ambiguous. Philosophers still debate
about the nature of colour; some of them regard colour as an objective property,
while others consider it is a subjective experience (Bleicher 2012). Is colour
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something physical like radiant energy that comes directly into the eye? Or is it
reflected from a surface? Or is it the experience you might have when you look at an
object?

Depending on the branch of science, colour is perceived from different points of

view:

The physician thinks of radiation and wavelength, the chemist of
pigments and mixtures of materials, the physiologist of the anatomy
of the eye and working receptors, nerve cells and brain centres. The
psychologist thinks of colour as sensory perception and human
conditioning, the artist of a palette or the expressive quality of colour.
The architect and designer think of colour as a property and
experience of objects and their function in the environment.
(Bergstrom 2008, 6)

Two distinct fields of research, physics and psychology, explain colour
differently. Colour in physics is wavelength; in psychology, it is the personal

perception of the object.

Physics is interested in the light that enters the eye which enables people to see
their environment, and it is considered as radiant light. The properties of this light
can be measured and interpreted without taking the eye into consideration. Physics
deals with the quality and quantity of light without any reference to any observer
(Pile 1997). Colour may be defined as an attribute of light or of objects or surfaces
which provoke the sensor cells of the eye and is described by various colour names
such as red or green (Pile 1997; Hardin 1993).

In the psychological field, colour can be perceived in the mind and it is associated
with conscious, subconscious and unconscious levels that are related to human
behaviour. It focuses on the relationship between the colours as calculated for the
observer and the colour actually perceived by the mind (Hardin 1993). Mahnke
(1996) states that the human reaction to colour can result in a psychological reaction.
“Colour is not the property of objects, spaces, or surfaces; it is the sensation caused
by certain qualities of light that the eye recognizes and the brain interprets” (Mahnke
1996, 2).
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The term colour is often referred to as the colour of light and the colour of an
object, with different meanings. According to Camgoz (2000, 8), the colour of light
“is radiant power at various wavelength of the visually effective spectrum which is
considered to extend approximately from 380 to 780 nm (visible spectrum)”;
whereas the colour of an object, or object colour, as Kaufman (1984; cited in
Camgoz 2000, 8) stated, “is the colour of light reflected from or transmitted through

an object when it is illuminated by a standard light source.”

Green-Armytage (2009, 2006) argues that there is a difference between colour as
an objective property and colour as a subjective experience, and he proposes that
there are seven different kinds of colour; the kind of colour in a given situation is
determined by the means used to identify the colour. Colours can be identified in
various ways: by name in general language to indicate both a physical property and a
visual experience (conventional colour); by chemical analysis (substance colour); by
referring to a formula guide (formula colour); by using a spectrophotometer as a
measurement instrument (spectral profile colour, psychophysical colour); by direct
contiguity with samples in a colour atlas (inherent colour); or by comparing colours
with the samples in an atlas when direct contiguity is not possible (perceived colour)
(Green-Armytage 2009).

In an architectural context, colours are categorised as perceived colour and
inherent colour. The perceived colour refers to what we see in a certain viewing
situation, changing with light, viewing distance and surrounding colours. The
inherent colour is the perceived colour that the surface would have if viewed under
standardised conditions, and it can be measured through visual comparison with
standardised colour samples (Fridell Anter 2000).

Colour is always influenced by light conditions. According to Klarén (2015), the
colour of an object can change slightly in different light conditions, which reveals the
character of the light. For example, a white wall illuminated by a warm light can be
viewed as slightly yellowish. In addition, natural daylight has an important impact on
colour appearance. Hurvich (1981) asserts that the ability to see colour is dependent
on the presence and the nature of light sources; for example, a green leaf will appear
bluish green in daylight but yellowish green in incandescent light.
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Harleman (2009) indicates that there are considerable differences in the colour
appearance of indoor spaces from different compass directions. For example, the
windows of interior environments that face north or south can be differently

illuminated:

Daylight reaching south-facing interiors can be said to lack some
blueness since bluish-making wavelengths are spread out in the
atmosphere and this effect creates differences not only in light colour
but also in colour appearance and colour emotion in relation to rooms
in different directions. (Harleman 2009, 69)

Klarén 2015 points out that in addition to light coming from the light source,

surfaces can reflect light; such as in the case of illuminated white surfaces.

Surface quality also influences the appearance of a colour. It is clearly
documented that different material properties like surface roughness and gloss can
affect colour perception (Giesel and Gegenfurtner 2010; Granzier, Vergne and
Gegenfurtner 2014; Martinson and Bukoski 2005). For example, a glossy surface
will appear very different from a matte surface with the same colour, and it reflects
more light than a matte surface (Martinson and Bukoski 2005). Giesel and
Gegenfurtner (2010) investigated the effects of different materials of real objects on
colour perception; they used materials varying in roughness, gloss, matte and
corrugated surfaces while the lighting was constant. They found that hue was
perceived as quite stable across their manipulations, but that saturation and lightness

judgments were affected.

Colour experience in the interior environment is perceptual and cognitive. That is,
the level of perception depends on people’s experience of the world and the cultural
aspect. Therefore, this thesis focuses on the relationship between the observer and
colour perceived in the mind, according to their reaction when they see and
experience colour and how they explain its effects in the indoor spaces. For reasons
mentioned above, light as a variable has been excluded in this thesis, and the light
source is constant in experiments when colours are changed, to avoid the

complications of changes in colour appearance caused by lighting. Further, a matte
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surface is used in this thesis to prevent the reflection of light from the wall’s surface

and to keep the colour appearance constant.

2.5.2 Colour Vision

The perception of colour is essential to our visual experience and it is our most
powerful information channel (Garber and Hyatt 2003). In order to understand a
colour, it is essential to know how humans see colour. Object, light, eye, and brain
are the basic elements of sensation and perception of colour. The response to the
visual stimulus of light is considered the first step in colour perception; this reaction
to the visual stimulus is called sensation. However, a sensation alone is not enough to
understand the event (Bleicher 2012).

The process of perceiving colour starts from the human eyes, when the light
wavelengths enter the eye and stimulate the receptor cones located in the back of the
eye. This stimulation causes an electrical disturbance that is transferred to the optical
nerves behind the eyeball and is in turn fed to the optical area at the base of the brain.
Then, the brain interprets this information into colour (Portillo 2009). Therefore, the
visual sense is an important factor enabling people to see colour. Ladau, Smith and
Place (1989, 46) explains this situation as follows (see Fig. 2-14):

When light hits an object some of the light waves absorbed by the
molecules of the objects surface, while others are completely or
partially reflected off the surface. These reflected light waves are
picked up by our eyes and transmitted to the brain as colour
information. To appear red, for example, an object will absorb almost
all of the spectral wavelength expect the reds which will reflect.
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Figure 2-14: The perceived colour reflected from the surface

(Ladau, Smith and Place 1989)

Therefore, the experience of colour depends on the intensity of light, the spectral
characteristics of light falling on a surface, the reflectance characteristic of the
surface and the colour of surrounding objects. All light sources, whether natural or
artificial (incandescent, fluorescent, sodium, LED etc.) can create differences in the
vision of colour. It is important to take into account when using coloured light in the
interior spaces that it will confuse the vision of all the colours in the space. For
example, red light converts pale and warm colours into a uniform red and makes dark

colours look black (Ferhman and Ferhman 2000).

2.5.3 Colour Attributes

In order to use colour effectively in the indoor environment, designers need to
understand the basic terminology of colour. There are differences in colour
terminologies according to colour systems used. For example, some authors use the
terms hue, lightness and saturation. American authors use the terms introduced by
Munsell, where colours are identified by hue, value and chroma, while Swedish
authors use the terms of the NCS colour system, where colours are identified by hue
and nuance (Fairchild 2005; Hard and Enberg 2009).

In general, colour has three attributes which are used to distinguish one colour
from all other perceived colours; these are hue, saturation, and lightness. Hue is the
quality or characteristic of colour that is usually associated with names such as red,
green, blue, which are determined by wavelength. Saturation is the other attribute of
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colour and refers to the intensity or vividness or chroma of a given colour that
distinguishes it from a weaker colour. Lightness of colour is a measure of how much
light is reflected from its surface, and is essentially the white to black property of the
colour (Fairchild 2005; Ferhman and Ferhman 2000). Each of these colour attributes
may have an influence on human psychology and physiology states (Camgoéz et al.
2004).

Colour is also classified according to temperature. Half of the colour wheel is
classified as warm and the other half as cool. Colours associated with red and yellow
are considered warm, while cool colours are associated with blue (Nielson and
Taylor 2007). There are many theories of colour that they examine the relationships
between different colours, how colours work together and the visual phenomena. In
addition, understanding the colour contrast is important to determine how colour is
perceived, how colour scheme is developed and how objects are highlighted.
Contrast in everyday experiences emphasises differences, seeing details around us
are mediated in the visual world by contrast (Camdz 2000). According to Mahnke
(1996), colour contrast can be used to create different impression such as
emphasising indoor spaces with hue, lightness, and saturation contrasts; these terms
referred to Munsell colour system. These are the terms used by Mahnke and not the
terms the researcher will be using later in this thesis.

Colours are used to create harmonious colour schemes of indoor environments.
Colour harmony represents a satisfying balance or unity of colours. Combinations of
colours that exist in harmony are pleasing to the eye (Holtzschue 2002). Physical and
psychological effects of colour should be considered by designers in the interior
environment taking into account both the functional and aesthetical aspects of the
colour. It is difficult to understand what it makes some combinations of colour
pleasing and the other ones unpleasing. Therefore, awareness of traditional
harmonious colour schemes can be helpful in understanding why certain colours

work together and why some of them do not (Helvacioglu 2011).
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2.5.4 Colour Systems

Many colour systems have been established to understand inherent relationship
between colours these theoretically based colour classification system to solve
practical colour planning problems. These colour order systems have been developed
to bring organisation into the confusion of the colour range, to present the colours in
sequence, and according to their relationship to each other (Mahnke 1996). As
mentioned previously, colour can be described by three separate dimensions or
attributes, and colour systems use different terms of the three dimensions to describe
colour’s appearance. According to Holtzschue (2002), these dimensions characterise
aspects of something whether it is a tangible or intangible thing, for example a car, a
wavelength of light or a dress. That means each dimension describes a quality of
something and gives more information about colours. Different colour ordering
systems have been developed, such as the CIE Lab System, HSB Colour System, the
Ostwald System, the Munsell System, and the Natural Colour System (NCS).

Two colour order systems that are widely used by designers are the Munsell
System and the Natural Colour System (NCS). The structure of the Munsell system
is shaped like a tree with branches at right angles to the central axis. The Munsell
System uses ten major hues which are arranged clockwise on the colour wheel (see
Fig. 2-15). The five principal hues are red (5R), yellow (5Y), green (5G), blue (5B),
and purple (5P). The five intermediate hues are yellow-red (5YR), green-yellow
(5GY), blue-green (5BG), purple-blue (5PB), and red-purple (5RP), halfway between
the principal hues (Fairchild 2005).
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Figure 2-15: A view showing the Munsell hue circle

http://dba.med.sc.edu/price/irf/Adobe tg/models/images/munsell sphere.qif

This system identifies surface colours in terms of three attributes, hue, value and
chroma (Fehrman and Fehrman 2000). The value dimension refers to the lightness or
darkness of a colour, which varies vertically along the colour value from solid black
(value 0) at the bottom to white (value 10) at the top, and between these are a number
of divisions of grey (see Figure 2-16). The visual difference between neighbouring
hues is judged to be uniform all around the circle (Fairchild 2005). Chroma
dimension means that the higher the chroma the more vivid the colour; the chroma
scale is open-ended (Kuehni 2000) (see Fig. 2-17). In the Munsell Book of Color
there are 40 hue pages, and each hue is identified as, for example, 2.5R, 5R, 7.5R,
10R, 2.5YR and so on. In the Munsell System, the notation of a colour 5R 5/14
represents a vivid primary red with a value of 5 and a chroma of 14. A colour with a
value of 5 has practically the same light reflectance as a mid-grey (Harkness 2006).
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Figure 2-16: A view showing hue, value and chroma scales
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Figure 2-17: Munsell's value (vertical) and chroma (horizontal)

http://dba.med.sc.edu/price/irf/Adobe ta/models/images/5RP.qif

The Natural Colour System (NCS) is based on defining six elementary colours,

which are red, yellow, green, blue, white and black (Kuehni 2000).

By elementary color we mean those six color sensations which have
no resemblance to each other. In the achromatic elementary color
White, for example, one cannot see any resemblance to Black, nor to
any of the four chromatic elementary colors. Similarly, the
elementary color Red has no resemblance to either Black or White,
nor to any of the other three chromatic elementary colors. (Hard and
Sivik 1981, 132)
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NCS describes the formal basic elements of the colour language, and it provides
the ability to identify characteristics and relations between colours (Hard and Sivik
2001). It is used directly to determine the perceived colour of surfaces. A colour is
determined in this way as an absolute measure based on colour perception, thus the
NCS is a method of describing colour perception. The structure of the NCS is a

double cone. This is described by Paul Green-Armytage:

The four chromatic elementary colours Yellow, Red, Blue and Green
are spaced at equal intervals on the circumference of a circle which
forms the base that is common to both cones. One cone, pointing up,
has the elementary colour White at its apex. The other cone, pointing
down, has the elementary colour Black at its apex. Colours on the
circumference of the circle have maximum chromaticness — they are
as vivid as can be imagined. From the circumference the colours are
increasingly whitish as they approach the White apex and
increasingly blackish as they approach the Black apex. The four
chromatic Elementary colours divide the circle into four quadrants.
The visual difference between neighbouring hues is judged to be
uniform within a quadrant but the visual difference between
neighbouring colours in one quadrant may not be the same as that in
another quadrant. (Green-Armytage 2015)

In the NCS, all colour perceptions are related to the six Elementary Colours by the
extent to which they resemble them. The colours on a page of the atlas all have the
same hue but have different nuances. A colour’s nuance is the sum of its whiteness,
blackness and chromaticness. Whiteness is the degree of resemblance to White,
blackness is the degree of resemblance to Black, and chromaticness is the degree of
resemblance to a colour of maximum chromaticness for that hue (Hard and Enberg
2009). So, the nuance refers to the whiteness, blackness and chromaticness of the
colour which gives the colour its own distinctive place within a colour triangle. The
colour system used for this project is the NCS. The hue circle of the NCS is shown
with a part cross section (colour triangle) in Figures 2-18 and 2-19.
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Figure 2-18: NCS Colour Circle

http://www.ncscolour.com/PageFiles/615/NCS Colour Circle.png
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Figure 2-19: NCS Colour Triangle

http://4.bp.blogspot.com/ uXhlSdaldSw/Sh0fxc] HVI/AAAAAAAAAIY/XKRTuUO 6NA/
s200/NCS-Colour-Triangle.qif

This system would certainly be helpful in research and for colour design to
identify and describe different colour groups in the same way; it also provides an
intellectual image of a colour’s appearance (Hard and Sivik 1981). Smedal (1983)
states that the NCS system depends on the eye itself (visual experience) to discover
the location of certain colours in the NCS atlas. The colours in the NCS system are
easily characterised by graphic illustrations and by letter-digit notations (Derefeldt,
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Hedin and Sahlin 1990). Spillmann (1983) explained the difference in structure
between the Munsell colour system and NCS colour system and the preference for

the NCS structure for use in environmental design:

While Munsell’s parameters ‘value’ and ‘chroma’ are very useful for
visual analysis of single colours by interpolation, the NCS parameters
‘blackness’ and ‘chromaticness’ supplied by whiteness seem to the
author more suitable for solving problems of colour juxtaposition in
environmental design...the same NCS nuance gives to colours of
different hues an optimum of inner relationship keeping on the other
hand the natural contrast in value analogous to the spectrum. Equal
Munsell value and chroma makes colours of different hues just
superficially similar, while the inner relations of whiteness and
blackness remain different. (Spillmann 1983, 5)

Moreover, the NCS system provides accurate colour, because the numeric colour
codes called NCS Notations describe the colour's attributes in detail, thus enabling
accurate description of the colour. For example, in the NCS notation (1060-Y25R)
10 refers to blackness *S’, 60 refers to chromaticness ‘C’, Y-R represents the yellow-
red quadrant, and 25 represents the proportion of ‘R’ in ‘C’ (Hard and Enberg 2009).
In addition, NCS can be used by people with no particular knowledge about colour
and with no previous experience in colour specification or colour measurement
(Agoston 1987).

In summary, the NCS system is found to be useful for verbal descriptions of the
basic colour percept in the study. The NCS notation represents a specific colour
percept, describes the colour visually, and does not depend on limitations caused by
pigments or light rays. The notation of the NCS is easily understood when compared
with the other systems and verbal description of the appearance of a colour is
possible. It is a way of describing colours exactly as we see them independent of
language, material and culture. In addition, any surface colours that we see can be
defined within NCS and given a precise notation regardless of material. For all the
advantages of the Natural Colour System summarised above, therefore, the NCS
system is selected for this study to match the colours used in the experiments, and its
terminology adopted.
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2.5.5 Psychological Impact of Colour in the Indoor Spaces

Indoor environment has been shown to be strongly correlated with human
psychological well-being (Holtzschue 2002). There is a wide range of literature on
colour psychology research, based on the association or connotation, meaning, and
emotion of colour. For example, Ou, Luo, Woodcock and Wright (2004) confirm that
various emotional states such as excitement, activity or calmness can be triggered by
specific colours. For instance, vivid red is considered to be an arousing, exciting, and
stimulating colour; orange is lively and energetic; vivid yellow is cheerful and
enjoyable; purple is dignified, and blue is associated with comfort and security
(Ballast 2002, Elliot et al. 2007).

Furthermore, some colours have both positive and negative effects (Elliot and
Niesta 2008). For instance, red is associated with excitement, activity, happiness and
love, but on the other hand it is associated with aggression, blood and anger. Kaya
and Epps (2004) found that vivid green stimulates positive emotions such as
relaxation and comfort. This effect is due to the association of the colour green with
nature and trees, producing feelings of comfort, freshness and calmness. On the other
hand, vivid green-yellow stimulates negative emotions such as feelings of sickness
and disgust because it is associated with vomit. In addition, Kay and Epps’ study
found that neutral colours such as grey and black usually evoke passive emotions,
including the feelings of sadness, depression and boredom, because they are
associated with bad weather and rainy and cloudy days. Thus the meaning and
impacts of colour depend on the context. A colour can have different associations in
different contexts. For example, in an academic setting, red is related to danger and
mistakes, whereas in a social context, red can be related to romance and has a more

positive association (Elliot and Niesta 2008).

The relationship between colour and emotion has been widely studied in different
contexts. Colour has an essential role in the interior spaces, as it adds life to the
interior spaces we inhabit and can make a space more alive and active (Hard and
Sivik 2001). Therefore, colours should be used properly to give the right message to
individuals through the built environment (Kaya and Crosby 2006).
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A large number of research studies have evaluated the emotional response to
colour in the indoor spaces, and they found a significant impact of colour on human
psychological states (Kwallek, Lewis, and Robbins 1988; Kiuller, Ballal, Laike,
Mikellides and Tonello 2006; Stone 2001). However, some studies did not find any
impact of colour on emotions; for instance, Anisworth, Simpson and Cassell (1993)
did not find significant differences in mood states in a red, blue-green or white office
when the subjects performed office tasks. Similarly, Beach, Wise and Wise (1988)
found in their literature review that there was no relationship between environmental

colours and mood.

Abbas et al. (2006) state that colours can evoke positive or negative emotional
responses. This means that the emotion is related to the subjective experience of the
person and their reaction to colour. A study by Kdller, Ballal, Laike, Mikellides and
Tonello (2006) investigated the impact of indoor lighting and colour on individuals’
moods. The study was conducted in real work environments at different seasons and
in countries with different latitudes, with a total of 988 subjects participating in the
study. The findings showed that the mood of the individuals was better in the
colourful environment throughout the year. According to the results, the use of good

colour enhances a positive mood.

As mentioned previously, colour can be described in terms of temperature, such as
warm or cool; a number of studies have compared the impact of cool and warm
colours such as blue and red on the emotions (Kwallek, Lewis, and Robbins 1988;
Stone 2001). For example, Kwallek, Lewis, and Robbins (1988) have studied the
effect of office interior colours (red and blue) on workers’ mood and productivity.
The results showed that people exposed to warm red reported higher levels of anxiety
than did people exposed to a cool blue colour. These results agree with Stone’s
findings that students had a high positive mood in a carrel painted light blue, whereas
there was a lower positive mood in a vivid red carrel in the open-plan setting (Stone
2001).

Moreover, colour attributes such as hue and nuance may play an important role in
determining the effect of colour on emotions. Several studies report that the
emotional effects of colours are due more to their perceived blackness, whiteness and

69



Chapter 2 Cycle 1

chromaticness than to their hue (Xin et al. 2004). For instance, a study by Kwallek et
al. (1996) comparing nine monochromatic office colours found that chromaticness
was a strong predictor of differences in mood between males and females. The
results of that study revealed that females were more prone to depression, confusion
and anger in office colours with low chromaticness (white, grey, beige), whereas
males experienced more depression, confusion and anger in office colours with high
chromaticness (green, blue, purple, red, yellow and orange). Another study by
Valdez and Mehrabian (1994) showed that more chromaticness in colours regardless
of hue increases feelings of arousal, and the pleasure experienced from colours was

due more to their nuance and chromaticness than their hue.

Colour can impact on the perception and dimension of interior spaces. Holtzschue
(2002) confirms that colour can influence the size, weight and distance of indoor
space. For example, light and pale colours can make the indoor spaces appear larger,
further away and lighter, while dark or more chromatic colours tend to create small
and narrowing spaces and they make things seem heavier (Fehrman and Fehrman
2000).

Moreover, colour has an aesthetic aspect that influences the aesthetic of a space.
Menke (2008, 55) defines aesthetic as “a capability of sensory perception and ... a
judgment about the relation that the presentation of the object has to the feeling of
pleasure and displeasure.” Colour can increase the aesthetic aspect of interior spaces
and it can emphasise the beauty of the materials being used. The beauty of colours
creates enjoyable spaces and thus improves the quality of people’s lives and their
moods, and helps them to feel happy and relaxed (Brown 2004). The use of multiple
colours or arousing colours contribute to create an active space, and can create more
attractive spaces than the more commonly used colours which have a passive effect
on mood (Shen et al. 2000).

Overall, previous colour studies have shown that colours have a strong impact on
human mood, emotion and perception of space. This study focuses on the emotional
response to colour as one of the variables influencing learning performance in

university libraries.
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2.5.6 Physiological Impact of Colour in the Indoor Spaces

Colour has a profound influence on physiological attributes of humans such as
heart rate, blood pressure, body temperature, visual systems and brain waves
(Martinson and Bukoski 2005). Desmet (2003) defines physiological responses as the
change in the physical properties of the person. According to Kaya and Epps (2004),
colours can influence body temperature. For instance, warm colours such as red,
yellow and orange are generally considered to be arousing, stimulating people to feel
warm, whereas cool colours such as green, blue and purple increase feelings of
coldness (Ballast 2002). Most previous studies have examined the effect of colours
on the physiological state of people by using colour chips or colours presented via
computer, but studies examining the effect of colours on human physiology in the

indoor environment (colours placed on interior walls) are very few.

Scientific studies have examined the effect of colour on galvanic skin responses
(GSR) such as sweating, brain waves, heart rate, oxygen levels in the blood, eye
blink frequency and blood pressure (Abbas, Kumar and Mclahlan 2006; Killer,
Mikellides and Janssens 2009; Kaiser 1984). In previous research there is a large
agreement that physiological state can be affected by colour. For example, a study by
Killer, Mikellides, and Janssens (2009) examined the physiological impact of
colours in the indoor environment by creating two rooms of totally different
character. In the room with many colours and patterns, the alpha component of the
EEG was considerably lower than in the colourless (grey) room. In a study by Kaiser
(1984) tested the impact of colours on the brain in the interior environment by using
red and blue. The red room creates more anxiety than blue room, because red
stimulates the brain to produce lower alpha waves. It was also found that participants
were sleepier and drowsier in the blue room. This indicates that the colour blue

creates a physical relaxation response in people.

Abbas, Kumar and Mclahlan (2006) examined the impact of colour and light on
physiological states by measuring heart rate. Their results showed significant
changes in heart rate due to participants’ exposure to different coloured lights with
various intensities for eight minutes. They also found that there was an increase in

the number of heart beats of participants when they were more exposed to red,
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indicating that red is arousing. In response to blue, the participants’ heart rates
decreased slightly; therefore, blue is deemed calming. This indicates that red creates
more arousal and therefore more anxiety in people than blue does. It can be
concluded from previous studies that physiological state (heart rate, brain waves,
blood pressure) can be affected by colours.

On the other hand, some studies did not find any differences in physiological state
such as heart rate and galvanic skin response when the participants were exposed to
different colour conditions. For example, in a study by Caldwell and Jones (1985),
red, white and blue lights, equated with brightness, were projected on a wall covered
with white paper for less than one minute, and measurements were taken of eye
blinks, skin conductance, finger pulse volume and heart rate. There were no colour
effects for any of the cortical and autonomic measures. In another study by Jacobs
and Hustmyer (1974), red, yellow, green, and blue colours of the same luminance
were projected on a screen for one minute each. There was a colour effect on the
GSR, but no differences in heart rate and respiration. The results also revealed that
red was the most arousing colour, followed by green, yellow, and blue. These
contradictory results were probably due to the reduced exposure time to the colours
of one minute or less (Jacobs and Hustmyer 1974). Therefore, the time exposure
should be long enough to allow the participants of the study to adapt to colour
conditions prior to measurement of the physiological and emotional responses and

changes.

Meerwin, Rodeck and Mahnke (2007) argue that colours can affect visual
performance, for instance causing in eye fatigue, because colour can stress the eyes,
which leads to muscle contraction. Moreover, Portillo (2009) showed that using a
dominant bright white in interior surroundings led to visual fatigue and psychological
discomfort. Therefore, an increase in eyestrain can reduce students’ ability to focus
clearly on their task. Verghese (2001) discusses signal detection theory and the
process of visual search. This theory claims that the human mind constantly struggles
to order visual information. Therefore, using too much distraction such as colours or

patterns in the interior environment can make visual searching more difficult.
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In summary, the differences in the arousal effects of colour cause physiological
changes (heart rate, blood pressure or eye fatigue) in humans which may influence
learning performance in the university libraries. To sum up, this knowledge of colour
can contribute to knowledge about learning and challenge the spaces and colours
used to date in university libraries. In term of physiological assessment, the selected
method will be determined according to the availability of equipment. In the present
study, heart rate (HR) is expected to be a good physiological measure of the effect of
environmental colour conditions on people, as it is easy and fast to apply in the
experiments for this study.

2.5.7 The Impact of Colour on Performance

In general, findings in studies on the relationship between colour and learning
performance are unclear, and the impact of colour on human performance is
inconsistent. Some studies failed to detect the effects of colour on human
performance (Ainsworth, Simpson and Cassell 1993; Stone and English 1998).
However, other studies have found that human performance can be affected by
colours in indoor spaces (Kwallek and Lewis 1990; Kwallek, Soon and Lewis 2007;
Stone 2001; Stone 2003). For instance, Kwallek and Lewis (1990) compared the
impacts of a vivid red, a vivid green and a white office environment on worker
productivity and mood. The results showed that although participants perceived the
white office to be more appropriate and less distracting than the vivid red or green
offices, fewer errors were made in a clerical task in the red office. This may be
because vivid red is more arousing, while white is more calming. Therefore, the
participants were able to focus more on the task in the red and green conditions and
made fewer errors than in the white conditions. Further, if the task is boring, a vivid
red condition may stimulate individuals and enhance their performance (Kwallek and
Lewis 1990).

Another study by Kwallek, Soon and Lewis (2007) has studied the impact of three
interior colours (red, blue-green or white) on worker productivity. The workers’
perofrmance was measured through their tasks and task accuracy, taking into account
the individual differences in environmental sensitivity. The findings were that the
participants performed better in a red office and worse in a blue-green office. In that
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context, it was suggested that the influences of interior colours on workers’

performance depended upon their time of exposure to indoor colours.

These results indicate that stimulating colours can enhance human performance
more than less stimulating colours. Birren (1997) found that monotoned
environments may induce feelings of anxiety, fear and distress resulting from under
stimulation. This absence of stimulation may cause a sense of restlessness, excessive
emotional response, difficulty in concentration and irritation. Kennedy (2005)
confirmed that attention and motor process can be improved by colour stimulation in

the learning environment, resulting in better academic performance.

Colour dimensions play an important role in determining the effect of colour on
performance. Some studies have investigated the effect of colour nuance on worker
productivity. For example, a study by Kwallek et al. (1996) focused on the effects of
nine different colours on short-term worker productivity, The study found that
participants performed worse in a white office interior than in any of eight other
interior colours (red, green, orange, yellow, blue, beige, grey and purple). Further
analysis showed that the performance of participants was worse in light coloured
offices than in dark coloured offices. This indicates that the nuance of colour plays a

significant role in determining a colour’s effect on worker productivity.

Other studies investigated the impact of the hue and nuance dimensions on
cognitive task performance. For instance, Stone (2003) studied the effect of carrel
colours (dark red, or light blue) on performance. The results showed that the
performance of participants was affected by colours. When working on a stimulating
or high demand task, performance was better in light blue conditions compared to
dark red conditions. When working on a boring or low demand task, performance
was better in dark red conditions compared to light blue conditions. This study
(Stone 2003) concluded that dark red is stimulating and light blue is calming; the
calming environment is helpful if the task is stimulating, and a stimulating

environment is beneficial if the task is boring.

Another study by Stone (2001) researched the effect of the study setting (private
or open-plan), environmental colour (light blue, dark red, or white) and study
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material (reading or math comprehension) on adult students’ mood, satisfaction,
motivation and performance. The results indicated that reading task performance was
affected by environmental colour, and participants’ reading performance
significantly decreased in a red setting. This result was probably due to the difficulty
of the reading task, one which may have needed more concentration, so if the colour
red is over stimulating, then focus could be drawn away from the task, leading to
decreased performance levels (Stone 2001). These findings are consistent with
previous studies that indicated the colour blue can enhance tasks requiring judgment
and accuracy, while red can impair psychomotor activity (Nakshian 1964; Soldat,
Sinclair and Mark 1997).

Several studies focus on the relationship between arousal and performance.
Mehrabian (1995) considered arousability to be a trait associated with individual
differences in processing environmental stimuli. In psychology, the Yerkes-Dodson
Law (1908) proposes that there is a curvilinear relationship between arousal and
performance. Up to a certain point, increased arousal can actually help individuals
perform better. After reaching an optimal level of arousal, any further increase in

arousal will lead to decreased performance.

Some studies focus on the impact of colours on people’s performance on
computers. For example, Mehta and Zhu (2009) provide important insights into the
effects of the colours vivid red and vivid blue on people’s performance by taking into
account different activated motivations. This study was conducted on computers, and
colour was manipulated through the background screen colour, using vivid red and
vivid blue. They concluded that the colour red enhances performance on detail-
oriented tasks (tasks that require focus and careful attention) via an avoidance
motivation. In contrast, the colour blue enhances creative performance via an
approach motivation, because blue is associated with openness, peace and calmness.
However, a study by Soldat and Sinclair (2001) posits the opposite; they contend that
blue connotes a negative meaning such as sadness, which induces careful and

aversive processing.

Other studies have investigated the impact of colour on creative performance. In a
recent study, Lichtenfeld et al. (2012) examine the impact of green on creative
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performance in four experiments with contrasting colours, both achromatic (white,
grey) and chromatic (red, blue). The results showe that participants were more
creative when they viewed the colour green before doing a creative task than those

who viewed blue, white, red or grey.

Some research has studied the impact of colour on accuracy performance. A study
by Oztiirk, Yilmazer and Ural (2012) investigated the effects of chromatic (light
yellow-red) and achromatic colour schemes (light grey) of a private office on
people’s performance. The findings show that accuracy performance was better in
the room with the chromatic scheme (light yellow-red) than in the room with the
achromatic scheme (light grey). This is due to the positive emotional response to the
chromatic scheme, which was found to be more pleasant, attractive, satisfying and
dynamic than the one with the achromatic scheme (Oztiirk, Yilmazer and Ural 2012).

In summary, the effects of colours can change people’s attention levels and
concentration, thus influencing human performance in learning spaces. A lack of
colour stimulation can create a sense of restlessness, excessive emotional response
and difficulty in concentration. From these studies of colour and its possible effects
on people performance, it can be concluded that type of stimuli, duration of exposure
and individual differences such as their reactions to the exposure of colour stimuli,
age and gender are all factors affecting the relation between colour and people

performance.

Most studies reviewed in sections (2.5.5, 2.5.6 and 2.5.7) examine the effect of
colours (red, blue and yellow) on human psychology, physiology and performance in
office work with different tasks; there is a lack research on the impact of colour on
learning performance in learning spaces. This thesis focuses on the influence of
colour on learning performance (reading comprehension task) in different colour

conditions, measuring responses by conducting experiments in a full-scale room.
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2.5.8 A Review of Methods for Examining the Impact of Colour in

the Indoor Environment

The researchers used different methods to understand the effect of colours on
human performance, psychology and physiology. According to previous studies
which have investigated the impact of interior colour, three methods have been used:
participants present in the space, such as in the studies of Killer, Mikellides, and
Janssens (2009), Kwallek et al. (1996), Kwallek, Soon and Lewis (2007), and Stone
(2001); or looking at a viewing cabinet such as in the studies of Akbay (2013), Ou et
al. (2004), and Gao and Xin (2006); or viewing simulations that imitate actual
conditions, as in the studies of Helvacioglu (2011), Camgéz, Yener and Giiveng
(2004) and Cubukcu, and Kahraman (2008). All these three methods are summarised
below to decide which methods could be used in this thesis.

2.5.8.1 Full-Scale Rooms

Participants’ evaluation of the stimuli in the physical environment can be
evaluated either by having them visit the space or by replicating the space in a
laboratory. After being in the space, the participants express their impression by
answering a questionnaire. Various studies have been conducted to examine the
influence of colour in the indoor environment, carried out in full-scale rooms painted
in various colours; for example, Kuller, Mikellides and Janssens (2009), Kwallek et
al. (1996) and Kwallek, Soon and Lewis (2007). Kuller, Mikellides and Janssens
(2009) conducted three experiments on the psychological and physiological impacts
of coloured rooms on people’s mood and performance in the experimental space.
Experiment 1 compared a colourful room and a grey room, whereas in experiment 2
and 3 red and blue rooms were compared. This study evaluated the perceived quality

of the room, mood and performance.

Another study by Kwallek et al. (1996) examined the influence of the nine
monochromatic office interior colours on clerical task performance, mood and colour
preference. Each individual office including all four walls was painted one of the
following nine colours: red, white, green, orange yellow, blue, beige, grey and purple
(see Fig. 2-20). A study by Kwallek, Soon and Lewis (2007) investigated the effects
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of three office colour interiors (white, red, and blue-green) on worker productivity.

All these studies tested the effect of four wall colours in the indoor environment.

Figure 2-20: The nine colours used in the Kwallek et al study

(Kwallek et al. 1996, 451)

Other studies have tested the impact of one wall colour on human reactions in the
indoor environment. For instance, Stone’s (2001) study examined the effect of
colours on adult students’” mood and performance in private and open-plan
environments. In a private study room, colour was manipulated by hanging a 121.3
cm x242.7 cm sheet on the wall, which was painted dark red, light blue, or white.
The desk was facing the panel (see Fig. 2-21). For the open plan condition, the
researcher used three study carrels; these desks were built by attaching hardboard
panels to the sides and front of the desks. The partitions were also painted dark red,
light blue or white (see Fig. 2-22).

It can be concluded from the studies above that an effective method to evaluate
the influence of colour in the indoor environment is when the participants are in the
space, because the participants will be in the real environment and the results will be
more valid. Kwallek et al. (1997) stated that simply viewing pictures or slides of

interior environments cannot measure human performance; people need to be
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exposed to real interior environments. Therefore, in this thesis, the researcher has

used a full-scale room in Cycle 2 (Study A) and Cycle 4 (Study C).

Student
desk O

Colored panel

Figure 2-21: Space design of the private study area
(Stone 2001, 183)

— Study —
carrels

L~ L

Colored
‘-\\_\ partitions /'

Expenmenter table

O

Figure 2-22: Space design of the open-plan study area
(Stone 2001, 184)
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2.5.8.2 Viewing Cabinet

A number of colour studies have used a viewing cabinet to examine the
participants’ reactions to colours (Akbay 2013; Gao and Xin 2006; Ou et al. 2004).
Using booths in colour research is an effective way to compare two or more colour
conditions. Akaby (2013) investigated the attitudinal approaches of individuals
towards perceived colours. The viewing cabinet was used in this study and situated
within the experiment room. The viewing cabinet was a rectangular shape (width 71
cm, Height 54 cm, depth 42 cm), and it consisted of five surfaces: top, bottom, back
and two sides. The inside surfaces were painted with medium grey (see Fig. 2-23).
The eleven basic colours were tested; the colour samples were presented in the
cabinet during the experiment in size A6 (148mm x 105 mm) (see Fig. 2-24). The
purpose for using a viewing cabinet was to create a reliable viewing condition for

colours to be perceived under consistent light.

Figure 2-23: The viewing cabinet used in the experiment
(Akaby 2013, 42)
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Figure 2-24: Colour samples presented inside the viewing cabinet
(Akaby 2013, 67)

Another study by Ou et al. (2004) examined the relationship between colour
emotions and colour-appearance attributes. The experiment was carried out in a dark
room and the participants assessed twenty 3 x 3 inch colour patches that were
presented one by one in a viewing cabinet. This cabinet was illuminated by a D65
simulator, and the colour grey was used as the background inside the cabinet. Gao
and Xin (2006) evaluated emotional responses to 218 Munsell colour samples sized
of 1.0 cm x 1.5 cm and presented in the viewing cabinet, in terms of hue, lightness,

and chroma.

It can be seen from the above studies that the use of the viewing cabinet to
examine and compare the influence of different colour conditions in the indoor
environment is feasible and practical for examining the direct psychological impacts
of colours on humans. However, the main disadvantage of using this method is that
the participants can only evaluate the colours of the indoor environment from limited
angles, and on a small scale. Further, this method does not allow the participants to

engage with small colour chips.

In the present study, colours were applied on one wall; the main focus of this
study is evaluating single colours on one wall in the individual study room because
the dominant wall colours affect the students more than the side walls do.

2.5.8.3 Simulation Methods

Simulation refers to the experimental modelling which represents particular

environments or events. Simulation methods include the use of photographs,
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computer graphic software programs and scale models (Marans and Stokols 2013).
According to several researchers (Cubukcu and Kahraman 2008; Dijkstra 2009;
Helvacioglu 2011) using simulation images such as colour photographs and slides is
acceptable in psychological studies. Some studies have used graphic software
programs to create simulations of indoor environments, such as 3ds Max, or Second
Life to simulate indoor environments. For example, Helvacioglu (2011) examined
human reactions to individual colours in interior space. The interior spaces were
shown to participants from a computer screen by video. The four different coloured
living rooms (red, green, blue, grey) were created and designed by using Second Life
software (3D modelling) (see Fig. 2-25). Second Life software imitates the real
world or simulations of the world (Helmer 2007). Then videos for all those spaces
were generated by CamSudio 2.6 Beta program. Each video started from the entrance
door of the space and ended again at the same point (Helvacioglu 2011).

Figure 2-25: A view for all four coloured interior spaces

(Helvacioglu 2011, 160)

Several studies have used Adobe Photoshop for photographic simulations of real
environment. A study by Dijkstra (2009) investigated the relation between a green
wall colour (versus white) and stress in the hospital environment by evaluating the
responses to photographic simulations of real environment. In this study, the
participants were exposed to two photos of the hospital room on a computer, and the
photos were manipulated using Adobe Photoshop software (see Fig. 2-26). The
researcher asked the participants to look at the photo for at least 15 seconds, and then
they were asked to complete a measure assessing stress. According to Stamps (1990),
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people’s reactions to photographic simulations of real environments are adequately

similar to people’s reactions to the actual environment.

Figure 2-26: Photos of the hospital room white versus green
(Dijkstra 2009, 93)

At a further stage in Dijkstra’s study (2009), she used photos of the counselling
environment, which were manipulated using Adobe Photoshop software, to examine
the effects of wall colour on participants’ self-disclosure and impressions of the
counselling environment. In the first condition, participants were exposed to a photo
of the counselling room via computer with white walls; in the other condition the
participants were exposed to a photo of the same space with green walls (see Fig. 2-
27).

Figure 2-27: Photos of counselling rooms (white versus green)
(Dijkstra 2009, 108)

Another study by Cubukcu and Kahraman (2008) used photographic simulation to
investigate the effects of hue, saturation, and lightness on colour preferences for a
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building exterior. This study used a photograph of the hotel exterior, and it was
edited to create a set of eight images with different hues, and a set of 72 images with
different lightness and saturation levels. Adobe Photoshop 6.0 was used to edit
images; all images were created in JPG format and RGB mode (see Fig. 2-28).

Figure 2-28: Adobe Photoshop used to edit the photograph
of the hotel to evaluate colours

(Cubukcu and Kahraman 2008, 399)

A study by Stahre, Billger and Fridell Anter (2009) used 3Ds Max 8.0 to create a
virtual environment, and Adobe Photoshop to correct the colour appearance on the
rendered textures. The findings of this study indicated that colour appearance can be
difficult to translate from reality to virtual models. The angles of view are limited on
a computer desktop display compared to real view, and the interior space shown on

the computer screen is smaller than the reality.

Scale model is another type of simulation method. The use of scale models is
widely adopted as an efficient method for evaluating the design of interior
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environments (Marans and Stokols 2013). A study by Kunishima and Yanase (1985)
examined the relationship between the wall colour of a living room model and
viewers’ impression of it. In this study, a 1:10 scale model was made of a living
room measuring 3.6m x 4.5m and 2.45m high. Seven colours were selected for
testing in this experiment to be tested. Three panels were prepared for each colour for
insertion into the model. The colour of the ceiling and floor was grey. A colour slide
was taken of the model fitted with wall panels for each colour, and the slides were
projected onto the screen. According to Kunishima and Yanase (1985), the results
showed that using the scale model to represent the actual environment can be reliable
and accepted to evaluate the colour in the indoor spaces, because it is very difficult to
change the wall colour and other details of the room one after another.

Hogg et al. (1979) conducted a study to make semantic differential ratings of
colour samples (chips) and a simulated interior space (scale model). The floor and
walls of the scale model were painted grey, the panels of colour were presented in
the scale model of a room space, and the coloured panels represented the end wall of
the model.

In summary, full-scale models and real settings are not always available,
affordable, and efficient; therefore, using simulation methods (photos, computer
graphic software programs and scale models) to evaluate colours in the indoor
environments is cheaper and easier to use in research and provides the flexibility to
collect data from participants. Further, they can accurately simulate indoor
environments. Therefore, in the current research, the researcher adopted both
Photoshop and Scale models in Study B (focus group) to obtain the participants’

opinions regarding colours used in the individual study room.

2.5.9 Colour in Learning Spaces of University Libraries

The impact of colours in different context was discussed in previous sections. It is
evident that there are different criteria and design objectives for different
environments that require distinct ambiences and serve varied functions. The
functions of colour in the learning environment of libraries are varied; one is to

define the atmosphere or type of learning activity, such as individual study, group
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study or studying via computer (Brown 2002). In recent years, attention has turned to
psychological effects of colour on the occupants of study spaces in libraries, since

students spend an increasing amount of time in library spaces.

As mentioned before, a library is considered a home for many students, as they
spend a considerable time in the library studying. Therefore, the users of the library
are likely to be affected by the surrounding spaces, and the elements of interior
design can have a powerful supportive impact on learning activity in university
libraries (Chism 2006). Colour is one of the many considerations in library design
that support students’ creativity and performance. In general, colour in the learning
environment seeks to create a comfortable environment that enhances the visual
process and reduces stress, often through the use of greens, blues, browns and earth
tones (Daggett, Cobble and Gertel 2008).

Colour has psychological and physiological effects on human comfort, attention
and enjoyment; a number of studies have concluded that colour can influence mental
activity, in particular, students’ motivation and concentration (Wang and Russ 2008).
For example, the colour red stimulates motor excitation, and could affect motor
activities such as hand tremor. Therefore, it is not appropriate for spaces designed for
focused mental tasks (Nakshian 1964).

A library’s colours should express its contents and excite its patrons’ interest in
order to stimulate their intellectual activity. Specifically, when the designer is
selecting suitable colours for specific functions, he or she should consider activities
inside the library like reading, computer access and discussions among students
(Sufar, Talib and Hambali 2012). Colours used inside libraries should support
students to feel alert and comfortable but not sleepy. For instance, the colour light
green is restful but is unsuitable for library spaces, because it may encourage more
relaxation than activation. Sufar, Talib and Hambali (2012) point out that colour
design has developed throughout evolution of libraries; old libraries used dark
colours such as brown, grey, beige, gold, deep red, and deep green, but modern
libraries use bright colours such as orange, blue, yellow, and green.
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There are different viewpoints about appropriate colours for libraries. Some
studies indicate to the importance of hue more than nuance. For example, Pile (1997)
states that the colour blue encourages deep thought and meditation and is the colour
of intellectual activity, because of its associations with tranquillity and relaxation.
Therefore, blue may be a good choice for creative tasks such as production of ideas
or problem solutions in quiet study areas in the library. On the other hand, Mahnke
(1996) suggests that pale or light green produces an affect that improve calmness and

concentration.

Colours usually selected based on the function of the building. A study by Kaya
and Crosby (2006) tested individuals’ colour associations for different building
types. Their findings suggest that the colours red and yellow are the most appropriate
colours for educational buildings, based on the previous knowledge and experience
of participants. The participants claimed that red and yellow reminded them of
colours used in their schools.

In addition, the choice of colour depends on the type of human activity, such as
memory and intellectual activity in case of libraries. For example, the colour red has
been linked with increased production of ideas and action, and is considered ideal for
learning environments (Psychological Effects of Color 2013). The colour yellow is
also related to intellectual activity, and is claimed to enhance memory and to
promote the understanding of new thoughts (Adams and Osgood 1973).

Draper and Brooks (1979) state that colours inside the library should be subdued,
light, and not too bright. They propose the best colours for study or meeting rooms
are earth tones like brown, tan, beige and clay colours, in order to reflect the
seriousness of the place. They also point out that the designer should consider the
lighting used inside a library when choosing the colour scheme, in order to eliminate
reflections. Drabenstott et al. (1993) state that lighting must illuminate users’

materials without causing glare and visual disturbances from the display device.

Overall, in my review of previous studies | have found there is a lack of
information regarding colour studies in learning environments, especially in the

individual study spaces of university libraries in the interactive digital age. In
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addition, how colours in individual study areas affect students’ concentration is
unknown. Furthermore, there are few studies regarding the appropriate colours for
use inside a library.

2.6 Precedent Samples of Libraries

The aim of this section is to present real life examples of university libraries and
demonstrate the colour design used in their learning spaces. Given the lack of
information from the literature review regarding colours used in learning
environments of university libraries, the researcher has selected six university
libraries as case studies for learning spaces. Four university libraries are local in
Australia: three in Perth (Robertson Library, Edith Cowan Library, and Reid
Library); and one library in Sydney (Fisher Library). Two international university
libraries are selected; one in USA (Suzzallo Library) and one in Germany
(Philological Library).

The six university libraries featured in this survey were chosen because they have
different colour schemes (warm colours, cool colours or neutral colours) in their
learning environments. Some of the examples show the logic of the use of colours
according to the type of learning activity, while others do not. Moreover, these
libraries are selected as precedent studies because they represent local and
international university libraries across three continents (Australia, Europe and

America).

The Australian university libraries have been visited by the researcher, and
personal observation was used to record notes. In addition, photographs were taken
to describe the colours used in these libraries. A Google search was used to find the
international university libraries. It was difficult to find images of learning
environments for some university libraries in Google, therefore, the researcher
selected the university libraries web site that published images for their main

learning spaces.
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The six university libraries are summarised from personal observation of the
library’s architecture and the colour schemes of learning spaces. Each library is first
described and then analyzed.

2.6.1 Robertson Library, Curtin University, Perth, Australia

Robertson library is located at Curtin University in Perth. It was built in 1971 and
designed by Vin Davies (White 1996). This building offers six levels (Fig. 2-29) of
spaces including a variety of types of study spaces: study carrels (Fig. 2-30), training
room (Fig. 2-31), computer area (Fig. 2-32), group study rooms (Fig. 2-33) and
individual study rooms (Fig. 2-34). The purpose of these spaces is to facilitate formal
and informal learning. In general, the interior design of Robertson Library is
intended to foster social groupings by providing spaces to encourage interaction

within varying sizes of groups.

As seen in Figures 2-30—2-34, the basic colours used in the study room areas are
neutral (off white beige and light grey) for the walls, and most spaces are carpeted in
dark grey. These colours are very institutional and pale, which makes the space very
serious. They do not reflect modern design, which uses active colours to stimulate
and inspire students to engage in learning activities. It is thought that neutral colours
can negatively affect students’ learning performance, due to the association of
neutral colours with passive emotions, producing feelings of sadness and depression,
because they are related to bad weather and cloudy days (Kaya and Epps 2004).
Another study by Killer, Mikellides and Janssens (2009) confirmed that the

performance of workers is poor in grey rooms compared to colourful rooms.

A few warm colours are used in some study areas for walls and chairs, such as
light yellow on Level 5 to identify the space of the Teaching Resource Collection,
and a small area for study (Fig. 2-35). Brown (the colour of timber) is used in the
study carrels (Fig. 2-30), and in the individual study rooms for walls, desk and
shelves (Fig. 2-34). A few cool colours can be found in a small area, such as vivid
blue in the silent computer zone (Fig. 2-36). In general, colours used in study areas in
the Robertson Library are very traditional, which make the study spaces seem very
similar. In the study spaces, particularly the individual and group study rooms, there
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is a lack of colours such as red or yellow that can stimulate the students’ intellect.
According to a study of the Psychological Effects of Color (2013), the colour red
has been linked with an increased production of ideas and action, and is considered
ideal for learning environments. The colour yellow is also related to intellectual
activity, and is claimed to enhance memory and to promote the understanding of new
thoughts (Adams and Osgood 1973).

i

Figure 2-29: Robertson Library Floor Plans
(Robertson Library at Curtin University 2012)
http://library.curtin.edu.au/local/docs/about/robertson-library-floor-plans-web.pdf.
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Figure 2-30: Study carrel area at Robertson Library
(Al-Ayash 2012)

Figure 2-31: Training area at Robertson Library
(Al-Ayash 2012)

Figure 2-32: Computer area at Robertson Library
(Al-Ayash 2012)
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Figure 2-33: Group study area at Robertson Library
(Al-Ayash 2012)

Figure 2-34: Individual study room at Robertson Library
(Al-Ayash 2012)

Figure 2-35: The colour light yellow at Robertson Library
(Al-Ayash 2012)
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Figure 2-36: Silent computer zone at Robertson Library
(Al-Ayash 2012)

2.6.2 Reid Library, University of Western Australia, Perth,

Australia

The Reid Library is the main library building in the University of Western
Australia. It was opened in 1964 and named after Sir Alex Reid, former Chancellor
of the University. It was designed by a Western Australian architectural firm,
Cameron, Chisholm and Nicol. It consists of four levels (Fig. 2-37), and different
types of study spaces are provided in a variety of sizes and a variety of types:
collaborative study zone (Fig. 2-38); computer area (Fig. 2-39); study carrels area
(Fig. 2-40); silent study zone (Fig. 2-41); group study rooms (Fig. 2-42); individual
study rooms (Fig. 2-43); and training room (Fig. 2-44). The variety of sizes of spaces
allows for individual, small group, and large group activities.

The interior is primarily warm-coloured wood, giving a feeling of warmth. The
colours light beige and light yellow are used for walls in all learning environments of
library, as well as brown timber in a small area. In the individual study room, the
students face a dark colour when sitting and studying at the desk; the side walls are a
brown timber colour. Dark grey is used for computer chairs, blue for reading chairs,
and red in the collaborative study area. As for study carrels, the colours used are
brown (colour of timber) and dark green on the top of the desks. It is held that using
dark colours in study spaces increase feelings of warmth, darkness and depression.
Colours with a high degree of blackness would increase feelings of sadness, and that
would impact negatively on learners in the library. In general, the colours used in all
learning spaces of this library make the space unpleasant.
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In addition, most spaces are carpeted in dark grey, and some have composite tiles.
In fact, the interior colours tend to be very traditional; therefore, the study spaces
may not be aesthetically pleasing to students who study at the Reid Library and may
be less stimulating to study and learn in. Neutral colours such as grey are considered
lacking in emotion and elicit negative feelings such as sadness, depression, tiredness
and boredom (Kaya and Epps 2004).

Reid Library -Ground Level Reid Library - Level 1

100-199 Books, Quartos, Journals

1

2 900-939 Books, Quartos, Folios:

3 900-999 Joumals
1 Cobfee 4 EDFAA 600-889 Books, Quartos, Journals.
2 Collborative Study Zoae 5 EDFAA Reference, Wides
3 Library Weeting Room &  EDFAAFolios
4 Reid Training Room 2 T Information

8 New Journals

9 Newspapers

10 Reid Audiovisual

Reid Library - Level 2

1 000-099 Books, Quartos, Journals
1 200-299 Bosis, Quanas, Folios, Joumals 2 300-309, 320-329, 355-379, 390-398 Books, Quartos, Folios
2 400499 Beoks, Quantos, Folios, Journals 3 300-309, 320-329, 355-379, 390-399 Journals
3 700:798 Beais, Quantos, Folins, Journals 4 310-319, 330354, 380-389, 650-659 Books, Quartos, Folios
4 800-899 Books, Quartos, Folios, Journals 5 310:319, 330-354, 380-389, 650-659 Journals
§ Scholars' Gentre 6 500-649, 660-699 Books, Quartos, Folios, Jourals
& Silent Study Zore 7 ABS, EDC Collections.
8 , Japanese Collection
9 Zone

aborative Study
11 EoPRA Cumeutam
12 Govemnment Publications
13 Group Study Rooms
Figure 2-37: Reid Library Floor Plans
(Reid Library at the University of Western Australia 2012)

http://www.library.uwa.edu.au/contact/reid-arts-business/floor-plans
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Figure 2-38: Collaborative study zone at Reid Library

(Al-Ayash 2012)

Figure 2-39: Computer area at Reid Library
(Al-Ayash 2012)

Figure 2-40: Study carrels area at Reid Library
(Al-Ayash 2012)
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Figure 2-41: Silent study zone at Reid Library
(Al-Ayash 2012)

Figure 2-42: Group study room at Reid Library
(Al-Ayash 2012)

Figure 2-43: Individual study room at Reid Library
(Al-Ayash 2012)
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Figure 2-44: Training room at Reid Library
(Al-Ayash 2012)

2.6.3 Edith Cowan Library, Edith Cowan University, Joondalup,
Perth, Australia

Edith Cowan Library (ECU) is located at Joondalup in Perth; it was built in 2006.
Jones Coulter Young is the architect of this modern library. This building with four
floors provides a vibrant and diverse set of learning spaces for all students (Hislop
2008). The provision of flexible and various learning spaces can help to create a
stimulating environment that promotes critical thinking and lifelong learning; for
example, the carrels study area (Fig. 2-45), quiet study areas (Fig. 2-46), silent study
room (Fig. 2-47), group study rooms (Fig. 2-48), indivdual study rooms (Fig. 2-49),
meeting room (Fig. 2-50) and computer area (Fig. 2-51).

As these images show, the colourful spaces of the ECU library reflect
contemporary design. The colour scheme used for the learning spaces’ walls is
warm-coloured; for example, vivid red in the quiet study area and group study
rooms; vivid yellow in the individual study rooms; light yellow features in the silent
study room; and orange in some group study rooms. These colours give warmth to
the interiors of the learning spaces in the library, making the study spaces more
active and stimulating. White is used in the carrels study area for walls and carrel.

All spaces are carpeted in dark grey, and the same colour is used for the chairs in
the individual study rooms and computer area. It was noticed that a vivid colour
(vivid yellow) is used on the wall in the front of the desk in the individual study
room, so that the students face the coloured wall. While the side walls are a neutral
colour (white), the wall in front of the desk has the dominant effect on students.

97



Chapter 2 Cycle 1

It was observed that yellow is used in different nuances in the study spaces. For
example, in the meeting room, buff (yellow-orange) is used for walls, ceiling and
table. In the computer area, pale yellow is used as a basic colour for walls and
computer benches, and light beige for the ceiling.

Figure 2-45: Carrel study area at ECU Library
(Al-Ayash 2012)

Figure 2-46: Quiet study area at ECU Library
(Al-Ayash 2012)
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Figure 2-47: Silent study room at ECU Library
(Al-Ayash 2012)

Figure 2-48: Group study rooms at ECU Library
(AL-Ayash 2012)

Figure 2-49: Individual study room at ECU Library
(Al-Ayash 2012)
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Figure 2-50: Meeting room at ECU Library
(Al-Ayash 2012)

Figure 2-51: Computer area ECU Library
(Al-Ayash 2012)

2.6.4 Fisher Library, University of Sydney

Fisher Library is the main library at the University of Sydney and was built in
1908. The original building was located at the south-western corner of the Main
Quadrangle and then moved to its present location in 1962. It was designed by joint
architects Edward Herbert Farmer (the NSW Government Architect) and T E
O’Mahony. The present library comprises two integrated buildings, which were built
separately in the early days of the university. Fisher Undergraduate Library (Building
FO03) was established in 1962 and is used by undergraduate students of the university.
Fisher Research library (Building FO4) was built in 1967 and extended its spaces by
providing flexible and various learning spaces for studying, working and socialising
(Fig. 2-52) (Shipp 2005; Fisher Library University of Sydney 2014).
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As in the libraries discussed above, Fisher Library provides different types, sizes
and shapes of learning spaces, which can be used for different purposes and
activities. The interior design of this library provides stimulation in the learning
environment by using a variety of colours, materials and textures. Light beige is the
basic colour for all interior walls, while the columns are dark grey and the ceiling
light grey. It was noticed that different colour schemes are used in each study area
for the furniture. For example, green is used in the quiet study area, with dark green
and dark grey in the carpet, and the carrel study desks are dark greeny-yellow and
light beige. In addition, dark yellow and dark brown are used for sofas in the quiet
study area (Fig. 2-53).

Fisher Library provides sound booth rooms for students; the interior of these
booths is primarily warm-coloured wood for the side walls and light beige for the
front wall, with dark grey and dark green for the carpet (Fig. 2-54). In the computer
area, the colour orange is used in combination with dark grey in the carpet, and also
in the sofas. Light beige for the top of the computer bench and dark grey panels
behind the computer screen are used to reduce reflection from the screen, and dark

grey for all the computer chairs (Fig. 2-55).

The Fisher Library also offers spaces for training, seminars and group study in an
innovative and modern way. Light beige and dark grey are the prevailing colours in
these spaces as well. However, the designer has used the warm colour, red, in the
furniture and carpet to add excitement to the interior spaces, and also in the sofas for
social activity (Fig. 2-56). As for group study rooms, walls are white with the neutral
colours light and dark grey as decoration. It is noted that neutral colours have
negative effects on performance, because they are associated with negative emotions

such as sadness and depression and boredom (Fig. 2-57).
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Figure 2-52: Fisher Library Floor plan

(Fisher Library-University of Sydney 2014)
https://library.sydney.edu.au/libraries/fisher/FisherFloorPlan.pdf

Figure 2-53: Quiet study area at Fisher Library

(Al-Ayash 2014)
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Figure 2-54: Sound booth at Fisher Library
(Al-Ayash 2014)

Figure 2-55: Computer area at Fisher Library
(Al-Ayash 2014)

Figure 2-56: Training area and social area at Fisher Library
(Al-Ayash 2014)
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Figure 2-57: Group study room at Fisher Library

(Al-Ayash 2014)

2.6.5 Suzzallo Library, University of Washington, USA

Suzzallo library is the central library of the University of Washington, named
after Henry Suzzallo, the fifteenth president of the University, and opened in 1926.
The library was designed by Carl F. Gould and Charles H. Bebb. It was renovated
and added to many times, and the final addition was completed in 1990 (Suzzallo
Library Information 2013). It has five floors. It offers a variety of study spaces on all
floors to fit students’ needs: computer spaces, group study rooms, scholars’ study
rooms, quiet study areas, main reading room and research commons (see Figure 2-
58).

The main wall colour is off-white on all floors, and warm-coloured wood gives
feeling of warmth. As can be seen in Figure 2-59, the main reading room is covered
by a vaulted ceiling with vibrantly coloured and gilded details. Oak bookcases along
the walls are topped with hand-carved friezes representing native plants of
Washington State (Suzzallo Library Information 2013). It appears like a cathedral
building and it expresses the time of its design in the early twentieth century.

The colours of other study spaces are lighter than in the main reading room; light
beige and off-white are used in these spaces. The colours are very neutral and
institutional in computer spaces; the walls and floors are covered with light beige
carpet, tables are light beige, and chairs are dark green (Fig. 2- 60). The quiet study
space (Fig. 2-61), study carrel space (Fig. 2-62) and scholars’ study rooms (Fig. 2-
63) also have walls and floors of light beige. Furniture such as tables and chairs are
light-coloured timber.
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The colours used in the group study rooms are very traditional: light grey for the
walls, and floors are covered with dark grey carpet. The furniture is light beige for
tables and light grey for chairs (Fig. 2-64). In contrast, the research common area is a
lively, colourful collaborative space, with bright green and red in some walls
combined with light grey (Fig. 2-65), (Fig. 2-66), and (Fig. 2-67).
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Figure 2-58: Suzzallo Library Floor plan

http://www.lib.washington.edu/images2/graphics/suzzallo-allen-building-maps
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Figure 2-59: Suzzallo Reading Room

(http://www.lib.washington.edu/suzzallo/study/study-spaces/reading-room)

Figure 2-60: Computer space at Suzzallo Library
http://www.lib.washington.edu/suzzallo/study/study-spaces/copy of computer-spaces

Figure 2-61: Quiet study space at Suzzallo Library
http://www.lib.washington.edu/suzzallo/study/study-spaces/suzzallo-first
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Figure 2-62: Carrel study space at Suzzallo Library
http://www.lib.washington.edu/suzzallo/study/study-spaces/assigned-carrels

Figure 2-63: Scholars’ study space at Suzzallo Library
http://www.lib.washington.edu/suzzallo/study/study-spaces/scholar-study-rooms

Figure 2-64: Group study rooms at Suzzallo Library

http://www.lib.washington.edu/suzzallo/study/study-spaces/suzzallo-group-study
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Figure 2-65: Research common space at Suzzallo Library
(http://www.lib.washington.edu/suzzallo/study/study-spaces/research-commons)

Figure 2-66: Research common space (media space) at Suzzallo Library
http://www.lib.washington.edu/suzzallo/study/study-spaces/research-commons

Figure 2-67: Research common space at Suzzallo Library
http://www.lib.washington.edu/suzzallo/study/study-spaces/research-commons
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2.6.6 Philological Library, Free University, Berlin, Germany

The philological library at the Free University in Berlin was designed in 2005 by
Norman Foster. The designer has created the library on the model of a human brain
with open and transparent structures, and it includes five levels. The book shelves are
distributed over the five levels and the reading spaces are situated at a continuous
desk around the outer edge on each level. Thus the readers can sit next to each other
at the continuous desks without facing one another, and this arrangement of
workspaces will help to motivate readers’ concentration. The architect states that the
building is like a human skull sheltering the brain. The building has a very
contemporary style from both outside and inside. There is a little information on the
interior finishes of the building. The colours used within this library are muted (grey
and white); there are warm colours as well, and they have high chromaticness in
some areas, like melon yellow for the entrance and red for the chairs; all spaces are
carpeted in dark grey; see Figure 2-68 (Werner and Diecks 2004).

In addition, computer areas are also distributed around the outer edge on each
level (see Fig. 2-69). Although there are some warm colours used in this library, such
as orange and red, the colours of learning spaces are still very neutral and
institutional. These colour schemes make learning spaces less stimulating and less
active. In addition, the colour schemes of the Philological Library disagree with the
colours proposed in the literature review, where it was argued that yellow and red
can stimulate the mind and help students to be more focused. As for the group study
room, the colour beige is predominantly used with a little red in the corner of the
wall. The desk is off-white and chairs are vivid red. The colour red makes the space

more lively and stimulating (see Fig. 2-70).
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Figure 2-68: The interior colours used in Philological Library
(Werner and Diecks 2004)

Figure 2-69: The computer area
in Philological Library

(Werner and Diecks 2004)

Figure 2-70: Colours used in
group study room in Philological
Library

(Werner and Diecks 2004)
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2.7 Cycle 1 (Reflection 1): Chapter Conclusion

This chapter provides an overview of key literature relevant to this research, and
discusses how libraries have changed from being places to protect and preserve
culture, knowledge and civilisation to places for the acquisition and exchange of
knowledge. This chapter identifies the types of learning and learning spaces in the
university libraries; it was found that students may prefer at times to study in private
rooms, especially when they work on complex tasks that need a high level of
concentration. The chapter provides an overview of the relationship between
learning, psychology, physiology and colour in the learning spaces. In addition, this
chapter overviews the methods used to examine the impact of colour on emotional
response, physiological state and performance in the indoor environment. Finally,
examples of libraries have been described in this chapter to identify the colours used

in their learning environments, including individual study spaces.

It established that colours have a significant influence on human psychology,
physiology and performance in different contexts. However, the ways in which wall
colour influences students’ learning performance in the individual study spaces of
university libraries are not investigated in the literature. Some studies have examined
the effects of colours (red, yellow, blue, green) on reading tasks, math
comprehension or creative performance in different situations such as in carrel study
spaces or open plan study areas in an actual environment or via computer (Mehta and
Zhu 2009; Stone 2001; Stone 2003). Most previous studies discussed in the literature
review show that the level of performance can be low in light colour conditions. This
indicates that the nuance of colour plays a significant role in determining a colour’s
effect on worker productivity.

The literature review found no studies that investigated the effects of colour in
isolation from other stimuli in learning environments. In general, studies that
manipulated several environmental stimuli clearly support the general notion that the
physical learning environment affects students’ learning performance. However, a
literature search on the effects of colour on learning environments in the university
library found that conclusive evidence is lacking. Therefore, the main conclusion of

this review is that research on the design of learning environments in university
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libraries is in need of well conducted and controlled experiments. In addition, the
researcher found there were inconsistent findings regarding the suitable colours used
in the university library, particularly in the individual study areas. Further, most past
studies have examined the effects of the colours red, yellow and blue on performance
of office tasks or learning activities in their research. Therefore, the researcher
decided to examine the effect of red, yellow and blue on learning performance in a

university sitting in this study.

On this basis, the researcher intends to examine the impact of colours that are
proposed in Cycle 1 (the literature review) (Mehta and Zhu 2009; Oztiirk, Y1ilmazer
and Ural 2012; Stone 2001; Stone 2003) on visual learning (reading comprehension)
in the individual study rooms of university libraries. It was decided to examine the
effects of two different nuances of red, blue and yellow (vivid red, vivid blue, vivid
yellow, light red, light blue and light yellow) in Cycle 2 (Study A). Figure 2-71
shows the main findings of this chapter (Cycle 1). The next chapter describes in
detail the research design, methods, results and discussion of Cycle 2 (Study A).

Examining Red, blue and
yellow in the individual

Colours proposed in the
literature in regard to

Exploring previous studies

about library, learning and

| learning spaces and >

colours used in learning study room.

) ) learning performance.
spaces of libraries.

Figure 2-71: Outcome of Cycle 1
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3 CHAPTER 3: CYCLE 2 (STUDY A)

3.1 Cycle 2 (Plan 2): The Aim of Study A

It was important for the researcher in Chapter 2 (Cycle 1) to gain knowledge and
experience of how people react to colours, in order to understand the influence of
colour in the learning environment. The main aim of Cycle 2 (Study A) is to test the
effect of colours on a learning activity in an individual study room of the university
library. The choice of colours to be tested in this study was based on the information
discussed in Cycle 1 (literature review). Although most studies indicated that red,
blue and yellow could be appropriate colours for performance, it was not clear which
nuance of these colours might be suitable for certain activity like learning
performance, especially for reading tasks. Therefore, the researcher decided to test
two different nuances of each hue, vivid colours and light colours (vivid red, vivid
blue, vivid yellow, light red, light blue, and light yellow). In addition, this first study
aims to identify if the current students find these six colours are potentially effective
for the design of contemporary learning environments within current university

libraries, in the context of contemporary learning methods.

This experimental study was conducted to answer the questions outlined in
Chapter 1:

1. To what extent do the hue and nuance dimensions of colour influence reading

comprehension in the individual study room?

2. To what extent do the hue and nuance dimensions of colour influence heart

rate and emotional response to colour in the individual study room?

3. To what extent do emotional response to colour and heart rate mediate the
relationship between colour and reading comprehension in the individual

study room?
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In order to achieve the objective of this thesis, the experimental method used in
this study was to place the participants in a space in a laboratory (see Section 2.5.8.1
in Chapter 2). Three outcomes were assessed across six colour conditions: reading
comprehension, emotional response and heart rate. Although three types of learning
styles were identified in Chapter 2 (visual learning, auditory learning and tactile-
kinaesthetic learning) the study focuses on visual learners (people who prefer
learning by viewing and reading hardcopy of books or articles) as discussed on
Chapter 2 (Section 2.3.1). Learning performance was assessed by using a reading
comprehension test in the library (as discussed in Chapter 2, Section 2.3.1). The
Semantic Differential method scale was used to describe emotional response to
colour (as discussed in Chapter 2, Section 2.4.3), and heart rate was selected to be
measured as one aspect of a person’s physiological state.

The individual study room was chosen as one of the learning spaces in the library.
As mentioned previously, there are four kinds of learning spaces in the academic
library: individual study areas, group study areas, computer areas and training areas
(Bennett 2003; Jamieson 2003). This study focuses on the individual study areas, as
there is a paucity of rigorous research published in the field of colour studies into the
learning spaces of individual study areas, including how wall colours in these spaces
affect students’ concentration, and how this impacts on learning. Figure 3-1
illustrates the map of Cycle 2 (Study A). The experimental method of this study had
participants read articles in a small room where colour was changed between
sessions, and their emotional response to colour and heart rates were measured

before their reading.
The following sections describe the experimental setting, participant recruitment,

colour selection, the instruments used to collect data, and the design of the

experimental room.
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Vivid red, vivd yellow, vivid blue Light red, light yellow, light blue

Reading

. Emotional response Heart Rate
comprehension

Quantitative Qualitative

Figure 3-1: The Map of Cycle 2 (Study A)

3.2 Cycle 2 (Act 2): Preparation for Study A

As mentioned in the planning of Cycle 2, this experiment focuses on recording the
effect of colours on reading comprehension, heart rate and emotional response in the
individual study space. This section will describe in detail the number of participants,
the instruments used to collect data, the experimental design and experimental

procedure.

3.2.1 Participants

The number of participants for Study A was determined by using the statistical
package G*Power Version 3.1.2, a power analysis program for a variety of statistical
tests (Faul et al. 2009). According to this program, at least 24 participants are
required to capture a ‘moderate’ interaction between hue and whiteness.
Accordingly, 11 males (45.8%) and 13 females (54.2%) were recruited from
undergraduate and postgraduate students at Curtin University in Western Australia.
The participants’ ages ranged between 20 and 38 years. Some participants were
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international students (with English as their second language), while others were
native English speakers. None of the participants had defective vision, as verified
with Ishihara Colour Blindness Test (ICBT). Participants were also asked to
complete a Learning Channel Preference Questionnaire (O'Brien 1989) which

revealed that all participants were visual learners.

3.2.2 Colour Samples

The colours used in this study were chosen from the NCS Colour System, which
orders colours according to hue and nuance (NCS 2004). Unlike other ordering
systems, the NCS system captures how colours are perceived in relation to these
dimensions. The colours used in this experiment were three hues, vivid red (S 1080-
R), vivid yellow (S 0580-Y) and vivid blue (S 1565-B) with one colour sample from
each hue having a higher level of whiteness — light red (S 0540-R), light yellow (S
0540-Y) and light blue (S 0540-B). The neutral colour white (S 0300-N) was used
for the two sides walls (Fig. 3-2).

Note that terms from everyday language are used in this thesis to refer to different
nuances (Green-Armytage 2002). The most chromatic colours will be described as
‘vivid’; colours that are a bit more whitish as ‘light’; those that are even more whitish
as ‘pale’; the more blackish colours as ‘strong’; and those that are even more

blackish as “‘deep’.
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Figure 3-2: The position of the study colours in the NCS triangles
(NCS 2004)
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3.2.3 Instruments

Five instruments were used to collect data during the experiment. Each is
described below (3.2.3.1 to 3.2.3.6).

3.2.3.1 Colour Blindness Test

The Ishihara Colour Blindness Test (ICBT) has been used for checking colour vision.
The test consists of 14 plates, each with a circular image consisting of coloured dots
as in pointillist painting. Numerals within the circles of dots are distinguishable if the
individual has normal colour vision. Only the first 11 plates were used to detect
general colour deficiency. Each participant had to correctly identify 10 or more
plates to be deemed to have normal vision and therefore eligible to participate. Each
plate was held at a right angle to the participant’s line of sight. The experimenter
instructed the participant to “please read the numbers” and allowed the participants
three seconds to respond (Ishihara 1993).

3.2.3.2 Learning Channel Preference Questionnaire O’Brien (1989)

This questionnaire is designed to identify students’ learning style. It is divided into
three categories: visual, auditory, and haptic or kinaesthetic learning styles. Each
category contains 10 questions, giving a total of 30 questions across the three
categories. Participants were asked to rate each statement on a 3-point scale
according to how it generally related to them (3 often applies, 2 sometimes applies or
1 never or almost never applies). Scores are totalled in each category; the category
with the highest scores represents the participant’s preferred learning style, and the
lowest score is the least preferred learning style (see Appendix 1).

3.2.3.3 Emotional Response Scales to Colour

The Semantic Differential method was used to assess the emotional response of
participants to the wall colours, not assessing basic human emotions (such as anger,
fear, happiness or surprise). Nine bipolar colour-emotion scales were used in the
experiment: dark/light, pleasant/unpleasant, fresh/stale, heavy/light, calm/exciting,
dull/sharp, tense/relaxed, warm/cool, and interesting/boring. These scales were
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chosen from the adjectives originally proposed by Osgood et al. (1957) in their
semantic differential studies in the 1950s. In addition, these adjectives are used in
colour emotion research by Gao and Xin (2006), Gao et al. (2007), Ou et al. (2004),
Ou et al. (2012), and Xin et al. (2004) to describe human emotional responses to
colour samples. In this study these adjectives are used to describe emotional
responses to one coloured wall in an interior environment while seated directly in

front of it.

Each adjective pair is scored on a 7-point semantic differential rating scale.
Participants were asked during the experimental session “what emotional response

do you associate with this colour?” (see Appendix 2).

3.2.3.4 Physiological Recordings

The Fingertip Pulse Oximeter (MD300C21/Beijing Choice Electronic Technology)
was used to record heart rate. This device consists of a transmitter which is held to
the subject’s thumb with a portable digital output mechanism. The equipment is

unobtrusive.

3.2.3.5 Learning Performance Assessment

Because all participants were identified as visual learners, reading rather than audio
reading comprehension tests were used to assess learning performance. The
participants were asked to read a passage from a paper and then they answered seven
multiple choice questions. These tests were adopted from SAT Comprehension Test
website (SAT Reading Comprehension 2012). The reading tests were of comparable
difficulty across the six colour conditions. The passages covered different topics and
genres such as science (420 words), social life (473 words), novel (500 words),

psychology (488 words), literature (525) and politics (520 words).

3.2.3.6 Interviews

An unstructured interview was used as qualitative data in Cycle 2 (Study A) after
completing the experiment for each colour condition. An unstructured interview is

like a guided conversation. It contains open-ended questions, and it is more flexible
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than a structured interview, as questions can be adapted and changed depending on
the respondent’s answers; it can be completely informal (Fontana and Prokos 2010).
In addition, it increases validity because it gives the interviewer the opportunity to
check for a deeper understanding. The participants were asked “does this colour
motivate you to study and help you to focus? Why?”” This method was used to obtain
more in-depth qualitative data. The interviews were recorded by using a digital tape

recorder.

3.2.4 Experimental Room Design

This section describes the interior set-up of the experimental room and the colour

selection.

3.2.4.1 Room Design

Two rooms were set up in the School of Built Environment within Curtin
University for the experimental phase of the study. The first was an adaptation room
in neutral colours with light grey walls and ceiling (S 1500-N) and dark grey floor (S
7500-N); the room was 3.60m long x 2.55m wide x 3m high. This functioned as an
adaptation room. The purpose of the waiting room was two-fold: (1) to allow the
participants to read the information sheet, sign the consent form and take the Colour
Blindness Test; (2) to allow participants to adapt to neutral conditions before being
exposed to the six colours in the test room, as well as to record their heart rate prior
to the experiment. The adaptation was necessary to eradicate the potentially
confounding perceptual differences between participants who came from bright
daylight via the exterior of the building, and those who came from dim interiors
through the internal routes of the building. The interior setup of this room comprised
two chairs and a table (Fig. 3-3).
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Figure 3-3: Room 1- an adaptation room where participants were informed about the
experimental procedure, administered the Ishihara Colour Blindness Test (ICBT), and had
their baseline HR measured.

(Al-Ayash 2012)

The second room was the test room (3.68m long x 2.88m wide x 3m high); it had
no windows, so that no natural light entered the test room, thereby eliminating any
fluctuations of natural daylight from filtering into the room and interfering with
participants’ reactions to the experimental colours. In this study, it is critical to
distinguish the emotional responses and heart rate responses to colour; other
stimulations should be minimal. In order to achieve this intent some design ideas

were applied:

e The walls, floor, ceiling and furniture colours were neutral colours (lack of hue).
The main variable being investigated was one experimental wall. Participants

faced this wall when siting at the desk in the test room.

e Space was generic and conventional to eliminate the influence of other design

elements.

To achieve these conditions, the walls and ceiling were painted white and the
floor was dark grey. Neutral colours such as white and grey were intended to reduce
any effects of contrasting hues (Oztiirk, Yilmazer, and Ural 2012). The test room was
divided by a partition in order to establish an individual study area (1.80m long x
1.30m wide x 3m high) (Fig. 3-4). Colours were manipulated by hanging Corflute
panels 180cm x 180cm x 2mm thick on one wall. These panels were painted one of
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the following colours for each session (vivid red S 1080-R, vivid yellow S 0580-Y,
vivid blue S 1565-B, light red S 0540-R, light yellow S 0540-Y or light blue S 0540-
B). The wall behind the coloured panel, the side walls and the ceiling were painted
white (S 0300-N).

Enperimenter Deck

Caolourad Pansl

Bartition | |
— =
Student Deck

Figure 3-4: Room 2-Plan of the test room showing the relative positions of the
experimenter’s desk, the participant’s desk, the coloured panel, and the partition.
(Al-Ayash 2012)

Each coloured panel was hung on the wall so that it extended 1.70m above the top
of the desk. The room was furnished with a white student desk (90cm long x 60cm
wide x 72 high) and one grey chair (S 7502-N). The student desk was centred along
the wall, and faced the coloured panel. In addition, the experimenter’s desk was
located behind the participant on the left side so that the experimenter could check
the time and measure the heart rate (HR) of the participant during the experimental
session (see Fig. 3-4 and Fig. 3- 5).
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Figure 3-5: The six colour schemes used in the study. Colours were painted onto Corflute
panels and hung in front of the desk where the participant was seated

(Al-Ayash 2012)

The experimental room was made as comfortable and simple, and used neutral
colours in order to minimise the influence of extraneous factors on the relationship
between colour and participant outcomes in terms of emotional response, heart rate,

and reading comprehension.

Ambient temperatures of Rooms 1 and 2 were recorded on several occasions on
different days; the temperature of both rooms was a constant 25°C. The rooms were
located internally in the basement of a multi-level building; their temperature and
humidity vary little throughout the year. The test room was illuminated with four
celling Osram florescent tubes (36 W), having a correlated colour temperature (CCT)
of 3500 Kelvin and 75-82 colour-rendering index (CRI), and 3350 lumens. The
average illuminance was 360 Lux on the desk; illuminance and luminance were

measured using a digital light meter, model Lutron LM-81LX.
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3.2.5 Experimental Procedure

Participants were not forewarned concerning the colours to which they would be
exposed. The researcher told them “this experiment looks at how the colours of a
space impact on the learning activity.” This eliminates participant expectancy bias
concerning the colours tested. The participants in this study were first taken to an
adaptation room (Fig. 3-3), which was located outside the door of the test room. In
this room, the Ishihara Colour Blindness Test (ICBT) was administered to the
participants. After the participants passed this test, they were asked to read the
information sheet (Appendix 3) outlining the experimental procedure. The purpose of
the study was explained to the participants, and they then indicated their willingness
to participate by signing the consent form (Appendix 4). The consent form was kept
separate from the main questionnaires to ensure participants’ anonymity. Next, they
were asked to answer The Learning Channel Preference questionnaire in order to
identify their learning styles. This procedure was followed on the first visit only and
it lasted for ten minutes.

All participants were then tested individually. Each participant stayed alone in the
first room, “an adaptation room,” for at least five minutes before entering the test
room in order to adapt to room conditions and to have their baseline heart rate
measured before the experimental session. Baseline heart rate was measured prior to
being exposed to each of the six colours. After the timer rang to signal the end of the
five minutes, the researcher re-entered an adoption room to record the participant’s
baseline heart rate.

The participant was then led into the test room, seated at the desk facing the
selected coloured panel, and asked to focus on the coloured panel for five minutes.
At the end of the five minutes, the participants rated their emotional responses to the
colour (Semantic Differential). Waiting for five minutes before completing the
Colour Emotion questionnaire reduces any interference from the initial adaptive
response to the coloured panel. Kuller and Mikellids (1993) emphasise the
importance of controlling the exposure time to the colour stimulus. If the exposure
time to colour is too short, such as one minute, it will measure just the initial

response to the colour.
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After completing the emotional response rating, participants’ heart rates were
taken again. To assess their learning performance, they were given a reading
comprehension task which involved studying the text for five minutes and then they

were given ten minutes to answer comprehension questions.

Finally, they were interviewed for five minutes to obtain more in-depth qualitative
data. This was recorded by digital tape recorder. This process was conducted six
times and each time the participant was exposed to a different colour condition.
There was one day free between one session and the next (a wash-out period), to
reduce carry-over effects from one colour to the others. The experiment took thirty
minutes for each colour. Data on the participant’s emotional response, heart rate and

reading comprehension test were subsequently analysed with inferential statistics.

The order in which the colours were presented was counterbalanced across
participants according to a Balanced Latin Square design. A Balanced Latin Square
design was used to control order effects, which ensures that each experimental
condition appears an equal number of times in each row and column of the square
(Ai 2013). Bradley (1958) described the Latin square that has the feature of
counterbalancing immediate sequential effects. As Bradley states, this method is

important when:

It may be suspected that reaction to any given experimental condition
will be influenced (a) by the number of experimental conditions
preceding it, i.e., by its ordinal position in the sequence of
presentation, (b) by the particular experimental condition immediately
preceding it. This situation is commonly encountered in
psychological experiments when every subject is run under all
experimental conditions. Such experimental designs reduce variance
at the expense of introducing sequential effects such as learning,
fatigue, and interactions between reactions to various experimental
conditions, particularly those adjacent in order of presentation.
(Bradley 1958, 525)

In this design, each colour appears exactly once in each row and exactly once in

each column, as shown in Table (3-1).
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Table 3-1: Balanced Latin Square design
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3.3 Cycle 2 (Observe 2): Analysing Data and Results of
Study A

A series of Generalised Linear Mixed Models (GLMMSs) were tested in order to
determine whether the participant’s emotional response, heart rate and reading
comprehension test varied as a function of colour. The GLMM represents a special
class of regression model. The GLMM is generalised in the sense that it can
accommodate outcome variables with markedly non-normal distributions; the
GLMM is mixed in the sense that it includes both random and fixed effects (Jiang
2007). For the present GLMMs, there was one nominal random effect (participant)
and two categorical fixed effects (hues: red, yellow, blue; nuances: vivid, light). The
GLMMs were implemented through the SPSS (Version 20) GENLINMIXED
procedure. In order to optimise the likelihood of convergence, a separate GLMM

analysis was run for each outcome measure.

3.3.1 Reading Comprehension

The results obtained from the participants’ responses regarding the reading
comprehension showed that the main effect of nuance was significant (F[1,138] =
5.41, p =.022). Reading comprehension scores were significantly higher in the vivid
colour conditions compared to the light colour conditions (see Fig. 3-6). However,
the main effect of hue was non-significant (F[2,138] = 0.39, p = .676). These results
indicate that reading performance did not differ significantly across the three hues.

The Hue x Nuance interaction was non-significant (F[2,138] = 0.24, p = .784)
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indicating that the main effects can be interpreted on one another. Explanations of

the F-value, dfs, and p-values are included in Appendix 5.
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Figure 3-6: The data represent group means for reading
scores and their 95% confidence intervals. Nuance had a
significant effect on reading scores (P = 0.022).

3.3.2 Heart Rate Response

To examine the impact of the experimental conditions on physiological responses,
heart rates were recorded on two separate occasions, once before each experimental
session and then again during each experimental session. The results found that the
main effect for hue was significant (F[1,138] = 11.93, p <.001). The graph suggests
that, regardless of nuance, the red and yellow conditions caused increases in heart
rate, whereas the blue condition caused a decrease in the heart rate. LSD (least
significant difference) contrasts conducted on the main effect for hue indicated that
heart rate increased to the same degree in the red and yellow conditions (p = .315),
and there was a significant difference between the degree that the heart rate
decreased in the blue condition and the degree that the heart rate increased in the red
condition (p < .001) and in the yellow condition (p < .001).

The main effect for nuance was not significant (F[2,138] = 3.64, p = .058),

indicating that changes in heart rate did not differ significantly between the light and

126



Chapter 3 Cycle 2

vivid conditions (see Fig. 3-7). Likewise, the Hue x Nuance interaction was non-
significant (F[2,138] = 0.60, p = .548) indicating that the main effects can be
interpreted independently on one another.

HEART RATE
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Figure 3-7: The data represent group means for HR fluctuations
from baseline and their 95% confidence intervals. Hue had a
significant effect on heart rate (P<0.001).

Furthermore, the correlations between heart rate change and reading performance
within each of the six Nuance x Hue conditions were computed. The heart rate
change was analysed as an ordinal variable (Table 3-2) and as a binary variable
(Table 3-3). As can be seen, there are no relationships between heart rate change and
reading performance. This means that heart rate change did not mediate the

relationship between the colour and reading comprehension.
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Table 3-2: Pearson correlations between heart rate change and reading performance within
each of the six Nuance x Hue conditions (N = 24)

Hue
Nuance
Red Yellow Blue
Light r=.014, p=.947 r=.297,p=.159 r=-.345,p=.099
Vivid r=.213, p=.318 r=-.300,p=.154 r=.325p=.122

Table 3-3: Point-biserial correlations between heart rate change (increase versus decrease)
and reading performance within each of the six Nuance x Hue conditions (N = 24)

Hue
Nuance
Red Yellow Blue
Light r=.014, p=.949 r=.156, p=.478 r=-117,p=.603
Vivid r =.000, p=1.000 r=-143,p=.504 r=-143,p=.504

3.3.3 Emotional Responses to Colour

In order to quantify the emotional reaction to each colour, the two-point method
was used. Reactions were scored on a seven point semantic differential rating scale.
The score -3 was given to the selection of the left-hand word in each pair, such as
“‘dark’’, *“‘pleasant’’, “fresh”, *“heavy”, *“calm”, “dull”, *tense”, “warm” or
“interesting”; whereas a score +3 was given to the selection of the right-hand word
such as “light”, “unpleasant”, “stale”, “light”, “exciting”, “sharp”, “relaxed”, “cool”,

or “boring”.

The results showed that the Hue x Nuance interaction was non-significant for
pleasant/unpleasant (F[2,138] = 1.27, p = .285) (Fig.3-8), fresh/stale (F[2,138] =
1.40, p = .250) (Fig. 3-9), heavy/light (F[2,138] = 0.86, p = .425) (Fig. 3-10),
calm/exciting (F[2,138] = 0.21, p = .811) (Fig. 3-11), tense/relaxed (F[2,138] = 0.38,
p =.687) (Fig. 3-12), warm/cool (F[2,138] = 0.67, p = .515) (Fig. 3-13), dull/sharp
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(F[2,138] = 1.05, p = .353) (Fig. 3-14) and interesting/boring (F[2,138] = 0.41, p =
.668) (Fig. 3-15). For these scales, therefore, each of the two main effects can be
interpreted independently of one another. For the dark/light scale, however, the Hue
X Nuance interaction was significant (F[2,138] = 5.37, p = .006) (Fig. 3-16)
indicating that, for this scale, each main effect can no longer be interpreted

independently.

The main effect of nuance was significant for “pleasant/unpleasant” (F[1,138] =
14.21, p <.001), “fresh/stale” (F[1,138] = 11.88, p = .001), “heavy/light” (F[1,138]
= 71.10, p < .001), “calm/exciting” (F[1,138] = 7.52, p = .007), “tense/relaxed”
(F[1,2138] = 31.91, p < .001), “warm/cool” (F[1,138] = 20.05, p < .001) and
“dull/sharp” (F[1,138] = 8.98, p = .003). As can be seen in Figures 3-8 to 3-14, the
nuance main effect indicates that the light colour conditions were rated as
significantly more pleasant, fresh, calm, dull, relaxed and cool than the vivid
conditions. In addition, light colours tended to be rated as light whereas vivid colours
tended to be rated as heavy. However, the non-significant main effect of nuance was
found on “interesting/boring” (F[1,138] = 0.45, p = .502) indicating that, regardless
of hue, ratings did not differ significantly between the light and the vivid conditions
(see Fig. 3-15).
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Figure 3-8: Unpleasant-Pleasant
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Figure 3-9: Stale-Fresh
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Figure 3-10: Light-Heavy
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Figure 3-11: Exciting -Calm
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Figure 3-12: Relaxed-Tense
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Figure 3-13: Cool-Warm
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Figure 3-14: Sharp-Dull
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The main effect of hue was significant for “pleasant/unpleasant” (F[2,138] =
11.32, p <.001), “fresh/stale” (F[2,138] = 10.33, p < .001), “heavy/light” (F[2,138]
= 12.53, p < .001), “calm/exciting” (F[2,138] = 12.56, p < .001), “tense/relaxed”
(F[2,138] = 20.27, p < .001), “warm/cool” (F[2,138] = 30.69, p < .001) and
“interesting/boring” (F[2,138] = 3.59, p =.030). These effects are graphed in Figures
3-8-3-13 and 3-15. LSD (least significant difference) contrasts conducted on the
main effect for hue indicated that, regardless of nuance, blue was rated significantly
more pleasant than either red (p < .001) or yellow (p = .003); no significant
difference was found between red and yellow (p =.414). Blue was rated as
significantly calmer than either red (p = .007) or yellow (p <.001); and red was rated
significantly calmer than yellow (p = .025). Blue was rated significantly less tense
than either red (p < .001) or yellow (p < .001); there was no significant difference

between red and yellow (p =.231).

In addition, blue was rated significantly cooler than either red (p < .001) or yellow
(p < .001); there was no significant difference between red and yellow (p =.696).
Moreover, the participants rated blue as significantly more interesting than red (p =
.008); there was no significant difference between red and yellow (p =.152) or
between blue and yellow (p < .219). As seen in Figure 3-9, red was rated as
significantly less fresh than either blue (p < .001) or yellow (p = .001); there was no
significant difference between blue and yellow (p =.277). Red was also rated as
significantly heavier than either blue (p < .001) or yellow (p < .001); there was no
significant difference between blue and yellow (p =.346). A non-significant effect of
hue was found for “sharp/dull” (F[2,138] = 3.06, p = .050) indicating that ratings did
not differ significantly across the three hues (see Fig. 3-14).

The Hue x Nuance interaction for dark/light is graphed in Figure 3-16. The graph
suggests that individuals tended to rate towards the light (as opposed to dark) end of
the scale in the light colour condition and towards the dark end of the scale in the
vivid condition. LSD contrasts conducted across the interaction indicated that red
was rated significantly darker than yellow (p < .001) and blue (p < .001), and blue
was rated significantly darker than yellow (p = .009) but only in the vivid condition.
In the light condition, there were no significant differences in ratings across hues.
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Figure 3-16: Light-Dark

Moreover, the relationships between each of the nine emotions and reading
comprehension for each of the six Nuance x Hue conditions were examined; that is,
54 correlations (see Tables 3-4-3-9). A seen in the tables, only two of the
correlations were significant at the conventional probability level of .05. At the .05
level, however, we would expect 2-3 of the 54 correlations to be significant just by
chance. Therefore, it is concluded that there is no relationship between emotional
responses and reading comprehension, which means that emotional response cannot

mediate the relationship between the colours and reading performance.
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Table 3-4: Pearson correlations between emotions and reading performance in the red/light
condition (N = 24)

Dark | Pleasant | Fresh | Heavy | Calm | Sharp

Tense | Warm Interesting
R .272 -.200( -.112 .183 .348 .223 A11 -.419 -.344
p-value .198 .348 .602 .393 .095 .294 .605 .042 .100

Table 3-5: Pearson correlations between emotions and reading performance in the
yellow/light condition (N = 24)

Dark | Pleasant| Fresh | Heavy | Calm | Sharp | Tense

Warm | Interesting
R -.239 .228| .235| -.091| .051( .378| -.044| .101 131
p-value .261 .284| .269| .674| .812| .069| .837| .640 542

Table 3-6: Pearson correlations between emotions and reading performance in the blue/light
condition (N = 24)

Dark | Pleasant| Fresh | Heavy | Calm | Sharp

Tense | Warm | Interesting
R .368 -.148| -.268| .143| .039]| .457 396 .194 -.101
p-value .077 490 .205| .505( .858| .025( .056| .363 .637

Table 3-7: Pearson correlations between emotions and reading performance in the red/vivid
condition (N = 24)

Dark | Pleasant| Fresh | Heavy | Calm | Sharp

Tense | Warm | Interesting
R =177 .013| .044| .030( .097| -.149| -.278| .111 .091
P .409 .951| .838| .890( .653| .487| .188| .604 672

Table 3-8: Pearson correlations between emotions and reading performance in the
yellow/vivid condition (N = 24)

Dark | Pleasant| Fresh | Heavy | Calm | Sharp | Tense [ Warm | Interesting
145 -121( -.331( -.008( .220| .194( .283( -.171 -.401
P .498 573| .114] .971| .301| .364| .180| .424 .052

Py
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Table 3-9: Pearson correlations between emotions and reading performance in the blue/vivid
condition (N = 24)

Dark | Pleasant| Fresh | Heavy | Calm | Sharp | Tense [ Warm | Interesting
-.087 -.250| -.143| -.146| .045| -.205] -.111| -.401 .006
P .688 .240| .506| .496| .835( .338| .604| .052 .978

Py

3.3.4 Analysing Data and Results of Interviews

At the end of each session in the experiment, each participant was interviewed for
five minutes. The purpose of this interview was to discover specifics about the
motivational power of colour in terms of learning activity. For each of the six
colours, participants were asked “Does this colour motivate you to study and help
you to focus? Why?” Responses to this question provided subjective data regarding
the colour’s impact on learning performance, and general reactions to the colour.
Participants were briefed by information sheet before the interview so that they fully

understood its purpose and the topics that would be covered.

3.3.4.1 Data Analysis

As described in Chapter 1, Section 1.6 about the steps for analysis of the
qualitative data, three steps were identified for analysis. After arranging and
transcribing all the data, the key points were identified from the data to enable the
researcher to focus on specific issues. Then a coding process was used to label and
categorise he data to facilitate analysis and make the data more manageable.
Creswell (2008) states that the purpose of the coding process is to commence the
process of breaking data down into concepts, events, behavioural actions, thoughts,

ideas and meaning.

In this study, the transcriptions were reviewed and broken down into phrases and
sentences representing the participants” main ideas or meaningful experiences.
Statements and responses relating to the key colour in the individual study room
were highlighted manually and coded using Microsoft Word document. Through the
process of comparing the codes for similarities and differences, codes were then
grouped into themes, or abstract explanatory terms. The goal of the coding step was
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to create a list of themes regarding the experiences and perceptions of the
participants about the influence of colour in the learning environment. The following
table shows examples of how the codes and themes were identified for the light blue
colour in Table 3-11.

Table 3-10: Examples of the coding process

Themes Codes Transcription
-Distraction for mind. This colour distracts my mind,
-Reduction in energy. because it is less active and makes

Bodily responses . . .
-Increasing drowsiness. me sleepy. It is a cool and very

relaxed colour, so | cannot
concentrate on the reading task, |
want to relax.

-Feeling cool. This colour distracts my mind,

-Very relaxed colour. because it is less active and makes
me sleepy. It is a cool and very
relaxed colour, so | cannot
concentrate on the reading task, |
want to relax.

Emotional response

Difficulty concentrating This colour distracts my mind,
because it is less active and makes
me sleepy. It is a cool and very
relaxed colour, so | cannot
concentrate on the reading task, |
want to relax.

Intellectual activity

The meaning of the codes is quite broad, in recognition of the complexity of the
concepts; however, through the thematic process the meaning become more focused.
Examples of codes identified from the one quotation transcribed in Table 3-11 are,
“the experience of distraction for the mind,” “decline in energy,” and “the experience
of drowsiness.” These codes, as highlighted in Table 3-11, relate to the effects of
colour on the human body; therefore, these codes were grouped under the theme
“bodily impact.” In the second part of the same quotation, the codes are “feeling
cool” and “experience very relaxed colour,” these codes were grouped under the
theme “emotional response.” In the last part of this quotation, one code was found to
be “difficulty concentrating” and it was grouped under the theme “intellectual
activity.”
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Qualitative findings were categorised into seven themes: emotional, bodily

impact, associative properties, spatial perception, motivation, intellectual activity and

personal connections (Table 3-12). The qualitative analysis provided an insight into

the participant’s perspective on the colour’s impact.

Table 3-11: The main themes emerging from the data

Main Themes

Codes

1. Intellectual impact

2. Motivating properties

3. Emotional response

4. Associative properties

5. Bodily responses

6. Personal connections

7. Spatial perception

stimulates memory
affects concentration
ability to focus and think

encouraging people to study

stimulates

interests

activates

relaxation, calmness
happiness feeling settled
depression boredom

associations with nature
associations with learning places,
objects

associations with a culture or
country

association with a room type or
function

impact on the physical state of
students

impact on performance
impact on nervous system
impact on eyes

personal preference
favourite colour

dimensions of space

3.3.4.2 Interview Results for Light Colours

The results indicated that colours with a higher level of whiteness such as light

blue and light yellow evoked the more active emotions, and had a more positive

impact on bodily responses, motivation, intellectual activity, associative properties
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and spatial properties. For example, 70% of participants believed that light blue was
associated with calmness, happiness, relaxation, comfort and peacefulness, because it
is related to the calming aspects of nature such as the sky and water. In addition,
most participants thought that light blue made them active, motivated them for study
and increased their concentration levels. The participants made similar comments

regarding light blue:

| feel excited with this colour because it is associated with nature like
sky and water... | feel | am in an open space, maybe it is a cool and
peaceful colour. It did increase my concentration on the reading task
... SO it motivates me to study. (Participant 8)

It is a calm, relaxed colour and motivates for study...it helps me to
concentrate on my work... | feel comfortable and active. It also
makes the space bigger. (Participant 6)

In addition, 58% of the respondents also believed that light yellow had a positive
effect on learning performance. It was associated with positive feelings such as
happiness, cheerfulness, and relaxation. The participants described it as a sun, a
source of light, and said that it made them feel active, and enlarged the space; and

that it increased their focus on the reading task and motivated them to study:

| feel good... it is a very motivating colour for study because this
colour brings light... and | like shiny colours. It helps me to be active
and alert... more focus on reading task. (Participant 21)

It is a light colour and it is quite exciting colour that helps me to focus
and makes me alert and active... yes | think it is motivating colour for
study. (Participant 4)

However, the minority of the responses indicated that the light colours such as
light blue and light yellow gave rise to feelings of calmness, relaxation and comfort,
but they commented that these feelings have negative effects on learning activity.
Although the light blue and light yellow conditions were considered calm and
relaxed, they decreased their activity level. Specifically, 29% of participants said that
light blue made them feel sleepy and less energetic; and 41% of participants reported
that the light yellow made them feel nervous, tired and distracted. They agreed that

light colours did not help them to concentrate and study well, and they commented:
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| feel sleepy and inactive with this colour [light blue] because it is too
calm... | feel also bored... and it does not motivate to study.
(Participant 3)

| feel nervous because it [light yellow] is too light and it distracted me
when | read... so [I] concentrated less and [it did] not motivate me to
study. (Participant 8)

66% of the responses indicated that light red was considered boring, annoying,
bright, warm and uncomfortable, because it was believed to increase nervousness,
tiredness and distraction. In addition, the participants saw light red as a very feminine
colour, suitable for bed rooms but not for learning environments. As a result, most
participants agreed that light red did not motivate them to study or focus on the

reading task:

It is a distracting colour... | cannot focus on the reading task... I
think it is not suitable for a learning activity. (Participant 22)

It is a tense colour... | cannot focus with it because it is slightly bright
... and it is a girly colour. (Participant 11)

This colour makes me feel nervous and stressed because it is slightly
bright and there is a strong reflection that causes distraction when |
read. | cannot focus and it does not motivate me to study... it may be
appropriate for a party activity. (Participant 2)

On the other hand, a minority of the participants, about 33%, believed that light
red had a positive impact on learning activity because it was considered inviting,
fresh, comfortable and exciting. These effects kept them active and awake, and also
motivated them to study and focus. The participants commented on light red as

follows:

It is inviting and fresh... so it helps me to focus and also encourages
me to study. (Participant 24)

| feel so excited maybe I like this colour... | feel more active and it is
a comfortable colour... It helps me to focus. (Participant 7)
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3.3.4.3 Interview Results for Vivid Colours

The majority of participants agreed that vivid red and vivid yellow were not
suitable colours for individual study areas because they had a negative impact on
their emotional state, bodily impact, intellectual activity, associative properties, and
motivation. For example, 66% of participants reported that vivid red was associated
with depression, annoyance, discomfort, warmness, and with negative concepts such
as blood, war, and danger. Furthermore, the participants felt nervous and stressed,
and said that the colour vivid red distracted their vision because it is considered very
bright colour. The participants agreed that vivid red did not motivate them to study
for any length of time, and they found it difficult to focus on the reading task. Most

of the participants made similar comments about vivid red:

| feel uncomfortable with this colour because it is a dark colour ...
doesn’t help me to focus because it is a distracting colour and causes
eye fatigue... It is very active but it doesn’t encourage me to study.
(Participant 4)

It is gloomy because it is very dark and annoying colour... it is a
distracting colour, I could not focus... It doesn’t motivate me to study
at all. (Participant 18)

It doesn’t help me to study because it is related to war, blood, and
danger... it’s too vivid so | cannot focus on the reading task.
(Participant 17)

Likewise, vivid yellow was considered an uncomfortable colour for studying. It
was perceived as a very bright, annoying and strong colour. Moreover, 75% of the
participants reported that vivid yellow increased their discomfort level. This
occurred, the participants believed, because vivid yellow has a negative effect on the
body. Participants also thought that the vivid yellow was distracting because it
reflected too much light, caused eye fatigue, and made them feel nervous, tired and
hot. In addition, it was reported that vivid yellow was very arousing and they
believed that it may be suitable for tasks that demand a high level of activity such as
sport. Furthermore, the participants confirmed that it was difficult to concentrate on
the reading task, and therefore, not ideal for motivating them to study:
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It is so a bright colour... | feel hotness with this colour it is like a
sun... It is an unmotivating colour for study maybe it is good for
sports activity or for kids’ places. (Participant 6)

It is a distracting and annoying colour... uncomfortable for the eyes
because it reflects too much light. It does not motivate me to study.
(Participant 22)

A few participants, 25%, however, associated vivid yellow with positive

memories and feelings:

| feel so happy with this pure yellow because it makes me so excited
and | had wonderful memories with this colour when | was in the
high school, I was preeminent in my school; therefore, in the
graduation ceremony | did wear a black robe with a yellow stripe in
order to be distinct from other students. Also it is motivating for study
because it is an active and bright colour and a natural colour.
(Participant 8)

It is a shiny colour, it helps me to read clearly and concentrate on the
reading task... It is active, a more energetic and natural colour like a
light day. (Participant 3)

In contrast, vivid blue was considered an appropriate colour for learning
environments. 62% of the participants thought that it had positive effects on their
emotions, performance, bodily impact, and concentration levels. It was perceived as
a calming, cool, bright and comfortable colour, and related to aspects of nature such
as the sky, beach and summer. Many participants reported that vivid blue made them
awake and active, and helped them to concentrate. They commented:

It is comfortable and it makes me awake and active because it is
related to clear sky and sea water and I really like this atmosphere to
study... [l was] more concentrated. (Participant 3)

“It is a motivated colour for study because it is a bright and very calm
and comfortable colour for reading activity... more natural that helps
me to be relaxed and have clear ideas and more focus. (Participant 4)
On the other hand, 38% of participants related vivid blue to negative feelings such
as depression, annoyance and discomfort; they believed that it was a distracting

colour that made them less active, more stressed and sleepy:
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It is not motivating colour for study... because it distracts my mind. It
is good for relaxing more than for a study activity... So | feel less
concentrated with this colour... and | feel tired. (Participant 16)

It is not motivating colour for study because it is a strong not soft
colour... It impacts passively on my mood... | feel depression.
(Participant 17)

3.4 Cycle 2 (Reflection 2): Discussion of Results

The main goal of the present research is to investigate the effects of different
colours on students’ reading comprehension, emotional responses and heart rate
within the individual study areas of university libraries. The study took place in a full
scale space that was designed to simulate a typical space for individual study in the
university library. The implications of the findings will now be discussed in relation

to the use of colour in the library learning areas.

3.4.1 Reading Comprehension

Participants were required to read articles on a variety of topics during exposure
to each of the colour conditions. Reading comprehension was assessed after each
condition by a series of multiple choices questions. Reading performance varied
across the different colours. Specifically, the whiteness dimension (but not the hue)
had a significant effect on reading comprehension. Reading comprehension scores
were higher for the vivid colours compared to the light colours. These findings agree
with the findings of Kwallek et al. (1996) which showed that participants made more
errors in the lighter coloured offices than in the darker coloured offices. This effect
seemed to be related to the whiteness of colours. Light colours may, in some sense,
be more distracting than vivid colours because they reflect more light. This suggests
that the nuance of a colour rather than hue has an important effect on students’

learning performance.

The findings are also consistent with the notion that strong colours increase
arousal of the central nervous system (Killer, Mikellides and Janssens 2009). If the
reading tasks are difficult, therefore, the vivid colour conditions may increase arousal
to optimum levels, thereby enhancing learning performance. This finding supports
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the Yerkes-Dodson Law about the relationship between arousal and performance
(Yerkes and Dodson 1908). Another explanation for this finding is that the vivid
colours were considered as more distracting than the light colours because of their
higher chromaticness; perhaps participants become more focused on the reading
tasks in an attempt to ignore the distracting stimulus. Interestingly, participants who
felt positive in the light colour conditions showed enhanced learning in the vivid

colour conditions.

3.4.2 Heart Rate Responses

Baseline heart rate was recorded in the waiting room (grey colour condition), and
then recorded again during the experimental session after five-minute exposure to
each of the six coloured panels. The results indicated that changes in heart rate did
not differ significantly between light colours and vivid colours. However, hue
induced significant changes in heart rate. Red and yellow increased the heart rate
whereas blue decreased the heart rate. Heart rate increased to the same degree in the
red and yellow conditions (p = .315); there was a significant difference between the
heart rate decrease in the blue condition and the heart rate increases in the red
condition (p < .001) and the yellow condition (p < .001). This finding supports the
notion that colour has a strong impact on the physiology of people who stay in a
coloured room for long time (Killer, Mikellides and Janssens 2009). In addition,
several colour studies have indicated that long wavelength colours such as red and
yellow are more arousing than short wavelength colours such as blue and green
(Caldwell and Jones 1985; Venolia 1988).

It seems that warm colours such as vivid and light red and yellow, regardless of
nuance, have arousing properties that stimulate people and make them feel more
active, producing increases in heart rate; while blue conditions produce decreases in
heart rate. The colours (particularly hue) actually had an impact on the heart rate of
those who faced the coloured panels.
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3.4.3 Emotional Responses to Colour

Consistent with the findings of Kuller, Mikellides, and Janssens (2009), the results
clearly show that both hue and nuance had a strong impact on the participants’
emotional responses. The participants felt more positive in the light colour conditions
compared to the vivid colour conditions, because light colours were perceived to be
pleasant, fresh, calm, relaxed, light, cool and less sharp. These findings are consistent
with those of Manav (2007), which showed that light colours with high Munsell

value were associated with positive emotional responses in residence interiors.

Hue also had an impact on emotional response. Emotional ratings differed
significantly across the three hues. These findings are contrary to previous findings
which showed that hue did not have a significant impact on emotion (Ainsworth,
Simpson and Cassell 1993). It was found that blue (vivid and light) put the
participants in a more positive state, because it was perceived to be more pleasant,
fresher, calming, relaxing, cooler, lighter, more interesting and less sharp compared
to the other two hues. This result agrees with the finding in Stone’s (2001; 2003)
studies, which found that blue was associated with positive feelings in the study

environment.

There were no relationships between reading performance and changes in heart
rate, and between reading performance and emotional responses. This means that
when the colour makes changes in heart rate, the reading performance will not be
affected. Further, when the emotional response to colour is affected, the reading
performance will not be affected. Therefore, colour can impact directly on reading

comprehension activity, emotional response and heart rate.

3.4.4 Interviews

The participants were interviewed individually for five minutes and asked about
the impact of each colour on their performance in the reading task, and how a certain
colour motivated them to study in the individual study space. They reported that in
addition to the effect of colour on the emotions, colour can impact on the bodily

responses, motivation, intellectual activity and perceived spatial properties of the
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environment. In general the blue colours, whether light or vivid, were considered
appropriate colours for learning in the individual study area. The blues were
perceived to be relaxing and calm because of their association with the calming
aspects of nature such as the sea and sky.

The blues were also found to be comfortable for vision and made the space seem
bigger, because they were considered cool and calm. Compared to light blue, vivid
blue helped participants remain alert, active and focused for a longer time. This
finding for vivid blue is consistent with the results of the reading comprehension test,
which confirmed that reading scores were higher in the vivid colour conditions
compared to the light colour conditions. If the reading task requires careful attention,
then vivid colours such as vivid blue can help students to be more focused on their
tasks. In contrast, light blue can be helpful for tasks that require a high level of
concentration such as creative or mathematical tasks. Perhaps subjects in the vivid
blue condition attempted to ignore the vivid surrounding colour by concentrating
more on the test, thereby making fewer errors.

Light yellow was also perceived as a more suitable colour for studying in the
individual study room than vivid yellow. The participants reported that light yellow
had a positive impact on their learning performance and it was a colour that
motivated them to study. They agreed that it is related to positive emotions such as
happiness, cheerfulness and relaxation. The results corroborate previous research
concerning the qualities of yellow. For example, Clarke and Costall (2008) and
Ballast (2002) found that yellow was associated with smiling, cheerfulness and
joviality. The participants reported also that light yellow is like the sun, it reflects
light and made them feel active and awake, which helped them focus on the reading

tasks and motivated them to study.

However, these subjective reports are inconsistent with the objective data, which
showed that performance on the comprehension task was poorer in the light colour

conditions compared to the vivid colour conditions.

In regard to red conditions, the results suggest that vivid red and light red are

unsuitable for learning, having a negative impact on intellectual activity.
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Specifically, participants reported that these colours impaired their concentration.
They claimed that vivid and light red increased stress and nervous levels because
they strongly reflected light, were distracting and over stimulating. This finding is
also inconsistent with the comprehension test results for the vivid conditions. In
general, most participants believed that light colours with high whiteness
(specifically in yellow and blue conditions) would be appropriate colour schemes in

learning environments because they were considered calm and relaxing.

However, the calmness and relaxation aspects may not help students to be alert
and active. The participants performed better in the vivid colour conditions; this is
may be that these colours have arousing properties that stimulate neural activity.
According to Draper and Brooks (1979), colours should arouse and activate the brain
in order to help students undertake activities in the learning environment within the

library.

3.5 Conclusion

The results of Cycle 2 (Study A) show that the colour dimensions have a
significant impact on reading comprehension, emotional response and heart rate
changes. The nuance dimension had a strong impact on participants’ performance,
because vivid colours supported reading performance compared to light colours,
whereas the hue dimension had no impact on reading performance. It can be
concluded that colours with high chromaticness can improve reading performance.
That means that there is no specific colour that can improve reading comprehension.

In contrast, the hue dimension made significant changes in heart rates of
participants; there were increases in heart rates in red and yellow conditions whether
light or vivid. It is concluded that heart rates increase in warm colour conditions
whether in light or vivid conditions. However, the nuance dimension had no impact

on participants’ heart rate.
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On the other hand, both hue and nuance had significant impacts on participants’
emotional response. Emotional responses to colours were positive in light colour
conditions compared to vivid colour conditions. As for hue, blue (vivid and light) put
the participants in a more positive state, because it was rated to be more pleasant,
fresher, calming, relaxing, cooler, lighter, more interesting and less sharp compared
to the other two hues. The emotional response and heart rate did not mediate the
relationship between colour and reading comprehension in the individual study
room; that means this relationship would impact indirectly on reading

comprehension.

Reading tasks require a high level of concentration, and students should be awake
and active to be able to focus and understand the materials. Colours with a high level
of chromaticness improve students’ reading activity, as these colours are considered
active, thereby motivating study and focusing attention. Tables 3-12 and 3-13 show
the main finding of the effects of hue and nuance on reading comprehension,
emotional response and heart rate.

Table 3-12: The impact of hue on the reading comprehension, heart rates, and emotions
results

Hue Reading Heart Rate Emotional Response
Dimension | Comprehension

Less fresh, heavy, unpleasant,

No effect Increases in HR
less calm, more tense, warm,
less interesting, dark.
. Pleasant, calm, less tense,
No effect Decreases in HR . . .
cool, fresh, interesting, light,
less dark.
. Unpleasant, fresh, light, less
No effect Increases in HR P &

calm, tense, warm, less
interesting.
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Table 3-13: The impact of nuance on the reading comprehension, heart rates and emotions
results

Nuance Reading Heart Rate Emotional Response
Dimension Comprehension

Light colours

Vivid colours High scores No effects Less pleasant, less
fresh, tense, dark, less
calm, warm.

The interview results also suggested that the hue and nuance dimensions of colour
play a significant role in determining the effects of colour on reading comprehension.
For instance, both light and vivid blue were associated with positive feelings, which
makes blue a suitable colour for reading activity. As for nuance, light yellow was
considered to be a more suitable colour for reading activity than vivid yellow,
because it was associated with positive feelings and it impacted positively on
students’ attention, motivation and bodily responses. The qualitative data agrees with
some literature in regard to yellow and blue, but disagrees with the literature in
regard to the colour red. Table 3—14 summarises the results of interview data.

Table 3-14: Summary of results of interviews

Distracting, does not motivate Tense, annoying, does not

for study, does not focus motivate for study and does not
attention, and induces feelings facilitate concentration.

of stress and nervousness.

= -
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In addition, the qualitative results were inconsistent with the quantitative results in
terms of reading comprehension. In regard to the quantitative results, the reading
comprehension was better in the vivid colour conditions (colours with high
chromaticness), and poorer in the light colour conditions (colours with high
whiteness). On the other hand, the qualitative results suggested that participants
considered both vivid and light blue, and light yellow (colour with high whiteness) to
be suitable colours for reading comprehension in the individual study room. The
reason for the contradictory findings might be that the qualitative results are
subjective responses, and these responses depend on participants’ experiences and
knowledge of colours.

Another explanation for the contradiction relates to the participants’
interpretations of the effects of colour on learning. According to previous research
(Kennedy 2005; Kwallek et al. 1996; Stone 2003), there are different types of
performance and each task needs a different colour; for example, colours with high
whiteness (light colours) can be suitable for creative tasks, providing an appropriate
atmosphere for meditation and thinking, while colours with high chromaticness
(vivid colours) can be suitable for high attention like the comprehension reading task,
by helping to keep students active and alert, thereby enhancing concentration. Table
3-15 shows the main results per colour with different methods in regard to the
reading task.

Table 3-15: The main results per colour with different methods in regard reading task

Colours Quantitative Method Qualitative Method

(Reading task) (Reading task)

Vivid Red Good Bad
Vivid Yellow Good Bad
Vivid Blue Good Good
Light Red Bad Bad
Light Yellow Bad Good
Light Blue Bad Medium

(o6 (41516118 | Vivid colours with high Blues (vivid and light) and
chromaticness support light yellow support reading
reading task task
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This study Cycle 2 (Study A) led the researcher to investigate the effect of other
colours that are not mentioned or examined in the literature in the field of learning
environments especially in regard to individual study areas. Therefore, in the next
cycle, colours were chosen based on the students’ perceptions and perspectives
regarding suitable colours for learning performance in the individual study spaces in
the library, ascertained from focus group discussions in Cycle 3 (Study B) in Chapter
4. Thus, the results of Cycle 3 (Study B) decided which colours should be tested in
Cycle 4 (Study C) in Chapter 5. Figure 3—17 shows the main findings of Cycle 2
(Study A).
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EMOTIONAL RESPONSE

-Hue and nuance have significant impact on
emotional response.

- Blue = positive feelings.

- Light colours = positive feelings.

COLOURS

HEART RATE (HR)

CYCLE 2-STUDY A

Vivid red - Hue has a significant impact. Nuance does not.

- HRincreases in red and yellow conditions.

Vivid blue
Testing the impact of - HR decreases in blue condition.
colours proposed in
Cycle 1 on learning Light red

activity (hue and )
nuance dimensions) % Light blue

Light yellow

Vivid yellow

eleq aAneuend

READING COMPREHENSION

- Nuance has a significant impact. Hue does not.
- Reading comprehension better in vivid colours.
- Reading comprehension poorer in light colours.

INTERVIEWS

- Blue conditions (light, vivid) and light
yellow assist learning activity = Positive
effects on emotions, physiology, and
activity.

- Red (light, vivid) and vivid yellow do not
assist learning = Negative effects on
students’ emotions, physical body and
activity.

ejeq aAneljenp

. Reading comprehension better in colours with high

chromaticness.

. Blue and light yellow can facilitate learning.

. The link between HR and emotional response can cause
impact on reading comprehension.

Figure 3-17: Outcomes of Cycle 2 (Study A)
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4 CHAPTER 4: CYCLE 3 (STUDY B)

This chapter describes the aim and procedure of Cycle 3 (Study B). Study B is
divided into two stages. Stage 1 involved three focus groups and included a
facilitated discussion amongst participants in each group session (details in Section
4.1). Stage 2 involved a survey based on the findings of the first stage; the survey
was conducted within the Robertson Library, asking students which colour is most
suitable for the individual study space; the details are described in Section 4-5.
Figure 41 illustrates the map of Cycle 3 (Study B).

Conducting a Focus Group Session (Stage 1)

A questionnaire on Robertson
Library

Group discussion and activities

Results and Discussion (Stage 1)

Conducting a Survey in the Robertson Library (Stage 2)

Results and Discussion (Stage 2)

Figure 4-1: The Map of Cycle 3 (Study B)

4.1 Cycle 3 (Plan 3): The Aim of Study B (Stage 1): Focus
Group

As mentioned previously, the selection of colours tested in Cycle 2 (Study A) was
based on preceding studies which found that some colours such as yellow, red and
blue are recommended for learning environments. The aim of Cycle 3 (Study B) was
to select new colours for a new test in a rational and valid way by using a focus
group method to explore in detail the participants’ experiences of library learning
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spaces and to investigate what people think and how they feel regarding specific

colours in the individual study room.

4.1.1 Focus Group Method

Over the past decade, focus groups have become a favoured technique for
collecting qualitative data in the social sciences and a wide range of other academic
research areas, as qualitative methodology has had wide acceptance in these
disciplines (Hennink 2007). Wilkinson (2004) defines a focus group as an informal
discussion among a group of selected individuals which is intended to examine a
specific topic. The main aim of the focus group is to provide a range of opinions and
rich information about perceptions, feelings, thoughts and impressions of people in
their own words on particular research issues, and to gain an understanding of a
specific issue from the group participants’ perspective (Liamputtong 2009). The
focus group is a flexible research tool, as the approach can be applied to gather
information about any topic from various groups of people and various settings
(Stewart, Shamdasani and Rook 2007).

A focus group aims to generate meaningful discussions among a group of six to
eight individuals who share similar cultures, backgrounds or experiences, and hold a
shared perspective on the research topic. They group together for one or two hours to
discuss a specific issue with the help of a skilled moderator in a setting that provides
a comfortable ambience (Hennink 2007).

A focus group method enables the researcher to examine people’s different
perspectives across several focus groups as they function within a social network,
and participants discuss the issue with one another. The interactions among
participants in a group discussion were expected to provide valuable data for the
present study. In addition, this approach provided an opportunity for participants to
express the logic that underpinned their opinions regarding suitable colour selections
for learning activities in the learning spaces in the library, and their emotional
reactions toward colours. It also gave participants an opportunity to discuss how
colours might motivate students to study in the individual study spaces and to choose

suitable colours for individual study rooms in university libraries.
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Finally, Study B explored whether there is consistency between colours selected
in Study A and the colours mentioned in the literature. Stage 1 focus group activities
included a questionnaire about the Robertson Library and a series of questions to
guide the discussion, followed by some activities.

4.2 Cycle 3 (Act 3): Preparation for Stage 1 (Focus Group)

As mentioned, the purpose of Cycle 3 (Study B) was to ask the participants to
suggest suitable colours for learning in the individual study rooms in the library, and
explain how colours affect their psychological and physiological states and learning
activity.

4.2.1 Participants

Three focus groups were conducted involving a total of 17 students, to get their
opinions about the impact of colour on their learning activity, and to suggest colours
for the individual study area in the library building which would facilitate their
learning. Small groups with five to seven participants per group were organised in
order to facilitate an in-depth exploration of the issues. The size of the groups
complied with Liamputtong’s (2011) and Krueger and Casey’s (2000) suggestions,
as being the ideal size for enabling easy control and making sure everyone has an
opportunity to share insights.

The participants chosen were university students (undergraduate and
postgraduate) at Curtin University. University students were chosen for this study
because the present study investigated the impact of colour on learning performance
in the university libraries; therefore, students’ perspectives are valuable, because they
use library spaces for study frequently and they have knowledge and context. Borkan
et al. (1995) argue that purposive sampling as opposed to random sampling in a focus
group will provide the best information, add strength to focus group research and
generate the relevant data for the topic investigated.

In addition, participants were from different populations in terms of gender and
culture. Participants were recruited by written invitation after this research project
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was introduced to undergraduate and postgraduate students via the researcher’s

colleagues’ networks.

4.2.2 Colour samples

Forty colour samples were chosen from British Paints and matched to the NCS
Colour Atlas to be used in the focus group, by placing colour samples in the NCS
colour atlas. The size of each colour sample was 10cm x 10cm; the colours used in
the focus groups are illustrated in Figure 4-2. There are five nuances of each for
eight hues. The central row includes colours of high chromaticness (vivid) that
include the elementary hues (yellow, red, blue and green) and secondary hues
(orange, purple, blue-green and green-yellow). In the top two rows the colours have
increasing blackness (strong and deep) and the bottom rows have increasing
whiteness (light and pale) (see Table 4-1 for NCS Atlas Notations of the Colour
Samples). The researcher provided seven colours samples for each colour in order to
ensure there were enough colour samples for all participants if they chose the same
hue.

The terms were adopted from everyday language (Green-Armytage 2002) (see

Figure 4-3). The colours vivid yellow, light yellow, vivid blue, light blue, vivid red
and light red in this study were also used in Cycle 2 (Study A).
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Deep .‘ . .
Strong |2 . . .

Light 4 9 14 39
Pale 5 10 15 20 25 30 35 40

Figure 4-2: The Colour Samples Used in the Focus Group
(Al-Ayash 2013)

White(ish) K

Pale

Dark

Black(ish)

Figure 4-3: Colours chosen from the vivid, light, pale, strong
and deep zones of the Colour Zones System

(Green-Armytage 2007, 9)
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Table 4-1: NCS Atlas Notations of the Colour Samples

Colour Samples Number NCS Atlas Notations
1
S 3060-Y (deep)
2
S1080-Y (strong)
3
S 0580-Y (vivid)
4 -
S 0540-Y (light)
5
S 0520-Y (pale)
6
. S 4050-Y50R (deep)
e 7
S 3060-Y50R (strong)
8
S 0585-Y50R (vivid)
9
S 0540-Y50R (light)
10
S 0520-Y50R (pale)
11
. S 5040-R (deep)
K
S 3060-R (strong)
13
™ S 1080-R (vivid)
14 .
S 0540-R (light)
15
S 0520-R (pale)
16
. S 7020-R50B (deep)
17
- S 5040-R50B (strong)
18
- S 3055-R50B (vivid)
19
S 1040-R50B (light)
20
S 0520-R50B (pale)
21
. S 5040-B (deep)
22
. S 3060-B (strong)
23 -
. S 1565-B (vivid)
24 .
S 0540-B (light)
25
S 0520-B (pale)
26
. S 7020-B50G (deep)
27
. S 5040-B50G (strong)
28
. S 2060-B50G (vivid)
29
- S 1040-B50G (light)
30
S 0520-B50G (pale)
31
. S 6030-G (deep)
K
S 4050-G (strong)
33
' S 1565-G (vivid)
34 .
S 0540-G (light)
35
S 0520-G (pale)
| I
S 6030-G50Y (deep)
37
. S 4550-G50Y (strong)
38
S 0565-G50Y (vivid)
39
S 0550-G50Y (light)
40
S 0520-G50Y (pale)
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4.2.3 Instruments

The five instruments used to collect data during the focus groups are described in
the following sections.

4.2.3.1 Questionnaire

A questionnaire is an instrument that consists of the questions that are asked by
the researcher directly (in face-to-face interactions) or indirectly (using papers)
(O’Toole and Beckett 2010). There are three formats of a questionnaire based on
question responses: closed questions, open questions, or both. Closed questions are
difficult to construct but easy to analyse, whereas open questions are easy to
construct but difficult to analysis (Sarantakos 2005). In this study, the researcher
used a questionnaire including both closed and open questions.

The background questionnaire was about the Robertson Library at Curtin
University and included three sections. The first section related to “demographic
profile,” the second section to “studying in the Robertson Library,” and the third
section to “the interior design of the library” (see Appendix 6).

4.2.3.2 Scale-Model of Individual Study Room

The model is a three-dimensional representation of an individual study space from
the Robertson Library, made from Foam Board. The space is 2m wide x 2m long x
2.50m high, represented at scale 1:20, with three white walls and a dark grey floor.
There was one white desk and a light grey chair (see Fig. 4-4).
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= |

Figure 4-4: Simulated Model of Individual Study Room
(Al-Ayash 2013)

4.2.3.3 Adobe Photoshop CS5.1 Program

Participants were asked to test their chosen colours to design a colour scheme for
the individual study space by using this program. A photograph was taken of the

individual study room at Curtin library and used as the base image in this program.

4.2.3.4 Digital Tape Recording

In order to record the discussion and follow up the conversation of the focus
group session, the researcher used a digital tape recorder.

4.2.3.5 Video Recording

A video recorder was used in the focus group sessions to record the particular
body language and expression of the participants and also to accurately identify

which colour samples the participants were referring to during their discussion.

4.2.4 Procedure

The focus group sessions were carried out at Curtin University in a conference
room in the School of Built Environment. The participants were invited to attend and
participate in focus groups. These focus groups were facilitated by an academic from
the discipline of Interior Architecture. The facilitator began each of the focus group

sessions by describing the purpose of the sessions, providing ground rules for the
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discussion, and introducing various questions for discussion. The researcher recorded

the focus group sessions and wrote notes.

As is common in focus group research, the discussion format moved from the
general to the specific in order to prevent narrowing of participants’ dialogue too
early. Each session lasted two hours. The sessions were recorded by digital recorder
and video camera, and then transcribed.

After the topic was briefly presented by the facilitator, the process of the focus

group was as follows:

1. Firstly, the participants were asked to spend 10 minutes answering a questionnaire
about the Robertson Library at Curtin University. The purpose of this was to identify
the participants’ profiles, such as gender, age, study level and nationality, and to hear
their opinions about the colour scheme in the Robertson Library and how it affects
their learning activity.

2. Secondly, the participants were asked to give their opinions verbally regarding the
importance of environmental colour in the learning spaces within the university

library.

3. Thirdly, the participants were asked to select three appropriate colours for the
individual study room from a wide range of colour samples presented to them on the
table (see Fig. 4-5), and then write down their selections on a paper with the code
number of each colour. This task was done individually although at a communal
table.
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Figure 4-5: Selecting three colours from a range of colour samples by participants
(Al-Ayash 2013)

4. Fourthly, the participants were asked to consider the placement of their selected
colours in the model on one wall (the front wall of the desk) and select one colour
from the three colours (in step 3) that they considered to be the most suitable for

studying in the individual study area (see Fig. 4-6).

Figure 4-6: The participants examine the three colours inside model
to choose a suitable colour for individual study room

(Al-Ayash 2013)

5. Fifthly, students were asked to give reasons for their colour selections, and they
were asked about how the selected colours could motivate them to study and help
them to concentrate. This step of the process involved an open discussion among

participants.

6. Finally, the participants were asked to apply their selected colours (the colour
placed in small model) in the image of the individual study room of the library via an
Adobe Photoshop CS5.1 program, in order to allow them to see their selections of
colours on a big screen and comment on each colour together and then select the best
one. There was discussion between them throughout this process. They commenced
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with the colours chosen in Step 4 but these were manipulated and changed with the
computer program; the participants were asked to place the colours on the front wall
over the desk because this is the main variable. In addition, they were invited to be
free to use other colours from the first selection in step 3 on the side walls if they
like.

Images were projected onto a screen to facilitate the process and discussion. The
original image of the individual study room in the Robertson Library (see Fig. 5—7)
was modified and layers with neutral colours were used in the Adobe Photoshop
Program (see Fig. 4-8) to cover walls, ceiling, floor and desk. The NCS Swatches
were downloaded for the Adobe Photoshop Program to select accurate notations of
NCS colours. Figure 4-9 shows a number of questions identified to help direct the

discussion.

Figure 4-7: Original image of individual study room at Robertson Library
(Al-Ayash 2013)

Figure 4-8: Image of individual study room at Robertson Library
after modification using Photoshop program
(Al-Ayash 2013)
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Completing a questionnaire about Robertson Library at Curtin University

-

Do you think environmental colour is an important factor that can encourage you to study
in the library building? How?

-

Select three colours from the colour samples on the table that you think are suitable
colours for individual study space, and on the sheet in front of you, write down the name
and number of selected colour.

-

Activity 1: From this list, select one colour that you think is most suitable for learning
activity in the individual study area and put it inside the model.

-

Do you think this colour can motivate you to study in the individual study area within the

library building? How?

-

Do you think this colour would help you to concentrate especially in the individual study
spaces? How?

-

Activity 2: Design a colour scheme for the individual study space by using the Photoshop
Program.

-

Conclusion of the Focus Group Session

Figure 4-9: The questions and prompts used to guide a focus group discussion

(Al-Ayash 2013)
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4.3 Cycle 3 (Observe 3): Results of Stage 1: Focus Group

This section shows the results of Cycle 3 (Study B-Stage 1) of the focus group
discussion which took place in two parts. The first part was a questionnaire about the
Robertson Library. The second part involved group discussion and activities.

As in Cycle 2 (Study A), the same data analysis process was used in Cycle 3
(Study B) to analyse the qualitative data (see Chapter 3, Section 3.3.5 for more
details). Each transcript was analysed using qualitative methods to identify key
issues and themes. Statements and responses relating to the key colour in the
individual study room and library spaces were highlighted manually and grouped.
Codes were allocated for key themes and applied to the transcripts. The dominant
themes to emerge from the findings of the focus groups were that participants
believed that colour does impact on their experience in the following ways,
influencing: emotions, associative properties, bodily responses, spatial perception,
motivation, personal connections, and intellectual activity. The name of participants

were coded and kept confidential.

The following sections report the findings from the focus group data and offer
some general comments on suitable colours for individual study areas in the library,

and how they can encourage students to engage in their learning.

4.3.1 Part 1: Results of Background Questionnaire of the Robertson

Library

The purpose of using this questionnaire during the focus group session was to: a)
gain information about participants’ level of study, gender, age and nationality; b)
learn how the students spend their time and what activities they do in the Robertson
Library; and c) obtain students’ opinions, perspectives and experiences about colours
used in the library and their impacts on their emotions and learning.

There were three focus groups (A, B and C) consisting of seventeen academic

students from different departments, seven undergraduate students and 10
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postgraduate students, with 12 females and five males. Their ages were 22-35. Seven
participants were Australian, one participant was Japanese, and nine students was
from the Middle East. The characteristics of the participants in the focus groups are
summarised in Table 4-2.

Table 4-2: Characteristics of Focus Groups

No. of Average Study level Nationality Field of Study
participants

Undergraduate Australia (6) Interior Architecture (6)
22-and 33 (6) Iraq (1) Architecture (1)
Postgraduate
(1)
Iraq (3) Architecture (1)
5 22- and 35 3M Postgraduate Saudi Arabia Civil Engineering (2)
2F (5) (1) Interior Architecture (1)
Libya (1) Chemical Engineering
(1)
Undergraduate Japan (1) Nursing (1)
C 5 22-and 35 2M (1) Iraq (3) Pharmacy (1)
3F Postgraduate Australia (1) Environment and
(4) Agriculture (2)
Media (1)

58% of the participants reported that they spent about one to two hours per day in
the library building. As for study mode, 64% of the participants preferred studying
alone and reading printed books rather than reading via computer or listening to

lectures. In addition, they preferred to study in private rooms for more focus.

In regard to the impact of the interior design of the library on learning activity, the
results revealed that 94% of the participants believed that interior design can impact
on their learning performance. Firstly, the participants confirmed that interior design
can impact on behaviour, such as encouraging interactions between students,

controlling movement and influencing social behaviour; for example:
A well designed space can encourage interaction among students to
study. (Group #A, Participant 5)
Interior design can impact on people’s behaviour and interaction in

the space to control movement and it influences people’s comfort or
study or being social. (Group #A, Participant 7)
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The interior design gives the first impression about the library and
study environment that can affect the ability to continue studying.
(Group #C, Participant 15)

If the design is good that will help visiting library continuously.
(Group #C, Participant 17)

Secondly, interior design can impact on emotion and mood; the participants
reported that it would influence relaxation and calmness levels. Thirdly, they
indicated that interior design can affect intellectual activity by affecting the
concentration level of students; they asserted that good interior design can help

students to focus on their tasks in the library building. They made comments such as:

By use of different design elements such as materials, patterns,
textures and colours, that will create calm and relaxed spaces to
facilitate learning. (Group #A, Participant 6)

A well designed environment gives good feelings and comfortable
atmosphere to study. (Group #B, Participant 8)

Lighting, acoustics or furniture can help students to focus and study.
Also there are probably colours that better facilitate learning than
others e.g. may be more calm colours. (Group #A, Participant 1)

When questioned about the impact of colour on learning performance in the
library building, all participants asserted that colour had an important impact on
students’ learning activity in the library building. They mentioned that colour can
impact directly or indirectly on learning activities by affecting their emotions, bodily
responses, and intellectual activity. They made comments such as:

Colour affects mood, for example light colours make me feel positive
more awake and focused. (Group #A, Participant 7)
| think moderate colours are good for learning. Sometimes warm

colours help to stimulate my thinking and creativity, while cold
colours make me feel calm and relaxed. (Group #C, Participant 16)

Some participants reported that colour influences comfort level, duration of using

the space and motivation; they made similar comments, such as:
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Colours influence your comfort levels, more comfort means more
effective study and [you are] more likely to use space for longer.
(Group #A, Participant 3)

Colours can impact on my focus and the period of study. E.g. too
much bright colours can make me feel tired and they upset me, so |
cannot stay for a long time to study in this space. (Group #B,
Participant 9)

Colour has an impact on individuals’ learning as it can increase
concentration, motivation and could be a reason for how ideas are
developed. (Group #A, Participant 6)

The participants were questioned on their satisfaction level with the existing
colour schemes in the group study room (Fig. 4-10) and the individual study room
(Fig. 4-11) in the library building at Curtin University. The respondents were not
satisfied with the existing colour schemes of these rooms. The colours used in these
rooms as shown in Figures 4-10 and 4-11 are light grey for the walls and dark grey
for the floor in focus group study rooms, while light beige and timber for walls and
dark grey for floor in the individual study rooms.

The results show that 58% of the participants believed that the existing colours in
the group study rooms have negative effects on their emotions and bodily responses.
They were perceived as gloomy, very dull, cold, depressing and boring, making
students feel less active, tired, sleepy and promoting eye strain. Further, the
respondents considered the existing colours in the group study rooms to be
associated with institutional spaces. The participants commented:

Very dull and uncomfortable [colours] for eyes. It makes me feel
tired. (Group #A, Participant 2)

It is like a very traditional type of learning environment. It seems less
inviting and interesting. (Group #A, Participant 6)

Very neutral colours and | feel bored and sleepy. (Group #B,
Participant 10)

Very dull and less stimulating. (Group #A, Participant 5)
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However, 41% of participants believed that the colour scheme of the group study
rooms had a positive impact on their emotions, intellectual activity and performance.
They reported that the plain and neutral colours of these rooms made them feel
relaxed and active, which increased their concentration and encouraged them to

study for a long time. For example, the participants commented:

It encourages students to continue [for a] longer time to study or
discuss their topics. (Group #C, Participant 17)

Although it is a plain colour, the walls give a neutral feel, students
can feel relaxed not distracted by bold colours. (Group #C, Participant
13)

| feel more relaxed in this room; the white colour is good for
concentration and discussion. (Group #C, Participant 14)

82% of participants were also dissatisfied with the colour scheme of the individual
study rooms (Fig. 4-11). It was believed that the colours used in these rooms had a
negative influence on their emotions, because they were perceived as depressing,
warm, boring, dull, dark and gloomy. In addition, it was believed that colours used in
these areas were distracting and made them feel trapped and restricted in a small
space. Therefore, the participants emphasised that the existing colours did not
encourage them to study for a long time because they could not focus on their tasks
and the colours impacted passively on their bodily responses.

All surrounding wood makes me feel very restricted and boxed in.
(Group #A, Participant 5)

Not interesting colours and very gloomy, very institutional. (Group
#B, Participant 10)

It is quite dull and boring to study. (Group #A, Participant 6)

It is not efficient and it does not help to focus, it causes eye fatigue
and headache. (Group #A, Participant 1)
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Figure 4-10: Colour scheme in the group study room
in Robertson Library at Curtin University
(Al-Ayash 2013)

Figure 4-11: Colour scheme in the individual study room
in Robertson Library at Curtin University
(Al-Ayash 2013)

As for emotional state, 76% of the participants asserted that their emotions were
affected by colour schemes while studying in the library building, whether in
negative or positive ways. The results indicate that most participants did not like to
study in the spaces of the library building because they found them unstimulating,

uninviting and very formal.
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The colours of study areas are cold and uninviting, that makes me feel
bored. (Group #A, Participant 3)

When | did study in a yellow corner on Level 5, | felt nervous,
because there is bright yellow. (Group #B, Participant 9)

The colours of Level 2 make me feel happy and relaxed. So | prefer
to study there with my friends because it puts me in positive mood.
(Group #A, Participant 7)

The participants were asked to identify a space in the Robertson Library building
that has a suitable colour scheme for study. The results indicate that Level 2 has an
appropriate colour scheme for study activities, because it is perceived as an
interesting, exciting and inviting space (Fig. 4-12). As shown in figure 4-12, the
spaces are colourful, with warm and cool colours such as orange, red-blue, green and
purple used. 60% of the participants reported that the colours used in Level 2 are

nice, vibrant, friendly and active. The participants made similar comments:

The main floor [Level 2] in open space has vibrant colours which
makes the space interesting and exciting. (Group #A, Participant 2)

Level 2 is good because it has different colours and that suits
everyone who may use the library. (Group #C, Participant 15)

Figure 4-12: Level 2 in Curtin Library
(Al-Ayash 2013)
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In addition, the participants were asked to identify spaces in the Robertson
Library building that have unsuitable colour schemes for study. The
participants confirmed again that the individual study rooms (see Fig. 4-11)
have unsuitable colour schemes, because the colour of timber used in these
areas was depressing, boring, heavy and gloomy.

The individual study spaces are really boring and depressing because
the colour of the timber is too heavy and stuffy. (Group #A,
Participant 1)

Individual study room is boring and it does not encourage me to study
more. (Group #C, Participant 16)

Moreover, other participants confirmed that the upper levels’ colour schemes are

not good because they have the same light grey colour (Fig. 4-13). They were

considered too neutral, less active and not interesting. The participants made

comments such as:
Level 4, 5 and 6, they are all one colour scheme and are not
interesting or appealing. (Group #A, Participant 6)

Level 3 and 6, they are too neutral and very depressing. (Group #A,
Participant 7)

Figure 4-13: Upper levels in Robertson Library

(Al-Ayash 2013)
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4.3.2 Part 2: Focus Group Discussion Results

The results are described for each question following the sequence set out in
Figure 4-9. The results were discussed according to the themes identified in
Section 4.3.

Prompt 1: Do you think environmental colour is an important factor that can
encourage you to study in the library building? How?

Overall, participants in all three groups agreed that environmental colour plays an
important role in the learning environment within the library building by encouraging
students to study and enjoy being in the spaces. In addition, they reported that
colours can impact on their learning performance negatively or positively in different

ways.

Many students mentioned that colour might affect their moods, emotions and

behaviour:

I know there are some colours are more relaxing than others...
helping [one to] engage more than others... that is what | really
know. (Group #A, Participant 1)

I spent a lot of time last semester in the library building to do my
thesis. | think you do not think about colour much when you in there
to study, but I think if you go back in you reflect on why you were
that specific mood, and you think that maybe the interiors of the
space had some effect on how you behave. I can remember | was
specifically positive when | was in the quiet area in Level 6 you can
look out and look at the weather, therefore, colour can impact on how
we feel especially having natural light, and it is stimulating for me.
(Group #A, Participant 7)

Yes, | think colour plays an essential role in the interior spaces
because it can impact psychological and physiological aspects of
people... e.g: it can change our moods... warm colours like red,
yellow and orange can make us excited, while cool colours like blue
and green make us relaxed and calm. Therefore, it is an important
factor to encourage us. (Group #B, Participant 10)
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Some students indicated that colours can impact on concentration level,
motivation and performance. For example, one student stated that she experienced a
distinct level of discomfort when she was studying at home because of the unsuitable

colour scheme used there. As she explained:

In fact, there is a difference between studying in the library and at
home because the colours are different... in the library I feel more
comfortable because the colour scheme looks normal and comfortable
and encourages me to think, and it activates and motivates me to
work and focus on what | am studying... not distract me or take me
away. (Group #C, Participant 16)

The students also recalled their experiences of colour effects and associations in

the library building:

| remember back a few years ago. We had to study... we went to the
library doing some group. There were horrible boxes, blue carpet,
blue light it was like a mental asylum... wanted to go home it was
horrible. (Group #A, Participant 3)

| think if | feel happy with certain colours that will help me to stay
and continue to study for a longer time. As | mentioned in the survey,
one day when | was studying in the engineering department...
actually | felt nervous while | was studying because the place had a
strong colour; it was red, and | couldn’t stay to study for one hour... |
did leave the space and | went to the library to study there. So, yes
colour can impact on the student’s performance in the library. (Group
#C, Participant 17)

| totally agree, that colour can encourage students to study; I think
white or light colours are good for studying, for example, a few days
ago | went with my friend to study in the library and the room had
dark colours... | couldn’t stay and | asked my friend to find another
room with light colours. (Group #B, Participant 8)

One participant mentioned that colour can be used to navigate within the library

building so that students can easily find certain areas:

| think it is also interesting to know that when you go in there [library
building] ... people find difficult to navigate around the space
especially plan levels, inquiry level, or regular books or the study
rooms. People in the library help you find your area, actually doing
that by using colour coding would be easier for students to find the
specific area, because students do not know where they are or where
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[they are] supposed to look, especially for first year students. (Group
#A, Participant 5)

Another student commented that colour might influence spatial perception, such

as the size of a space:

Colour can impact on the size of the space, make it bigger or smaller.
(Group #B, Participant 11)

Prompt 2: Select three colours from the colour samples on the table that you
think are suitable colours for an individual study space, and on the sheet in
front of you, write down the name and number of selected colours.

Each participant selected three colours from colour samples that were available on

the table that they thought were suitable colours for an individual study area (see
Table 4-3).

Table 4-3: The three selected colours and their NCS notations

1 4=S 0540-Y 9=S50540-Y50R  40=S 0520-G50Y
2 40= S 0520-G50Y 3= S5 0580-Y 9= S 0540-Y50R
3 3=S50580-Y 5= S5 0520-Y 40= S 0520-G50Y
4 40= S 0520-G50Y 4=S 0540-Y 9= S 0540-Y50R
5 28=S52060-B50G  29=S 1040-B50G 24=S 0540-B

6 9= S 0540-Y50R 4=S 0540-Y 20=S 0520-R50B
7 4=S 0540-Y 20=S0520-R50B  30=S 0520-B50G
8 4=S 0540-Y 5= S5 0520-Y 40= S 0520-G50Y
9 15=S 0520-R 5= S5 0520-Y 9= S 0540-Y50R
10 1=S3060-Y 15= S5 0520-R 9= S 0540-Y50R
11 38=S50565-G50Y 40=S0520-G50Y 9= S 0540-Y50R
12 5=S50520-Y 4=S 0540-Y 40= S 0520-G50Y
13 40= S 0520-G50Y 4=S 0540-Y 15= S5 0520-R
14 30=S 0520-B50G 5=S50520-Y 35=50520-G
15 9= S5 0540-Y50R 1=S3060-Y 24=S 0540-B
16 24=S 0540-B 5=S50520-Y 35=50520-G
17 30= S 0520-B50G 5= S5 0520-Y 35=50520-G

The results revealed that 90% of the participants selected colours with a high level
of whiteness and less chromaticness (see Table 4-4). The colours chosen by
participants as suitable colours for individual study rooms were as follows: Light
orange (no. 9) and pale green-yellow (no. 40) were deemed appropriate colours
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among participants in all three groups. Two different colour samples of yellow (light
yellow no .4, pale yellow no. 5) were their second choice. Light blue (no. 24), pale
pink (no. 15), pale green (no. 35) and pale blue-green (no. 30) were less preferred
than the previous colours. Vivid yellow (no. 3), deep yellow (no. 1), vivid blue-green
(no. 28), vivid green-yellow (no. 38), pale purple (no. 20) and light blue-green (no.
29) were even less preferred by participants. Refer to Figure 4-14 for the colours
selected by participants in all three groups and their position in the NCS triangle.
Figure 4-15 shows the chosen colours in the NCS colour circle.

Table 4-4: The percentage of chosen colours

NCS Notations Number of participants
2

Deep yellow (1) S 3060-Y
Vivid yellow (3) S 0580-Y
Light yellow (4) S 0540-Y
Pale yellow (5) S 0520-Y
Light orange (9) S 0540-Y50R
Pale pink (15) S 0520-R
Pale purple (20) S 0520-G50Y
Light blue 24 S 0540-B
Vivid blue-green (28) S 2060-B50G
Light blue-green (29) S 1040-B50G
Pale blue-green (30) S 0520-B50G
Pale green (35) S 0520-G
Vivid green-yellow (38) S 0565-G50Y
Pale green-yellow (40) S 0520-G50Y

Colours Chosen

00 B W W P, P WN W o N NN
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Figure 4-14: First selection of colours by participants in all three groups
(Al-Ayash, 2013)

Figure 4-15: First selection of colours by participants in all three
groups and their positions in the NCS colour circle

(Al-Ayash 2013)
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Prompt 3: Activity 1: From this list, select one colour that you think is most
suitable for studying activity in the individual study area and put it inside the
model.

As previously described, in this activity the participants were asked to experiment
with the three selected colours in the small model to choose one colour (for the front
wall of the desk) that they thought was more suitable for learning activities in the
individual study space. The small model depicts the original individual study space
in the library building (refer to Fig. 4-4 for simulated model). The participants
worked individually for this activity.

Six colours were chosen by participants across the three groups as appropriate
colours for individual study areas in the library building (see Table 4-5). These are
pale green-yellow, pale yellow, light orange, light blue-green, deep yellow and pale
purple (see Figs. 4-16 and 4-17). Pale yellow (no. 5) and pale green-yellow (no. 40),
both colour samples with high whiteness and low chromaticness levels, were chosen
by a high number of participants as suitable colours for learning activities in the
individual study area in the library; 35% of the participants chose pale yellow, and
30% of the participants chose pale green-yellow.

Table 4-5: Second selection of colours for one colour by participants
in all three groups

$ 0520-G50Y 5

S 0540-Y50R
Light blue-green (29) S 1040-B50G

S 0520-G50Y 1

, P W

The main reasons given for choosing pale yellow were that the colour stimulates
memory processes and assists concentration. For example, pale yellow reminded the

respondents of the yellow walls of educational environments such as their classrooms
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and old books. Also, one participant pointed out that pale yellow is associated with

aspects of nature like the desert. As three focus group participants explained:

I remember when | studied 15 years ago; our classroom was like this
colour [pale yellow]... maybe our country has a big desert area, and |
remember people had good memories with this colour, may be they
come from the desert. Another reason is old books have this colour,
and so that’s why | think this colour is the best for learning. (Group
#B, Participant12)

Because | am a civil engineer and | see this colour [pale yellow] in
many places especially in educational spaces... so I think it is suitable
for students and schools. In addition, I like this colour. (Group #B,
Participant 9)

I selected light yellow [pale yellow] as well, because it is similar to
my country’s wall colours. In Japan, you can see like this colour [pale
yellow] in many places in my country to paint walls, and also it is
comfortable for me and it’s easy to concentrate on my studying.
(Group #C, Participant 14)

-Y

-G

Figure 4-16: Second selection of colours by participants in all
three groups and their positions in the NCS colour circle

(Al-Ayash 2013)

178



Chapter 4 Cycle 3

23
1
1
l.lq
. 11
o E_E_N
= ]
] e S p m_m et Bt Bt
n =" gl By m gy o
E_E_H E_E_N
| ¥ B Ny w'w = "
™ Lo
0
20
1
1
i " m_m
..‘-.-- .
=L = = b e L
g W™ e o bt
oy e b=t Bt b
gl _H
Mt

Figure 4-17: Second selection of colours by participants
in all three groups and their positions in the NCS triangle
(Al-Ayash 2013)

As for pale green-yellow (no. 40), the participants who chose this colour
mentioned different reasons. Some participants chose it as a personal preference. For
instance, two participants mentioned that the colour green is their favourite colour
and they liked it because it is associated with positive emotions such as relaxation,
happiness and calmness. In addition, they believed that pale green-yellow can impact
on the bodily state of students in a positive way, because it is considered comfortable

for the eyes and not distracting. They commented:

To be honest, | like the colour green and it is my favourite colour. |
think it makes me feel happy and it is not too bright and not
distracting, also it makes me feel calm, but I generally like green.
(Group #C, Participant 13)

For me | like green colour, but I think light green [pale green-yellow]
is suitable for study rooms, it is comfortable for my eyes and | feel
relaxed, and helps me to focus on my work. (Group #B, Participant
11)

Other participants believed that pale green-yellow has positive effects on thinking
and performance. In addition, it was considered to be related to natural aspects such

as grass and outdoors. The participants made comments such as:
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Basically the existing colours in the library are depressing me. So, |
chose this colour [pale green-yellow] that best depicted what | see
through the window like sun, a few trees and sky. (Group #A,
Participant 1)

| think it [pale green-yellow] is a nice colour, because it is vibrant,
not too strong, cheerful and quite bright but not overpowering, but if
all the walls are covered in it, | am not gonna feel good...Also it is
suitable for male and female, and I think it is easy to match with the
furniture theme. (Group #A, Participant 2)

Uh... same colour, it is a natural colour, and it is nice and light and
quite warm colour or warm green; it is comfortable, it can stimulate
[me to] think well. (Group #A, Participant 3)

The light orange colour sample (no. 9) with medium whiteness and medium levels
of chromaticness was chosen by 18% of participants as an appropriate colour for
studying in the individual study area. The main reason given for choosing light
orange was that it stimulates emotions of comfort and calmness. Also, it can impact
on intellectual activity and bodily response in a positive way. The participants

explained that:

| selected light orange because | feel it is comfortable for me if I will
study there. Sometimes | feel bored from studying... so this colour is
light one and maybe helps me to focus and doesn’t disperse my mind.
| think it will be good for studying and make me more awake, but
some colours like too light colours make me like to sleep. (Group #C,
Participant 15)

I have chosen this colour [light orange]... I think it is quite calm and
not too bright, quite settled and comfortable. (Group #A, Participant
6)

As for other colours, deep yellow (no. 1), light blue-green (no. 29), and pale
purple (no. 20), they were considered suitable colours for learning spaces by a few
students; each colour was chosen by one participant in two groups. The participants
confirmed that these colours can motivate them to study and help to focus because
they have a positive impact on their emotions, and are also comfortable for their

eyes. The participants explained:
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| picked [light blue-green] because it’s sort of like teal blue-green
colour and I think it is easy colour for eyes and comfortable, and that
is good for concentration, and also it is a calm and nice colour...
umm and not a distracting colour. (Group #A, Participant 5)

| chose this one [pale purple], because doesn’t take away the focus
but is more subtle and | like it. (Group #A, Participant 7)

| selected a colour mix between yellow and green [deep yellow], and
this colour makes me awake... and quite relaxed and [l can] keep
studying. It is a stimulating colour... and also makes space seems
spacious. It is interesting for me. (Group #B, Participant 10)

Prompt 4 and 5: Combining two questions related to motivation and
concentration

When the participants were questioned about the ability of the selected colours to
motivate students to study and help them to concentrate, all students asserted that
their selected colours motivated them to study and helped them to focus in different
ways. The participants believed positive emotions, a natural aspect and a level of
comfort can motivate them to study and assist concentration. The participants made

comments such as:

| think if I don’t feel comfortable in the study space | cannot stay and
| cannot concentrate... it depends on my emotion. If I feel happy in
the specific space that would help me to study... and the space will be
motivating. (Group #C, Participant 17)

In fact | prefer looking on a more natural colour as well if I am
studying rather than something too vibrant or a kind of artificial
colour, because | want to concentrate on what | am doing and it
makes me feel relaxed. This sort of colour [light green-yellow] is
fairly natural, more than beiges or browns and I think that would
motivate me because | do not feel like I am in a booth but it is a kind
of natural environment and colour can reflect that. (Group #A,
Participant 2)

Other students talked about the impact of colour on spatial perception. For

example, one participant explained that:

| believe colour is an important factor to motivate me to study
especially in this area [individual study room] because it is a small
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and enclosed area and you just face a solid wall, so it needs to be
more comfortable, and a nice place to be motivated to study and
colour can reflect that because sometimes we feel bored from
studying, and this links to motivation. As well, | think motivation and
concentration are linked together, because if you are motivated to
study you can concentrate well. (Group #C, Participant 15)

However, there were contrary opinions about the aspects of motivation. Some
students believed that relaxation and calm feelings might motivate students to study

and enhance their concentration levels.

In fact, deep yellow is very depressing, that is not going to motivate
me to study... it does not help me to focus or concentrate because |
feel bad and uncomfortable with this colour... while light green [pale
green-yellow] will help because it creates a relaxed environment and
when | feel relaxed | can focus on my reading or work. (Group #B,
Participant 11)

Other students saw the opposite; they stated that relaxation and calm feelings
would make students less active and sleepy, which would impact negatively on their

concentration. For instance, one participant commented:

For pale yellow, it looks like a neutral colour and boring, because it is
too light and | cannot concentrate with this colour... it does not
motivate me to study, but my colour [deep yellow] is a stimulating
colour to study and interesting; it can influence my nervous system, I
feel comfortable with it. So | will concentrate well... but for light
green [pale green-yellow] it makes me feel too relaxed and calm, and
| want to sleep... so I cannot focus on my work with light green, it is
good for relaxation not for studying. (Group #B, Participant 10)

Prompt 6: Activity 2: Designing colour scheme for individual study room via
Photoshop program on the computer.

After each participant selected one colour from the three colours by applying it in
the small model individually, then the participants were asked to use the colours they
selected for the model (second selection) and apply these selected colours to the
image of the individual study room of the library via Adobe Photoshop CS5.1 on the
computer. The decision were reached through discussion and working as a group.
The front wall of the desk was the main focus as the students face this wall when
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they study in the individual study room, and it has a dominant impact. The
participants of the three groups were asked in this stage to place the colour on the
wall in front of the desk, but they could use more than one colour applied to other
walls if they found this suitable.

This activity gave the participants a chance to see their selections of colours on a
big screen and make comments on each colour together. They were also asked to
discuss amongst the group the selection of suitable colours for learning activities in
the indivual study room, and to explain how their selected colours might impact on

their study.

Group A:

All participants in Group A preferred to apply their selected colours on one wall
(the wall in front of the desk), because they believed it would be too much and very
distracting if they used their selected colours on all walls. They suggested that using
the colour off-white for the side walls would make the area appear more spacious.
The selected colours for the small model in a group A were pale green-yellow, light
orange, light blue-green and pale purple.

The participants of Group A started with pale green-yellow (no. 40) which was
applied to the wall in front of the desk in the individual study room. The side walls
were coloured green-yellow off-white with a dark brown desk, dark grey floor and
light grey ceiling (Fig. 4-18).
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50520-G50Y

$1002-G50Y

$2002-G50Y

Figure 4-18: Testing pale green-yellow scheme in Photoshop

program by participants, and locations of the colours within NCS
colour space

Participants suggested off-white for the side walls and dark brown for the desk in
order to make a nice contrast in this space to increase attention and reduce reflection

of light from the desk. They made similar comments such as:

The contrast with desk colour and walls is good for attention, because
if we use a light colour for the desk with pale green-yellow on the
front wall, it will be very close. So | think the contrast is good with
books papers and it increases attention. (Group #A, Participantl)

| agree with GV-1 that the colour of desk should be dark, because

using very light colours may cause distraction. (Group #A, Participant
5)

As can be seen in Figure 4-19, light orange (no. 9) was used for the wall in front
of the desk; the participants used orange off-white for the side walls with dark brown
desk, dark grey floor and light grey ceiling.
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Figure 4-19: Testing light orange scheme in Photoshop program by
participants, and locations of colours within NCS colour space

Most Group A participants believed light orange is a less motivating colour than
pale green-yellow. They described this colour as a distracting and depressing colour.

They commented:

I will not go to a space like that [light orange], because it looks like a
book shop and it strain my eyes and feels depressing. The green is
nicer. (Group #A, Participant 5)

| like the green one [pale green-yellow]... I think it is good for the
eyes. And orange is very distracting. (Group #A, Participant 7)

The participants moved to another colour scheme, light blue-green (no. 29) (see
Fig. 4-20). This colour was applied on the wall in front of the desk with orange off-

white on the side walls. The colour of the desk and carpet was changed to light

brown.
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Figure 4-20: Testing light blue-green scheme in Photoshop program by
participants, and locations of colours within NCS colour space

In general, responses to the colour light blue-green were negative. The majority
of the participants reported that light blue-green is not a suitable colour for a learning
environment, particularly in the individual study area; it was perceived as an
uncomfortable colour for the eyes and for studying. They made comments such as:

I think it’s not comfortable... it’s dark and so close to my eyes.
(Group #A, Participant 4)

Personally, | don’t like this colour... it is beautiful colour, may be
good for open areas but not good for close individual study room; it
looks artificial and | would rather be in a natural space with natural
colour. (Group #A, Participant 2)

In regard to pale purple (No. 20), it was suggested that this colour should be on
the wall in front of the desk and the other walls should be purple off-white, with grey
and dark brown for the desk (see Fig. 4-21). After applying this colour in the
computer program (Photoshop) the participants reported that it was not a suitable
colour for learning activities because it made them feel sleepy and less active:

Yes | think I will sleep in the purple space... it looks like a spa area.
(Group #A, Participant 3)
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It is good for relaxing and good for a bedroom... I think it is not good
for study. (Group #A, Participant 6)

50520-R50B
. P ()
-G ‘h-n
$1002-R50B '

S0502-R50B '

Figure 4-21: Testing pale purple scheme in Photoshop program by participants and
locations of colours within NCS colour space

In the end, all the participants voted for the pale green-yellow scheme (Fig. 4-18)
as an appropriate colour scheme for long-term study in the individual study area, and
the light orange scheme (Fig. 4-19) was voted best for short time study. They
decided that the other colours were nice but not good for study, because purple was
perceived as less active and sleepy, and blue-green was perceived as too dark.

Group B:

The participants in Group B chose three colour schemes for the individual study
room. They used their selected colours mixed with other colours. The participants
used two colours to design the colour scheme for the individual study area to be more
active and impact positively on their emotions. The first colour scheme used was
pale green-yellow (no. 40) for the wall in front of the desk, light orange (no. 9) for

the side walls, and light orange off-white for the ceiling (see Fig. 4-22). Some
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participants were happy with this colour scheme and they made similar comments

such as:

For me now | like this colour scheme [pale green-yellow + light
orange]... first thing when I look at the front wall [pale green-yellow]
I can study more... if | need to relax | will change to look at the other

side [light orange]. (Group #B, Participant 12)

However, other participants disliked this colour scheme because they believed it

would be very distracting and unsuitable for a study environment. One participant

explained that:

For this room [pale green-yellow+ light orange]... it really makes me
feel happy and cheerful... but | think it doesn’t help me to
concentrate... it would distract my mind. (Group #B, Participant10)

S0520-G50Y

-Y50R

50502-Y50R

Figure 4-22: Testing pale green-yellow and light orange scheme in Photoshop program
by participants and locations of colours within NCS colour space

The second colour scheme was light orange (no. 9) for side walls and pale yellow
(no. 5) for the wall in front of the desk, with pale yellow off-white for the ceiling and
a dark brown desk (see Fig. 4—23). This colour scheme was also considered

unsuitable for a study space, because the participants perceived the colours as
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distracting and bright, they said using two colours was not a good idea in this closed

room.

S0520-Y

-Y50R

S0502-Y50R

Figure 4-23: Testing light orange and pale yellow scheme in Photoshop program by
participants and locations of colours within NCS colour space

When the participants used deep yellow to create a colour scheme for the
individual study area, they felt it was very suitable for a learning environment. They
suggested deep yellow (no. 1) for the side walls and pale yellow (no. 5) for the wall
in front of the desk, with light brown for the desk and light grey for the ceiling (S
0300-N) (see Fig. 4—24).

189



Chapter 4 Cycle 3

sowr |

e

Figure 4-24: Testing deep yellow and pale yellow scheme in Photoshop program by
participants and locations of colours within NCS colour space

At the end of the session the participants were satisfied with the third colour
scheme (deep yellow and pale yellow) (Fig. 4-—24) because they felt more
comfortable and positive with this combination. Therefore, they voted for it as a

suitable colour scheme for the individual study room.

Group C:

Two colour schemes were designed by Group C; the participants applied the
chosen colours in the Photoshop program. They started with pale yellow (no. 5), but
when this colour was applied to the wall in front of the desk, the participants did not
like it, because the room appeared very neutral, so they suggested adding other
colours. For example, one participant suggested:

I think it needs to add other colours to be better, may be dark green
for the sides and light yellow [pale yellow] for the front wall. (Group
#C, Participant 15)

Other students disagreed with him because they felt this colour scheme made the

space smaller:

No | don’t agree... this dark green makes the space smaller... maybe
light green will be better. (Group #C, Participant 13)
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Some participants preferred to use two nuances of one hue because they believed
using two different hues would distract students. They suggested light yellow (no. 4)
for the front wall of the desk and pale yellow (no. 5) for the side walls, with a light
brown desk and neutral colour for the ceiling (S 0300-N) (see Fig. 4-25).

50520-Y

50540-Y

Figure 4-25: Testing light yellow and pale yellow scheme in Photoshop program
by participants and locations of colours within NCS colour space

The second colour scheme was vivid green-yellow (no. 38) for the side walls, pale
green-yellow (no. 40) for the wall in front of the desk, and pale yellow (no. 5) for the
ceiling, with light brown for the desk (see Fig. 4-26).
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S0520-G50Y
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S0565-G50Y

S0520-Y

Figure 4-26: Testing light green and pale green-yellow scheme in Photoshop program by
participants and locations of colours within NCS colour space

The participants were asked to vote for the colour scheme that they thought was
more suitable for the individual study space. Most of the participants voted for the
light yellow and pale yellow scheme (Fig. 4—25), because they considered this
scheme to be fresh and comfortable. In addition, they felt this scheme would help
them to concentrate on their study. While the green scheme (Fig. 4-26) might be
activating and energizing, they felt it might be distracting if they were there for too
long a time. The participants made similar comments to each other:

I think the light yellow one is most suitable for study, because this
colour scheme is mixed between warm and cool colours, | mean it is
moderate, it makes a reasonable environment. The light yellow in the
front really makes me feel comfortable and happy and that helps me
to stay and study in this area... and for both sides [pale yellow]
makes me more fresh and it makes a balance between colours in the
space. Compared to the green one, it is not bad, it is very calm but it
is not good for study for a long time, because it makes me feel bored,
dizzy or sleepy. (Group #C, Participant16)

The green one is good, but the yellow one is better and more suitable
for me, because it is simple and it helps me to focus on my study, but
the green one is too many colours and so bright that will disperse my
mind. (Group #C, Participant 14)
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Prompt 7: Conclusion of Focus Group Discussions

The participants of the three focus groups voted at the end of the sessions for the
following colour schemes: light yellow with pale yellow, deep yellow with pale
yellow, light orange with orange off-white, and pale green-yellow with green-yellow
off-white. The responses to the colours in the focus group discussions demonstrated
that for that particular group no colour was seen alone and that for them spatial
colour design always includes several colours that affect and interact with each other.
Therefore, the participants’ choices and responses to the different rooms' colouring
refer to colour combinations. These colours were chosen as suitable colours for a
learning environment, especially for an individual study room. They were selected
due to their positive impact on the participants’ emotions, bodily responses, and
intellectual activity. Other reasons for selecting these colours were the participants’
colour associations and cultural backgrounds. Table 4—6 summarises the results of
the focus group discussions.

Table 4-6: Summary of Results of Focus Groups

Colour Schemes Description
Light yellow with pale Fresh, comfortable, facilitates concentration and study.
yellow

Provokes memories, and associated with natural aspects.

Deep yellow with pale Not distracting, comfortable, and facilitates concentration and
yellow study.

Light orange with Comfortable for eyes, calm, active, exciting, helps to focus
orange off-white attention and motivates study, good colour for short time study.
Pale green-yellow with Induces feelings of relaxation, happiness, calmness, comfortable
green-yellow off-white for eyes, motivates study, and helps to focus attention, good

colour for long-term study.

Pale purple with purple Less active, does not motivate study, nor help to focus attention.
off-white

Light blue-green with Uncomfortable colour for eyes, dark, does not motivate study.
orange off-white
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4.4 Cycle 3 (Reflection 3): Discussion of Results

The main aim of Cycle 3 (Study B) was to explore students’ perceptions and
experiences of colours in the learning environment, as well as to choose new colour
sets for testing in the next experiment. This goal was achieved by using the focus
group method and asking participants to discuss how colours can influence their
learning performance in the individual study space, in order to get their opinions
about what colours are suitable for learning activities. The results of the focus groups

are summarised and discussed in this section.

4.4.1 Part 1: Background Questionnaire

The results from the questionnaire about the Robertson Library at Curtin
University revealed that most of the participants visit the library some of the time for
studying for at least one to two hours, and they prefer to study in a private room
reading printed books. In addition, they believed that the elements of interior design
such as colours, lighting and furniture have an important impact on their learning
performance by influencing their behaviour and emotions. Furthermore, they
perceived that the atmosphere of the environment impacted on their concentration
levels. It is well documented in the literature that there is a significant relationship
between the interior design of the built environment and learning activity, and the
design of space has an important role in supporting students’ learning (Jamieson
2008; Temple 2008; Woolner et al. 2007).

As for the impact of colour on learning activity, the majority of participants
believed that colour plays an important role in the learning environment, and it can
influence students’ learning activity. This can be by affecting students’ emotions,
bodily responses (e.g. distraction for the eyes, personal activity), intellectual activity
(e.g. concentration level, thinking) and performance. These findings are consistent
with a number of past studies, which indicate that environmental colour can
influence human psychology, physiology and performance (Killer, Mikellides and
Janssens 2009; Oztiirk, Y1lmazer and Ural 2012; Stone 2001).

194



Chapter 4 Cycle 3

Generally, results from Study B (Stage 1) indicate that most participants in this
study agreed that the existing colour schemes used in the individual study rooms and
group study rooms in the Robertson Library building are regarded as unsuitable for a
learning environment. The participants mentioned colour combinations of these
spaces not specific colours. The majority of the respondents claimed that using dull
and neutral colours like light grey for walls, light beige for tables and blue-grey for
furniture in the group study rooms creates a gloomy and less stimulating space.
Further, using dark brown for the walls in the individual study rooms does not
encourage students to focus on their study, because of its negative impact on their
emotional and physiological states. According to Kwallek et al. 1996, less chromatic
colours cause levels of depression, anger and confusion. These findings confirm that
students’ emotions are affected by colour schemes while studying in the library
building.

The results show that the majority of participants prefer to study in an
environment that has warm colours with middle whiteness and middle
chromaticness, which can create a stimulating atmosphere, rather than in an
environment that has neutral colours such as white, grey or beige. Participants dislike
studying in the spaces of the Robertson Library building because of the lack of
colour in its study spaces, especially on the upper levels, resulting in uninviting, less

stimulating and very formal spaces in the learning environment.

4.4.2 Part 2: Focus Group Discussion and Activities

This study offers an important window into the academic students’ perspective of
the role of colour in the learning environment within the university library, and
provides suggestions for suitable colours for learning activities in the individual
study rooms. Although the methods used in Study B, such as small colour samples, a
small model and a Photoshop program work reasonably well, the limitations of each
method are discussed in this section. The main concern is the colour appearance in
different scales when using these methods (small colour samples and colour applied
on screen). A study by Stahre, Harleman and Billger (2004) addressed the issue of
colour appearance change between a small size colour chip and the same colour

applied to a real room. They found that the colours in a real room were perceived as
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stronger and they arouse much stronger emotions than a colour chip. Another study
by Xiao et al. (2010) used three experiments to investigate the colour appearance
changes between different sample sizes using various media or viewing conditions.
Experiment 1 assessed small colour sample cards in a viewing cabinet against a mid-
grey background. In experiment 2, large sized pieces of cardboard were painted with
different colours and placed on the one side wall in a room. All four walls were
painted mid-grey. Experiment 3 assessed colour samples displayed on the centre of a
46 Son LCD TV against a mid-grey background. The results showed that when the
colour sample size increases, the colour appears lighter and more colourful. This is
what happened in this study; when the participants applied the colour in a small
model and then on the big screen, the colours were perceived as more colourful and

brighter.

The focus group participants mentioned many times how they perceived colour
impacting on their learning activities in different ways. A number of themes related
to colour effects clearly emerged, such as emotion, colour association, bodily impact,
spatial properties, sensation, preference, intellectual activity and the duration of the

study.

It is interesting to note that the findings indicate that most of the hues selected as
suitable colours for the individual study rooms were colours with roughly equal
resemblance to two NCS elementary colours (orange, green-yellow, blue-green,
purple), with only one NCS elementary colour (yellow) being chosen. It is observed
from the results that colours such as red or blue, whether vivid or light, were not
chosen as suitable for learning activity. These results are partly consistent with Kaya
and Crosby’s (2006) study, which found that the colours yellow and red are the
colours most associated with educational buildings. From participants’ perspectives,
vivid blue and red were perceived as depressing, gloomy and uncomfortable colours
for studying. This association with blue is supported by Mahnke’s (1996) results,
which indicated that blue is associated with a depressive state. In this study blue was
not selected as a suitable colour for a learning activity, as it is associated with
negative emotions such as depression; however, in Study A, blue (light or vivid) was
perceived as a suitable colour for studying in the individual study rooms because it

was associated with feelings of relaxation and activation.
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Furthermore, the results from the focus groups showed that colours with more
whiteness than blackness were considered more suitable for study in the individual
study room. The present findings are consistent with past research, which found that
arousal increases strongly with more chromatic colours but decreases with an
increase in Munsell value (Valdez and Mehrabian 1994). The participants preferred a
relaxed atmosphere for learning environments and, therefore, they chose the less
arousing, less chromatic and more whitish colours. In addition, according to the
participants, more whitish colours tend to create feelings of openness and
cheerfulness.

In this respect, these findings are consistent with the results of Study A on the
effect of colours on emotion, which revealed that light colours were associated with
positive feelings. However, these results are inconsistent with the learning
performance results of Cycle 2 (Study A), which indicated that vivid colours with a
high level of chromaticness are appropriate for learning performance.

The present findings support those of other researchers who showed that colour
associations are subjective and seem to depend on an individual’s previous
knowledge and experience (Kaya and Crosby 2006). Participants recalled the colour
schemes of the institutional buildings such as the schools in which they were
educated. For instance, some participants linked the colour pale yellow (no. 5) with
feelings of comfort and relaxation, because they associated the colour with
educational buildings and old books.

The colour pale green-yellow (no. 40) was suggested by a high number of
participants as a suitable colour for an individual study room. It was associated with
feelings of relaxation, happiness, calmness and natural aspects. It was also
considered a motivating colour, one that is comfortable for the eyes, helps
concentration, and is good for long-term study.

Light orange (no. 9) was also considered a suitable colour for learning activities
by most of the participants. It was perceived as a stimulating colour that helps
students to focus and work, and it was considered a good colour for short-term study
but a distracting colour for long-term study. Participants also perceived that it brings
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life to the space, particularly in the individual study area, because it is a small area

with solid walls.

The colour light yellow (no. 4) was not selected by participants in the second
activity, but it was chosen during work on the Photoshop program to create a colour
scheme for individual study area. It was used to design colour schemes for the

individual study area, to create harmony in this room and make it more interesting.

Light blue-green (no. 29) and pale purple (no. 20) they were suggested by a few
participants in two groups as suitable colours for study in the individual study area,
but they were rejected quite strongly by other participants because they were
perceived as inactive colours and they did not encourage students to study. Although
deep yellow (no. 1) was selected only by one participant in all the groups, it was
considered by other participants as a suitable colour for learning activities when it
was applied via the Photoshop program. It is observed from the results that most
colours suggested were colours with a high and medium level of whiteness, except
for deep yellow which had a medium level of blackness. In addition, all colours
chosen were warm colours, perhaps because they are perceived as stimulating

colours and they create a suitable atmosphere for study.

4.5 Study B (Stage 2): Robertson Library Survey

In Stage 2, the researcher conducted a survey in the Robertson Library at Curtin
University to ask students to select the best colour scheme that would encourage and
motivate them to study. As mentioned, the participants in Stage 1 of Study B
contributed to the Adobe Photoshop CS5.1 program activity to design a suitable
colour scheme for an individual study space by using their selected colours. At the
end of each session the participants voted for the four colour schemes.

45.1 Method

The aim of this survey was to obtain the opinions of other students (not the same
participants as in Stage 1 of Study B) about the colour schemes chosen in Stage 1
(focus group discussion) by conducting a survey in the Robertson Library. The
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researcher visited the library and asked students randomly there to participate in a
quick survey. Participants were then asked to choose one of the four final selected
colour schemes as an appropriate one for the individual study space and give the
reason for their selections (see Fig. 4-25).

The survey contains four questions; the first three questions were demographic
(gender, nationality and study level). The fourth question was “which colour scheme
do you think is suitable for an individual study room in the library building? Why?”
(see Appendix 5).
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Figure 4-27: The colour schemes selected in the focus group and their
locations in colour space of NCS

4.5.2 Stage 2: Participants

Twenty students from Curtin University participated in this survey. They were
recruited randomly when the researcher went to the Robertson Library and asked
students to participate in the quick survey. They were 11 females and 9 males.
Sixteen were Australian, one from Malaysia, one from the Philippines, and two

students from China. Most of them were undergraduate students. The participants’
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ages ranged between 20 to 30 years. Table 4—7 shows the composition of the survey

participants.

Table 4-7: Composition of Survey Participants

Gender Study Level Nationality

Australian: 16

Female: 11 Undergraduate: 17 Malaysian: 1
Male: 9 Postgraduate: 3 Filipino: 1
Chinese: 2

4.5.3 Cycle 3 (Study B-Stage 2): Survey Results

The data were coded and subjected to a thematic analysis. The themes were
identified for each response by using qualitative methodology. The survey findings
were analysed according to the following aspects: emotions, colour preferences,
colour associations, bodily impact, intellectual activity, motivation, and spatial

properties.

The results reveal that nine participants chose Colour Scheme 2 (pale green-
yellow) and eight participants chose Colour Scheme 1 (light orange) as suitable
colours for learning in the individual study room. The participants believed that these
colour schemes would have a positive impact on their emotions, bodily impact and
intellectual activity. For example, the colour schemes light orange and pale green-
yellow were perceived as nice, pleasing, and warm colours that would increase the
level of pleasure. The participants made similar comments for the light orange colour

scheme:

Nice and classy feature wall, pleasing to the eye. (RB-16)

Looks nice and pleasant colour ... (DA-4)

As for the colour scheme pale green-yellow, the participants commented:
Feeling happy and cool, it helps to study. (SH-6)
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I think it is a relaxing colour and pleasing. (MK-8)

In addition, the participants thought that the colour schemes light orange and pale
green-yellow would keep them more active, more focused and willing to study and

think. They made similar comments for both colour schemes:

There is a feature wall with one colour [light orange], easy to
concentrate. (ICH-17)

This colour [light orange] makes me active and awake. (TO-2)

Brighter colour [pale green-yellow] in front of me would force me to
focus ahead on my work, instead of being focused on what was
behind me. (PN-19)

Focus point (bright colour) [pale-green-yellow] was right in front of
the seat. It keeps me alert. (PHA-15)

Furthermore, the participants referred to colour associations in their comments for

both colour schemes; for instance:

... It [pale green-yellow] would help me to focus and study and it is
like being in the countryside. (MK-8)

Feeling happy with this colour [light orange]... it looks like a fruit
and it pushes me to study. (TR-13)

Some participants mentioned that light orange and pale green-yellow colour
schemes would influence the spatial properties and make the space bigger. They
commented:

The room looks spacious, and the colour [light orange] does not seem
too bright which is suitable for me to study. (IR-18)
Cool and nice colour [pale green-yellow], it makes the space more

spacious. (PL-3)

As for Colour Schemes 3 (deep yellow with pale yellow) and 4 (light yellow with
pale yellow), they were selected by few participants. For example, Colour Scheme 3
was chosen by one participant, while Colour Scheme 4 was chosen by two
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participants. Deep yellow and pale yellow (3) was perceived as an appropriate colour
for learning activities because it is not bright, and it is associated with the earth’s
colours. The participant commented:

It is not too bright and not too dull just appropriate for learning. The
colour tone is just right like earthy colours. (KR-12)

The light yellow and pale yellow colour scheme was perceived as a positive

colour for their emotions and their study performance. They commented:
Yellow is bright and relaxing, and | would feel more inclined to study
and happier. (JB-11)

The bright yellow makes me feel more excited. (EL-7)

Table 4-8 shows the main findings of the survey in the Robertson Library
regarding the colour schemes.
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Table 4-8: Main findings of the survey the Robertson Library
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4.5.4 Cycle 3 (Study B-Stage 2): Discussion of Results

The data from the survey reveals that the colour schemes light orange and pale
green-yellow were chosen by a high number of participants as appropriate colours
for the individual study room in the Robertson Library. They were associated with
positive feelings such as relaxation, pleasure and happiness, and the participants
confirmed that these colours would push and encourage them to study and help them
focus. These findings are consistent with the previous results in Stage 1, which found
that colour schemes light orange and pale green-yellow were more suitable for

learning.

The data confirm that warm colours such as light orange with a medium level of
chromaticness and a high level of whiteness are associated with energy and
motivation; this colour was highly favoured by participants for a learning
environment. One possible reason is that learning activities need to be supported by
stimulating colours to help the students be alert and focused. In general, green is
considered a cool colour, but the colour pale green-yellow can be considered a warm
colour because it contains the colour yellow, which makes it a warm colour. This
suggests that pale green-yellow is also a stimulating colour and can evoke active
feelings. In addition, the lighter nuance tends to stimulate feelings of openness and

joy.

The results of the survey show that very few participants selected the colour
schemes deep yellow with pale yellow and light yellow with pale yellow. A possible
reason is that deep yellow might be perceived as dark and a less bright colour. The
participants who selected the colour schemes light orange and pale green-yellow
confirmed that using one colour on the front wall and neutral colours for the side
walls would help them to focus on the task more than using different colours in the
individual study room. Therefore, Colour Schemes 3 and 4 were not chosen as
suitable for learning performance. They were perceived as too colourful which could

cause distraction in the study room.
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4.6 Conclusion

The results of Cycle 3 (Study B) provide an important insight into individual
differences in responses to the effects of wall colour on learning performance in
learning spaces, particularly in the individual study space. The results of Cycle 3
(Study B) show that warm colours with high and medium whiteness and medium
chromaticness are considered suitable colours for learning performance as they can
assist students to study and focus. In contrast, the quantitative results in Cycle 2
(Study A) revealed that colours with high chromaticness colours support reading

comprehension, while in Cycle 3 (Study B) they were not.

The data reveals that the participants did not choose blue or red as appropriate
colours for learning activities and they did not choose any vivid colours. These
findings are partly inconsistent with the results of Cycle 1 (literature review) which
proposed that red and blue are suitable colours for learning environments. However,
these findings agree with the literature review in finding the colour yellow a suitable

colour for learning areas.

This difference in the results is because of the participants in Study B selected
colours based on their emotional response and preferences, and these colours were
selected for general learning activity not for specific type of learning activity.
Therefore, it can be concluded that vivid colours in Cycle 2 (Study A) are suitable
for a certain type of learning like reading comprehension task and not suitable for
other task such as math tasks or writing task.

These findings also disagree with the qualitative results in Cycle 2 (Study A) in
regard to the colour blue. Blue was associated with positive effects, therefore, it was
perceived as a suitable colour for a learning environment, whereas in Study B it was

rejected by participants and perceived as a depressing colour.

The choice of colours for learning activities was influenced by students’
preferences and cultural backgrounds. For example, pale yellow was selected as a
suitable colour for individual study spaces, because some students consider it a
traditional and institutional colour that is used in educational spaces in their countries
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such as Japan and Irag. Another student selected this colour because it is related to
the colour of the desert in his country, Saudi Arabia. Overall, the selection of colours
was associated with the observer’s emotional state and intellectual activity, and the
colour’s impact on the body.

The results of Cycle 3 (Study B-Stages 1 and 2) show that the light orange and
pale green-yellow colour schemes were perceived as suitable colours for learning
performance in the individual study room. There was consistency in the results
across Stages 1 and 2 in Cycle 3 (Study B). It was found that these colours are
perceived as motivating to study and as stimulating positive feelings in the students
and improving their concentration and attention. It can be concluded that colours
with medium chromaticness and medium or high whiteness can encourage students
to study and create a suitable atmosphere for learning activity. In addition, hue was
found to be a more important dimension than whiteness in determining suitable

colours to support learning performance.

It is obvious from the results that colours are never seen in isolation, but always
presented together with other colours. Therefore, the participants in Study B (Stage
1) focused on colour combinations when they were asked to apply their selections of
colours in the individual study room via the Adobe Photoshop program whether
applying their colours chosen with achromatic colours or chromatic colours. As a
result, four colour schemes were selected by the three groups: light orange with
orange off-white, pale green-yellow with pale green-off white, deep yellow with pale

yellow, and light yellow with pale yellow.

The different methods used in this study proved useful in many ways and
complemented each other. For example, the small scale-model and Photoshop
program assisted the participants to imagine the colour in the indoor spaces and how
to select and design a colour scheme for the individual study room. Using photos and
small models as clarification tools can tell us more than words, and they are easy to
use in the study. Utilising simulation images such as colour photographs, slides and
motion images (two-dimensional videos) is acceptable in environmental psychology
studies, according to the empirical and theoretical studies of several researchers
(Dijkstra 2009; Marans and Stokols 2013; Stamps 1990). Using the questionnaire in
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the focus group provided valuable information about colours used in the library
through participants’ perspectives. The focus group discussions provided more

nuanced answers and more thorough explanations.

Cycle 3 (Study B) findings helped the researcher to select a new set of colours to
be examined in the next study, which investigates how these colours perceived as
suitable by the university students will impact on students’ learning performance in
the individual study rooms within university libraries. As this thesis focuses on single
colours’ effects on students’ learning performance, it was decided to select single
colours to be examined in the next experiment and exclude the colours that are very
whitish (off-white) because they are very neutral colours. In addition, this research
focuses only on one wall colour effect (the wall in front of the desk) as it is the
dominant wall in the individual study room; the students sit at the desk and face the

wall in front of them rather than the side walls.

The colours examined in the next experiment are pale yellow, light yellow, deep
yellow, pale green-yellow and light orange. The colour pale purple was added to
form a set of six colours to be examined in the next experiment. Pale purple was
chosen in order to cover % the circle colour. Light yellow was tested again in the
second experiment to determine whether there was consistency in the results of the
two studies. Figure 4-28 illustrates the colours used in the next experiment. Figure 4-

29 illustrates the outcome of Cycle 3 (Study B).
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Figure 4-28: Colours chosen from Cycle 3 (Study B)
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Figure 4-29: The Outcome of Cycle 3 (Study B)
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5 CHAPTERS5: CYCLE 4 (STUDY C)
5.1 Cycle 4 (Plan 4): The Aim of Study C

Cycle 4 (Study C) was designed to extend the results of Cycle 2 (Study A) by
using different colours. The purpose of Cycle 4 (Study C) is to examine the impact of

six colours selected from the focus groups on learning performance.

As in Cycle 2 (Study A), three outcomes were assessed across six colour
conditions: reading comprehension, emotional response and heart rate. This study
also focused on the individual study areas. Three hues were tested in Cycle 2 (Study
A): vivid red, vivid yellow and vivid blue, as well as one colour from each hue with a

higher level of whiteness (light red, light yellow and light blue).

According to the focus group results, the colours with a high level of whiteness
and one colour with a medium level of blackness were considered suitable colours
for the individual study area in the library buildings. Therefore, it was decided to test
these colours to discover if they have any effect on learning performance (see Fig.
5-1). The experimental setting, participant recruitment, instruments used to collect
data, and the design of the experimental room, were the same as for Cycle 2 (Study
A); only the colours were different.

This experimental study was conducted to answer the questions identified in
Chapter 1:

1. To what extent do the hue and nuance dimensions of colour influence reading

comprehension in the individual study room?

2. To what extent do the hue and nuance dimensions of colour influence heart

rate and emotional response to colour in the individual study room?

3. To what extent do emotional response to colour and heart rate mediate the
relationship between colour and reading comprehension in the individual

study room?
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Testing the impact of six colours (based on Study B) on learning
performance
light yellow, light orange, pale yellow, pale green-yellow, pale purple,
deep yellow

Assessing Three Outcomes Across Six Colour Conditions

Reading

. Emotional response Heart rate
comprehension task

DETEWGENST

Quantitative Qualitative

Results and Discussion

Figure 5-1: The Map of Cycle 4 (Study C)

5.2 Cycle 4 (Act 4): Preparation for Study C

This section will describe the experimental setting, the number of participants, the
colour samples and the instruments used in this experiment, and explain the
experimental procedure of Cycle 4 (Study C).

5.2.1 Participants

Studies A and C shared the same instrumentation, but differed in terms of design.
Cycle 2 (Study A), included one nominal random effect (participant) and two
categorical fixed effects (hues: red, yellow, blue; and nuances: vivid, light). Cycle 4
(Study C) included one nominal random effect (participant), but unlike Cycle 2

(Study A), it had only one fixed effect (colour: light yellow, pale yellow, deep
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yellow, pale green-yellow, light orange, pale purple). According to G*Power Version
3.1.2, a power analysis program for a variety of statistical tests (Faul et al. 2009), at
least 24 participants are required to capture a ‘moderate’ colour effect — this is the
same sample size estimate as Cycle 2 (Study A), but participants were not the same
as those who participated in Cycle 2 (Study A).

There were eight males and 16 females recruited from the undergraduate and
postgraduate students of Curtin University in Western Australia. Their ages ranged
between 20 and 38 years. None of the participants had defective vision, as verified
with Ishihara Colour Blindness Test (ICBT). Participants were also asked to
complete a Learning Channel Preference Questionnaire (O'Brien 1989) which

revealed that all participants were visual learners.

5.2.2 Colour Samples

The colours used in this study were chosen from the NCS Colour Atlas which
orders colours according to hue and nuance. The colours used in this experiment
were: light yellow (S 0540-Y), pale yellow (S 0520-Y), deep yellow (S 3060-Y),
pale green-yellow (S 0530-G50Y), light orange (S 0540-Y50R), pale purple (S 0520-
R50B). The neutral colour white (S 0300-N) was used for the two sides walls (see
Fig. 5-2).
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Figure 5-2: Chosen colours in position in the NCS triangles

(Al-Ayash 2013)

5.2.3 Instruments

As in Cycle 2 (Study A), the same instruments were used in Cycle 4 (Study C)

(see Section 3.2.3 in Chapter 3 for further information).

5.2.3.1 Colour Blindness Test

The Ishihara Colour Blindness Test (ICBT) was used to test colour vision
(Ishihara 1993).

5.2.3.2 Learning Channel Preference Questionnaire

This questionnaire was formulated by O’Brien (1989).

5.2.3.3 Emotional Response Scales to Colour

Nine bipolar colour-emotion scales were used to assess the emotional response to
colours across the experimental conditions. The bipolar scales referred to dark/light,

pleasant/unpleasant, fresh/stale, heavy/light, calm/exciting, dull/sharp, tense/relaxed,
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warm/cool, and interesting/boring. For more details see Section 3.2.3.3 in Chapter 3,
p.130.

5.2.3.4 Physiological recordings

The Fingertip Pulse Oximeter was used to record heart rate.

5.2.3.5 Performance assessment

A reading comprehension test was used to assess the learning performance of the

participants across the six experimental conditions.

5.2.3.6 Interviews

As in Cycle 2 (Study A), an unstructured interview was used as qualitative data in
Cycle 4 (Study C) after completing the experiment for each colour condition. The
unstructured interview is like a guided conversation than a strict structured interview.
It contains open-ended questions, and it is more flexible, as questions can be adapted
and changed depending on the respondent’s answers (Fontana and Prokos 2010). In
addition, it increases validity because it gives the interviewer the opportunity to
check for a deeper understanding. The participants were asked “does this colour
motivate you to study and help you to focus? Why?” This method was used to obtain
more in-depth qualitative data.

5.2.4 Experimental Room Design

As in Cycle 2 (Study A), two rooms were set up in the School of Built
Environment at Curtin University for the experimental phase of the study. The same
rooms were used in Cycle 4 (Study C) as for Cycle 2 (Study A). Refer to Section
3.2.4 for further information about the set-up of the two rooms used in Cycle 4
(Study C) (see Fig. 3—3 and Fig. 3—4 for the interior set up of Rooms land 2).

As mentioned above, the setting and conditions of the experimental room were
similar to those used in Cycle 2 (Study A). Colours were manipulated by hanging
Corflute panels 180cm x 180cm x 2mm thick, which were painted light yellow S
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0540-Y, pale yellow S 0520-Y, deep yellow S 3060-Y, pale green-yellow S 0530-
G50Y, light orange S 0540-Y50R and pale purple S 0520-R50B. The wall behind the
coloured panel, the side walls and the ceiling were painted white (S 0300-N).

Similar to Cycle 2 (Study A), each coloured panel was hung on the wall so that it
extended 1.70m above the top of the desk. Thus, if the students looked about, they
could see the top of the white wall behind the panel as well as the white side walls
and ceiling. The room was furnished with a white student desk (90cm long x 60cm
wide x 72 high) and one grey chair (57502-B) (see Fig. 5-3). The desk was centred
along the wall, and faced the coloured panel. In addition, the experimenter’s desk
was located behind the participant on the left side (see Fig. 3—4 in Chapter 3). The
experimenter checked the time and recorded the heart rate (HR) of the participants

during the experimental session.

Ambient temperatures of Rooms 1 and 2 were also recorded on several occasions
on different days; the temperatures of both rooms were a constant 25°C. The rooms
were located in the basement of a multi-level building, therefore their temperature
and humidity varied little throughout the year. The test room was illuminated with
four Osram fluorescent tubes (36 W), having a correlated colour temperature (CCT)
0f' 3500° and a colour rendering index (CRI) of 75-82; and 3350 lumens. The average
illuminance was 360 Lux; illuminance and luminance were measured using a digital
light meter, model Lutron LM-81LX.
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— . _ . .

Figure 5-3: Room 2: six interior colours
(Al-Ayash 2013)

5.2.5 Experimental Procedure

As in Cycle 2 (Study A) participants were not forewarned concerning the exact
colours to which they would be exposed. The procedure of Cycle 4 (Study C) was
similar to that used in Cycle 2 (Study A). As in Cycle 2 (Study A), a Balanced Latin
Square design was used to control order effects, which ensured that each
experimental condition appears an equal number of times in each row and column of

the square (please refer to Section 3.2.5 for further information in Chapter 3).

5.3 Cycle 4 (Observe 4): Results

This section reports the quantitative and qualitative results of Study C. As in
Study A, a series of Generalised Linear Mixed Models (GLMMSs) were tested in
order to determine whether the participant’s emotional state, physiological state and
comprehension test performance varied as a function of colour. The GLMMs were
once again implemented with the Statistical Package for Social Science (SPSS
Version 20).
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5.3.1 Reading Comprehension

The order effect did not interact with the colour effect (F[25, 108] = 0.65, p =
.892). The main effect for colour was not significant (F[5,138] = 1.01, p = .412),
indicating that there was no effect of colour on reading performance (see Fig. 5-4).
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Figure 5-4: Reading Test

5.3.2 Heart Rate Response

The impact of the experimental conditions on physiological responses was
examined by recording heart rates on two separate occasions, once before each
experiment session and then again during each experiment session. The results found
that the order effect did not interact with the colour effect (F[25, 108] = 1.05, p =
A417). The main effect for colour was significant (F[5,138] = 7.66, p < .001)
indicating that there was an effect of colour on heart rate change. The graph shows
an interesting trend in which an increase in heart rate alternates with a decrease in

heart rate across the six colours (see Fig. 5-5).

LSD (least significant difference) contrasts conducted on the main effect for
colour indicated that 10 of the 15 contrasts were significant (p-values for the
significant contrasts ranged from .047 to < .001). The significant contrasts are

reported in Table 5-1, which reveals that there were significant contrasts between
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deep yellow and light yellow (p = .022), deep yellow and pale purple (p = .043), and
deep yellow and pale green-yellow (p = .001). In addition, there was a significant
difference between light yellow and pale yellow (p = .039), and light yellow and pale
purple (p < .001). Significant differences were also found between pale yellow and
pale purple (p = .025), and pale yellow and pale green-yellow (p = .001); there were
significant contrasts between light orange and pale purple (p = .001), and light
orange and pale green-yellow (p = .047); and finally, there was a significant
difference between pale purple and pale green-yellow (p =.001). Figure 5-5 indicates
the directions of these differences.
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Figure 5-5: Heart Rate

Table 5-1: P-values for the Significant Contrasts in Heart Rate Changes

Deep Light Pale Light Pale Pale

yellow yellow yellow orange purple green/yellow
Deep yellow - p =.022 ns ns p =.043 p=.001
Light yellow - p=.039 ns p <.001 ns
Pale yellow - ns p=.025 p=.001
Light orange - p=.001 p =.047
Pale purple - p <.001
Pale -
green/yellow

ns= not significant
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5.3.3 Emotional Responses to Colour

As in Study A, the emotional reactions were scored on a 7-point semantic
differential rating scale. The results revealed that the order effect did not interact
with the colour effect for pleasant/unpleasant (F[25, 108] = 0.98, p = .502) (see Fig.
5-6), fresh/stale (F[25, 108] = 0.99, p = .475) (Fig. 5-7), heavy/light (F[25, 108] =
1.13, p = .327) (Fig. 5-8), calm/exciting (F[25, 108] = 1.20, p = .259) (Fig. 5-9),
dull/sharp (F[25, 108] = 1.90, p = .098) (Fig. 5—10), tense/relaxed (F[25, 108] =
1.01, p = .465) (Fig. 5-11), warm/cool (F[25, 108] = 0.77, p = .767) (Fig. 5-12),
interesting/boring (F[25, 108] = 1.01, p = .459) (Fig. 5—13), and dark/light (F[25,
108] = 0.92, p = .580) (Fig. 5-14).
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Figure 5-6: Pleasant-Unpleasant

Stale 6.00 —

5.00 —

4.00 —

3.00 —

Mean Fresh-Stale

2.00 =

Fresh 1.00 —

Colour
Error bars: 95%Cl

Figure 5-7: Fresh-Stale

218



Chapter 5

Light 7.00 _]
. 6.00—
®
T 5.00=
>
8
T 4.004]
c
g

3.00 —

Heavy 2.00 —

Exciting 6.00 —

Calm 2.00 —

Sharp

Mean Dull-Sharp

Dull

Colour
Error bars: 95%Cl

Figure 5-8: Heavy-Light
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Figure 5-9: Exciting-Calm
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Figure 5-10: Dull-Sharp
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Figure 5-11: Tense-Relaxed
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Figure 5-12: Warm-Cool

Boring 5.00 —
4.50 -
4.00 —
3.50 =
3.00 —
2.50 —

Mean Interesting-Boring

Interesting  2.00 =

Colour
Error bars: 95%Cl

Figure 5-13: Interesting-Boring
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Figure 5-14: Dark-Light

The results showed that the main effect for colour was significant in terms of
pleasant/unpleasant (F[5,138] = 3.91, p = .004), fresh/stale (F[5,138] = 11.80, p <
.001), heavy/light (F[5,138] = 16.04, p < .001), calm/exciting (F[5,138] = 7.41, p <
.001), dull/sharp (F[5,138] = 9.10, p < .001), tense/relaxed (F[5,138] = 5.63, p <
.001), warm/cool (F[5,138] = 6.27, p < .001), interesting/boring (F[5,138] = 3.49, p
= .005), and dark/light (F[5,138] = 36.94, p < .001). The graphs (5-5, 5-6, 5-7,
5—10, and 5—13) show a trend in which deep yellow is rated towards the unpleasant,
stale, heavy, tense, and dark end of the scales, whereas all the other colours are rated
towards the pleasant, fresh, light (as opposed to heavy), relaxed and light (as opposed
to dark) end of the scales. However, deep yellow has a neutral rating in the
interesting/boring scale (Fig. 5-12).

LSD (least significant difference) contrasts conducted on the main effect for
colour revealed significant contrasts between the deep yellow and all the other
colours. For example, 5 of the 15 contrasts were significant (p-values for the
significant contrasts ranged from .014 to < .001) for pleasant/unpleasant (Table 5-2);
6 of the 15 contrast were significant (p-values for the significant contrasts ranged
from .048 to < .001) for fresh/stale (Table 5-3); 8 of the 15 contrasts were significant
(p-values for the significant contrasts ranged from .018 to < .001) for heavy/light
(Table 5-4); 7 of the 15 contrasts were significant (p-values for the significant
contrasts ranged from .043 to < .001) for tense/relaxed (Table 5-5); 6 of the 15
contrasts were significant (p-values for the significant contrasts ranged from .045 to
<.001) for interesting/boring (Table 5—6); and 10 of the 15 contrasts were significant
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(p-values for the significant contrasts ranged from .039 to < .001) for dark/light
(Table 5-7).

Table 5-2: P-values for the Significant Contrasts (Pleasant/Unpleasant)

Deep Light Pale Light Pale Pale
yellow yellow yellow orange purple | green/yellow
Deep yellow - p=.014 | p=.001| p=.001 | p<.001| p=.014
Light yellow ns ns ns ns ns
Pale yellow - ns ns ns
Light orange - ns ns
Pale purple - ns
Pale green/yellow -

Table 5-3: P-values for the Significant Contrasts (Fresh/Stale)

Deep Light Pale Light Pale Pale
yellow yellow yellow orange purple | green/yello
w

Deep yellow - p<.001 | p<.001 | p<.001 | p<.001 | p<.001
Light yellow ns ns ns ns ns
Pale yellow - ns ns ns
Light orange - ns p =.048
Pale purple - ns
Pale -
green/yellow

Table 5-4: P-values for the Significant Contrasts (Heavy/Light)

Deep Light Pale Light Pale Pale
yellow yellow yellow orange purple | green/yello
w

Deep yellow - p <.001 p<.001 | p<.001 | p<.001| p<.001
Light yellow ns ns p=.013 ns ns
Pale yellow - p<.001 | p=.018 ns
Light orange - ns ns
Pale purple - ns
Pale green/yellow -
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Table 5-5: P-values for the Significant Contrasts (Tense/Relaxed)
Deep Light Pale Light Pale Pale
yellow yellow yellow orange purple green/yellow
Deep yellow - ns p <.001 ns p <.001 ns
Light yellow - p=.011 ns p =.002 ns
Pale yellow - p=.043 ns ns
Light orange - p =.008 ns
Pale purple - p=.011
Pale green/yellow -
Table 5-6: P-values for the Significant Contrasts (Interesting/Boring)
Deep Light Pale Light Pale Pale
yellow yellow yellow orange purple green/yellow
Deep yellow - p =.002 ns p=.021 | p=.016 p =.001
Light yellow - p =.045 ns ns ns
Pale yellow - ns ns p=.016
Light orange - ns ns
Pale purple - ns
Pale green/yellow -
Table 5-7: P-values for the Significant Contrasts (Dark/Light)
Deep Light Pale Light Pale purple Pale
yellow yellow yellow orange green/yellow
Deep yellow - p<.001 | p<.001 | p<.001 | p<.001 p <.001
Light yellow - ns p <.001 ns ns
Pale yellow - p <.001 ns p =.039
Light orange - .006 p =.009
Pale purple - ns
Pale green/yellow -

As for the calm-exciting scale, Figure 5—8 shows an interesting trend, in which
ratings of calmness alternate with ratings of excitement across the six colours. The
results show a trend in which pale purple, pale yellow and deep yellow are rated
towards the calm end of the scale, whereas other colours (light yellow, light orange,
pale green-yellow) are rated towards the exciting end of the scale.
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LSD (least significant difference) contrasts conducted on the main effect for
colour indicated that 8 of the 15 contrasts were significant (p-values for the
significant contrasts ranged from .029 to < .001). Table 5—8 shows that there were
significant contrasts between deep yellow and light yellow, deep yellow and pale
green/yellow, light yellow and pale yellow, light yellow and pale purple, pale yellow
and light orange, pale yellow and pale green/yellow, light orange and pale purple,
and finally between pale purple and pale green/yellow.

Table 5-8: P-values for the Significant Contrasts (Calm/Exciting)

Deep Light Pale Light Pale Pale
yellow yellow yellow orange purple green/yellow
Deep yellow - p =.004 ns ns ns p=.029
Light yellow - p <.001 ns p <.001 ns
Pale yellow - p =.001 ns p <.001
Light orange - p =.006 ns
Pale purple - p=.001
Pale green/yellow -

In the graph of the dull/sharp scale, Figure (5-9), the results show a trend in
which dark yellow and pale yellow are rated towards the dull end of the scale,
whereas all the other colours are rated towards the sharp end of the scale. LSD (least
significant difference) contrasts conducted on the main effect for colour indicated
that 10 of the 15 contrasts were significant (p-values for the significant contrasts
ranged from .024 to < .001). The significant contrasts are indicated in Table 5-9.
Significant contrasts were found between deep yellow and light yellow, deep yellow
and light orange, deep yellow and pale purple, deep yellow and pale green/yellow,
light yellow and pale yellow, light yellow and light orange, light yellow and pale
purple, pale yellow and light orange, pale yellow and pale purple, and pale yellow
and pale green/yellow.
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Table 5-9: P-values for the Significant Contrasts (Dull/Sharp)

Deep Light Pale Light Pale Pale
yellow yellow yellow orange purple | green/yellow
Deep yellow - p <.001 ns p=.004 | p=.005| p<.001
Light yellow - p<.001 | p=.010 | p=.008 ns
Pale yellow - p=.018 | p=.024 | p<.001
Light orange - ns ns
Pale purple - ns
Pale green/yellow -

In regard to the warm/cool scale, the results show a trend in which pale purple and
pale green/yellow are rated towards the cool end of the scale, whereas all the other
colours (particularly light orange) are rated towards the warm end of the scale. LSD
(least significant difference) contrasts conducted on the main effect for colour
indicated that 8 of the 15 contrasts were significant (p-values for the significant
contrasts ranged from .026 to < .001). The significant contrasts are indicated in Table
5-10.

Table 5-10: P-values for the Significant Contrasts (Warm/Cool)

Deep Light Pale Light Pale Pale

yellow yellow yellow orange purple green/yellow
Deep yellow - ns ns ns p =.004 p =.006
Light yellow - ns p=.026 | p=.019 p =.026
Pale yellow - p =.002 ns ns
Light orange - p <.001 p <.001
Pale purple - ns
Pale green/yellow -

In regard to the mediation of emotional response and heart rate in the relationship
between colour and reading comprehension, the results show that because there was
no relationship between colour and reading performance (F[5,138] = 1.01, p = .412),
emotional response and heart rate did not mediate the relationship between the
experimental manipulations and reading performance. No further statistical test is

required.
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5.3.4 Interview Results

The qualitative data provided rich information on the participants’ perspective on
the role of colour in the learning spaces and its effects on students’ learning activity.
The participants were interviewed individually after each session in the experiment.
They were asked about how and why each colour could help them to focus on their
studies in the individual study room. For each of the six colour conditions,
participants were asked “does this colour motivate you to study and help you to
focus? Why?” During the interview, the investigator recorded the participants’
comments about each colour its meaning, associations and general attitudes towards
these colours. The responses for each colour condition were reported and analysed
for commonalities and differences; analysis of qualitative data for Cycle 4 (Study C)
applied the same steps as for Cycle 2 (Study A) (see data analysis Section 3.3.5.1 in
Chapter 3). In addition, responses were coded in a thematic analysis. The themes

explored in the interviews were as follows:

1. The emotions, colour preferences, bodily impact, motivation, task, association,
intellectual activity, duration, and spatial properties.

2. Possible reasons for these associations.

5.3.4.1 Light Yellow and Light Orange

The results indicated that 58% of the participants believed that light yellow could
influence learning activity positively and help them to focus and study, while 54% of
the participants believed the same for light orange. They also believed that these
colours would have a positive impact on their emotions, physical body, motivation
and intellectual activity. For instance, light yellow and light orange were associated
with feelings such as happiness, pleasantness and comfort. In addition, the
participants reported that light yellow and light orange are vibrant, optimistic and
powering. Thus, the participants stated that these colours would motivate them to
study and make them more active. They commented on light yellow and light orange
as follows:
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It [light yellow] is a pleasant colour and it gives energy to study ... |
feel active and it helps me to be awake and to focus. (Participant 23)

| like it [light orange]... | feel more excited, comfortable and
cheerful... it creates a warm atmosphere and helps to focus.
(Participant 16)

Participants mentioned that colours can impact on study duration in the learning
space. For example, they reported that light yellow and light orange would assist
students to study for long time because they believe these colours are comfortable

and active. They commented:

... I think it [light yellow] is suitable for study especially for long
time because it makes me alert and willing to study. (Participant 2)

... It is comfortable for eyes and it is soft... I can study for long time
with this colour. (Participant 4)

Participants commented on colour association in regard to light yellow and light

orange. For example, these colours were associated with natural and cultural aspects.

it [light yellow] is comfortable and looks like sunshine...
(Participant 4)

| like it because it [light orange] reminds me of the flag of Ireland... it
contains green and orange... it is a fruity colour like a peach...
(Participant 17)

However, the results showed that 41% of participants did not believe light yellow
is a suitable colour for study, and 45% of participants reported this for light orange as
well, because they think these colours can impact passively on their physical body
and concentration level by distracting their mind, causing eye fatigue and increasing

feelings of tiredness and inactiveness due to their brightness.

It [light yellow] is a nice colour but it is distracting and
uncomfortable for study because it is slightly bright... | get eye tired.
(Participant 8)

“It is a distracting colour and also it makes me feel sleepy... less
focused... | think it is not a good colour for a learning environment.
(Participant 13)
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A few participants mentioned the relationship of colours to tasks; for instance,
light yellow and light orange were considered nice colours and interesting, but more
suitable for other activities, such as sport for light yellow, and entertainment
activities for light orange:

It [light yellow] is not comfortable for study... it is good for sport.
(Participant 17)

It [light orange] is a cool colour but I think it is suitable for
entertainment spaces ... (Participant 18)

In addition, the results showed that light yellow and light orange are associated
with negative emotions. Some participants reported that light yellow and light orange
are considered warm, strong, glary, annoying, and less stimulating. They

commented:

It [light yellow] is very bright and annoying colour... (Participant 9)

... it [light orange] is not vibrant, flat, and not dynamic... (Participant
1)

Moreover, it was found that personal colour preferences had an impact on rating
light yellow and light orange as inappropriate for learning activities. The participants

commented:

This colour [light yellow] does not encourage me to study because I
dislike yellow... it is uncomfortable for study and I cannot focus on
the reading task. (Participant 18)

| don’t like this colour [light orange] ... (Participant 12)

5.3.4.2 Deep Yellow

The results indicated that 83% of the participants thought the colour deep yellow
unsuitable for studying. It was associated with negative feelings such as dark,
depressing, unappealing, boring, dirty, annoying, disgusting, unpleasant and heavy.

The participants’ comments were as follows:
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It is [deep yellow] not an appealing colour, boring, dull and dirty
colour ... (Participant 5)

It is [deep yellow] not a nice colour, depressing and disgusting
colour... (Participant 8)

In addition, the participants believed that deep yellow influences their physical
body in a negative way. For example, they reported that deep yellow made them feel
tired, sick, inactive, sleepy, and nervous. Deep yellow was less preferred and not
considered a motivating colour to study. The participants made similar comments:

| don’t like this colour because it is a dark and depressing colour... it
makes me feel tired and it distracts my concentration... so it is not a
motivating colour for study. (Participant 3)

It is a heavy and negative colour... it is uncomfortable for study,
making me feel tired, hot and less active... as well it is distracting so
| cannot focus with this colour condition. In general, this colour is not
supportive for study. (Participant 16)

One participant reported that deep yellow does not encourage him to study
because it is associated with mustard and it is a sickly colour. The comment was as

follow:

It is like mustard... unpleasant and unmotivated colour to study...
and uncomfortable colour... sickly. (Participant 17)

However, 16% of the participants believed that deep yellow would be a suitable
colour for learning activities. They reported that deep yellow is comfortable, active
and interesting, and would help them concentrate on their task. They made similar

comments:

It is settled and interesting colour... feel more comfortable and active
with this colour... as well as it helps to concentrate on my reading
task. (Participant 1)

This colour | think is good for study because it is cosy and less

bright... so it helps me to focus on what | read... it is very active
colour and | feel alert. (Participant 7)
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5.3.4.3 Pale Yellow, Pale Green-Yellow and Pale Purple

The data from the interview shows that pale yellow, pale purple and pale green-
yellow are considered unsuitable colours for individual study spaces by a high
number of the participants. 54% of the participants perceived pale yellow as
unsuitable 62% of participants found this for pale green-yellow; and 58% of
participants found pale purple unsuitable for leaning activities. It was believed these
colours have negative effects on participants’ emotions, physical body, intellectual
activity and motivation. For example, pale yellow was perceived as less emotional.
Participants reported that their emotions were not affected by this colour; it was
considered very neutral, dull, boring and under-stimulating because it was perceived

as an institutional colour:

It is [pale yellow] boring and not interesting ... it has no effect on my
emotion because it is a very pale colour ... I don’t like it and I think it
is not a suitable colour for learning activity. (Participant 14)

. it [pale yellow] is also a distracting colour and very institutional.
(Participant 3)

In addition, pale purple and pale yellow were perceived as very light,
calm, relaxing and unpleasant, and these colours were believed to decrease
the activity level of the participants. The participants reported that pale purple
and pale yellow made them less active, sleepy and tired. Therefore, these

colours could not help them focus or study. They commented:
It [pale purple] is a very light and calm colour... it helps me to sleep
more than to read. (Participant 3)

It [pale yellow] is a dull and inactive colour... | feel tired and sleepy
so it does not help me to focus. (Participant 6)

Participants believed that pale yellow and pale purple would be more suitable
colours for other activities such as relaxation in the living room or dining room, and

pale purple was perceived as a suitable colour for a child’s bedroom:

...1 think it [pale yellow] is good for relaxing not for learning...
(Participant 4)
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... It [pale purple] is good for relaxing. (Participant 16)

... It [pale purple] makes me feel hungry so it would be good for a
dining room. (Participant 4)

It [pale purple] is so calm and babyish a colour ... I think it is a good
colour for kids’ bedroom... (Participant 2)

As for pale green-yellow, 62% of the participants believed this colour is not
suitable for learning activities. It was believed that pale green-yellow could impact
negatively on their emotions. It was considered very bright, strong and annoying,
with a negative impact on the physical body, by causing eye fatigue and nervous
states and being mentally distracting. Therefore, the participants felt less motivated
to study and believed the colour did not increase their concentration on the reading

task. The participants’ comments were as follows:

It [pale green-yellow] does not push me to study because it is
distracting and too bright a colour... | feel it is coming on me... so
near to me ... and hard to look at it and | feel there are dots on the
paper when | read the task. (Participant 11)

My eyes are getting tired with this colour [pale green-yellow] because
it is bright and reflects too much light... it is not suitable for study.
(Participant 18)

Two of the participants mentioned the relation between colour and behaviour by
saying that pale green-yellow is highly reflective and that this would not encourage
them to stay in the space for a long time. They suggested this colour would be an

appropriate colour for entertainment or hospital spaces:

It [pale green-yellow] does not give me energy to study because there
are strong reflections come from it... | cannot stay here to study I
want to run away from this space because it is very distracting... this
colour is good for relaxing or having fun. (Participant 7)

... 1 think it [pale-green-yellow] would be good for a hospital... | feel
sick with this colour... it does not inspire me or encourage me to
study and I cannot stay in this room... it is so strong a colour and not
comfortable as well. (Participant 5)

On the other hand, some participants thought that pale yellow, pale purple and
pale green-yellow are suitable colours for learning activities, because they believed
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these colours provoke positive feelings such as happiness, freshness, relaxation and
calmness. For example, pale green-yellow and pale yellow were perceived by 37%
and 45% of the participants respectively as vibrant, inviting and inspiring colours
because they related them to natural aspects; for example, sunshine or daylight was
associated with pale yellow, and the countryside with pale green-yellow. Regarding
colour associations, one of the participants stated that pale yellow is associated with
old books; therefore, he believes that pale yellow can create a comfortable
atmosphere for studying. The participants commented:

It [pale yellow] encourages me to study because it is a bright, alert,
powering, inspiring and inviting colour... as well as it is a natural
colour and good for focus and study. (Participant 10)

...I like it [pale-green-yellow]... it makes me feel fresh because it is
associated with grass and landscape... (Participant 13)

It [pale yellow] is nice and very comfortable colour for study... and it
is associated with books especially old books... it helps to focus.
(Participant 17)

As for pale purple, 41% of the participants perceived it as a calm and relaxing

colour:

... It [pale purple] is a calm and relaxed colour... (Participant 10)

A few participants, about 10% believed that pale yellow, pale purple and pale
green-yellow are comfortable colours for the eyes and enhance their activation and
alertness. They felt that these colours would motivate them to study and make them
more active. They commented on pale purple, pale-green-yellow and pale yellow as
follows:

[pale green-yellow]... is comfortable for the eyes and it helps me to
focus... and it gives energy to study and makes me more awake.
(Participant 3)

It [pale yellow] is very comfortable for study and concentration

because it is a light and neutral colour... and also it is comfortable for
the eyes. (Participant 20)
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This colour [pale purple] is pleasant, alert, comfortable and cold... it
helps to focus and study and also comfortable for the eyes.
(Participant 17)

5.4 Cycle 4 (Reflection 4): Discussion of Results

The aim of this experiment was to test the impact of colours that were chosen in
Cycle 3 (Study B) (focus group) on the students’ reading comprehension, emotional
response and heart rates in the individual study areas within the university library
building. As in Cycle 2 (Study A), this study took place in a full scale space that was
designed to simulate a typical space for individual study in the university library. The
implications of the findings will now be discussed in relation to use of colour in

library learning areas.

5.4.1 Reading Comprehension

In contrast to Cycle 2 (Study A), reading comprehension was not affected by
colour conditions in Cycle 4 (Study C). It was obvious from the data that reading
performance did not vary across the different colours. There were no significant
differences in reading comprehension scores across the different colours. The reason
for this finding might be that most colours used in Cycle 4 (Study C) had medium
whiteness and medium chromaticness levels (light yellow, light orange), and high
whiteness and low chromaticness (pale yellow, pale green-yellow, pale purple),
except for one colour which had medium blackness and medium chromaticness (deep
yellow). This means the difference between colours nuances was not very high (no
contrast colours). The participants did not make a distinction between light colours
and pale colours; they considered all colours with high and medium whiteness to be
‘light colours.’

Another explanation of this result is that because these colours are considered less
stimulating and less arousing, the participants did not achieve significantly different
scores when performing the reading comprehension test in the individual study room
regardless of its colour — light yellow, deep yellow, pale yellow, pale purple, light
orange or pale green-yellow. This finding may also indicate that the effect is too
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small to be detected or participants need a longer time in the room for the effects to

attain statistical significance.

5.4.2 Heart Rate Response

There were changes in the heart rates of participants when exposed to different
colours for periods of time that allowed them to adapt to the conditions. The colours
with medium levels of whiteness and medium levels of chromaticness such as light
yellow and light orange, and with high whiteness and low chromaticness such as pale
green-yellow, increased heart rates; pale green-yellow especially was more effective
than the others. On the other hand, colours with high whiteness and low
chromaticness such as pale purple and pale yellow, and colours with medium
blackness and medium chromaticness such as deep yellow, decreased heart rates,
especially pale purple. This finding is consistent with a number of previous studies,
which showed that colour has a significant effect on heart rate. Researchers found
that heart rate increased in response to warm colours such as red and yellow, and
decreased in response to cool colours such as blue (Abbas, Kumar and Mclachlan
2006; Ward 1995).

In this respect, these findings are consistent with the heart rate results in Cycle 2
(Study A), which found that heart rate increased in response to warm colours such as
red and yellow. Similarly, in Cycle 4 (Study C), heart rate increased in response to

warm colours such as pale green-yellow, light orange and light yellow.

5.4.3 Emotional Response to Colour

The emotional responses to colour in Cycle 4 (Study C) revealed that colour has a
significant impact on participants’ emotional responses. In addition, the findings are
consistent with previous studies which confirmed that colour has a strong impact on
emotional responses (Harleman 2001; Kaya and Epps 2004; Stone 2001), and the
results also are consistent with findings of Cycle 2 (Study A).

The data show that the colours light yellow, light orange, pale yellow, pale purple,

and pale green-yellow were perceived as pleasant, fresh, light, relaxing, interesting
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and light. However, the colour deep yellow, with medium blackness and medium
chromaticness, was associated with negative emotions; it was perceived as
unpleasant, heavy, stale, tense, and dark. The Munsell value has been cited as an
important factor for determining colour pleasantness. Guilford and Smith (1959)
conducted an investigation rating 316 colour papers. They found that pleasantness
increased when the level of the Munsell value increased. A colour preference study
by Sivik (1974) investigating the impact of whiteness, blackness and chromaticness
on colour preference found that blue was rated a more positive colour than other
colours, but across all colours, Sivik found that when blue became a blacker colour,
it was rejected. Thus blackness was considered unpleasant. Similarly, pale yellow
and light yellow were associated with positive emotions, whereas yellow with some
level of blackness was associated with negative emotions.

The results show that deep yellow and pale yellow were perceived as dull colours
compared to other colours, and were also perceived as calm, like pale purple,
because of the lack of chromaticness in pale yellow and pale purple and an increase
of blackness for deep yellow. Participants reported feeling inactive in their presence.
In contrast, participants felt more excited in light orange, light yellow and pale green-
yellow conditions. One interpretation of this finding may be that colours with high

chromaticness make participants feel more active.

As for light yellow, the result was consistent with Manav’s findings (2007),
which reported that yellow with medium whiteness and medium chromaticness was
associated with feelings of excitement. This result is consistent with results for
emotional response in Cycle 2 (Study A). As for the warm/cool scale, the results
showed that colours with whiteness or blackness dimensions such as deep yellow,
light yellow, pale yellow and light orange were considered warm colours, whereas
pale purple and pale green-yellow were perceived as cool colours.

The data show that chromaticness, whiteness and blackness (the three components
of nuance) have a strong impact on emotions. This is in accordance with the findings
stated in Xin et al. (2004), where the effects of the Munsell value and chroma were
found to be much more significant than those of hue.
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There were no relationships between changes to heart rate and reading
performance, and emotional response and reading performance. This means that
heart rate changes and emotions cannot mediate the relationship between colour and

reading performance.

5.4.4 Interviews

The participants were interviewed individually and asked about the impact of each
colour on their emotion and learning performance. A number of themes emerged
from the data that are related to colour effects, such as emotion, colour preferences,
bodily impact, motivation, task, association, intellectual activity, sensations and
spatial properties. In general, the colours light yellow and light orange with medium
whiteness and medium chromaticness levels were considered appropriate colours for
learning activities in the individual study room. They elicited a high number of
responses, including the feelings of happiness and excitement, and were seen as
vibrant, empowering, optimistic and comfortable colours. These findings were
similar to previous findings, which revealed that yellow and orange are associated
with positive emotions (Manav 2007; Clarke and Costall 2008).

Furthermore, light yellow and light orange were associated with natural aspects
such as sunshine for light yellow and the fruit peach for light orange; also, light
orange was associated with cultural aspects such as the flag of Ireland. As a result,
these colours assisted participants to be alert and active, and motivated them to study
for a long time and increase their concentration. The findings for light yellow were
consistent with the qualitative results in Cycle 2 (Study A). In addition, the results
for light orange support the findings in Cycle 3 (Study B) (focus group) which
revealed that light orange is a suitable colour for learning activities.

The data reveals that deep yellow was considered an unsuitable colour for
learning activities in the individual study room within the university library. The
participants reported that deep yellow might impact negatively on their learning
performance and it did not motivate them to study. They found deep yellow
depressing, dark, unappealing, dirty, annoying, unpleasant, disgusting, heavy and
boring. This result corroborated previous research concerning the degree of
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whiteness and blackness, which revealed that a degree of blackness was associated
with negative emotions (Sivik 1974). The participants also reported that deep yellow
negatively influenced their bodily responses, making them feel tired, sick, sleepy,
inactive and nervous, which decreased their concentration on the reading task and
distracted their mind. This finding disagreed with Cycle 3 (Study B) results, where

deep yellow was perceived as suitable colour for learning activity.

It is observed from the interview results that pale yellow, pale purple and pale
green-yellow were also considered unsuitable for learning activities in the individual
study room. They were perceived as under-stimulating colours that did not encourage
participants to study. For example, pale yellow was seen as dull, boring, and very
neutral because of its lack of chromaticness. Pale yellow and pale purple were also
perceived as very light, calm, relaxing and unpleasant colours, and this contributed to
making participants feel sleepy and inactive. Therefore, they considered that these
colours would not help them to focus or study. This is in accordance with the
findings stated in Kwallek et al. (1996) that lighter values appear to be more
distracting than darker values.

As for pale green-yellow, it was perceived as a strong, bright, and annoying
colour, causing eye fatigue and detrimental to mental activity and focusing. This
finding is consistent with a previous study which found that the colour green-yellow
was associated with negative emotions and evoked feelings of sickness and disgust
(Kaya and Epps 2004). In general, the data reveal that pale green-yellow, pale
yellow, and deep yellow were considered unsuitable colours for learning activities;
these results did not support the results of Cycle 3 (Study B) in this thesis. In
addition, the results of interviews (qualitative data) disagree with the results of the
quantitative data (emotional reactions) in regard to the colours with a whiteness
dimension. It was found that colours with high and medium level of whiteness were
associated with positive feelings in the quantitative data, while only light orange and
light yellow were associated with positive feelings and considered suitable colours

for learning activities in the qualitative data.
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5.5 Conclusion

In Cycle 4 (Study C) the researcher tested the effects of environmental colour on
learning activities in learning spaces. Besides the manipulation of wall colours,
students’ heart rate and emotional responses were investigated to measure their

effects on learning performance.

The quantitative results suggest that the colours used in this study have a greater
impact on emotional response and heart rate than on reading comprehension. Colours
with high and medium whiteness (light yellow, light orange, pale yellow, pale
purple, pale green-yellow) were associated with positive feelings compared to a
colour with medium blackness and medium chromaticness (deep yellow). As for
heart rate, it was found that heart rate increased in response to warm colours with
medium whiteness compared to colours with medium blackness (deep yellow) and

high whiteness (pale purple and pale yellow).

The results revealed that reading performance was not affected by colour
conditions. These findings disagree with Cycle 2 (Study A) findings that reading
performance was influenced by colour conditions. It can be concluded that nuance
has a more important impact on reading comprehension than hue. Cycle 2 (Study A)
used two nuances (light and vivid colours), while in Cycle 4 (Study C) the difference
between colours nuances was not very high. Table 5-11 shows the summary of

guantitative data.
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Table 5-11: Summary of quantitative data

Cycle 4

Colours with high
whiteness

Emotional response

Heart Rate

Reading
comprehension

Light orange

Exciting, pleasant, fresh, relaxed,
light, warm and interesting.

Increases in HR

Light yellow

Exciting, pleasant, fresh, relaxed,
light, warm and interesting.

Increases in HR

Exciting, pleasant, fresh, relaxed,

Pale green-yellow A . . Increases in HR No impact
light, cool and interesting.
Pale yellow Dull, pleasant, frs—)sh, relafxed, light, Decreases in HR
calm, warm and interesting.
Pale purple Calm, ple.asant, fresh, relaxed, light, Decreases in HR
cool and interesting.
Colours with high Emotional response Heart Rate Reading

blackness

comprehension

Deep yellow

Dull, calm, unpleasant, heavy, stale,
tense, dark, and warm.

Decreases in HR

No impact

The qualitative data agree with the quantitative data in regard to light yellow and
light orange, because these colours were associated with positive feelings, as
indicated in the quantitative results for emotional response, but there was
disagreement in regard to the colour pale green-yellow. Pale green-yellow was
related to positive feelings in the quantitative results for emotional response but not
in the qualitative interview results. Table 5—-12 shows the summary of the main
findings of the interviews in Cycle 4 (Study C).

239



Chapter 5 Cycle 4

Table 5-12: Summary of interview results (qualitative data)

Colours Summary

Perceived as happy, exciting, comfortable, vibrant and

BT AVE VR R[0T - empowering, and as suitable colours for study and focusing.

orange

Associated with negative feelings (dark, depressing, boring,
Deep yellow unappealing, annoying, disgusting and heavy). Feeling tired,
sick, and sleepy. Does not motivate to study.
Less emotional, very neutral, dull, boring and less
Pale yellow stimulating. Calm and unpleasant. It does not help to focus.
It is a good colour for a living room.
Calm, relaxing, unpleasant and inactive. Feeling sleepy and
Pale purple tired. It does not encourage studying and focusing. Good
colour for child’s bedroom.

Very bright, strong and annoying. Causing eye fatigue,
Pale green-yellow nervousness and distraction for the mind. It is not a

motivating colour for study.

In addition, the qualitative results disagree with the quantitative results in terms of
which colour supports learning. In regard to the quantitative results, no colour
improved the reading comprehension scores. However, the qualitative results
suggested that participants considered light orange and light yellow to be suitable
colours for reading in the individual study room. The reason for the contradictory
findings might be that the qualitative results are subjective responses, and the
participants expressed their opinion when they were interviewed. Table 5-13 shows
the main results per colour with different methods in regard to the reading task.
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Table 5-13: The main results per colour with different methods in regard to the reading task

Quantitative Method Qualitative Method
(Reading task) (Reading task)

Colours

Light yellow No effect Good
Light orange No effect Good
Pale yellow No effect Bad
Pale purple No effect Bad
Deep yellow No effect Bad
Pale green-yellow No effect Bad

Conclusion Reading scores did not vary across Light yellow and light orange support
the different colours reading task

The results of Cycle 4 (Study C) did not support the results of Cycle 3 (Study B)
on some points. The six colours tested in Cycle 4 (Study C) were not all considered
suitable for learning activities although they were in Cycle 3 (Study B). Only light
yellow and light orange were considered good colours for studying in the individual
study room. This may be due to the changes in the appearance of colours, because
participants in Cycle 3 (Study B) evaluated small colour samples while the
participants in Cycle 4 (Study C) evaluated the same colours chosen in Cycle 3
(Study B), but in large size. The effects of large size of some colours caused
distractions for the participants. Figure 5—-15 shows the main findings of Cycle 4
(Study C).
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CYCLE 4-STUDY C

Testing the impact of
colours chosen in
Study 2 on learning
activity

COLOURS

Cycle 4

EMOTIONAL RESPONSE

-Colour has a significant impact on
emotional response.

-Light orange, light yellow, pale green-
yellow, pale yellow, pale purple
associated with positive feelings.
-Deep yellow associated with negative

feelings.

HEART RATE (HR)

- The main effect of colour is significant
for heart rate.

Light orange
Light yellow

Pale yellow

=2 Palegreen-

yellow
Pale purple

Deep yellow

- Heart rate increases with pale green-
yellow, light yellow and light orange.

- Heart rate decreases with pale purple,
pale yellow and deep yellow.

eleq anieIUBND

READING COMPREHENSION

The main effect for colour is not
significant for learning.

INTERVIEWS

-Light yellow & light orange are suitable
colours for learning activities. They are

active and motivating colours for study
and focus.

- Pale yellow, pale green-yellow, deep
yellow and pale purple are unsuitable
colours for learning spaces. It was
believed they have negative effects on
emotions, motivation, intellectual activity
and physical body.

ele@ anne)eND

Y

OUTCOME

Emotional response & heart rate are affected by colour, reading task is

not.

Colours with high & medium whiteness associated with positive feelings
compared to colour with high blackness.

Pale purple, pale yellow and deep yellow less stimulating.

Colours with medium whiteness and high chromaticness can facilitate
learning compared to colours with high whiteness and low chromaticness.

Figure 5-15: The Outcome of Cycle 4 (Study C)
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6 CHAPTER 6: GENERAL CONCLUSION

The central focus of this research is the use and the role of colour in learning
spaces within library spaces, with the aim of gaining a better understanding of how
learners relate to learning spaces, and whether colour influences learning and
encourages students to engage in studying. In contrast to previous colour studies, the
enquiry investigates physiological (heart rate), psychological (emotional response)
and subjective measures (preferences and association) to investigate the relationship

between colour and learning performance.

This research will contribute to the knowledge base of architects and interior
designers who wish to design effective colour systems for learning environments.
Chapter 6 presents general conclusions derived from this thesis and synthesises the
findings to convey the insights gained in response to the research questions posed. In
addition, it outlines the limitations of this research and offers possible directions for

future research.

6.1 The Study Conclusion

Each of the four action research cycles indicate significant key aspects to be
investigated in the next cycle. Cycle 1 (literature review) established a starting point
for Cycle 2 (Study A) by investigating previous finding on how learners might be
influenced by colour in learning spaces. Cycle 1 (literature review) also established
that the colours red, yellow and blue were believed to assist students’ learning

performance.

Building on this knowledge, Cycle 2 (Study A) examined the impact of six
colours (including red, yellow, blue hue and nuance) on students’ emotional
responses, heart rate and reading comprehension. The results of this second cycle
(Study A) showed that reading comprehension, emotional response, and heart rate
were affected by colour conditions. As a result of Cycle 2 (Study A), it was then
decided to identify other appropriate colours to examine their effects on university
students’ learning. The results of this work informed the design of the subsequent
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study held with focus groups who were invited to select suitable colours for an

individual study room that would facilitate learning performance.

Cycle 3 (Study B) was conducted through focus groups comprising university
students to gain rich information, including how colours can motivate students to
study. The results of this cycle suggested six colours that would be suitable for an
individual study room: light yellow, light orange, pale yellow, pale green-yellow,

deep yellow and pale purple.

Cycle 4 (Study C) tested the impact of the six colours chosen in Cycle 3 (Study B)
on emotional response, heart rates and reading comprehension. Cycle 4 used the
same experimental procedure as Cycle 2 (Study A), thereby enabling comparison to
be made between the 12 colours tested. There is considerable consistency of findings
from the three studies (A, B, and C); however, there are also some inconsistencies.
The three studies contributed valuable information on the effects of colour on
emotional responses, heart rate and reading comprehension to the fields of colour

studies and learning in university libraries.

This section will show how the following research questions were addressed and

will summarise the findings.

1. To what extent do the hue and nuance dimensions of colour influence reading

comprehension in the individual study room?

2. To what extent do hue and nuance dimensions of colour influence heart rate

and emotional response to colour in the individual study room?

3. To what extent do emotional responses to colour and heart rate mediate the
relationship between colour and reading comprehension in the individual

study room?
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6.1.1 The conclusions from emotional response evaluation and heart

rate changes of Studies A and C

The results indicate that colour has a strong impact on emotional responses and
heart rate in Studies A and C. regarding emotional responses, the results of Studies A
and C consistently showed that light colour conditions with medium whiteness and
medium chromaticness (light blue, light yellow, light red, light orange and pale-
green-yellow) were associated with more positive effects on emotional responses.
These colours were perceived as pleasant, relaxing, exciting, interesting, light and
fresh. As for colours with high whiteness such as pale yellow and pale purple in
Study C, the results showed that they had less positive effects on emotional

responses as they were associated with negative effects.

On the other hand, colours with high chromaticness and low whiteness (vivid, red,
vivid yellow and vivid blue) in Cycle 2 (Study A), and a colour with high blackness
(deep yellow) in Cycle 4 (Study C) were associated with negative effects, as they
were perceived as unpleasant, tense, dark, and heavy. Table 6-1 shows the main
emotional response evaluation findings of Studies A and C.

Table 6-1: The main emotional response evaluation findings for Studies A and C

Colours Emotional Response
(quantitative data)

Vivid Red Negative
Light Red Positive
Vivid Yellow Negative
Light Yellow Positive
Vivid Blue Negative
Light Blue Positive
Light orange More positive effect
Light Yellow More positive effect
Pale Yellow Less positive effect
Pale purple Less positive effect
Pale green-yellow More positive effect
Deep Yellow Negative effect

245



Chapter 6 General Conclusion

Studies A and C consistently showed that increases in heart rates were found in
association with the warm colours red and yellow in Cycle 2 (Study A), and with
light yellow, light orange and pale green-yellow in Cycle 4 (Study C). These results
support the notion that environmental stimuli can affect mood and emotions (Knez
2001) and that colour is an environmental stimuli that has a strong impact on
humans’ psychology and physiology (Abbas, Kumar and Mclachlan 2006; Kiiller,
Mikellides and Janssens 2009). Table 6-2 shows the findings for main heart rate

changes in Studies A and C.

Table 6-2: The main findings for heart rate changes in Studies A and C

Colours Heart Rate
(quantitative data)

Vivid Red Increase in HR
Light Red Increase in HR
Vivid Yellow Increase in HR
Light Yellow Increase in HR
Vivid Blue Decrease in HR
Light Blue Decrease in HR
Light orange Increase in HR
Light Yellow Increase in HR
Pale Yellow Decrease in HR
Pale purple Decrease in HR
Pale green-yellow Increase in HR
Deep Yellow Decrease in HR

6.1.2 The conclusions from reading comprehension assessment of
Studies Aand C

The results indicate that reading comprehension was affected by colour with
improvement in vivid colour conditions such as vivid red, vivid yellow and vivid
blue (colours with high chromaticness and low whiteness), while the scores of
reading comprehension declined in light colour conditions (light red, light yellow
and light blue) in Cycle 2 (Study A). However, reading comprehension was not
affected by the colours light yellow, light orange, pale yellow, deep yellow, pale
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green-yellow and pale purple in Cycle 4 (Study C). The reason for these findings
relates to the nuance rather than the hue, as all colours used in Study C were whitish,
there were no vivid colours as in Study A. Table 6-3 shows the main findings of
reading comprehension test in Studies A and C.

It is well documented in the literature described in Cycle 1 that the colours red
and yellow are suitable colours for learning performance, particularly for cognitive
tasks that need concentration, because these colours are arousing (Kaya and Crosby
2006). In addition, blue can be suitable for creative tasks because it encourages deep
thought (Mehta and Zhu 2009; Pile 1997).

Table 6-3: The main findings of reading comprehension test in Studies A and C

Colours Reading comprehension
(quantitative data)

Vivid Red Good
Light Red Bad
Vivid Yellow Good
Light Yellow Bad
Vivid Blue Good
Light Blue Bad
Light orange No effect
Light Yellow No effect
Pale Yellow No effect
Pale purple No effect
Pale green-yellow No effect
Deep Yellow No effect

6.1.3 The conclusions from qualitative data of studies A, B, and C

The qualitative data confirmed many times (see interview results in Studies A and
C, and focus groups results in Study B) that colours can indirectly affect learning
performance by influencing emotions, the bodily response, motivation, intellectual
activity, personal connections, associative properties and spatial perception. The
premise of the three studies predicted that when colours put the students in a positive

mood, they are more focused and more willing to study for a long time. This finding
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was supported by Elliot and Maier’s study (2007) which revealed that colours which
evoke positive feelings will stimulate an approach motivation, while colours evoking

negative feelings will stimulate an avoidance motivation.

When the participants were interviewed in Studies A, B and C, they commented
that colours that produce comfortable, calm and relaxed feelings and atmosphere
would help them study and focus and improve learning performance. For this reason
the participants considered light colours such as light blue, light yellow, light orange,
pale green-yellow in Studies A, B and C suitable for learning environments,
particularly for individual study spaces. However, feelings of relaxation and
calmness could have a negative impact on learning performance in the individual
study space, because students spend a considerable time in the study room and light
colours would create a calm atmosphere which might make them less active and

impair their performance.

The qualitative data provided insights into the effects of colour on learners in the
university library, particularly in Cycle 3 (Study B) (focus group). The participants
clarified how colour can facilitate learning and encourage students to study. The
participants concurred that learners are affected by their surroundings in the library,
especially colour. In the questionnaire, the participants indicated that the colours of
the learning spaces in the Robertson Library have negative effects on learners
because they are perceived as neutral, institutional and less stimulating colours.
Therefore, the participants chose warm and stimulating colours such as yellows,
orange and green-yellow as suitable colours for learning. Nature is another aspect
that the participants talked about, suggesting that using natural colours in learning
spaces can be empowering and stimulates them to study in the library for a long time.

For emotional responses, it can be seen that the qualitative data agree with the
quantitative data in the three studies. The nuance and hue dimensions had a
significant impact on emotions. In the quantitative data, the light colours were
associated with positive feelings in Cycle 2 (Study A) and Cycle 4 (Study C); in the
qualitative data (Studies A and C interviews and Study B focus groups), the
participants asserted that light colours had positive effects on their psychological and
physiological states.
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6.1.4 Inconsistent results derived from all three studies

Across all three studies, there were some inconsistencies in the results. Firstly, the
results of Cycle 2 (Study A), Cycle 3 (Study B) and Cycle 4 (Study C) showed that
in regard to learning performance, the quantitative data disagreed with the qualitative
data; the latter showed that light colours were considered suitable for learning
environments, encouraging students to study and increase their focus in Studies A, B
and C (qualitative data). However, light colours did not have a significant impact on
the reading comprehension task in Studies A and C (quantitative data).

Secondly, results are inconsistent for Cycle 2 (Study A) and Cycle 3 (Study B);
during the focus group sessions, it was found that colours with high chromaticness
(vivid red, vivid yellow and vivid blue) were not selected by the participants as
suitable colours for an individual study room in the university library, whereas
colours with high chromaticness and low whiteness (vivid red, vivid yellow and

vivid blue) enhanced reading activity in Cycle 2 (Study A).

Thirdly, the results of Cycle 3 (Study B) were dissimilar to findings in previous
studies that suitable colours for university students’ learning performance were the
elementary colours red or blue. The participants in the focus group (Study B) did not
select the elementary colours red or blue as suitable colours for learning; only yellow
was perceived as an appropriate colour. Most of the colours selected (in Study B) had
a roughly equal resemblance to two NCS Elementary colours, one of which was

yellow or red. No colours that were mainly bluish, reddish or greenish were selected.

Finally, the quantitative data in Cycle 2 (Study A) show that the chromaticness,
whiteness and blackness (NCS nuance) of colours play an important role in
determining the effects on students’ learning performance. For example, reading
comprehension scores were affected by the nuance dimension (not hue); high
performance in vivid colour conditions and low performance in light colour
conditions were observed in Cycle 2 (Study A). However, the results of Cycle 4
(Study C) indicated that there was no effect of colour on reading performance. Hue
and nuance dimensions had no significant impact on reading comprehension scores.

This might have been due to the small differences in nuance between the colours
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used in Cycle 4 (Study C). Therefore, reading task needs warm or bright colours to

stimulate the brain to focus and to help the students stay awake and active.

In contrast, the hue dimension (not nuance) had a significant effect on heart rates.
It was found that when participants were exposed to different colours for periods of
time their heart rates increased in response to arousing and warm colours. For
example, the findings of Cycle 2 (Study A) indicated that red and yellow, whether in
vivid conditions or in light conditions, increased heart rate, whereas blue decreased
heart rate. The results of Cycle 4 (Study C) show that heart rate increased when the
chromaticness increased in warm colours (such as light orange and light yellow), and
decreased when the chromaticness decreased in warm colours (such as pale yellow,
pale purple, and deep yellow). These findings are consistent with previous studies
which found that heart rates increase in response to warm colours with high
chromaticness and decrease in response to cool colours (Abbas, Kumar and
Mclachlan 2006).

6.1.5 Conclusions derived from the relationship between emotional

response, heart rate and reading comprehension

The quantitative data confirmed that emotional response and heart rate did not
mediate the relationship between colour and reading comprehension (Studies A and
C). The qualitative data indicated that positive emotions would encourage students to
study and to increase their focus in the individual study room. The increases in heart
rates in warm colour conditions made participants feel more active and alert, which
helped them to focus on their reading tasks. The interviews, in which participants
mentioned that warm colours were arousing and stimulating and increased their
activation, confirmed these results. According to Kuschel, Forster and Denzler
(2010), positive feelings tend to increase the ability to solve insight problems.

The reason for this finding is the participants were guided by limited emotional
terms when they rated the emotional response in the questionnaire in the beginning
of the experiment. On the other hand, in the interviews, the participants were
thinking through their answers in more detail to clarify the effects of colour on their

performance.
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From this study it is concluded that warm colours with high chromaticness and
medium whiteness would assist students to be alert and active and to focus on their
task. As for hue, the results show that the colour blue is associated with positive
emotional responses such as calm, light, pleasant, interesting, fresh, relaxing and
cool; however, this colour cannot help participants to be active in studying and
focusing because it calms them and decreases their heart rates. Figure 6-1 summarise
the main findings of the four cycles.
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Demonstrating previous studies about
library, learning and colours used in
learning spaces and library spaces.

Colours proposed in the
literature reviews in
regard learning spaces.

Cycle 2 (Study A)

Testing the impact of
colours proposed in Cycle
1 on learning activity (hue
and whiteness
dimensions).

Cycle 3 (Study B)

Students’ perception of
which colour can assist
learning in the individual
study area (Focus group).

Cycle 4 (Study C)

Testing the impact of colours
chosen in Study B on learning
activity.

General Conclusion

Red, blue and yellow are
proposed in the previous
studies as suitable colours for
learning activity in the learning
spaces.
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Figure 6-1: Main findings of the four Cycles summary
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6.2 Main Conclusions

The following conclusions can be drawn from the study:

1. According to quantitative data, learning performance (reading
comprehension) was influenced and improved by colour conditions,
especially when the colours are more chromatic and arousing (vivid
colours) as in Cycle 2 (Study A). The light colour conditions did not affect
reading comprehension performance in Studies A and C.

2. Heart rate was significantly affected by hue (not nuance); it increased in
the red and yellow conditions and decreased in the blue condition in Cycle
2 (Study A); and it increased in the light orange, light yellow and pale
green-yellow conditions in Cycle 4 (Study C). This suggests that
appropriate colours can evoke physiological and emotional responses in
individuals that can focus attention and thereby facilitate learning. Overall,
arousing colours can enhance students’ learning performance and make
them feel active, alert and willing to study and focus. In addition, they

stimulate more positive emotions for the students.

3. Hue and nuance had a significant impact on students’ emotional response
in Studies A, B and C. The light colours were rated more positively in the
three studies than the vivid colours because they were considered to be
calming and relaxing and associated with feeling of happiness.

4. Although colours with high whiteness were associated with positive
emotions in the three studies, learning performance was superior in

colours with high and medium chromaticness.

5. Hue and nuance had a strong impact on learning performance. In regard to
hue, blue and red were considered unsuitable colours for learning activities
such as the reading comprehension task. It was found that the colour blue
decreases heart rate and slows activity, and interferes with concentration

due to its calming effect. As for the colour red, it is very arousing and
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warm, which might help an individual to focus for a short time, but in the

long-term it would be difficult to concentrate.

6. In regard to learning activity, light yellow and light orange were
considered suitable colours for learning in the individual study room
because they were related to happiness and natural aspects and they
motivated students to study and increase their level of concentration.

6.2.1 Conclusion derived from the study regarding the appropriate

colours for individual study room

The qualitative data of three studies consistently showed that light yellow is a
suitable colour for the individual study room due to its positive effects on students’
psychology and physiology state. As for light orange, Studies B and C showed that it
is an appropriate colour for individual study room as it assists students to focus and
study. The results for pale green-yellow show that this colour was strongly
recommended for the individual study room in Cycle 3 (Study B), as it was perceived
to be active and stimulating for study; while in Cycle 4 (Study C) it was moderately
recommended for use in the individual study room, as it was perceived as a very

arousing colour.

For the colours pale yellow, pale purple and deep yellow, the results from Studies
B and C were inconsistent. In Study B it was found that these colours were
considered as suitable colours for learning activity in the individual study room, but
were not in Study C.

In regard to red and blue, the results of Cycle 3 (Study B) were inconsistent with
Cycle 2 (Study A) and the literature review, because these colours were not selected
and considered to be suitable colours for the individual learning room. Table 6-4
shows the main results of the three studies for the colours considered suitable for

individual learning spaces.
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Table 6-4: the main findings of three studies regarding the suitable colours
for individual study room

Bad

Vivid Red

Light Red Bad
Vivid Yellow Bad
Light Yellow Good

Vivid Blue Good

Light Blue Medium
Light orange Good
Light Yellow Good
Pale Yellow Good
Pale purple Medium

Pale green-yellow Good
Deep Yellow Good
Light orange Good
Light Yellow Good
Pale Yellow Bad

Pale purple Bad

Pale green-yellow Medium

Deep Yellow Bad

It can be concluded that arousing and warm colours with medium chromaticness
such as light yellow and light orange, as well as colours with high chromaticness
regardless of hue, can enhance the focus and concentration of learners and increase
their motivation to study in the individual study areas in the library building. It is
concluded from these findings that colours with high chromaticness can increase
feelings of happiness which will in turn increase the rate of achievement in interior

spaces.

The small size of the individual study room may make the learner feel boxed in
with little stimulation, and that can contribute to a monotonous study space.
Therefore, the presence of active and stimulating colours would break this stereotypy
of the learning spaces, and create dynamic interiors and assist learners to study
without feeling bored. Figure 6-2 show the colours that have a high positive effect

on learning performance.

This research recommends that architects and interior designers responsible for
creating learning spaces in the library take into account the types of learning
activities and the psychological and physiological states of the individuals when
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selecting colours. In addition, this research provides a good understanding of the
importance of the use of colour in educational environments and explains the impact

of colour on emotions and physiology of learners and their performance.

This work can help the designers of learning environments in their choice of
effective colours for learning environments to facilitate learning and to encourage
students to study in the physical libraries. Effective colours will enhance students’
ability to concentrate effectively. This study can also inspire future research into the
use of colour in the fields of education and library studies.
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Figure 6-2: The most suitable colours for the tested individual study spaces and their
locations within the NCS colour space
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6.3 Method Evaluation

The methodology proved to be an appropriate choice for this study as it enabled
the researcher to reliably evaluate the influence of colour in the indoor environment
of the individual study room in the university library by using different colour
dimensions. The methodology action research to achieve these research objectives
has enriched this research. Action research incorporates a series of hypotheses that
are sequentially explored and reflected upon, and the findings for each investigation
are used to inform the next cycle. This method enabled the researcher to do a series
of studies, with each study (cycle) based on the outcomes of the previous cycle.
Action research in this thesis provides an in-depth, detailed understanding of colour’s

role in the individual study rooms in the learning environment.

The significance of the three studies (A, B, and C) conducted in this research was
increased by using different methods in each cycle to investigate the impact of colour
on learning performance in university libraries, and by addressing diverse students’
responses. Cycle 1 (literature review) established that most previous studies had used
a quantitative method to examine the impact of colour on learning, by measuring
emotions, moods and performance using numbers and scales (Stone 2001; Stone and
English 1998; Wang and Russ 2008). In contrast, this research integrated both
qualitative and quantitative methods. A qualitative method acknowledges the
complexities of individuals’ relationships with and responsiveness to colour. It adds
richness to data collection by demonstrating participants’ perspectives and

perceptions as learners in regard to colour in learning spaces.

Qualitative methods emphasise people’s perceptions and perspectives that reveal
surprises and new insights, while quantitative methods deal with numbers and scales
(Brannen 2005). In order to illustrate the meaning that research participants attribute
to their practice and actions, the qualitative data in this thesis provided narratives of
events and experiences that offered a more holistic picture of their understandings

than can be captured by the quantitative data.

In addition, the empirical method used to measure the impact of colour on

emotional responses, heart rate and reading comprehension was effective, because it
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made the research more reliable and validated the results. According to Spencer,
Zanna, and Fong (2005), experiments are an effective method for establishing cause
and effect, as it is easy to control variables by removing unwanted variables, and
easy to determine the cause and effect relationship. Further, the control set up by the
experimenter and the strict conditions allow the experiments to be repeated, and
results can be checked again; this gives the researcher greater confidence in the

results.

It is important to be aware of the limitations of these studies when interpreting the
results. First, the simulation of study spaces that are used in Studies A and C of this
thesis cannot be translated into actual individual study room settings. This means the
participants did not feel they were in an actual individual study room in the library.
In addition, the comprehension test was a simulated learning task. Thus, the students
may not have been motivated to study as much as they would be in real study
situations. Also, the time spent studying and the time in various colour conditions
was short. Thus, more research is needed to determine the underlying processes by
which environmental colours might affect emotion and performance for various

tasks.

6.4 Future Research

Based on the study results, further research is recommended. The results of this
study contribute to understanding the influence of colour on adult students in the
individual study rooms of university libraries. The study shows that hue and nuance
of colour have specific effects on emotional responses, heart rate and reading task
comprehension. Further studies are needed to investigate the effects of colour in
other learning environments in university libraries such as group study rooms,

training rooms, carrel study spaces and computer study areas.

As the time spent in the experimental studies (A and C) was short, more research
is needed to conduct long-term field studies in real environments. In addition,
research is needed to address not only the use of colour in the individual study rooms
in the university library, but also lighting, noise, heat, furniture and other

environmental factors, because there is reason to assume that colour interacts with
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other characteristics of the physical environment and influences a wide range of

activities, including cultural differences and social life (see Chapter 2, Section 2.3.2).

Moreover, this study has focused on one kind of learning style (visual learning) in
which reading comprehension is one possible task. Thus, further studies should
assess other skills or learning styles, such as listening to lectures, creative work and
problem solving.

Further research is also recommended to study the relationship between the colour
preferences of individuals who use learning spaces and the effect of colour on their
performance. Studying a larger more representative sample might help identify the
more universal effects of colours on learning performance in the library building. In
addition, an actual experiment could be recommended in which the individual study
rooms are painted and observed for a designated time to detect which ones are
preferred/utilised most.

This study and conclusions from both the qualitative and quantitative have

provided a solid foundation for future research and to be tested in design practice.

259



Chapter 6 General Conclusion

REFERENCES

Abbas, N., D. Kumar, and N. Mclachlan. 2006. "The Psychological and
Physiological Effects of Light and Colour on Space Users." Engineering in
Medicine and Biology Society, 2005. IEEE-EMBS 2005. 27th Annual
International Conference of the: IEEE. doi: 10.1109/IEMBS.2005.1616646.

Acker, S. R., and M. D. Miller. 2005. "Campus Learning Spaces: Investing in How
Students Learn." EDUCAUSE Center for Applied Research Bulletin 2005 (8):
1-11.

Adams, F. M., and C. E. Osgood. 1973. "A Cross-Cultural Study of the Affective
Meanings of Color." Journal of Cross-Cultural Psychology 4 (2): 135-156.
doi: 10.1177/002202217300400201.

Agoston, G. A. 1987. Colour Theory and Its Application in Art and Design. Berlin:
Springer-Verlag.

Aina, L. O. 2004. Library and Information Science Text for Africa. Ibadan: Third
World Information Services Limited.

Ai, M., K. Li, S. Liu, and D. Lin. 2013. "Balanced Incomplete Latin Square
Designs." Journal of Statistical Planning and Inference 143 (9): 1575-1582.
doi: 10.1016/}.jspi.2013.05.001.

Ainsworth, R. A., L. Simpson, and D. Cassell. 1993. "Effects of Three Colors in an
Office Interior on Mood and Performance."” Perceptual and Motor Skills 76
(1): 235-241. http://www.amsciepub.com.

Akbay, S. 2013. "Multi-Attitudinal Approaches of Colour Perception: Construing
Eleven Basic Colours by Repertory Grid Technique.” PhD diss, Middle East
Technical University.
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.632.7205&rep=rep

1&type=pdf.

Antell, K., and D. Engel. 2007. "Stimulating Space, Serendipitous Space: Library as
Place in the Life of the Scholar.” In Library as Place: History, Community,
and Culture, edited by J. E. Buschman and G. J. Leckie, 163-176. Westport,
Connecticut: Libraries Unlimited. http://trove.nla.gov.au/work/34495215.

Ball, D., J. Beard, and B. Newland. 2007. "E-Books and Virtual Learning
Environments: Resposes to Transformational Technology.” The Acquisitions
Librarian 19 (3): 82-165. http://www.haworthpress.com.

Ballast, D. K. 2002. Interior Design Reference Manual. Belmont: Professional
Publishing, Inc.

Barrett, P., and L. Barrett. 2010. "The Potential of Positive Places: Senses, Brain and
Spaces."” Intelligent Buildings International 2 (3): 218-228.

260


http://dx.doi.org.dbgw.lis.curtin.edu.au/10.1109/IEMBS.2005.1616646
http://dx.doi.org.dbgw.lis.curtin.edu.au/10.1016/j.jspi.2013.05.001
http://www.amsciepub.com/
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.632.7205&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.632.7205&rep=rep1&type=pdf
http://trove.nla.gov.au/work/34495215
http://www.haworthpress.com/

Chapter 6 General Conclusion

http://search.proquest.com.dbgw.lis.curtin.edu.au/docview/734478738/fulltex
tPDF/88A0C546792A461DPQ/1?accountid=10382.

Beach, L. R., B. K. Wise, and J. W. Wise. 1988. "The Human Factors of Color in
Environmental Design: A Critical Review." Moffett Field, CA: NASA Ames
Research Center.

Beard, J, and P. Dale. 2010. "Library Design, Learning Spaces and Academic
Literacy." New Library World 111 (11/12): 480-492. doi:
10.1108/03074801011094859.

Ben-Ze'ev, A. 2001. "The subtlety of emotions." In. Cambridge: MIT Press.
https://books.google.com.au/books?hl=en&Ir=&id=S0rkL Unl-
cC&oi=fnd&pa=PR11&dqg=the+subtlety+of+emotions&ot.

Bennett, S. 2005. "Righting the Balance.” In Library as Place: Rethinking Roles,
Rethinking Space, 10-24. Washington: Council on Library and Information
Resources Washington, DC. http://trove.nla.gov.au/work/34495215.

Bennett, S. 2003. Libraries Designed for Learning. Washington: Council on Library
and Information Resources Washington, DC.
http://alexandria.tue.nl/repository/books/626536.pdf.

. 2006. "The Choice for Learning." The Journal of Academic Librarianship
32 (1): 3-13. doi: 10.1016/j.acalib.2005.10.013.

Bergstrom, B. 2008. Colour choices-A practitioner’s guide to colour scheming and
design. Berkeley: CSLI Publications.

Berkowitz, L. 2000. Causes and Consequences of Feelings. UK: Cambridge
University Press and Paris: Editions de la Maison des Sciences de I’Homme.

Birren, F. 1997. The Power of Color. New Jersey: Carol Publishing Group.

Blackmore, J., D. Bateman, J. Loughlin, J. O'Mara, and G. Aranda. 2011. Research
into the Connection between Built Learning Spaces and Student Outcomes.
Melbourne: Department of Education and Early Childhood Development.

Bleicher, S. 2012. Contemporary Color : Theory and Use. 2nd ed. Clifton Park,
N.Y.: Delmar Cengage Learning.

Boone, M.D. 2002. "Library Design-the Architect’s View. A Discussion with Tom
Findley." Library Hi Tech 20 (3): 388-392. doi:
10.1108/07378830210444586.

Borkan, J., S. Reis, D. Hermoni, and A. Biderman. 1995. "Talking About the Pain: A

Patient-Centered Study of Low Back Pain in Primary Care." Social Science &
Medicine 40 (7): 977-988. doi: .

261


https://books.google.com.au/books?hl=en&lr=&id=S0rkL_Unl-cC&oi=fnd&pg=PR11&dq=the+subtlety+of+emotions&ot
https://books.google.com.au/books?hl=en&lr=&id=S0rkL_Unl-cC&oi=fnd&pg=PR11&dq=the+subtlety+of+emotions&ot
http://trove.nla.gov.au/work/34495215
http://dx.doi.org.dbgw.lis.curtin.edu.au/10.1016/j.acalib.2005.10.013
http://dx.doi.org.dbgw.lis.curtin.edu.au/10.1108/07378830210444586

Chapter 6 General Conclusion

Bower, G. H. 2014. "How Might Emotions Affect Learning?" In The Handbook of
Emotion and Memory: Research and Theory, edited by Sven-Ake
Christianson, 3-28. New York: Psychology Press.

Boys, J. 2011. Towards Creative Learning Spaces : Re-Thinking the Architecture of
Post-Compulsory Education. London, New York: Routledge.

Bradley, J. V. 1958. "Complete Counterbalancing of Immediate Sequential Effects in
a Latin Square Design." Journal of the American Statistical Association 53
(282): 525-528. doi: 10.2307/2281872.

Bradley, M. M., and P. J. Lang. 1994. "Measuring Emotion: The Self-Assessment
Manikin and the Semantic Differential.” Journal of Behavior Therapy and
Experimental Psychiatry 25 (1): 49-59.

Brannen, J. 2005. "Mixing Methods: The Entry of Qualitative and Quantitative
Approaches into the Research Process."” International Journal of Social
Research Methodology 8 (3): 173-184. doi: 10.1080/13645570500154642.

Brave, S., and C. Nass. 2002. "Emotion in human-computer interaction.” In
Handbook of human-computer interaction, 251-271. Lawrence Erlbaum:
Lawrence Erlbaum Associates.

Brooks, D. 2011. "Space Matters: The Impact of Formal Learning Environments on
Student Learning." British Journal of Educational Technology 42 (5): 719-
726. Doi: 10.1111/j.1467-8535.2010.01098.

Brophy, P. 2005. The Academic Library. 2nd ed. London: Facet Publishing.

Brown, C. R. 2002. Interior Design for Libraries: Drawing on Function & Appeal.
Chicago: Carol R. Brown.

Brown, N. C. 2004. "Aesthetic Composition and the Language of Light, a Subject of
Academic Inquiry." Journal of Interior Design 30 (3): 8-22. Doi:
10.1111/j.1939-1668.2004.tb00522.x.

Bryant, J., G. Matthews, and G. Walton. 2009. "Academic Libraries and Social and
Learning Space: A Case Study of Loughborough University Library, Uk."
Journal of Librarianship and Information Science 41 (1): 7-18. Doi:
10.1177/0961000608099895.

Caldwell, J. A., and G. E. Jones. 1985. "The Effects of Exposure to Red and Blue
Light on Physiological Indices and Time Estimation.” Perception 14 (1): 19-
29. doi: 10.1068/p140019.

Camgoz, N., C. Yener, and D. Giveng. 2004. "Effects of Hue, Saturation, and

Brightness: Part 2: Attention.” Color Research & Application 29 (1): 20-28.
doi: 10.1002/col.10214.

262


http://dx.doi.org/10.1080/13645570500154642
http://www.ncbi.nlm.nih.gov/pubmed/4069932

Chapter 6 General Conclusion

Camgoz, N. 2000. "Effects of Hue, Saturation, and Brightness on Attention and
Preference.” Ph.D diss, Bilkent University, Ankara.

Cardinal, R. N., J. A. Parkinson, J. Hall, and B. J. Everitt. 2002. "Emotion and
motivation: the role of the amygdala, ventral striatum, and prefrontal cortex."”
Neuroscience & Biobehavioral Reviews 26 (3):321-352. doi:10.1016/S0149-
7634(02)00007-6.

Carels, R. A., J. A. Blumenthal, and A. Sherwood. 2000. "Emotional Responsivity
During Daily Life: Relationship to Psychosocial Functioning and Ambulatory
Blood Pressure.” International Journal of Psychophysiology 36 (1): 25-33.
doi:10.1016/S0167-8760(99)00101-4.

Cassidy, S. 2004. "Learning Styles: An Overview of Theories, Models, and
Measures." Educational Psychology 24 (4): 419-444.
doi:10.1080/0144341042000228834.

Castro, O., and V. Peck. 2004. "Learning Styles and Foreign Language Learning
Difficulties.”" Foreign Language Annals 38 (3): 401-409. Doi:
10.1111/5.1944-9720.2005.th02226.x.

Chism, N. V. N. 2006. "Challenging Traditional Assumptions and Rethinking
Learning Spaces.” In Learning Spaces, edited by D. G Oblinger, 2.1-2.12.
Washington: EDUCAUSE.

Childs, P. 2006. "Sssh! The quiet revolution.” New Library World 107 (3/4): 149-
156.

Clarke, T., and A. Costall. 2008. "The Emotional Connotations of Color: A
Qualitative Investigation.” Color Research and Application 33 (5): 406-410.
doi: 10.1002/col.20435.

Creswell, J. W. 2008. Educational Research: Planning, Conducting, and Evaluating
Quantitative and Qualitative Research. 3 rd. Columbus, Ohio: Pearson
Merrill Prentice Hall.

Cubukcu, E., and I. Kahraman. 2008. "Hue, Saturation, Lightness, and Building
Exterior Preference: An Empirical Study in Turkey Comparing Architects'
and Nonarchitects' Evaluative and Cognitive Judgments." Color Research &
Application 33 (5): 395-405. doi: 10.1002/col.20436.

Daggett, W. R., J. E. Cobble, and S. J. Gertel. 2008. Color in an Optimum Learning
Environment. http://www.leadered.com/pdf/Color%20white%20paper.pdf.

Davidson, R. J, K. R Scherer, and H.H. Goldsmith. 2003. Handbook of Affective
Sciences. New York: Oxford University Press.

Demas, S. 2005. "From the Ashes of Alexandria: What's Happening in the Academic
Library." In Library as Place: Rethinking Roles, Rethinking Space, 25-40.

263


http://dx.doi.org.dbgw.lis.curtin.edu.au/10.1016/S0149-7634(02)00007-6
http://dx.doi.org.dbgw.lis.curtin.edu.au/10.1016/S0149-7634(02)00007-6
http://dx.doi.org.dbgw.lis.curtin.edu.au/10.1016/S0167-8760(99)00101-4
http://dx.doi.org.dbgw.lis.curtin.edu.au/10.1080/0144341042000228834
http://www.leadered.com/pdf/Color%20white%20paper.pdf

Chapter 6 General Conclusion

Washington: Council on Library and Information Resources Washington,
DC.

Demas, S., and J.A. Scherer. 2002. "Esprit De Place: Maintaining and Designing
Library Buildings to Provide Transcendent Spaces.” American Libraries 33
(4): 65-68.
http://search.proquest.com.dbgw.lis.curtin.edu.au/docview/197151213/fulltex
tPDF/70330A9B7771499BPQ/1?accountid=10382.

Derefeldt, G., C. Hedin, and C. Sahlin. 1990. "NCS Colour Space for VDU Colours."
Displays 11 (1): 8-29.

Desmet, P. M. A. 2003. "Measuring of emotion: Development and application of an
instrument to measure emotional responses to products.” In Funology: From
usability to enjoyment edited by M. A. Blythe, A.F. Monk, K. Overbeeke and
P.C. Wright., 111-123. Dordrecht: Kluwer Academic Publishers.

Dijkstra, K. 2009. "Understanding Healing Environments: Effects of Physical
Environmental Stimuli on Patients' Health and Well-Being." PhD diss.,
University of Twente.

Drabenstott, J., W.M. Stahl, J.J. Michael, R. Richmond, G. Robinson, and J.E. Rush.
1993. "Designing Library Facilities for a High-Tech Future.” Library Hi Tech
5 (4): 103-111. doi:10.1108/eb047712.

Draper, J., and J. Brooks. 1979. Interior Design for Libraries. Chicago: American
Library Association.

Drysdale, M. T. B., J. L. Ross, and R. A. Schulz. 2001. "Cognitive Learning Styles
and Academic Performance in 19 First-Year University Courses: Successful
Students Versus Students at Risk." Journal of Education for Students Placed
at Risk 6 (3): 271-289. doi: 10.1207/S15327671ESPR0603_7.

Edwards, B. 2009. Libraries and Learning Resource Centres. 2 ed. Oxford: Elsevier.

Efklides, A., and S. Volet. 2005. "Emotional Experiences During Learning: Multiple,
Situated and Dynamic." Learning and Instruction 15 (5): 377-380.
doi:10.1016/j.learninstruc.2005.07.006.

Efron, S. E., and R. Ravid. 2013. Action Research in Education. New York: Guilford
Publications.

Ekman, P., and R. J. Davidson. 1994. The Nature of Emotions: Fundamental
Questions. Oxford: Oxford University Press.

Ekman, P., R. W. Levenson, and W. V. Friesen. 1983. "Autonomic Nervous System
Activity Distinguishes among Emotions.” Science 221 (4616): 1208-1210.
http://www.jstor.org/stable/1691002.

264


http://dx.doi.org/10.1108/eb047712
http://dx.doi.org.dbgw.lis.curtin.edu.au/10.1207/S15327671ESPR0603_7
http://dx.doi.org.dbgw.lis.curtin.edu.au/10.1016/j.learninstruc.2005.07.006
http://www.jstor.org/stable/1691002

Chapter 6 General Conclusion

Elliot, A. J., and M. A. Maier. 2007. "Color and Psychological Functioning." Current
Directions in Psychological Science 16 (5): 250-254.
http://www.jstor.org/stable/20183210.

Elliot, A. J., and D. Niesta. 2008. "Romantic Red: Red Enhances Men's Attraction to
Women." Journal of Personality and Social Psychology 95 (5): 1150-1164.
doi: 10.1037/0022-3514.95.5.1150.

Fairchild, M. D. 2005. Color Appearance Models 2™ ed. England: J. Wiley.

Faul, F., E. Erdfelder, A. Buchner, and A.G. Lang. 2009. "Statistical Power Analyses
Using G* Power 3.1: Tests for Correlation and Regression Analyses."
Behavior Research Methods 41 (4): 1149-1160. doi:
10.3758/BRM.41.4.1149.

Fehrman, K. R., and C. Fehrman. 2000. Color: The Secret Influence. New Jersey:
Prentice-Hall.

Field, A. 2013. Discovering Statistics Using IBM SPSS Statistics. 4th ed. Los
Angeles: Sage.

Fisher Library University of Sydney. 2014. Accessed September 08.
https://library.sydney.edu.au/libraries/fisher/FisherFloorPlan.pdf.

Fisher Library University of Sydney. 2014. Accessed September 08.
http://www.sydnevarchitecture.com/UNI/UNI-031.htm.

Fontana, A., and A. H. Prokos. 2010. "The Interview: From Formal to Postmodern."
Walnut Creek: Left Coast Press.
https://books.google.com.au/books?id=rpExgChKB4wC&printsec=frontcove
r&source=gbs _ge_summary_r&cad=0#v=onepage&qg&f=false.

Forgas, J. P., and G. H. Bower. 1987. "Mood effects on person-perception
judgments.” Journal of personality and social psychology 53 (1):53-60.
https://www.researchgate.net/profile/Gordon_Bower/publication/19548424
Mood_Effects_on_PersonPerception_Judgments/links/0deec519d6b9443074

000000.pdf.

Foster, N.F., and S.L. Gibbons. 2007. Studying Students: The Undergraduate
Research Project at the University of Rochester. Chicago: Association of
College & Research Libraries.

Frade, P. A., and A. Washburn. 2006. "The University Library: The Center of a
University Education?" Portal: Libraries and Academy 6 (3): 327-346. doi:
10.1353/pla.2006.0037.

Franz, G. 2006. "Space, Color, and Perceived Qualities of Indoor Environments"
Environment, Health and Sustainable Development Proceedings of the 19th
International Association for People-Environment Studies Conference (IAPS
2006), Seattle, WA: USA Hogrefe & Huber.

265


https://library.sydney.edu.au/libraries/fisher/FisherFloorPlan.pdf
http://www.sydneyarchitecture.com/UNI/UNI-031.htm
https://books.google.com.au/books?id=rpExgChKB4wC&printsec=frontcover&source=gbs_ge_summary_r&cad=0%23v=onepage&q&f=false
https://books.google.com.au/books?id=rpExgChKB4wC&printsec=frontcover&source=gbs_ge_summary_r&cad=0%23v=onepage&q&f=false
https://www.researchgate.net/profile/Gordon_Bower/publication/19548424_Mood_Effects_on_PersonPerception_Judgments/links/0deec519d6b9443074000000.pdf
https://www.researchgate.net/profile/Gordon_Bower/publication/19548424_Mood_Effects_on_PersonPerception_Judgments/links/0deec519d6b9443074000000.pdf
https://www.researchgate.net/profile/Gordon_Bower/publication/19548424_Mood_Effects_on_PersonPerception_Judgments/links/0deec519d6b9443074000000.pdf

Chapter 6 General Conclusion

Freeman, G.T. 2005. "The Library as Place: Changes in Learning Patterns,
Collections, Technology, and Use." In Library as Place: Rethinking Roles,
Rethinking Space, 1-9. Washington: Council on Library and Information
Resources Washington, DC.

Fridell Anter, K. 2000. "What Colour Is the Red House? Perceived Colour of Painted
Facades." PhD diss., Department of Architectural Forms, Royal Insititute of
Technology. http://www.diva-
portal.org/smash/get/diva2:8790/FULL TEXTO01.pdf.

Fridell Anter, K., and M. Billger. 2010. "Colour Research with Architectural
Relevance: How Can Different Approaches Gain from Each Other?" Color
Research & Application 35 (2): 145-152. doi: 10.1002/col.20565.

Gao, X. P., and J. H. Xin. 2006. "Investigation of Human's Emotional Responses on
Colors." Color Research and Application 31 (5): 411-417. doi:
10.1002/col.20246.

Gao, X., J. H. Xin, T. Sato, A. Hansuebsai, M. Scalzo, K. Kajiwara, Sh. Guan, J.
Valldeperas, M. J. Lis, and M. Billger. 2007. "Analysis of Cross Cultural
Color Emotion." Color Research & Application 32 (3): 223-229. doi:
10.1002/col.20321.

Gayton, J. T. 2008. "Academic Libraries:“Social” or “Communal?” the Nature and
Future of Academic Libraries.”" The Journal of Academic Librarianship 34
(1): 60-66. doi:10.1016/j.acalib.2007.11.011

Garber, L. L., and E. M. Hyatt. 2003. "Color as Tool for Visual Persuation." In
Persuasive Imagery: A Consumer Response Perspective, edited by L. Scott
and R. Batra, 313-336. Mahwah: Lawrence Erlbaum Associate.

Gfeller, G., D. Butterfield-Nagy, and H. Grignon. 2011. "Imagine a Student-Centered
Library." College & Research Libraries News 72 (5): 270-273.
http://crin.acrl.org/content/72/5/270.full. pdf+html.

Gillen, A., A. Wright, and L. Spink. 2011. "Student Perceptions of a Positive Climate
for Learning: A Case Study." Educational Psychology in Practice 27 (1): 65-
82. doi: 10.1080/02667363.2011.549355.

Giesel, M., and K. R. Gegenfurtner. 2010. "Color Appearance of Real Objects
Varying in Material, Hue, and Shape." Journal of Vision 10 (9): 10-10.
doi:10.1167/10.9.10.

Granzier, J. JM., R. Vergne, and K. R. Gegenfurtner. 2014. "The Effects of Surface
Gloss and Roughness on Color Constancy for Real 3-D Objects.” Journal of
Vision 14 (2): 16-16. doi:10.1167/14.2.16.

Green-Armytage, P. 2002. "Color Zones: Connecting Color Order and Everyday

Language" 9th Congress of the International Color Association, New York:
International Society for Optics and Photonics.

266


http://www.diva-portal.org/smash/get/diva2:8790/FULLTEXT01.pdf
http://www.diva-portal.org/smash/get/diva2:8790/FULLTEXT01.pdf
http://dx.doi.org.dbgw.lis.curtin.edu.au/10.1016/j.acalib.2007.11.011
http://crln.acrl.org/content/72/5/270.full.pdf+html
http://dx.doi.org.dbgw.lis.curtin.edu.au/10.1080/02667363.2011.549355

Chapter 6 General Conclusion

. 2006. "The Value of Knowledge for Colour Design." Color Research &
Application 31 (4): 253-269. doi: 10.1002/col.20222.

. 2009. "Seven Kinds of Colour." In Colour for Architecture Today, edited
by T. Porter and B. Mikellides, 64-68. London: Taylor & Francis.

Green-Armytage, P. 2015. "Unpublished Notes."

Grimm, M., and K. Kroschel. 2005. "Evaluation of Natural Emotions Using Self
Assessment Manikins" Automatic Speech Recognition and Understanding,
2005 IEEE Workshop on, San Juan: IEEE.

Guilford, J. P., and P. C. Smith. 1959. "A System of Color-Preferences." The
American Journal of Psychology 72 (4): 487-502.
http://www.jstor.org/stable/1419491.

Hard, A., and K. Enberg. 2009. "NCS-the Natural Color System for the Denotation
of Colour.” In Colour for Architecture Today, edited by T. Porter and B.
Mikellides, 54-59. London: Taylor & Francis.

Hard, A., and L. Sivik. 1981. "NCS—Natural Color System: A Swedish Standard for
Coloer Notation." Color Research & Application 6 (3): 129-138. doi:
10.1002/col.5080060303.

Hard, A., and L. Sivik. 2001. "A Theory of Colors in Combination—a Descriptive
Model Related to the Ncs Color-Order System.” Color Research &
Application 26 (1): 4-28. doi: 10.1002/1520-6378(200102)26.

Hardin, C. L. 1993. Color for Philosophers. Unweaving the Rainbow.
Indianapolis/Cambridge: Hackett.

Harkness, N. 2006. "The Colour Wheels of Art, Perception, Science and
Physiology." Optics & Laser Technology 38 (4): 219-229.
http://www.sciencedirect.com.dbgw.lis.curtin.edu.au/science/article/pii/S003
0399205001179.

Harleman, M. 2001. "Colour Appearance in Different Compass Orientations."
Nordisk Arkitekturforskning 4 (2): 41-48. http://www.diva-
portal.org/smash/get/diva2:12115/FULLTEXTO1.pdfin#page=70.

Harleman, M. 2004. "Colour Emotion in Full-Scale Rooms" Proceedings of the
Interim Meeting of the International Color Association, Porto Alegre, Brazil,
223-226.

Harleman, M. 2009. "Daylight Influence on Indoor Colour Design." In Colour for
Architecture Today, edited by T. Porter and B. Mikellides, 69-72. London:
Taylor & Francis.

Harris, M. H. 1995. History of Libraries in the Western World. Fourth ed. London:
The Scarecrow Press, Inc.

267


http://www.sciencedirect.com.dbgw.lis.curtin.edu.au/science/article/pii/S0030399205001179
http://www.sciencedirect.com.dbgw.lis.curtin.edu.au/science/article/pii/S0030399205001179

Chapter 6 General Conclusion

Hennink, M. M. 2007. International Focus Group Research: A Handbook for the
Health and Social Sciences. Cambridge: Cambridge University Press.

Helmer, J. 2007. "Second Life and Virtual Worlds." Learning Light Limited: 1-29.
http://www.norfolkelearningforum.co.uk/wp-
content/uploads/2009/04/virtual-worlds 1l oct 2007.pdf.

Helvacioglu, E. 2011. "Colour-Emotion Associations in Interior Spaces.” PhD diss,
Bilkent University, Ankara.

Hislop, K. 2008. "Edith Cowan University Library." Architecture Australia 97 (3).
http://architectureau.com/articles/edith-cowan-university-library/.

Hogg, J. 1969. "A Principal Components Analysis of Semantic Differential
Judgements of Single Colors and Color Pairs.” The Journal of General
Psychology 80 (1): 129-140. doi: 10.1080/00221309.1969.9711279.

Hogg, J.,, S. Goodman, T. Porter, B. Mikellides, and D. E. Preddy. 1979.
"Dimensions and determinants of judgements of colour samples and a
simulated interior space by architects and non-architects."British Journal of
Psychology 70 (2):231-242. doi: 10.1111/j.2044-8295.1979.tb01680.x.

Holahan, C. J. 1982. Environmental Psychology. New York: Random House.

Holtzschue, L. 2002. Understanding Color: An Introduction for Designers. 2nd ed.
New York: John Wiley & Sons.

Hunley, S., and M. Schaller. 2006. "Assessing Learning Spaces.” In Learning
Spaces, edited by Diana G. Oblinger, 13.1-13.11. Washington, D.C.:
Educause.

Hunter, Albert, and John Brewer. 2003. “Multimethod Research in Sociology.”In
Handbook of Mixed Methods in Social and Behavioral Researc, editerd by
Abbas Tashakkori and Charles Teddle, 577-594. California: Thousand Oaks.

Hurvich, L. M. 1981. Color Vision. Sunderland: Sinauer Associates.

Ileris, K. 2003. "Towards a Contemporary and Comprehensive Theory of Learning."
International Journal of Lifelong Education 22 (4): 396-406. doi:
10.1080/02601370304837.

Ishihara, S. 1993. Ishihara's Tests for Colour-Blindness. Tokyo: Plate edition.

Jacobs, K. W., and F. E. Hustmyer. 1974. "Effects of Four Psychological Primary
Colors on GSR, Heart Rate and Respiration Rate." Perceptual and Motor
Skills 38 (3): 763-766. doi: 10.2466/pms.1974.38.3.763

Jamieson, P. 2003. "Designing More Effective on-Campus Teaching and Learning
Spaces: A Role for Academic Developers." International Journal for

268


http://www.norfolkelearningforum.co.uk/wp-content/uploads/2009/04/virtual-worlds_ll_oct_2007.pdf
http://www.norfolkelearningforum.co.uk/wp-content/uploads/2009/04/virtual-worlds_ll_oct_2007.pdf
http://architectureau.com/articles/edith-cowan-university-library/
http://dx.doi.org.dbgw.lis.curtin.edu.au/10.1080/00221309.1969.9711279
http://dx.doi.org.dbgw.lis.curtin.edu.au/10.1080/02601370304837

Chapter 6 General Conclusion

Academic Development 8 (1-2): 119-133.
doi:10.1080/1360144042000277991.

. 2008. Creating New Generation Learning Environments on the University
Campus. Woods Bagot Research Press.
http://www.woodsbagot.com/en/Documents/Public-Research/WB5307-U21-

FA-final.pdf.

Jamieson, P. 2009. "The Serious Matter of Informal Learning." Planning for Higher
Education 37 (2): 18-25. https://www.questia.com/read/1P3-1620108141/the-
serious-matter-of-informal-learning.

Jiang, J. 2007. Linear and Generalized Linear Mixed Models and Their Applications.
New York: Springer New York.
http://link.springer.com.dbgw.lis.curtin.edu.au/book/10.1007%2F978-0-387-
47946-0.

JISC. 2006. Designing Spaces for Effective Learning: A Guide to 21st Centurry
Learning Space Design.
http://www.jisc.ac.uk/media/documents/publications/learning.

Johnson, A. P. 2011. A Short Guide to Action Research. 4th ed. Upper Saddle River,
NJ: Pearson.

Kaiser, P. K. 1984. "Physiological Response to Color: A Critical Review." Color
Research & Application 9 (1): 29-36. doi: 10.1002/c0l.5080090106.

Kaarlela-T. A., R. Helenius, E. Keskinen, and V. Hongisto. 2009. "Effects of
Acoustic Environment on Work in Private Office Rooms and Open-Plan
Offices—Longitudinal Study During Relocation." Ergonomics 52 (11): 1423-
1444. doi: 10.1080/00140130903154579.

Kaufman, J. E. 1984. IES Lighting Handbook: Reference Volume. New York:
IESNA.

Karmel, L. J. 1965. "Effects of Windowless Classroom Environment on High School
Students." Perceptual and Motors Skills 20: 277-278.
doi:10.2466/pms.1965.20.1.277.

Kasmar, J. V. 1992. "The Development of a Usable Lexicon of Environmental
Descriptors " In Environmental Aesthetics Theory, Research and
Application, ed. J. Nasar, 144-155. Cambridge: Cambridge University. Press.

Kaya, N., and M. Crosby. 2006. "Color Associations with Different Building Types:
An Experimental Study on American College Students." Color Research and
Application 31 (1): 67-71. doi: 10.1002/col.20174.

Kaya, N., and H. H. Epps. 2004. "Relationship between Color and Emotion: A Study
of College Students." College Student Journal 38 (3): 396-405.

269


http://dx.doi.org.dbgw.lis.curtin.edu.au/10.1080/1360144042000277991
http://www.woodsbagot.com/en/Documents/Public-Research/WB5307-U21-FA-final.pdf
http://www.woodsbagot.com/en/Documents/Public-Research/WB5307-U21-FA-final.pdf
https://www.questia.com/read/1P3-1620108141/the-serious-matter-of-informal-learning
https://www.questia.com/read/1P3-1620108141/the-serious-matter-of-informal-learning
http://www.jisc.ac.uk/media/documents/publications/learning
http://dx.doi.org/10.2466/pms.1965.20.1.277

Chapter 6 General Conclusion

Kemmis, K., and R. McTaggart. 2000. "Participatory Action Research.” In
Handbook of Qualitative Research, edited by N. Denzin and Y. Lincoln.
London: Sage.

Kennedy, M. 2005. “Classroom Colors.” American School and University 77 (10):
48-51.

Klarén, U. 2015. "Natural Experiences and Physical Abstractions. On Epistemology
of Colour and Light."In Colour and Light-Concepts and Confusions, edited
by H. Arnkil, 16-33. Helsinki: Aalto University Art+Design+Architecture.

Knez, 1. 2001. "Effects of Colour of Light on Nonvisual Psychological Processes."
Environmental Psychology 21 (2): 201-208. .

Knez, 1., and C. Kers. 2000. "Effects of Indoor Lighting, Gender, and Age on Mood
and Cognitive Performance.” Environment and Behavior 32 (6): 817-831. doi:
10.1177/0013916500326005.

Koelstra, S., C. Mihl, M. Soleymani, J. Lee, A. Yazdani, T. Ebrahimi, T. Pun, A.
Nijholt, and I. Patras. 2012. "Deap: A Database for Emotion Analysis; Using
Physiological Signals." Affective Computing, IEEE Transactions on 3 (1): 18-
31.

Krueger, R. A, and M. A. Casey. 2000. Focus Groups : A Practical Guide for
Applied Research. 3rd ed. Thousand Oaks, CA: Sage Publications.

Kuehni, R. G. 2000. "A Comparison of Five Color Order Systems." Color Research
& Application 25 (2): 123-131. doi: 10.1002/(SICI)1520-6378(200004)25

Killer, R., and B. Mikellids. 1993. "Simulated Studies of Color, Arousal, and
Comfort." In Environmental Simulation: Research and Policy Issues, edited
by R. W. Marans and D. Stokols, 163-190. New York: Plenum Press.

Killer, R., S. Ballal, T. Laike, B. Mikellides, and G. Tonello. 2006. "The Impact of
Light and Colour on Psychological Mood: A Cross-Cultural Study of Indoor
Work Environments.” Ergonomics 49 (14): 1496-1507. doi:
10.1080/00140130600858142.

Killer, R., B. Mikellides, and J. Janssens. 2009. "Color, Arousal, and Performance—
a Comparison of Three Experiments." Color Research & Application 34 (2):
141-152. doi: 10.1002/col.20476.

Kumi, R., CM. Conway, M. Limayem, and S. Goyal. 2013. "Learning in Color: How
Color and Affect Influence Learning Outcomes." IEE Transactions on
Professional Communication 56 (1): 2-15. doi: 10.1109/TPC.2012.2208390.

Kunishima, M., and T. Yanase. 1985. "Visual Effects of Wall Colours in Living
Rooms." Ergonomics 28 (6): 869-882. doi: 10.1080/00140138508963208.

270


http://dx.doi.org.dbgw.lis.curtin.edu.au/10.1080/00140130600858142
http://dx.doi.org/10.1109/TPC.2012.2208390
http://dx.doi.org/10.1080/00140138508963208

Chapter 6 General Conclusion

Kuschel, S., J. Forster, and M. Denzler. 2010. "Going Beyond Information Given:
How Approach Versus Avoidance Cues Influence Access to Higher Order
Information.” Social Psychological and Personality Science 1 (1): 4-11. doi:
10.1177/1948550609345023.

Kwallek, N., C. M. Lewis, and A. S. Robbins. 1988. "Effects of office interior color
on workers' mood and productivity." Perceptual & Motor Skills 66 (1):123-
128. doi: 10.2466/pms.1988.66.1.123.

Kwallek, N., and C. M. Lewis. 1990. "Effects of Environmental Colour on Males and
Females: A Red or White or Green Office." Applied Ergonomics 21 (4): 275-
278.

Kwallek, N., C. M. Lewis, J. W. D. Lin-Hsiao, and H. Woodson. 1996. "Effects of
Nine Monochromatic Office Interior Colors on Clerical Tasks and Worker
Mood." Color Research & Application 21 (6): 448-458. doi:
10.1002/(SIC1)1520-6378(199612)21.

Kwallek, N., K. Soon, and C.M. Lewis. 2007. "Work Week Productivity, Visual
Complexity, and Individual Environmental Sensitivity in Three Offices of
Different Color Interiors.” Color Research & Application 32 (2): 130-143.
doi: 10.1002/col.20298.

Kwallek, N., H. Woodson, CM . Lewis, C. Sales. 1997. "Impact of three interior
color schemes On Worker Mood And Performance Relative To Individual
environmental sensitivity."Color Research & Application 22 (2):121-132.
doi: 10.1002/(SICI)1520-6378(199704)22.

Ladau, R. F., B. K Smith, and J. Place. 1989. Color in Interior Design and
Architecture. New York: Van Nostrand Reinhold.

Larsen, J. T., C. J. Norris, A. P. McGraw, L. C. Hawkley, and J. T. Cacioppo. 2009.
"The Evaluative Space Grid: A Single-ltem Measure of Positivity and
Negativity." Cognition and Emotion 23 (3): 453-480. http://leeds-
faculty.colorado.edu/mcgrawp/pdf/larsen.norris.mcgraw.hawkley.cacioppo.2

009.pdf.

Leather, P., D. Beale, A. Santos, J. Watts, and Laura Lee. 2003. "Outcomes of
Environmental Appraisal of Different Hospital Waiting Areas." Environment
and Behavior 35 (6): 842-869. doi: 10.1177/0013916503254777.

Lerner, F. 1999. Libraries through the Ages. New York: Continuum.

. 2009. The Story of Libraries from the Invention of Writing to the Computer
Age. 2nd ed. New York: Continuum International.

Lewis, J. R. 2011. "Mixed Methods Research."In Research Methods in Nursing and

Midwifery, edited by S. Jirojwong, M. Jhonson and A. Welch. Melbourne:
Oxford University Press.

271


http://leeds-faculty.colorado.edu/mcgrawp/pdf/larsen.norris.mcgraw.hawkley.cacioppo.2009.pdf
http://leeds-faculty.colorado.edu/mcgrawp/pdf/larsen.norris.mcgraw.hawkley.cacioppo.2009.pdf
http://leeds-faculty.colorado.edu/mcgrawp/pdf/larsen.norris.mcgraw.hawkley.cacioppo.2009.pdf

Chapter 6 General Conclusion

Liamputtong, P. 2009. Qualitative Research Methods. 3rd ed. Melbourne: Oxford
University Press.

. 2011. Focus Group Methodology : Principles and Practices. Thousand
Oaks, CA: Sage.

Lichtenfeld, S., A. J. Elliot, M. A. Maier, and R. Pekrun. 2012. "Fertile Green: Green
Facilitates Creative Performance.” Personality and Social Psychology
Bulletin 38 (6): 784-797.

Lushington, N. 2002. Libraries Designed for Users: A 21st Century Guide. New
York: Neal-Schuman.

Mahnke, F. H. 1996. Color, Environment, and Human Response: An
Interdisciplinary Understanding of Color and its Use as a Beneficial Element
in the Design of the Architectural Environment. New York: John Wiley.

Manav, B. 2007. "Color-Emotion Associations and Color Preferences: A Case Study
for Residences." Color Research and Application 32 (2): 144-151. doi:
10.1002/c0l.20294.

Marans, R. W., and D. Stokols. 2013. Environmental Simulation: Research and
Policy Issues. New York: Springer Science & Business Media.

Martinson, B., and K. Bukoski. 2005. "Implication: Seeing colour.” Informe Design
3 (5):1-5.

McNamara, P. 2012. "Teaching and Learning Spaces: Refurbishment of the W K
Hancock Science Library at the Australian National University 2011."
Australian Academic & Research Libraries 43 (1): 46-55. doi:
10.1080/00048623.2012.10700622.

McNamara, D. S. 2012. Reading Comprehension Strategies: Theories, Interventions,
and Technologies. New York, London: Psychology Press.

Meerwin, G., B. Rodeck, and F. Mahnke. 2007. Humans and Color: Color
Communication in Architectural Space. Basel: Birkhauser Verlag AG.

Mehrabian, A., and J. A. Russell. 1974. An Approach to Environmental Psychology.
Cambridge, MA: MIT Press.

Mehrabian, A. 1995. "Theory and Evidence Bearing on a Scale of Trait
Arousability." Current Psychology 14 (1): 3-28. doi:10.1007/BF02686870.

Mehta, R., and R. J. Zhu. 2009. "Blue or Red? Exploring the Effect of Color on

Cognitive Task Performances.”" Science 323 (5918): 1226-1229.
http://lwww.jstor.org/stable/25471596.

272


http://search.informit.com/
http://search.informit.com/

Chapter 6 General Conclusion

Menke, C. 2008. "Aesthetic Reflection and its Ethical Significance: A Critique of the
Kantian Solution." Philosophy & Social Criticism 34 (2): 51-63. doi:
10.1177/0191453707084273.

Meyer, D. K., and J. C. Turner. 2006. "Re-conceptualizing emotion and motivation
to learn in classroom contexts." Educational Psychology Review 18 (4):377-
390. doi: 10.1007/s10648-006-9032-1

Mills, G. E. 2007. Action Research: A Guide for the Teacher Researcher. 4th ed.
Boston: Pearson Education, Inc.

Morris, J. D. 1995. "Observations: Sam: The Self-Assessment Manikin; an Efficient
Cross-Cultural Measurement of Emotional Response." Journal of Advertising
Research 35 (6): 63-68.

Mueller, J. S., and J. R. Curhan. 2006. "Emotional Intelligence and Counterpart
Mood Induction in a Negotiation." International Journal of Conflict
Management 17 (2): 110-128.
http://web.mit.edu/curhan/www/docs/Publications/Curhan_Emotional _Intelli
gence_and_Negotiation.pdf.

Munsell Color System. 2013.“A view showing hue, value and chroma scales
arranged in colour space”. Accessed July 5.
https://upload.wikimedia.org/wikipedia/commons/thumb/d/d5/Munsell-
system.svg/290px-Munsell-system.svg.png

Nakshian, J. S. 1964. "The Effects of Red and Green Surroundings on Behavior."
The Journal of General Psychology 70 (1): 143-161. Doi:
10.1080/00221309.1964.9920584.

Nakamura, T., O. P. N. Sakolnakorn, A. Hansuebsai, P. Pungrassamee, and T. Sato.
2004. "Emotion Induced from Colour and Its Language Expression™ AlIC-
Color and Paints, Interim Meeting of the International Color Association:
Proceedings of an international conference held at the Convention Centre of
the Pontificia Universidade Catolica de Rio Grande doSul, 3-5 November
2004. Porto Alegre: Jose Luis Caivano.

Natural Colour System. 2013. “NCS Colour Circle”. Accessed 10 May.
http://www.ncscolour.com/PageFiles/615/NCS_Colour_Circle.png.

NCS. 2004. The International Language of Colour Communication NCS Colour
System. Stockholm: Scandinavian Colour Institute.

NCS-Natural Colour System. 2009. “NCS Colour Triangle™.
http://4.bp.blogspot.com/_uXhlSdaldSw/ShOfxcJ_HVI/AAAAAAAAAIY /X
KRTuUO_6NA/s200/NCS-Colour-Triangle.qgif.

Neuman, D. 2003. College and University Facilities. London: John Wiley and Sons.

273


http://web.mit.edu/curhan/www/docs/Publications/Curhan_Emotional_Intelligence_and_Negotiation.pdf
http://web.mit.edu/curhan/www/docs/Publications/Curhan_Emotional_Intelligence_and_Negotiation.pdf
https://upload.wikimedia.org/wikipedia/commons/thumb/d/d5/Munsell-system.svg/290px-Munsell-system.svg.png
https://upload.wikimedia.org/wikipedia/commons/thumb/d/d5/Munsell-system.svg/290px-Munsell-system.svg.png
http://dx.doi.org.dbgw.lis.curtin.edu.au/10.1080/00221309.1964.9920584

Chapter 6 General Conclusion

Newton, C., and K. Fisher. 2009. Take 8: Learning Spaces: The Transformation of
Educational Spaces for the 21st Century. Melbourne: Australian Institute of
Architects.

Nielson, K. J., and D. A. Taylor. 2007. Interiors: An Introduction. 4 ed. New York:
McGraw-Hill.

O'Brien, L. 1989. "Learning Styles: Make the Student Aware." NASSP Bulletin 73
(519): 85-89.

Oberascher, L., and M. Gallmetzer. 2003. "Colour and Emotion™ Proceedings of the
11tth Congress of the International Colour Association. Bangkok: The Color
Group of Thailand; p 370-374.

Oblinger, D. G. 2006. "Space as a Change Agent." In Learning Spaces, ed. Diana G.
Oblinger, 1.1-1.2. Washington: EDUCAUSE.

Odabasioglu, S., and N. Olguntiirk. 2015. "Effects of Coloured Lighting on the
Perception of Interior Spaces." Perceptual & Motor Skills 120 (1): 183-201.
doi: 10.2466/24.PMS.120v10x4.

Oliveira, A., I. Fonseca, M. Teixeira, and F. Simdes. 2005. "A Functional
Measurement Approach to the Self-Assessment Manikin™ Fechner Day 2005.
Proceedings of the Twenty-First Annual Meeting of the International Society
for Psychophysics. Mt. Pleasant, MI: The International Society for
Psychologysics.

Onwubiko, E. C. N, and C. U Uzoigwe. 2004. Library: The Home of Knowledge.
Enugu: HRV Publishers.

Osgood, C. E., G. J. Suci, and P. H. Tannenbaum. 1957. The Measurement of
Meaning. USA: University of lllinois Press.

Ou, L., M. R. Luo, A. Woodcock, and A. Wright. 2004. "A Study of Colour Emotion
and Colour Preference. Part I: Colour Emotions for Single Colours.”" Color
Research & Application 29 (3): 232-240. Doi: 10.1002/col.20010.

Ou, L. 2004. "Quantification of Colour Emotion and Colour Harmony." PhD Diss,
University of Derby, Derby, UK.

Ou, L., M. Ronnier Luo, P. Sun, N. Hu, H. Chen, S. Guan, A. Woodcock, J. Caivano,
R. Huertas, and A. Treméau. 2012. "A cross-cultural comparison of colour
emotion for two-colour combinations.” Color Research & Application 37
(1):23-43. Doi: 10.1002/col.20648.

Ou, Li-Chen, M Ronnier Luo, Pei-Li Sun, Neng-Chung Hu, and Hung-Shing Chen.

2012. "Age Effects on Colour Emotion, Preference, and Harmony." Color
Research & Application 37 (2): 92-105. doi: 10.1002/col.20672.

274



Chapter 6 General Conclusion

Oztiirk, E., S. Yilmazer, and S. Ural. 2012. "The Effects of Achromatic and
Chromatic Color Schemes on Participants' Task Performance in and
Appraisals of an Office Environment.” Color Research & Application 37 (5):
359-366. doi: 10.1002/col.20697.

Parkes, D., and G. Walton. 2010. Web 2.0 and Libraries: Impacts, Technology and
Trends. Oxford: Chandos Publishing.

Pekrun, R. 2006. "The Control-Value Theory of Achievement Emotions:
Assumptions, Corollaries, and Implications for Educational Research and
Practice." Educational Psychology Review 18 (4): 315-341.
doi:10.1007/s10648-006-9029-9.

Pekrun, R., T. Goetz, W. Titz, and R. P. Perry. 2002. "Academic Emotions in
Students' Self-Regulated Learning and Achievement: A Program of
Qualitative and Quantitative Research.” Educational Psychologist 37 (2): 91-
105. doi: 10.1207/S15326985EP3702_4.

Philippot, P., G. Chapelle, and S. Blairy. 2002. "Respiratory Feedback in the
Generation of Emotion.” Cognition & Emotion 16 (5): 605-627. doi:
10.1080/02699930143000392.

Pile, J. F. 1997. Color in Interior Design. New York: The McGraw-Hill.
Portillo, M. 2009. Color Planning for Interiors. Toronto: John Wiley & Sons.

Powell, M. 2002. "Designing Library Space to Facilitate Learning: A Review of the
Uk Higher Education Sector." Libri 52 (2): 110-120. doi:
10.1515/LIBR.2002.110.

Pressly, P. K., and M. Heesacker. 2001. "The Physical Environment and Counseling:
A Review of Theory and Research.” Journal of Counseling & Development
79 (2): 148-160.
http://search.proquest.com/openview/a5ab1c1020cc4f9d4d01241df214852a/1
?pg-origsite=gscholar.

Psychological Effects of Color. 2013. Accessed July 12,
http://www.planetpapers.com/Assets/4528.php.

Rayner, K., B. R. Foorman, C. A. Perfetti, D. Pesetsky, and M. S. Seidenberg. 2001.
"How Psychological Science Informs the Teaching of Reading."
Psychological Science in the Public Interest 2 (2):31-74. doi: 10.1111/1529-
1006.00004.

Reid Library at the University of Western Australia 2012. Accessed May 10,
http://www.library.uwa.edu.au/contact/reid-arts-business/floor-plans.

Reitz, J.M. 2004. Dictionary for Library and Information Science. Westport:
Libraries Unlimited.

275


http://dx.doi.org/10.1207/S15326985EP3702_4
http://dx.doi.org/10.1080/02699930143000392
http://dx.doi.org/10.1515/LIBR.2002.110
http://www.planetpapers.com/Assets/4528.php
http://www.library.uwa.edu.au/contact/reid-arts-business/floor-plans

Chapter 6 General Conclusion

Robertson Library at Curtin University. 2012. Accessed May 04,
http://library.curtin.edu.au/local/docs/about/robertson-library-floor-plans-

web.pdf.

Roknuzzaman, Md., H. Kanai, and K. Umemoto. 2009. "Integration of Knowledge
Management Process into Digital Library System: A Theoretical
Perspective." Library Review 58 (5): 372-386. doi:
10.1108/00242530910961792.

Russell, J. A., A. Weiss, and G. A. Mendelsohn. 1989. "Affect Grid: A Single-Item
Scale of Pleasure and Arousal.” Journal of Personality and Social
Psychology 57 (3): 493-502. http://dx.doi.org/10.1037/0022-3514.57.3.493.

Ruthig, J. C., R. P. Perry, S. Hladkyj, N. C. Hall, R. Pekrun, and J. G. Chipperfield.
2008. "Perceived Control and Emotions: Interactive Effects on Performance
in Achievement Settings." Social Psychology of Education 11 (2): 161-180.
doi:10.1007/s11218-007-9040-0.

Ryu, K., and S. S. Jang. 2007. "The Effect of Environmental Perceptions on
Behavioral Intentions through Emotions: The Case of Upscale Restaurants.”
Journal of Hospitality & Tourism Research 31 (1): 56-72. doi:
10.1177/1096348006295506.

Sarantakos, S. 2005. Social Research. Hampshire: Palgrave Macmillan.

SAT Reading Comprehension. 2012. Accessed September 2,
http://www.majortests.com/sat/reading-comprehension.php.

Sato, T., K. Kajiwara, H. Hoshino, and T. Nakamura. 2000. "Quantitative Evaluation
and Categorisation of Human Emotion Induced by Colour." Advances in
Colour Science and Technology 3 (3): 53-59.

Saur, K. G. 2004. Libraries as Places: Building for the 21st Century. Morlenbach:
IFLA Publications.

Scherer, K. R. 2005. "What Are Emotions? And How Can They Be Measured?"
Social Science Information 44 (4): 695-729. doi:
10.1177/0539018405058216.

Schunk, D. H. 2000. Learning Theories: An Educational Perspective. 3rd ed. Upper
Saddle River, NJ: Prentice-Hall.

Shen, Y., W. Yuan, W. Hsu, and Y. Chen. 2000. "Color Selection in the
Consideration of Color Harmony for Interior Design" Color Research and
Application 25 (1): 20-30. doi: 10.1002/(SICI)1520-
6378(200002)25:1<20::AID-COL4>3.0.CO;2-5.

Shipp, J. 2005. Fisher Library—a Future Pluperfect.
http://www.library.usyd.edu.au/news/news050.pdf.

276


http://library.curtin.edu.au/local/docs/about/robertson-library-floor-plans-web.pdf
http://library.curtin.edu.au/local/docs/about/robertson-library-floor-plans-web.pdf
http://dx.doi.org/10.1108/00242530910961792
http://dx.doi.org/10.1108/00242530910961792
http://www.majortests.com/sat/reading-comprehension.php
http://www.library.usyd.edu.au/news/news050.pdf

Chapter 6 General Conclusion

Siemens, G. 2004. Connectivism: A Learning Theory for the Digital Age. Accessed
May 20, 2012, http://www.elearnspace.org/Articles/connectivism.htm.

Sivik, L. 1974. Color Meaning and Perceptual Color Dimensions: A Study of Color
Samples: University of Goteborg, Department of Psychology.

Smedal, G. 1983. "NCS-as a Basis for Colour Training at the National College of
Art, Craft and Design, Bergen, Norway." In The Forsius Symposium on
Colour Order Systems, edited by A. Hard and L. Sivik, 1-6. Stockholm:
Scandinavian Colour Institute.

Smith, D. 2003. "Environmental Colouration and/or the Design Process.”" Color
Research & Application 28 (5): 360-365. doi: 10.1002/col.10182.

Smith, D. 2008. "Colour-Person-Environment Relationship.” Colour Research and
Application 33 (4): 312-319. doi: 10.1002/col.20424.

Soldat, A. S., and R. C. Sinclair. 2001. "Colors, Smiles, and Frowns: External
Affective Cues Can Directly Affect Responses to Persuasive
Communications in a Mood-Like Manner without Affecting Mood." Social
Cognition 19 (4): 469-490. doi: 10.1521/50¢0.19.4.469.20756.

Soldat, A. S., R. C. Sinclair, and M. M. Mark. 1997. "Color as an Environmental
Processing Cue: External Affective Cues Can Directly Affect Processing
Strategy without Affecting Mood." Social Cognition 15 (1): 55-71.
http://search.proguest.com/openview/73866b3a26ed70962312908af8a00242/
1?pg-origsite=gscholar.

Soussignan, R. 2002. "Duchenne Smile, Emotional Experience, and Autonomic
Reactivity: A Test of the Facial Feedback Hypothesis." Emotion 2 (1): 52-74.
http://dx.doi.org/10.1037/1528-3542.2.1.52.

Spencer, S. J.,, M. P. Zanna, and G. T. Fong. 2005. "Establishing a Causal Chain:
Why Experiments Are Often More Effective Than Mediational Analyses in
Examining Psychological Processes.” Journal of personality and social
psychology 89 (6): 845-851. http://dx.doi.org/10.1037/0022-3514.89.6.845.

Spencer-Waterman, S. 2013. Handbook on Differentiated Instruction for Middle &
High Schools. New York: Routledge.

Stahre, B., M. Harleman, and M. Billger. 2004. "Colour Emotions in Larger and
Smaller Scale.” Color and Paints. Interim Meeting of the International Color
Association, Porto Alegre, Brazil.

Stahre, B., M. Billger, and K. Fridell Anter. 2009. "To Colour the Virtual World-
Difficulties in Visualizing Spatial Colour Appearance in Virtual
Environments." International Journal of Architectural Computing 7 (2):289-
308. doi: 10.1260/147807709788921949.

277


http://www.elearnspace.org/Articles/connectivism.htm
http://search.proquest.com/openview/73866b3a26ed70962312908af8a00242/1?pq-origsite=gscholar
http://search.proquest.com/openview/73866b3a26ed70962312908af8a00242/1?pq-origsite=gscholar
http://psycnet.apa.org/doi/10.1037/1528-3542.2.1.52
http://psycnet.apa.org/doi/10.1037/0022-3514.89.6.845

Chapter 6 General Conclusion

Stamps, A. E. 1990. "Use of Photographs to Simulate Environments: A
Metaanalysis.” Perceptual and Motor Skills 71 (2): 907-913. doi:
10.2466/pms.1990.71.3.907.

Stamps, A. E. 2007. "Evaluating Spaciousness in Static and Dynamic Media."
Design Studies 28 (5): 535-557.
http://dx.doi.org/10.1016/j.destud.2007.01.001.

Stewart, D. W., P. N. Shamdasani, and D. W. Rook. 2007. Focus Groups: Theory
and Practice. 2nd ed. Thousand Oaks, CA: Sage.

Stone, N. J. 2001. "Designing Effective Study Environments." Journal of
Environmental Psychology 21 (2): 179-190. .

Stone, N. J. 2003. "Environmental View and Color for a Simulated Telemarketing
Task." Journal of Environmental Psychology 23 (2): 63-78.
http://dx.doi.org/10.1016/S0272-4944(02)00107-X.

Stone, N. J., and A. English. 1998. "Task Type, Posters and Workspace Color on
Mood, Satisfaction, and Performance." Journal of Environmental Psychology
18 (2): 175-185. .

Stringer, E. T., and W. Genat. 2004. Action Research in Health. Upper Saddle River,
New Jersey: PEARSON Merrill Prentice Hall.

Sufar, S., A. Talib, and H. Hambali. 2012. "Towards a Better Design: Physical
Interior Environments of Public Libraries in Peninsular Malaysia." Procedia-
Social and Behavioral Sciences 42 (2012): 131-143.

Sundstrom, E., J. P. Town, R. W. Rice, D. P. Osborn, and M. Brill. 1994. "Office
Noise, Satisfaction, and Performance." Environment and Behavior 26 (2):
195-222. http://eab.sagepub.com.dbgw.lis.curtin.edu.au/content/26/2/195.

Suzzallo Library Information. 2013. Accessed December 16,
http://www.lib.washington.edu/suzzallo/study/study-spaces/reading-room.

Swirnoff, L. 2003 Dimensional Color. 2nd ed. New York: Norton.

Tag Archives: assyrian. 2011. “An ancient Mesopotamian library”
https://i0.wp.com/25.media.tumblr.com/tumblr_IxwzmuG4Ho1ql5d2uol 400

Jpa.

Temple, P. 2008. "Learning Spaces in Higher Education: An under-Researched
Topic." London Review of Education 6 (3): 229-241. doi:
http://dx.doi.org/10.1080/14748460802489363.

The Munsell Color System. 2000. “A view showing the Munsell hue circle”.
http://dba.med.sc.edu/price/irf/Adobe tg/models/images/munsell sphere.qif.

278


http://dx.doi.org/10.1016/j.destud.2007.01.001
http://dx.doi.org/10.1016/S0272-4944(02)00107-X
http://eab.sagepub.com.dbgw.lis.curtin.edu.au/content/26/2/195
http://www.lib.washington.edu/suzzallo/study/study-spaces/reading-room
https://i0.wp.com/25.media.tumblr.com/tumblr_lxwzmuG4Ho1ql5d2uo1_400.jpg
https://i0.wp.com/25.media.tumblr.com/tumblr_lxwzmuG4Ho1ql5d2uo1_400.jpg
http://dx.doi.org/10.1080/14748460802489363
http://dba.med.sc.edu/price/irf/Adobe_tg/models/images/munsell_sphere.gif

Chapter 6 General Conclusion

The Munsell Color System. 2000. “Munsell's value and chroma”
http://dba.med.sc.edu/price/irf/Adobe tg/models/images/5RP.qif.

Thomas, H. 2010. "Learning Spaces, Learning Environments and the Dis‘Placement’
of Learning." British Journal of Educational Technology 41 (3): 502-511.
doi: 10.1111/5.1467-8535.2009.00974.x.

Todd, Z., B. Nerlich, S. McKeown, and D. D. Clarke. 2004. Mixing Methods in
Psychology: The Integration of Qualitative and Quantitative Methods in
Theory and Practice. Hoboken: Taylor and Francis.

Twait, M. 2009. "If They Build It, They Will Come a Student-Designed Library."
College & Research Libraries News 70 (1): 21-24.
http://crin.acrl.org/content/70/1/21.full.pdf.

Ulrich, R. S. 1983. "Aesthetic and Affective Response to Natural Environment.” In
Behavior and the Natural Environment, edited by 1. Altman and F. Wohlwill,
85-125. New York: Plenum. doi: 10.1007/978-1-4613-3539-9 4.

Valdez, P., and A. Mehrabian. 1994. "Effects of Color on Emotions." Journal of
Experimental Psychology: General 123 (4): 394. doi:
http://dx.doi.org/10.1037/0096-3445.123.4.394.

Varlander, S. 2012. "Individual Flexibility in the Workplace a Spatial Perspective."
The Journal of Applied Behavioral Science 48 (1): 33-61. doi:
10.1177/0021886311407666.

Venolia, C. 1988. Healing Environments. Your Guide to Indoor Well-Being.
Berkeley: Celestial Arts.

Vergeront, J. 2002. "Shaping Spaces for Learners and Learning." The Journal of
Museum Education 27 (1): 8-13. doi:
http://dx.doi.org/10.1080/10598650.2002.11510455.

Verghese, P. 2001. "Visual Search and Attention: A Signal Detection Theory
Approach.” Neuron 31 (4): 523-535. doi: http://dx.doi.org/10.1016/S0896-
6273(01)00392-0.

Vischer, J. C. 2007. "The Effects of the Physical Environment on Job Performance:
Towards a Theoretical Model of Workspace Stress.” Stress and Health 23
(3): 175-184. doi: 10.1002/smi.1134.

Wang, H., and R.R. Russ. 2008. "Computer Classroom Wall Colour Preference and
the Relationship with Personality Type of College Students." Colour: Design
& Creativity 2 (4): 1-13.

Ward, G. 1995. "Colors and Employee Stress Reduction " Supervision 56 (6): 3-5.

279


http://dba.med.sc.edu/price/irf/Adobe_tg/models/images/5RP.gif
http://psycnet.apa.org/doi/10.1037/0096-3445.123.4.394
http://dx.doi.org/10.1080/10598650.2002.11510455
http://dx.doi.org/10.1016/S0896-6273(01)00392-0
http://dx.doi.org/10.1016/S0896-6273(01)00392-0

Chapter 6 General Conclusion

Waseem, A 2008. "Community, Identity and Knowledge: A Conceptual Framework
for Lis Research.” LIBRES Library and Information Science Research
Electronic Journal 18 (1): 1-15.

Watson, D., L.A Clark, and A. Tellegen. 1988. "Development and Validation of
Brief Measures of Positive and Negative Affect: The PANAS Scales.” Journal
of  Personality and Social Psychology 54 (6): 1063-1070.
http://www.cnbc.pt/jpmatos/28.Watson.pdf

Werner, K. U, and M. Diecks. 2004. “The Brain.” Berlin: the Philological Library,
Free University of Berlin. Accessed June 26, 2011,
http://liber.library.uu.nl/publish/articles/000077/article.pdf.

White, M. 1996. WAIT to Curtin: A History of the Western Australian Institute of
Technology. Western Australia: Paradigm Books Curtin University.

Wilkinson, S. 2004. "Focus Groups: A Feminist Method.” In Feminist Perspectives
on Social Research edited by S.N. Hesse-Biber and M. L. Yaiser, 271-295.
New York: Oxford University Press.

Woolner, P., E. Hall, S. Higgins, C. McCaughey, and K. Wall. 2007. "A Sound
Foundation? What We Know About the Impact of Environments on Learning
and the Implications for Building Schools for the Future." Oxford Review of
Education 33 (1): 47-70. http://dx.doi.org/10.1080/03054980601094693.

Xiao, K., M. R. Luo, C. Li, and G. Hong. 2010. "Colour appearance of room
colours.” Color Research & Application 35 (4):284-293. doi:
10.1002/col.20575.

Xin, J. H., K. M. Cheng, G. Taylor, T. Sato, and A. Hansuebsai. 2004. "Cross-
Regional Comparison of Colour Emotions Part I: Quantitative Analysis."
Color Research & Application 29 (6): 451-457. doi: 10.1002/col.20062.

Yerkes, Robert M, and John D Dodson. 1908. "The Relation of Strength of Stimulus
to Rapidity of Habit-Formation." Journal of Comparative Neurology and
Psychology 18 (5): 459-482.

Every reasonable effort has been made to acknowledge the owners of copyright
material. | would be pleased to hear from any copyright owner who has been omitted
or incorrectly acknowledged.

280


http://www.cnbc.pt/jpmatos/28.Watson.pdf
http://liber.library.uu.nl/publish/articles/000077/article.pdf
http://dx.doi.org/10.1080/03054980601094693

Chapter 6 General Conclusion

Appendix 1: Learning Channel questionnaire in Studies A
and C

Learning Channel Preference

Dear participant
I would like to thank you for your cooperation in assisting with the proposed research. The
following questions are very important to find out the preferred way in which you learn. All
responses will be kept strictly confidential.
Procedure:
Read each sentence carefully and consider whether it applies to you. On the line, write:
3 often applies
2 sometimes applies
1 never or almost never applies
Preferred Channel: 1
1. I enjoy doodling and even my notes have lots of pictures, arrows, etc. in them.
2. | remember something better if I write it down.

3. When trying to remember a telephone number or something new like that, it helps me
to get a picture of it in my head.

4. When taking a test, | can “see” the textbook page and the correct answer on it.
5. Unless I write down directions, | am likely to get lost and arrive late.

6. It helps me to LOOK at a person speaking. It keeps me focused.
__T7.1canclearly picture things in my head.

8. It’s hard for me to understand what a person is saying when there is background
noise.

9. It’s difficult for me to understand a joke when | hear it.
___10. It’s easier for me to get work done in a quiet place.

Total
Preferred Channel: 2
____1.When reading, | listen to the words in my head or read aloud.
____ 2. Tomemorize something it helps me to say it over and over to myself.
___ 3.1 need to discuss things to understand them.
_____4.1don’t need to take notes in class.
____ 5. 1remember what people have said better than what they were wearing.
____ 6.1 like to record things and listen to the tapes.
__7.I’drather hear a lecture on something than have to read it in a textbook.
____ 8.l caneasily follow a speaker even though my head is down on the desk or I’m staring
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out the window.

9. | talk to myself when I’m problem solving or writing.

10. | prefer to have someone tell me how to do something rather than have to read the
directions myself.

Total

Preferred Channel: 3
1. 1 don’t like to read or listen to directions; I’d rather just start doing.

2. | learn best when | am shown how to do something and then have the opportunity to
do it.

. | can study better when music is playing.
. I solve problems more often with a trial and error, than a step-by-step approach.
. My desk and/or locker looks disorganized.

. | take notes but never go back and read them.

3

4

5

6. | need frequent breaks while studying.

7

8. 1 do not become easily lost, even in strange surroundings.
9

. | think better when | have the freedom to move around; studying at a desk is not for

10. When I can’t think of a specific word, 1’ll use my hands a lot and call something a
“what-cha-ma-call-it” or a “thing-a-ma-jig”.

Total

Thanks for your cooperation

Participant Name:

Date:
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Appendix 2: Emotional Response Questionnaire in Studies
Aand C

The Influence of Colour on Learning in University Libraries
Emotional response
This section is concerned with your emotions. Please answer the following question “What

emotional response do you associate with this colour?” by indicating the scale (1-7) that
describe your feelings.

Emotions | Extremely | Quite | Slightly | Neither | Slightly | Quite | Extremely | Emotions
Dark Light
Pleasant Unpleasant
Fresh Stale
Heavy Light
Calm Exciting
Dull Sharp
Tense Relaxed
Warm Cool
Interesting Boring

Thank you for your participation

Participant Code:

Date/Time:

Colour:
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Appendix 3: Information Sheet for Studies A and C

INFORMATION SHEET
“The Influence of Colour on Learning in University Libraries”
Dear Participant

The aim of this research is to investigate the impact of colour on learning performance
within academic libraries. This study is significant because it will provide a better
understanding about the potential role of the use of colour in tertiary learning in the
university libraries and it is considered an important study for interior designers and
architects in the future.

You will be required to do The Colour Blindness Test and a questionnaire to determine your
learning preference before the experiment period. Upon completing the questionnaires you
will stay alone in a waiting room for five minutes. At the end of five minutes your heart rate
will be taken twice, once before and then during the experimental session and you will be
asked to rate your emotional state on a questionnaire. Participants will undertake a reading
task while located in a room with different coloured walls. Your honest answers will help in
accurate data analysis.

Your contribution in the study will be over Six Days and about 30 Minutes each day. The
total expected time for your participation is approximately Two Hours for six colour
conditions. This experiment will be conducted in Curtin University at the School of Built
Environment building.

Answers to the questions will be treated in the strictest confidence and your name will not be
recorded in the transcribed data. The transcribed data will be safely stored for a period of
five years in Curtin University. Your participation in this experiment is completely
voluntary; you will be at liberty to withdraw at any time without giving a reason for
withdrawal.

Thank you for your time. Your contribution is greatly appreciated

The contact details of my principal supervisor should participants require further information:

- Associate Professor
Dianne Smith, School of Built Environment, Department of Architecture and Interior Architecture

- E-mail:
dianne.smith@curtin.edu.au

- Tel: +61 8 9266 2716

The contact details of the researcher should participants require further information:

- Aseel Abdulsalam Al-Ayash, PhD candidate
- School of Built Environment, Department of Architecture and Interior Architecture
- E-mail: a.al-ayash@postgrad.curtin.edu.au / ssasal35@yahoo.com

The contact details of the Human Research Ethics Committee (Secretary) should participants wish to make
a complaint on ethical grounds:

- Office of Research and Development
- Tel: +61 8 9266 9223

- E-mail: hrec@curtin.edu.au

284


mailto:dianne.smith@curtin.edu.au
mailto:a.al-ayash@postgrad.curtin.edu.au
mailto:ssasal35@yahoo.com
mailto:hrec@curtin.edu.au

Chapter 6 General Conclusion

Appendix 4: Consent Form in Studies A and C
CONSENT FORM

The Influence of Colour on Learning in University Libraries

Dear participant
Thank you for your cooperation in this study. Your signature will certify that you:

- Have been informed of and understand the purposes of the study.

- Have been given an opportunity to ask questions.

- Have received enough information about this study.

- Understand that you are free to withdraw from this study at any time without
any prejudice.

- Are aware that any information, which might potentially identify you, will
not be used in published material.

| agree to participate in the study as outlined to me.

Signature of participant: Date:

Name (BLOCK LETTER):

Signature of investigator: Date:
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Appendix 5: Explanation of the Statistic

The explanation of the F-value, dfs, and p-values
The F-value is the ratio of two variance estimates:
(the variance attributable to the effect being tested)/(the error variance in the data).

The F-value has two sets of degrees of freedom (F[df1, df2]). dfl is a function of the
number of levels of the effect being tested; df2 is a function of the number of levels
of the effects being tested and the number of participants in the study. For a
particular combination of dfl & df2: The larger the F-value, the stronger the effect.

An F-value associated with a p-value of less than .05 has less than a 5% probability
of being as large as it is simply by chance; we therefore conclude that such an F-
value is statistically significant and reflects a real effect rather than a chance finding.
F-values with p-values greater than or equal to .05 are considered (by convention) to
be non-significant and merely generated by chance effects in the data.

In order to determine whether an F-value is statistically significant at a particular
probability level, it needs to exceed its critical value for that probability level. The
critical value associated with an F-value varies as a function of its degrees of
freedom. The critical value for F (3, 140) at a p-value of .05 is approximately 2.67;
the critical value for F (1, 200) at a p-value of .05 is approximately 3.90; the critical
value for F (1, 200) at a p-value of .001 is approximately 11.16 (there are tables of
critical values for the F-statistic, but current statistical packages have made these
obsolete). If your F-value has exceeded its critical value at p = .012, then your F-
value is statistically significant at p = .012 — which means that there’s less than a
1.2% probability of your F-value being as large as it is simply by chance (Field
2013).

286



Chapter 6 General Conclusion

Appendix 6: Background questions in Study B

BACKGROUND QUESTIONS
The Influence of Colour on Learning in University Libraries

Dear participant

I would like to thank you for your cooperation in assisting with the proposed research. The
following questions are very important for properly analysing the data. All responses will be
kept strictly confidential.

Section 1: Demographic profile

1. Gender: Male [ ] Female [ ]

2. Age: 18-22 [ ] 22 and above [ |

3. Study Level:  Undergraduate |:| Postgraduate |:|
4. Nationality: ...

Section 2: Studying in the Robertson Library building

5. On average, how much time do you visit the library building while you are on
campus?

Never [ ]| Some of the time [ ] Much of thetime [ |  All of the time [ ]
6. On an average day, how many hours of study in the library building do you do?
Please tick (x) one only

30 minutes- 1hr [ | 1-2hrs [ | 2-4hrs [ | More than 4hrs []

7. a. Which study mode do you prefer when using the library building?
Studying alone | ] Studying in group [ ] Both [ ]

b. Which learning activity do you prefer while studying in the library building?
Please

tick (x) only one
Reading printed books |:| Reading via computer |:| Listening to lectures |:|

Other (please specify):
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8. In which study area in the library building do you prefer to study?

Private room [ ]  Open area with carrels [ |

Give reason:

Section 3: The Interior Design of the Library
9. Do you believe interior design can impact on learning activities in the library
building?

Yes |:| No |:| Unsure |:|

Please explain how?

10. Do you think the colour of the interior space has an important Impact On Your

Learning Performance in the library building?

Yes [] No [] Unsure [ |

Please explain how?

11. Are you satisfied with the Existing Colour Scheme in the following study areas of

the library building?

Group study room
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Yes |:| No |:| Unsure |:|

Give reason and describe your
emotions:

%

Individual study room

Yes |:| No |:| Not sure |:|

Give reason and describe your
emotions:

12. Do you think the existing colour schemes of the learning spaces in the individual
study areas of the library building can Motivate You to Study?

Motivated | | Neutral [] Unmotivated [ |

Please explain how:
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13. Has Your Emotional State been affected by the colour scheme while studying in

the learning spaces in the library building?

Yes [ ] No [] Unsure [ ]

If (Yes) Please explain how:

14. a. Which space in the Robertson Library Building do you feel has A Suitable

Colour Scheme for study? Why do you feel this way?

b. Which space in the Robertson library building do you feel has An Unsuitable

Colour Scheme for study? Why do you feel this way?

Participant Name:

Date:
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Appendix 7: Consent form in Study B
Consent to Participate in the Focus Group

You have been asked to participate in a focus group. The purpose of the focus group
is to discuss and understand how colours can motivate students to study in the
individual study space in the university libraries, and to get opinions about what are
suitable colours for this activity.

You can choose whether or not to participate in the focus group and stop at any time.
Although the focus group will be video and tape recorded, your responses will
remain anonymous and no names will be mentioned in the report. There are no right
or wrong answers to the focus group questions. We want to hear many different
viewpoints and would like to hear from everyone. We hope you can be honest even
when your responses may not be in agreement with the rest of the group. In respect
for each other, we ask that only one individual speak at a time in the group and that
responses made by all participants be kept confidential.

| understand this information and agree to participate fully under the conditions
stated above:

Participant’s Name:

Signed:
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Appendix 8: Survey of Stage 2 in Study B

Survey used in the Robertson Library:

The Influence of Colour on learning in University Libraries

1. Gender: Male [ | Female [ |
2. Study Level:  Undergraduate | | Postgraduate | |

3. Age: 18-22 [ | 22and above | |

4. Nationality:..................

5. Which colour scheme do you think is suitable for an individual study room in
the library building and can help you to concentrate? (select one)

Give reason:

Participant Name...........coooivi i
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Individual Study Room on Level 6

293



Chapter 6

Image (1)

Image (3)

294

General Conclusion

Image (2)

Image (4)



	Declaration
	ACKNOWLEDGMENT
	AUTHOR PUBLICATIONS
	ABSTRACT
	LIST OF FIGURES
	LIST OF TABLES
	1 CHAPTER 1: INTRODUCTION
	1.1 Background and Rationale of the Study
	1.2 Aim of Research
	1.3 Introduction to Research Methodology
	1.3.1 Action Research
	1.3.2 The Use of Mixed Methods

	1.4 Data Collection Process
	1.4.1 Qualitative Data Collection
	1.4.1.1 Literature Review
	1.4.1.2 Interview Method
	1.4.1.3 Focus groups

	1.4.2 Quantitative Data Collection
	1.4.2.1 Learning Channel Preference Questionnaire Scale
	1.4.2.2 Reading Comprehension
	1.4.2.3 Colour Emotion Scale
	1.4.2.4 Physiological Recordings

	1.4.3 The Use of a Full-scale Room

	1.5 Data Analysis
	1.6 Research Design of Four Cycles
	1.7 Significance of Research
	1.8 Ethical Considerations
	1.9  Overview of the Thesis

	2 CHAPTER 2: CYCLE 1 (LITERATURE REVIEW)
	2.1 Cycle 1 (Plan 1): The Aim
	2.2 Cycle 1 (Act 1): Library as a Learning Space
	2.2.1 Brief History of the Emergence of the University Library
	2.2.2 The University Library as a Learning Centre
	2.2.3 Digital Library and Physical Library

	2.3 Learning and Learners
	2.3.1 Learning and Learning Spaces in University Libraries
	2.3.2 The Relationship between Space, Learning and Human Psychology

	2.4 Emotional Response
	2.4.1 Definition of Emotional Response
	2.4.2 Measuring Emotional Responses
	2.4.2.1 Verbal methods
	2.4.2.2 Non-verbal methods

	2.4.3 Semantic Differential Method to Measure Emotional Response to Colour in the Indoor Environment
	2.4.4 The Influence of Emotion on Learning

	2.5 Colour in Learning Environments of Libraries
	2.5.1 Colour Perception
	2.5.2 Colour Vision
	2.5.3 Colour Attributes
	2.5.4 Colour Systems
	2.5.5 Psychological Impact of Colour in the Indoor Spaces
	2.5.6 Physiological Impact of Colour in the Indoor Spaces
	2.5.7 The Impact of Colour on Performance
	2.5.8 A Review of Methods for Examining the Impact of Colour in the Indoor Environment
	2.5.8.1 Full-Scale Rooms
	2.5.8.2 Viewing Cabinet
	2.5.8.3 Simulation Methods

	2.5.9 Colour in Learning Spaces of University Libraries

	2.6 Precedent Samples of Libraries
	2.6.1 Robertson Library, Curtin University, Perth, Australia
	2.6.2 Reid Library, University of Western Australia, Perth, Australia
	2.6.3 Edith Cowan Library, Edith Cowan University, Joondalup, Perth, Australia
	2.6.4 Fisher Library, University of Sydney
	2.6.5 Suzzallo Library, University of Washington, USA
	2.6.6 Philological Library, Free University, Berlin, Germany

	2.7  Cycle 1 (Reflection 1): Chapter Conclusion

	3 CHAPTER 3: CYCLE 2 (STUDY A)
	3.1 Cycle 2 (Plan 2): The Aim of Study A
	3.2 Cycle 2 (Act 2): Preparation for Study A
	3.2.1 Participants
	3.2.2 Colour Samples
	3.2.3 Instruments
	3.2.3.1 Colour Blindness Test
	3.2.3.2 Learning Channel Preference Questionnaire O’Brien (1989)
	3.2.3.3 Emotional Response Scales to Colour
	3.2.3.4 Physiological Recordings
	3.2.3.5 Learning Performance Assessment
	3.2.3.6 Interviews

	3.2.4 Experimental Room Design
	3.2.4.1 Room Design

	3.2.5 Experimental Procedure

	3.3 Cycle 2 (Observe 2): Analysing Data and Results of Study A
	3.3.1 Reading Comprehension
	3.3.2 Heart Rate Response
	3.3.3 Emotional Responses to Colour
	3.3.4 Analysing Data and Results of Interviews
	3.3.4.1 Data Analysis
	3.3.4.2 Interview Results for Light Colours
	3.3.4.3 Interview Results for Vivid Colours


	3.4 Cycle 2 (Reflection 2): Discussion of Results
	3.4.1 Reading Comprehension
	3.4.2 Heart Rate Responses
	3.4.3  Emotional Responses to Colour
	3.4.4 Interviews

	3.5 Conclusion

	4 CHAPTER 4: CYCLE 3 (STUDY B)
	4.1 Cycle 3 (Plan 3): The Aim of Study B (Stage 1): Focus Group
	4.1.1 Focus Group Method

	4.2  Cycle 3 (Act 3): Preparation for Stage 1 (Focus Group)
	4.2.1 Participants
	4.2.2 Colour samples
	4.2.3  Instruments
	4.2.3.1 Questionnaire
	4.2.3.2 Scale-Model of Individual Study Room
	4.2.3.3 Adobe Photoshop CS5.1 Program
	4.2.3.4 Digital Tape Recording
	4.2.3.5 Video Recording

	4.2.4 Procedure

	4.3  Cycle 3 (Observe 3): Results of Stage 1: Focus Group
	4.3.1 Part 1: Results of Background Questionnaire of the Robertson Library
	4.3.2 Part 2: Focus Group Discussion Results

	4.4 Cycle 3 (Reflection 3): Discussion of Results
	4.4.1 Part 1: Background Questionnaire
	4.4.2 Part 2: Focus Group Discussion and Activities

	4.5 Study B (Stage 2): Robertson Library Survey
	4.5.1 Method
	4.5.2 Stage 2: Participants
	4.5.3 Cycle 3 (Study B-Stage 2): Survey Results
	4.5.4  Cycle 3 (Study B-Stage 2): Discussion of Results

	4.6  Conclusion

	5 CHAPTER 5: CYCLE 4 (STUDY C)
	5.1 Cycle 4 (Plan 4): The Aim of Study C
	5.2 Cycle 4 (Act 4): Preparation for Study C
	5.2.1 Participants
	5.2.2 Colour Samples
	5.2.3 Instruments
	5.2.3.1 Colour Blindness Test
	5.2.3.2 Learning Channel Preference Questionnaire
	5.2.3.3 Emotional Response Scales to Colour
	5.2.3.4 Physiological recordings
	5.2.3.5 Performance assessment
	5.2.3.6 Interviews

	5.2.4 Experimental Room Design
	5.2.5 Experimental Procedure

	5.3 Cycle 4 (Observe 4): Results
	5.3.1 Reading Comprehension
	5.3.2 Heart Rate Response
	5.3.3 Emotional Responses to Colour
	5.3.4 Interview Results
	5.3.4.1 Light Yellow and Light Orange
	5.3.4.2 Deep Yellow
	5.3.4.3 Pale Yellow, Pale Green-Yellow and Pale Purple


	5.4 Cycle 4 (Reflection 4): Discussion of Results
	5.4.1 Reading Comprehension
	5.4.2 Heart Rate Response
	5.4.3 Emotional Response to Colour
	5.4.4 Interviews

	5.5 Conclusion

	6 CHAPTER 6: GENERAL CONCLUSION
	6.1 The Study Conclusion
	6.1.1 The conclusions from emotional response evaluation and heart rate changes of Studies A and C
	6.1.2 The conclusions from reading comprehension assessment of Studies A and C
	6.1.3 The conclusions from qualitative data of studies A, B, and C
	6.1.4 Inconsistent results derived from all three studies
	6.1.5 Conclusions derived from the relationship between emotional response, heart rate and reading comprehension

	6.2 Main Conclusions
	6.2.1 Conclusion derived from the study regarding the appropriate colours for individual study room

	6.3 Method Evaluation
	6.4 Future Research

	REFERENCES
	Appendix 1: Learning Channel questionnaire in Studies A and C
	Appendix 2: Emotional Response Questionnaire in Studies A and C
	Appendix 3: Information Sheet for Studies A and C
	Appendix 4: Consent Form in Studies A and C
	Appendix 5: Explanation of the Statistic
	Appendix 6: Background questions in Study B
	Appendix 7: Consent form in Study B
	Appendix 8: Survey of Stage 2 in Study B

