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Abstract 

The circadian rhythm (body clock) describes an endogenous (self-sustained) cycle 
that, amongst other cyclic functions, signals to the body when it is time to eat via the 
secretion of appetite stimulating and satiety hormones. Those suffering a 

misalignment of the circadian rhythm, such as dementia patients, may experience 
interruptions to their eating behavior, often resulting in malnutrition. The circadian 
rhythm is adjusted (entrained) to the local environment by external cues, or 

zeitgebers, which include natural daylight. There is some evidence that artificial 
white lighting can be used to mimic natural daylight in order to entrain the circadian 

rhythm to modulate normal sleeping patterns in those suffering from misalignment 
and in those who are not. However, little is known about any effects that coloured 
lighting might have on the circadian rhythm, or any potential to entrain the circadian 

rhythm to modulate food consumption. The present study investigated the effects of 
exposure to blue and yellow coloured lighting whilst eating on food consumption.  

Thirty  non-obese participants (Age 26.8 (12.5)) years completed a repeated 
measures trial on three separate occasions, one day per week, over a period of 
three weeks. For each trial, participants consumed an ad libitum homogenous pasta 

meal until ‘comfortably full and satisfied’ for the duration of 30 minutes.  Visual 
analogue scales were used to record appetite throughout. After checking for 

normality, one way ANOVA with repeated measures and Bonferroni post-hoc 
analysis revealed a significant increase in food consumption for the sample under 
yellow lighting compared to the white lighting control  (P = 0.009), and very 

significant differences in food consumption for the sample between yellow and blue 
lighting (P = 0.002). However, 3*2 ANOVA identified a colour*sex interaction, with 

males consuming significantly more food under yellow compared to white (P = 
0.002), but no significant increase or decrease under any coloured lighting condition 
in females. There was no effect of colour on appetite, hunger, or mood. There was 

no effect of sequence or restraint on food consumption.  These novel findings 
suggest that exposure to yellow coloured lighting whilst eating can increase food 

consumption, most specifically in males. Further research is required to establish 
how coloured light-induced changes in food consumption occur, and to    identify if 
there is an optimum shade of yellow and duration of pre-load exposure. These 

findings could be of particular interest in the context of patients suffering from 
malnutrition due to circadian misalignment, and the potential to develop new non-

invasive treatments through lighting design and medical device development.  
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i. THE DOCTORATE IN PROFESSIONAL STUDIES AT SHEFFIELD HALLAM 

UNIVERSITY – an Overview of the Programme and the Assessment Process 

 

Sheffield Hallam University (SHU) began offering a Doctorate in Professional studies 

(DProf) within the faculty of Health and Well-being in September 2004. Professional 

doctorates are described on the SHU website as being ‘equivalent to PhDs but focus 

on the development of professional practice and suit the needs of experienced 

professionals’ (SHU, 2012). Part of ‘suiting the needs’ of health and social care 

professionals is the contact time with the University. Unlike the PhD, which usually 

involves a large commitment to attending an academic institution, the DProf is 

delivered via a seminar scheme, with meetings taking place on a regular, usually 

monthly basis. As the course moves into the research phase, contact with the 

University is largely at mutually convenient times and with the supervisory team. In 

the latter period of the programme, the largest amount of time is therefore spent 

conducting research either within a professional context at the place of work, or 

dependent upon the study design, within the University.  

 

The DProf route of study can appeal to prospective doctoral students more than 

embarking on a traditional PhD route as studying the via a Doctorate route means 

that professionals can combine full time work,  whilst exploring an area of expertise 

or professional interest (Scott et al., 2004). The depth of inquiry the DProf allows is 

for many professional doctoral students unsurpassed as it opens new levels of 

academic exploration. The DProf programme promotes this level of inquiry through 

the three main educational aims of the programme contained within the DProf 

handbook (SHU, 2014)  – 
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 Promote the development of knowledge and skills required to create and 

interpret new knowledge, through the ability to conceptualise and design a 

project that could contribute to the advancement of an area of professional 

practice.  

 Facilitate the development of independent learners who possess advanced 

professional knowledge and understanding with the skills to proactively deal 

with complex issues and problems and lead professional and organisational 

developments. 

 Support the development of critically reflective professionals who can, through 

professional leadership, influence practice in the UK and internationally. 

 

For students requiring funding, the cost of the DProf can be monetarily less to 

support than a traditional PhD and there are also potential organisational benefits to 

the programme with the research based around a professional theme. A DProf 

programme is an academic equivalent to a traditional PhD and it simply differs in 

being delivered through an applied professional context (Scott et al., 2004). The 

DProf is more likely to include research into aspects of professional practice and the 

assessment criteria also varies from its more traditionally academic PhD counterpart. 

The following section describes the assessment process which culminates in the 

submission of a doctoral project report.  

  

The DProf programme is delivered over a 4 year period with each doctoral student 

having up to a maximum of 7 years to fully complete their studies. The first year of 

the DProf is a taught programme and is broken down into two modules - ‘Review of 

Learning and Professional Experience’ and ‘Research for the Working World’. The 
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first module allows students the opportunity to critically reflect on their professional 

history, scholarship, achievements and consider their readiness for this level of 

advanced study. Research for the working world then enables students to develop a 

critical understanding of research approaches and processes that will serve as a 

theoretical basis for research activity to be undertaken at academic level 8. The 

module also looks to prepare students for the complexities associated with research 

activity that crosses organisational boundaries and that take place within challenging 

and changing environments. These modules are each assessed by a 6000 word 

essay which includes appropriate levels of criticality and is underpinned by 

epistemological, ethical and philosophical discussion.  

 

The second year of the DProf focuses on project planning with the aim to enable 

candidates to develop, justify and submit to the Faculty Research Ethics Committee 

(FREC) a systematic plan for work-based inquiry to be undertaken at doctoral level. 

In addition to the written element, candidates are required to give an oral 

presentation in support of their proposed project. Evidence of the candidate’s 

performance in the oral assessment is taken into account when the FREC considers 

the candidates application. To successfully complete this module candidates are 

required to – 

 Identify problems/issues that are critical, significant, timely and clearly drawn 

from a complex knowledge base. 

 Identify relevant key concepts that underpin the proposed inquiry, with links 

made between concepts that are logical, relevant and significant and show 

how the synthesis of concepts are based on critical features drawn from a 

wide range of information.  
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 Demonstrate the need for inquiry by giving reasons that are valid and logical 

and are based on relevant, appropriate and evaluated evidence.  

 Propose plans that are specific, achievable, realistic and innovative. Clearly 

explicate the predicted outcomes and benefits of the inquiry and proposes 

methodologies and strategies that are relevant and philosophically congruent 

to the issues/problems identified (SHU, 2012). 

  

Upon successful completion of this module, the programme gravitates into the 

research phase of the investigation. In the case of the present study final SHU ethics 

approval was achieved in late March 2015 with recruitment to the study commencing 

in April 2015.  

 

Running throughout the 4 years of study there is a requirement to maintain an 

electronic portfolio of Critical Professional Practice and Development. This 

chronological record of the doctoral journey provides evidence of how the 

undertaking of the DProf programme has enhanced professional practice, and is 

accompanied by a critical commentary.  

 

The final stage in the DProf programme has three components in its assessment, a 

doctoral project report (of approximately 50,000 words) and an oral viva voce 

examination. The main aim of the final module is to enable candidates to generate 

project outcomes that impact on, and contribute to, the creation of professional 

knowledge (SHU, 2012). The final stage of the assessment process is a ‘persuasion’ 

of the research compromising a presentation and viva voce discussion (SHU, 2012). 

These assessments focus on the impact the work undertaken may have in terms of 

contribution of knew knowledge together with any potential to drive innovation within 
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a professional and wider context. 

           

 Table 1. DProf Programme Structure. 

 

Part Study period Modules 

 
Part 
One     
 
    
    

 
Year 1              
Semester 1 

 
Module 1: Review of Professional 

Learning and Development    
6000 words   

 
Module 5: Critical 

Professional Practice 
and Development  
 
 
 
 
 
Summative 
assessment in year 4 
of the programme.   
 
15,000 words 
equivalent, including 
3,000 word critical 
commentary.   

 
Year 1 
Semester 2     
 

 
Module 2: Research in the Working 

World 
6000 words   

 
Year 2 
Semester 1 

 
Module 3: Project Planning 1: Literature 

Review 
6000 words   

 
Year 2 
Semester 2 

 
Module 4: Project Planning 2: 

Epistemology, Methodology and Method 
6000 words   

 
Submission of DPS1 to Research Degrees Sub Committee and 
appropriate Ethics approval 

 

 
Part 
Two 

 
Year 3  
onwards 

 
Module 6: Doctoral Project  

50,000 words (or equivalent) + oral 
examination  
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ii PROFESSIONAL CONTEXT OF THE PRINCIPLE INVESTIGATOR 

The principle investigator is a Director within a large Acute NHS Hospital Trust in 

South Yorkshire. An overarching strategic objective of the organisation is to deliver 

quality acute healthcare services to the local population. The provision of healthcare 

services involves a range of professionals from a number of disciplines, from 

specialist heart surgeons to chartered accountants and those which span the divide. 

As would be expected, the objectives of these disciplines also differ, with clinical 

services measuring performance against the delivery of quality and patient 

outcomes, and non-clinical services against quality and financial performance. 

Together these disciplines aim to provide safe healthcare services for patients in an 

environment that is conducive to aiding recovery.  The specific professional context 

of the principle investigator is that of Strategy, Improvement and Infrastructure, which 

concerns itself with the strategic management of the physical asset and operational 

delivery of a number of support services including patient catering.  

In 2014/15 the NHS served over 139 million meals at a cost of £534m (HSCIC, 

2015). NHS catering has received significant attention over the last 25 years due to 

the high profile and costly campaigns to improve food quality in an attempt to reduce 

the incidence of patient malnutrition (Better Hospital Food, 2001., British Nutrition 

Foundation (BNF), 2004, Warner, 2004., Savage and Scott, 2005., British Dietetics 

Association (BDA), 2006., Age Concern 2006., Age UK, 2010., Edmondson-Jones, 

2010). Age Concern (2006) claimed that patient malnutrition was costing the NHS 

£7.2bn each year. With such high levels of public expenditure, and no improvement 

in the nutritional status of hospital patients (BNF 2004, Age Concern, 2006), it is to 

be expected the subject receives significant attention from politicians and policy 

makers. In 2013 the Campaign for Better Hospital Food (CFBHF) claimed that 
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between 1992 and 2013 there were 21 failed voluntary initiatives to improve hospital 

food, costing more than £54m. Journalist and broadcaster Lloyd Grossman and five 

different celebrity chefs Albert Roux, John Benson-Smith, Mark Hix, Anton Edelmann 

and Heston Blumenthal had all been drafted in to help improve standards (CFBHF, 

2013) 

The issue of patient malnutrition is a specialist area of professional and academic 

interest of the principle investigator due to the responsibility to provide catering 

services to hospital patients. Following the completion of a literature review for the 

fulfilment of a Master’s Degree which focused on sustainable food procurement to 

the NHS in order to improve food quality (Edmondson-Jones, 2010), the intention in 

undertaking a DProf was to identify a novel approach to reducing patient 

malnutrition. Support was gained from the principle investigators organisation to 

provide funding for the DProf programme.  
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CHAPTER 1- INTRODUCTION TO THE RESEARCH STUDY  

1.1 INTRODUCTION 

The purpose of this first chapter is to introduce the research topic, identify the 

problem the research aims to address, state the research question and aim, and to 

provide the reader with the knowledge to understand the structure of the research. 

This first section includes the presentation of a research time line for the reader to 

review what and when activities occurred as part of the research study. The chapter 

will then provide a brief overview of the problem in order to support a better 

understanding of the context of the research, before presenting an account of the 

emergence of the original idea and the novel nature of the research question that 

has been investigated.  A review of literature in chapter 2 supports the determination 

of research methods within chapter 3.  The chapter concludes by summarising the 

problem, question, aim and approach taken.   

 

The present study was undertaken in order to investigate the potential to develop a 

new treatment or therapy aimed at reducing malnutrition amongst hospital patients, 

which are especially prevalent amongst older patients (Age Concern, 2006; Age UK, 

2010).  Whilst consensus existed of the issue of malnutrition amongst hospital 

patients, it was felt that little improvement had been made despite significant 

investment in initiatives aimed at reducing patient malnutrition (Better Hospital Food, 

2001., BNF, 2004, Warner, 2004., Savage and Scott, 2005., BDA, 2006., Age 

Concern 2006., Age UK, 2010., Edmondson-Jones, 2010). In 2013, the following 

research question, ‘Can coloured lighting modulate food consumption?’ was 

developed. A review of literature, at that time highlighted a paucity of data. However, 

within the literature there was some evidence to support the hypothesis that there 
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may be physiological links between lighting, the circadian rhythm, the secretion of 

the appetite stimulating hormone ghrelin,  and food consumption (Demarco and 

Clarke, 2001., Kuller et al.,  2006.,  Broom, 2008., Rot et al., 2008., Munich and 

Bromundt, 2012., Ellis et al., 2013).  

 

The circadian rhythm, or 'body clock', controls much of the body’s cyclic functions 

such as sleep/wake and eating patterns (McEachron, 2012., Ellis et al., 2013., Kent, 

2014). Therefore, the circadian rhythm is fundamental to maintaining normal eating 

behaviours, and as part of its function signals the production and secretion of the 

appetite stimulating hormone ghrelin (Gibbons et al., 2014., Kent, 2014). Ghrelin acts 

in the pituitary and hypothalamus to stimulate growth hormone secretion, energy 

homeostasis, appetite, and weight gain (Kojima et al., 1999; Wren et al., 2000; 

Tschöp et al., 2000; Kojima and Kangawa, 2005; Szentirmai et al., 2006; Chen et al., 

2009; Castañeda et al., 2010). Ghrelin stimulates food intake (Nakazato et al., 2001; 

Toshinai et al., 2006), and circulating levels rise prior to mealtimes (Cummings et al., 

2001; Frecka and Mattes, 2008). In addition to regulating appetite, there is evidence 

that ghrelin also plays a role in the circadian system by directly entraining circadian 

clocks that drive behavior or indirectly by stimulating appetite and activity (Cowley et 

al., 2003; Yi et al., 2006).   

 

The circadian rhythm is controlled by the hypothalamus, a region of the brain that is 

sensitive to the external stimulus of lighting levels received through the retina via the 

retinohypothalamic tract (Kuller et al., 2006., Demarco and Clarke, 2001). Light 

therefore is defined as a ‘zeitgeber’ of the circadian rhythm, a zeitgeber being defined 

as an exogenous, that is external, cue or time-giver that helps entrain the circadian 

http://journal.frontiersin.org/article/10.3389/fnagi.2014.00234/full#B81
http://journal.frontiersin.org/article/10.3389/fnagi.2014.00234/full#B151
http://journal.frontiersin.org/article/10.3389/fnagi.2014.00234/full#B137
http://journal.frontiersin.org/article/10.3389/fnagi.2014.00234/full#B82
http://journal.frontiersin.org/article/10.3389/fnagi.2014.00234/full#B129
http://journal.frontiersin.org/article/10.3389/fnagi.2014.00234/full#B29
http://journal.frontiersin.org/article/10.3389/fnagi.2014.00234/full#B29
http://journal.frontiersin.org/article/10.3389/fnagi.2014.00234/full#B26
http://journal.frontiersin.org/article/10.3389/fnagi.2014.00234/full#B107
http://journal.frontiersin.org/article/10.3389/fnagi.2014.00234/full#B134
http://journal.frontiersin.org/article/10.3389/fnagi.2014.00234/full#B36
http://journal.frontiersin.org/article/10.3389/fnagi.2014.00234/full#B36
http://journal.frontiersin.org/article/10.3389/fnagi.2014.00234/full#B49
http://journal.frontiersin.org/article/10.3389/fnagi.2014.00234/full#B35
http://journal.frontiersin.org/article/10.3389/fnagi.2014.00234/full#B35
http://journal.frontiersin.org/article/10.3389/fnagi.2014.00234/full#B158
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rhythm (Siffre, 1975., Boivin et al., 1996).  Patients suffering from a misalignment of 

their circadian rhythm can experience disruption to their sleep/wake cycles (Siffre, 

1975., Boivin et al., 1996., Ellis et al., 2013).  It has been demonstrated that it is 

possible to manipulate an environment with specific levels of white lighting to 

positively realign circadian rhythms, inducing a more natural sleeping pattern (Ellis et 

al., 2013).   

 

From this emerging field of bioengineering (Ellis et al., 2013), the awareness that 

ghrelin secretion stimulates food consumption (Nakazato et al., 2001; Toshinai et al., 

2006) and that light is a zeitgeber of the circadian rhythm (Siffre, 1975., Boivin et al., 

1996) potential links were made by the principle investigator between the use of 

white lighting to manipulate the circadian rhythm to modulate sleep (Ellis et al., 2013), 

and the novel idea that  it might be possible to manipulate food consumption by 

exposure to different coloured lighting conditions. The literature also supported the 

development of a hypothesis for how this might be possible.  

 

Following completion of the study design, a small scale simulation to test 

engineering methods and to identify the colours of light to be used, and the 

submission of ethical approval in late 2014, a study was published in February 2015 

which found that blue lighting decreased food consumption in men, but not in women 

(Cho et al., 2015).  The study investigated whether exposure to coloured lighting 

whilst eating breakfast affected the amount of food consumed, in addition to 

psychological hedonic sensory perceptions of food and willingness to eat. The study 

used the same two coloured lighting conditions that had been identified for use in the 

present study, blue and yellow, and a white control. Results highlighted blue lighting 

http://journal.frontiersin.org/article/10.3389/fnagi.2014.00234/full#B107
http://journal.frontiersin.org/article/10.3389/fnagi.2014.00234/full#B134
http://journal.frontiersin.org/article/10.3389/fnagi.2014.00234/full#B134
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decreased the hedonic impression of the food’s appearance, but not the willingness 

to eat, compared to yellow and white lighting conditions. Blue lighting significantly 

decreased the amount consumed in men, but not in women, compared to yellow and 

the white control. Overall flavour intensity and overall impression of the food were 

not significantly different among the three lighting colours.  

 

To the author's knowledge the findings of Cho et al. (2015) were the first available 

empirical evidence that exposure to coloured lighting could modulate food 

consumption, and the first evidence that the novel idea that a colour of light might 

stimulate consumption was valid for further investigation, as were the colours 

selected to be tested.  Therefore, investigating any modulating properties of coloured 

lighting on food consumption as part of the present study, the primary focus became 

finding a colour of lighting that might increase food consumption in the context of the 

issues of malnourished patients (Better Hospital Food, 2001., BNF, 2004, Warner, 

2004., Savage and Scott, 2005., BDA, 2006., Age Concern 2006., Age UK, 2010., 

Edmondson-Jones, 2010).  Figure 2. provides the timeline for the present study. It 

was important for the present study to build on the strengths of the research 

undertaken by Cho et al. (2015) by ensuring that the study design was robust. For 

this reason a repeated measures design was selected, using a lunch meal which 

allowed for fasting and a controlled breakfast meal. Recommendations from the 

study by Cho et al. (2015) were incorporated, which resulted in mood being 

measured in addition to hedonic impression and appetite. The present study also 

used an 18 question Three Factor Eating Questionnaire (TFEQ-R18) (Karlsson et 

al., 2000) in order to understand if restrained eating traits of participants were 

impacting upon the results.    
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Figure 2: Research Time Line 2014 - 2017 

 

SHU Sensory  

laboratory  

v isit to check 

suitable 

Due to 

requirements 
f or participants 

to eat f ood 

SHUREC2 

submitted 

Ethical 
approval 

obtained 

 

Recruitment 
Posters 

designed 

 

Meeting 
with 

Director of  

Studies 

Ethics 

Approv al 
Receiv ed 

f rom 

Faculty  

Research 
Ethics 

Committee 

Promotional 
Activ ity  and 

Recruitment 

of  

Participants 
start March 

to October 

Telephone Interv iew s commence with prospectiv e participants f rom May  15 and continue through 

each cohort to Jan 17 

Group 1 

De-brief  

takes place 

on 10
th
 

June 15 

Rev iew of  

Technical 
Engineering 

requirements 

at SHU 

Sensory  

Laboratory  

Group 2 
De-brief  

takes place 

on 8
th
 July  

15 

Group 3 

De-brief  
takes place 

on 18
th
 Nov  

15 

End of  data 
collection 

phase n=30 

  

Group 2 n=3 x 3 

Wednesday ’s 12
th

 

June to 1
st
 July  

Group 1 n=6 x 3 

Wednesday ’s 6
th
 

May  – 3
rd
 June 

(10
th
 June wash-

up) 

Group 3 n=9 x 3 

Wednesday ’s 4
th
 – 

18
th
 Nov  

SHUREC1 

– returned 

SHUREC2 

required 

Oct 14 

 

 

 
 

  
 

Group 4 
De-brief  

takes place 

on 21
st
 Feb 

17 

 

 

Viv a 

takes 

place 
12

th
 

Sept 16 

Group 4 n=12 x 3 

Tuesday s 7
th
 – 21

st
 

Feb 

 

 

 
 

 



22 

 

1.2 THE ISSUE – AN OVERVIEW OF PATIENT MALNUTRITION IN HOSPITALS 

Malnutrition is a condition that results from eating a diet in which nutrients are not 

adequate enough leading to health problems (Young, 2012). According to the United 

Nations Children's Fund (UNCF) (2010) malnutrition may involve too few calories or 

deficiencies in protein, carbohydrates, vitamins or minerals. Not enough nutrients is 

called undernutrition or undernourishment, malnutrition is often used specifically to 

refer to undernutrition where there is not sufficient nutrient intake (Young, 2012). 

Extreme undernourishment, known as starvation, may have symptoms that include: 

a short height, thin body due to low body mass, very poor energy levels, swollen legs 

and abdomen (UNCF, 2010). People often get infections and are frequently cold 

(Young, 2012). Malnutrition increases the risk of infection and infectious disease, 

and moderate malnutrition weakens every part of the immune system (Stillwaggon, 

2008). For example, malnutrition is a major risk factor in the onset of active 

tuberculosis (Schaible, Kaufmann, 2007). Protein and energy malnutrition and 

deficiencies of specific micronutrients (including iron, zinc, and vitamins) increase 

susceptibility to infection (Stillwaggon, 2008). The effects of malnutrition include, 

Hypoglycemia (low glucose concentration) which can result from not eating for 4 to 6 

hours, causing lethargy, limpness, convulsion, or loss of consciousness (Stillwaggon, 

2008).  

Malnutrition and being underweight are more common in the elderly than in adults of 

other ages (Kvamme, 2011). If older adults are healthy and active, the aging process 

alone does not usually cause malnutrition (Wellman et al., 1997). However, changes 

in body composition, organ functions, adequate energy intake and ability to eat or 

access food are associated with aging, and may contribute to malnutrition (Saka et 

al., 2010). Rates of malnutrition tend to increase with age with less than 10 percent 
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of the "young" elderly (up to age 75) malnourished, while 30 to 65 percent of the 

elderly in home care, long-term care facilities, or acute hospitals are malnourished 

(Volkert, 2002).  

The incidence of malnutrition amongst hospital patients is a recognised problem 

(Better Hospital Food, 2001., BNF, 2004, Warner, 2004., Savage and Scott, 2005., 

BDA, 2006., Age Concern 2006., Age UK, 2010., Edmondson-Jones, 2010). Up to 

40% of hospital in-patients were malnourished and 1 in 10 would have a shorter stay 

in hospital if nutrition and patient food services were improved (NHS Plan, 2000). 

The need to improve hospital nutrition was of great concern, with malnutrition felt to 

be a major issue increasing complexity of disease and lengthening recovery times as 

it is felt that patients who do not eat enough food do not recover as quickly (British 

Nutrition Foundation, 2004). A view supported by Ginner et al. (1996) who undertook 

a prospective study of 129 patients, 43% of whom where malnourished, to determine 

whether malnutrition affected recovery. Patients admitted to an intensive care unit 

(ICU) were divided into well-nourished and malnourished groups. Length of hospital 

stay (p > 0.05), incidence of complications (p < 0.01), and number of patients not 

discharged from hospital (p < 0.05) were greater in the malnourished patients than in 

the well-nourished. Elia et al (2005) supported this further, stating that malnutrition 

not only predisposes to disease, but adversely affect outcome.  Stratton et al. (2006) 

undertook a study of 150 consecutively admitted elderly patients (age 85 (sd 5.5) 

years), of which 58 % were at malnutrition risk. These individuals had greater 

mortality (in-hospital and post-discharge, P<0.01), longer hospital stays (P=0.02) and 

those at greater risk of malnutrition had a poorer clinical outcome (P<0.002). Food 

was accepted to be a vital part of the patient experience that supported recovery 

(British Dietetic Association, 2006). Six out of ten older people were at risk of 
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becoming malnourished or their nutritional status diminishing during hospitalisation, 

and malnutrition was costing the NHS £7.3bn each year (Age Concern, 2006).  

 

Despite the consensus regarding the importance of good nutrition in hospital, views 

on the factors contributing to poor nutritional status of hospital patients varied widely. 

This led to a range of approaches in attempting to reduce the incidence of patient 

malnutrition, with attempts to improve the situation involving the food itself, the 

screening of patients, assistance to eat and even the requirement to procure local 

sustainable produce in an attempt to tackle the growing problem (CFBHF, 2013). 

Within this section information will be presented relating to a number of national 

initiatives that were aimed at reducing patient malnutrition, together with evidence of 

the problem from the perspective of the organisations tasked with protecting the 

nutritional status of patients.   

 

1.2.1 Better Hospital Food Initiative 

In 2000 the NHS committed £10 million (British Medical Journal (BMJ), 2000) to 

achieving targets aimed at providing 24 hour catering, dieticians to advise on the 

nutritional values of hospital patient menus, and improved quality which was all to be 

evidenced by increased patient satisfaction surveys audited through unannounced 

inspections.  Shortly after this the Department of Health (DH) launched a £40 million 

initiative in May 2001 accompanied by the policy document, Better Hospital Food: a 

new menu for the NHS (DH, 2001) aimed at improving the quality of hospital food.  

The initiative that followed was designed by a team led by celebrity chef Lloyd 

Grossman. Each NHS Trust received a ‘national cookery book’ with the aim of having 

at least one national dish on their menu by August of 2001 and a full selection of 
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dishes by the end of that year. Better Hospital Food (BHF) was designed to be the 

initial step of a longer term programme to continually improve catering services in 

hospitals. The three objectives were to ensure all hospitals met the required 

standards, to bring all hospitals to existing levels of excellence, and to develop new 

catering systems which provided modern services that were both efficient and 

responsive to the needs of patients (British Nutrition Foundation, 2004).  

 

The British Nutrition Foundation (BNF) described how the new BHF national menu 

offered more choice by introducing more fresh ingredients and increasing the options 

for vegetarians and other specialised diets. BHF also took into consideration 

changing social patterns in food consumption and evolving tastes for a wider variety 

of foods to reflect cultural diversity. However, this point appears flawed since the 

approach being proposed by the BHF initiative was to centralise control of hospital 

menus by developing a national menu, thus by definition removing the ability to 

reflect local tastes.  

 

In practice the implementation of the BHF national menu served to reverse any 

devolution that was in place which could have responded to local eating preferences 

and behaviours and replaced it with a one size fits all menu. Further, attempts by the 

national menu to reflect the increased diversity of the population led to dishes that 

were better suited to culturally diverse inner city conurbations being deployed into 

rural community hospital settings which in practice lacked any of the cultural diversity 

the menu was designed for.  No evidence was provided by the BHF initiative to 

demonstrate how demographic evidence of food preferences had been established, 

and NHS Caterers felt that those designing the menus did not take account of the 
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age demographic within NHS hospitals (BNF, 2004).  

 

The intention of BHF initiative was for patients to be provided with a quality hospital 

meal service that encouraged them to eat enough food to satisfy their nutritional 

requirements by offering them foods which they would want to eat at times they 

wanted to eat them. However,  five years after the launch of the initiative a report 

(Age Concern, 2006) criticised the BHF initiative for the unilateral introduction of 

unrecognisable dishes such as Navarin of Lamb,  when they felt that what was 

required was good quality familiar fresh meals appropriate to the aging population of 

an acute hospital. Whilst the value of the BHF initiative had been recognised by the 

BNF in terms of its strategic aims for improving the quality and standards of hospital 

food and encouraging patients to increase their food intake, even whi lst BHF was still 

active the initiative was viewed as having limited success and received criticism from 

catering professionals throughout the NHS (BNF, 2004). Additional concerns raised 

were that dishes had not been accurately costed, serving to halt implementation as 

budgets at a local level were insufficient to meet the requirements to facilitate full 

implementation.  

 

Although BHF has never officially been withdrawn, the lack of any current 

information, websites or guidance, could be seen to be indicative of its limited 

success with just a small section on the Hospital Caterers Association (HCA) website 

which hosts a page giving advice on nutrition and best practice (HCA, 2009). Whilst 

BHF highlighted the need for hospital caterers to improve the standards and quality 

of patient food, according to BNF (2004) it had failed to provide the solution.  At best 

BHF had served to raise expectations unrealistically, and at worst BHF had 
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introduced exotic and unfamiliar dishes to hospital patient menus potentially 

exasperating the very problem it intended to address, that of patient malnutrition,  

and collectively wasting £54m of public money in the process (CFBHF, 2013).  

  

A BNF report (2004) reviewed the BHF initiative whilst it was still active and was 

critical of the lack of impact of the initiative and an increasing pressing need to 

reduce malnutrition of hospital patients. Malnutrition was identified as a major issue 

increasing complexity of disease and lengthening recovery times (BNF, 2004).  A 

charity, the BNF was established with the aim of providing authoritative, evidence-

based advice of food and nutrition in the context of health and lifestyle to 

government, healthcare, schools industry and journalists (BNF, 2004). Their 

recommendation was to treat hospital food as part of a patient’s treatment and to 

promote greater emphasis on provision and quality to reduce the incidence of 

malnutrition. They identified that meals had to be both appetising and meet nutritional 

standards and for patients to be offered assistance to eat were necessary, and linked 

quality food to improved patient nutrition and recovery with the added benefit of 

reducing length of stay (BNF, 2004). In support of this theory, Lord Warner, 

Parliamentary Under-Secretary of State in his speech on ‘The Changing Face of 

Hospital Food’ 29th April (Warner, 2004) recognised of the Better Hospital Food 

initiative that there was still much to be done and there was no quick fix.  Warner 

(2004) also acknowledged links between poor nutrition status delaying recovery and 

increasing periods of illness. What was therefore emerging around 2004 were links 

between poor nutritional status of patients and delayed recovery and increasing 

length of stay in hospital.   
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1.2.2 Nutritional Care in Hospital 

In their research paper ‘Patients’ nutritional care in hospital: An ethnographic study of 

nurses’ role and patients’ experience’ (Savage, Scott, 2005) described and analysed 

nurses’ involvement in the nutritional care of patients.  Their choice of research 

method, specifically focused ethnography, aimed to provide a contextual 

understanding of the subject by collecting data within the naturally occurring setting 

of a hospital (Savage, Scott, 2005).  The research suggested that there were a 

number of factors influencing the nutritional status of patients, the low status of 

nutritional care on the part of nurses, certain medical conditions such as cancer and 

chronic gastro-intestinal diseases and lack of robust nutritional assessment of 

patients all contribute to patients becoming malnourished whilst in hospital (Savage, 

Scott, 2005).  Twenty recommendations emerged from the study aimed at policy 

makers which focused on raising the stature and importance of good nutrition, and 

ensuring that from nurses to senior clinicians and ward domestics there was sufficient 

understanding of food and its ability to aid recovery.   

 

1.2.3 Hungry to be Heard  

Age Concern’s report ‘Hungry to be Heard – The scandal of malnourished older 

people in hospital’ (Age Concern, 2006) led to a step change in attitudes towards the 

prevalence of malnutrition amongst older hospital patients. Age Concern is a charity 

formed during the Second World War, independent of government that strives for the 

equality of people in later life (Age Concern, 2006).  In the report Age Concern called 

for action from the NHS, the Healthcare Commission and the Department of Health to 

end the national scandal of malnourished older people in hospital (Age Concern, 

2006).  Malnutrition is defined by Age Concern (2006) as a condition that results 
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when a person does not eat enough nutritious food.  The causes of malnutrition were 

thought to be varied and include insufficient calorie intake, an unbalanced diet, or 

complications of illness (Age Concern, 2006). The report found that six out of ten 

older people were at risk of becoming malnourished or their nutritional status was 

diminished during hospitalisation, this malnourishment aspect meant older people 

were likely to experience increased complications following surgery, increased use of 

medication, increased length of stay, morbidity and higher mortality rates than well-

fed patients (Age Concern, 2006). Age Concern (2006) identified that good nutrition 

not only leads to shorter hospital stays, but fewer post-operative complications and 

less need for drugs and other interventions (Age Concern, 2006), view also 

supported by (Kvamme, 2011., Wellman et al., 1997., Saka et al., 2010., Volkert, 

2002). This view supports (BNF, 2004., Warner, 2004) in identifying these links 

between adequate nutrition and reduced mortality  rates. Age Concern called for the 

introduction of their own ‘seven steps to ending malnutrition in hospitals’ (Age 

Concern, 2006) and for the NHS to appoint Older People’s Champions to play an 

effective role in ensuring that older people received appropriate nutritional food and 

were offered assistance to eat. However, in 2010 the charity, now renamed Age UK,  

published a follow up report entitled ‘Still Hungry to be Heard’ suggesting that there 

had been little to no improvement since the first publication four years earlier, and 

that older people were still at a very high risk of becoming malnourished whilst in 

hospital (Age UK, 2010). 

 

 

1.2.4 The Prevalence of Malnutrition in Hospitals Can Be Reduced 

However, it is possible to make improvements to the prevalence of malnutrition in 
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hospitals using the tools available. Research undertaken by O’Flynn et al. (2005), 

which consisted of three cross sectional studies of 2283 inpatients at Hammersmith 

Hospital, found that malnutrition was reduced over a period of 5 years following the 

implementation of several initiatives.  The research found that following the 

introduction of an improved catering service at the hospital in 2000, the introduction 

of the BHF initiative and a nutritional screening tool in 2003, there was a reduction in 

the prevalence of malnutrition from 23.5% in 1998 to 19.1% in 2003 for patients over 

the age of 16.  

 

Whilst an improvement of 4.4% over a five year period was deemed to be statistically 

significant, the prevalence of malnutrition by the end of the study remained at nearly 

20%, with two out of every ten patients suffering from malnutrition.    

 

 

1.2.5 Delivering Nutritional Care through Food and Beverage Services 

In 2006 the BDA published a guidance document entitled, Delivering Nutritional Care 

through Food and Beverage Services, (BDA, 2006).  Produced by their Food Counts 

Specialist Group, the document was a toolkit for dieticians in hospitals and the care 

sector.  Although aimed primarily at dieticians the document was developed in 

partnership with the Hospital Caterers Association and provided a comprehensive 

toolkit for the provision of food within the healthcare environment  taking account of 

the content of the NHS Plan (NHS, 2000). Mealtimes were recognised to be a vital 

part of the hospital patient experience, and adequate nutrition supported recovery 

and promoted health. They stated that meals should meet the nutritional needs of 

patients, and called for dieticians to work closely with catering professionals as there 
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was a relatively small window of opportunity to act swiftly to prevent malnutrition as a 

complication of illness (BDA, 2006). The BDA toolkit is a seminal document still used 

by dieticians and caterers throughout the NHS and forms the basis by which all NHS 

menus should be planned and detailing the standards by which these should be 

delivered.   

 

From the information presented in this section it is possible to identify the significance 

of the problem of patient malnutrition, particularly in older patients in hospital and 

care settings (Age Concern, 2006; Age UK, 2010). The apparent failure of the BHF 

initiative demonstrated the difficulty facing policy makers in their attempts to reduce 

patient malnutrition by increasing the quality of hospital meals (BNF, 2004., Age 

Concern, 2006., Age UK, 2010, CFBHF, 2013).  The BDA toolkit (2006) provided the 

standards by which hospital dieticians and caterers should operate and gave 

evidence and context to these standards.  The BNF (2004), Age Concern (2006) and 

Age UK (2010) recognised the seriousness of the poor nutritional status of patients in 

increasing complication, reliance on drugs, length of stay, morbidity and mortality 

rates.   What is common within all of the evidence presented is the responsibility 

placed on those professionals within hospitals who are responsible for delivering 

catering services to entice and encourage ill patients to take in adequate food to 

prevent malnutrition. However, other than improving food quality, solutions as to how 

to do this were limited. The issue of patient malnutrition (Wellman et al., 1997., 

Volkert, 2002., BNF, 2004., Age Concern, 2006., Age UK 2010., Saka et al., 2010, 

Kvamme, 2011., Edmondson-Jones, 2010.,  CFBHF, 2013) led to the principle 

investigator selecting this area for further investigation, and to the emergence of an 

original idea and a potentially  novel approach to investigate further.. 
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1.3 EMERGENCE OF THE RESEARCH QUESTION 

Late in 2013, a potential research question emerged from an informal verbal dieting 

tip to replace refrigerator lamps with blue coloured lamps as it was alleged that blue 

lighting deterred snacking. The suggestion was that blue coloured lighting had the 

ability to reduce a person’s desire to snack on the fridge contents.  This tip, if correct, 

caused the principle investigator to consider the possibility that another colour of 

lighting might have to opposite effect, increasing a person’s desire to consume the 

fridge contents. Through the process of logical abductive reasoning (Magnani, 2001) 

a view was formed of the premise that coloured lighting might possess modulating 

properties on food consumption, and if so there could be the potential to increase 

food consumption in a non-invasive way simply by manipulating the environment with 

coloured lighting.  

 

In the context of patient malnutrition (Wellman et al., 1997., Volkert, 2002., BNF, 

2004., Age Concern, 2006., Age UK 2010., Saka et al., 2010, Kvamme, 2011., 

Edmondson-Jones, 2010., CFBHF, 2013) there could be a potential for coloured 

lighting to be designed into healthcare buildings, or for the development of new 

medical devices for portable use or retrofit within hospital, care and domestic 

settings. Following an initial brief review of literature undertaken in 2013, it was 

apparent that the potential for exposure to coloured lighting in order to modulate food 

consumption had not previously been investigated and appeared to be original with a 

potential to contribute new knowledge to the field. Therefore, the following research 

question was selected for further enquiry; Can coloured lighting modulate food 

consumption? It was necessary to conduct a review of literature presented at chapter 
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2 in order to identify suitable methodology and methods with which to investigate the 

research question.  

 
 
 

1.4 RESEARCH QUESTION AND AIM 

 
Whilst consensus existed regarding the importance of tackling the problem of  levels 

of malnutrition amongst hospital patients (Better Hospital Food, 2001., BNF, 2004, 

Warner, 2004., Savage and Scott, 2005., BDA, 2006., Age Concern 2006.,  Age UK, 

2010., Edmondson-Jones, 2010., CFBHF, 2013) which is more prevalent amongst 

older patients(Wellman et al, 1997., Volkert, 2002., BNF, 2004., Age Concern, 2006., 

Age UK 2010., Saka et al., 2010, Kvamme, 2011., Edmondson-Jones, 2010.,  

CFBHF, 2013), views on the causes and how to address them were varied and 

included the role of nurses, use of screening tools and the quality of the food itself 

(BNF, 2004., Age Concern, 2006; 2010, CFBHF, 2013).  By 2013 campaigners 

claimed that over £54m had been spent between 1992 and 2013 on 21 failed 

voluntary initiatives to improve hospital food (CFBHF, 2013), and that patient 

malnutrition was costing the NHS £7.3bn each year (Age Concern, 2006). 

 

The novel nature of the research question: Can coloured lighting modulate food 

consumption? together with the aim of the present study, to identify a novel approach 

to reducing patient malnutrition,  have been presented. The review of literature in 

chapter  2, concluded that experimental methodology using quantitative methods of 

measurement were appropriate and are presented in chapter 3. Within the next 

chapter the review of literature relating to coloured lighting research is presented and 

critically discussed in order to confirm the appropriateness of the research question 

for further enquiry; to identify a hypothesis, to present the gaps in existing knowledge; 
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and to confirm suitable research methods.  
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CHAPTER 2 - REVIEW OF LITERATURE  

 

2.1 INTRODUCTION 

 

This chapter presents a comprehensive systematised review of the theoretical and 

conceptual domains and discourses within which the research is situated.  

Consideration has been given to existing knowledge, practice and evidence bases 

relating to the present study. The proceeding sections present the literature search 

methods, followed by critical discussion of the search results. The epistemological 

context of the research evidence is reflected upon in relation to the search results.  A 

summary of findings and recommendations for study design is contained within the  

chapter summary.  

 

The method used in this formal review of literature adopted beneficial elements of 

two methods defined by Grant and Booth (2009) as critical and systematised. Grant 

and Booth (2009) describe a critical review as a method that demonstrates the writer 

has extensively researched a wide body of literature and critically evaluated its 

quality, going beyond mere description to include analysis and conceptual innovation. 

The output may constitute a synthesis of existing models or schools of thought, and 

could be a new interpretation of existing evidence, a benefit of the critical method is 

the opportunity to evaluate the value of a wide body of work and provide the 

opportunity to resolve any competing schools of thought (Grant and Booth, 2009). 

Cottrell (2005) suggests the many benefits of critical argument in considering a body 

of literature in order to add meaning to the process of review. Critical review may 

assist in the identification of a new phase of conceptual development and novel 

research in order to test a theory. However, weaknesses of critical review are felt by 
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Grant and Booth (2009) to be the lack of systematicity due to the absence of a 

requirement to present explicit details of the literature search strategy, results 

analysis and quality assessment. It is felt this lack of transparency may lead to 

interpretation and subjectivity which could negatively impact upon the robustness of 

the output.  

 

A systematised review method is not to be confused with systematic review, as the 

method adheres to only one or two elements to be found in the systematic review 

process, and the resulting output lacks their comprehensiveness (Grant and Booth, 

2009). Hart (2001) refers to elements of systemisation, describing the process as 

search management, and suggests that the importance of strict management of the 

search process cannot be overemphasized. According to Grant and Booth (2009) 

the strengths of this method are the systematic approach to the search process and 

cataloguing of literature. However, a weakness is felt to be the lack of criticality 

which may result in the exercise simply listing findings without consideration or 

critique. In addition, systematised reviews may be more open to bias than a full 

systematic review which adheres strictly to guidelines provided by the Cochrane 

Collaboration (Higgins and Green 2008) and the NHS Centre for Reviews and 

Dissemination (CRD)  (CRD, 2009).  

 

This combination of the positive elements of both critical and systematised review 

aims to balance the requirement to critically explore the literature whilst providing 

transparency of the search and analysis process.  The beneficial systematic 

elements of systematised review were adopted as they applied rigour to the findings 

of critical review without the requirement for additional resources associated with 
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systematic reviews, such as additional reviewers. The approach also enables others 

to duplicate the search. Reviewing the literature critically aimed to guard against the 

review being superficial, allowed for existing schools of thought to be challenged, 

and identified common research methodologies.  Adopting the beneficial elements of 

these two methodologies served to increase confidence in the completeness of the 

review.  

2.2 SEARCH STRATEGY  

The initial informal scoping search of literature confirmed that the research question 

was suitable for further enquiry, and enabled the extraction of the following four 

concepts and accompanying search terms: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Search terms used to identify relevant literature 

Concept 1. Colour Therapy  

1. color* n4 therap*. ti,ab 

2. colour* n4 therap*. ti,ab 

3. light* n4 therap*. ti,ab 

4. chromotherap*. ti,ab 

5. phototherp*. ti,ab 

Concept 2. Appetite 

6. appetite*. ti,ab 

7. hunger.ti,ab 

8. diet* 

9. nutrition*.ti,ab 

10. malnutrition*.ti,ab 

11. undernutrition*. ti,ab 

undernutrition*.ti,ab 

Concept 3. Psychophysiology 

12. psycholog*. ti,ab 

13. physiolog*. ti,ab 

14. psychophysiolog*. ti,ab 

 

 

Concept 4. Chronobioengineering 

15. bioengineering n4 light*. 

ti,ab 

16. chronobioengineering n4 

health*. ti,ab 

 

17. or/1-5 

18. or/6-11 

19. or/12-14 

20. or/15-16 

21. 17 and 18 and 19 and 20 
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Databases searched were: MEDLINE, CINHAL, SCOPUS, PsycINFO, FSTA (Food 

Science & Technology Abstracts), Health Management Online, PEDro 

(Physiotherapy Evidence Database), HMIC, Health Business Elite, EMBASE, AMED, 

Pubmed, NICE Evidence Search, NICE Pathways, Cochrane Library, and UpToDate. 

Following the initial informal scoping search, it was apparent that specific literature on 

the subject was absent. In order to identify as much literature as possible no 

exclusion criteria were applied to any of the database searches with the exception of 

the term ‘Humans’. This resulted in the search exercise looking as far back as 1806 

through PsycINFO, and the inclusion of literature from other countries.  The search 

terms were inputted to the databases in numerical order, as detailed in figure 3, index 

headings contained in the databases and Boolean logic were applied, together with 

some terms being restricted to within four words of each other. In order to refine 

results further, search terms were combined to identify the most relevant pieces of 

literature to the field of study. Each of the searches was saved and the literature was 

exported directly from the databases into RefWorks, title and abstract were then read 

and any further literature was identified from bibliographies. In total 61 pieces of 

literature were found and categorised into the four concept subjects as follows; 

 Colour Therapy - 26 

 Appetite – 14 

 Psychophysiology – 10 

 Chronobioengineering – 11 

Following the search of databases, and in recognition of the lack of empirical 

evidence that coloured lighting might modulate food consumption, it was also 
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necessary to search Google and Google Scholar in order to identify any further 

information which could illuminate the subject. Grey literature, such as technical 

reports, Government White Papers and Department of Health guidance documents 

were also included. This search identified a further 50 pieces of evidence which were 

categorised into the four concept subjects as follows; 

 Colour Therapy – 39 (total of 65) 

 Appetite – 5 (total of 19) 

 Psychophysiology – 6 (total of 16) 

 Chronobioengineering – 1 (total of 12) 

In total 112 pieces of literature were identified, read and further categorised by 

relevance to the research question.  These categorisation matrixes, adapted from 

Crookes and Davies (2004), can be found in appendix A - D  

 

It was in these literature search and categorisation stages that elements of Grant and 

Booth’s (2009) systematized methodology were adopted. Within the following 

sections the literature identified is critically discussed in order to identify any 

contradiction, ambiguity and uncertainty and to evaluate the implications of theory, 

discourse and evidence within the wider context of the present study. The review of 

literature also served to inform the selection of research methods for use in 

investigating the research question. 

 

2.3 COLOUR  

Colour surrounds us on a daily basis, is part of everyday li fe and influences many of 

the choices we make, from purchasing clothes and redecorating our homes, to 

preferences for eye and hair colour in our partners. The commercial industry has long 
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since recognised the influence of colour; from product branding and advertising to 

television and film making. Significant investment is no doubt made each year in 

market research to identify optimum colours to influence the daily choices we make. 

The influence of colour is a wide field and in the absence of any research 

investigating the modulating effects of coloured lighting on food consumption until 

February 2015, the search criteria aimed to focus on the use of colour research 

identifying physical, psychological, physiological and psychophysiological reactions to 

it.  The following critical discussion explores the evidence relevant to the research 

question, evaluating theory and discourse in order to form a research hypothesis.  

 

2.3.1 COLOUR RESEARCH 

2.3.1.1 Colour, Performance and Productivity  

A large proportion of existing colour research has been undertaken in order to study 

singular applied concerns aimed at discovering which colours, if any, boost 

performance and productivity,  these studies did not use colour in lighting form. 

Research focusing on the performance of athletes, workers and students has been 

undertaken as far back as 1917 when a founding father of colour research, Sidney 

Pressey (1917), produced his Doctoral thesis for Harvard University. His study on the 

influence of colour on mental and motor efficiency was published in 1921 by the 

American Journal of Psychology examining the effect of brightness and hue of colour 

upon mental and physical output of workers. More recent examples of colour 

research with similar singular concerns regarding performance are Hatta et al., 

(2002), Isaacs (1980) and Rosenstein (1985).  

 

Goldstein (1942) asserted a theory of conceptualisation of colour and psychological 
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functioning, that the body has inherent physiological reactions to colour that are 

reflected in psychological experience and functioning. Based on theory by Goethe of 

‘active’ and ‘passive’ colours (Goldstein, 1942), he proposed that the colours red and 

(to a lesser degree) yellow are experienced as stimulating and disagreeable and 

focus individuals on the outward environment, whereas the colours green and (to a 

lesser degree) blue are experienced as quieting and agreeable and focus individuals 

in-ward (Goldstein, 1942).  Accordingly, red (and yellow) relative to green (and blue) 

were posited to impair performance on activities in which exactness was required 

(Goldstein, 1942, p. 151).  

 

Goldstein’s conceptualisation of colour has since been empirically applied by 

researchers through the use of the Yerkes-Dodson law (1908) which determines the 

relationship between levels of arousal and performance. This theorized that longer 

wavelength colours (red, orange) are arousing, and shorter wavelength colours 

(green, blue) are viewed as calming, and it is thought that longer wavelength colours, 

relative to shorter wavelength colours, impair performance on complex tasks (Elliot et 

al., 2007). However, research asserting these theories is contradictory, Soldat et al. 

(1997) hypothesized that red is associated with happiness and heuristic processing 

which can undermine cognitive performance, and blue is associated with sadness 

and can evoke systematic processing that increases cognitive performance. Hill and 

Barton (2005) hypothesized that red triggers dominance and wearing red in contests 

enhances performance relative to wearing blue. According to Elliot et al. (2007) 

context is significant and simply asserting that the colour red enhances the 

performance of a competitor ignores the interaction of that colour on the second 

competitor. It is perhaps not the wearing of the colour red that enhances 
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performance, but the influence of the colour red on the co-competitor whose 

performance is then undermined. The results are the same, the red wearing 

competitor will dominate and win, but this is not as a result of any increased 

performance on their part, in fact their performance may stay the same, their success 

is as a result of the inhibiting effect of red on their competition (Elliot et al., 2007). 

 

Within the literature focusing on colour research, many contradictions exist, for 

example, whilst Wilson (1966), Hill and Barton (2005) and Stark et al.(1982) assert 

the psychophysiological arousal properties of red, their findings are contradicted by 

Soldat et al. (1997) and Elliot et al. (2007) who found that red reduced performance, 

encouraged avoidance motivation and reduced achievement.  Spenwyn et al. (2010) 

supported this by concluding that red was not a significant factor in increasing risk 

taking in gambling behaviour, and Valdez and Mehrabian (1994) found that darker 

colours elicited negative psychological and emotional responses. It is possible that 

contradictions exist as a result of methodological weaknesses of the studies, 

according to Valdez and Mehrabian (1994) this is certainly a criticism that could 

reasonably be directed at the majority of colour research.  

 

2.3.1.2 Technical Considerations of Using Colour in Light Form  

In addition to concerns of methodological weaknesses in the use of colour in paint 

and fabric form (Valdez and Mehrabian, 1994), the use of colour delivered through 

lighting within empirical research could prove challenging for a researcher (Van Hoof 

et al., 2012). An issue recognised by Van Hoof et al. (2012) who stated that in order 

to reduce variables and increase the rigour of findings, researchers must observe 

strict adherence to guidance in the design of methods of lighting research from an 
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engineering perspective. Coloured lighting is measured by a number of aspects 

which must be consistently designed within research studies, Valdez and Mehrabian 

(1994) support Van Hoof et al. (2012) in the use of standardised hue or standardised 

colour notation (e.g. Munsell Colour Scale, (Munsell, 1961)) together with the 

saturation value and brightness of colour in addition to the luminescence of lighting, 

suggesting that many research studies do not observe these disciplines.   

 

Valdez and Mehrabian (1994 investigated emotional reactions to colour hue, 

saturation, and brightness (Munsell color system and color chips) using the 

Pleasure-Arousal-Dominance emotion model. Saturation (S) and brightness (B) 

evidenced strong and consistent effects on emotions. Regression equations for 

standardized variables were; Pleasure = .69B + .22S, Arousal = -.31B + .60S, 

Dominance = -.76B + .32S. Brightness effects were nearly the same for chromatic 

and achromatic colours (Valdez and Mehrabian, 1994). Their research asserted 

other serious methodological problems relating to the measurement of response to 

colour, illustrated by the use of adjective checklists with dubious reliability and 

validity, and vague single-emotion terms which offer too much subjectivity for the 

participants. However, to suggest that contradictory findings within colour research 

are as a result of methodological weaknesses alone would perhaps be an overly 

simplistic conclusion to make. These are not the only variables demonstrated within 

the research and whilst each study aims to identify participants’ reactions to the 

intervention of specific colours, the measurement of reactions to the stimulus are 

captured in a number of different ways. For example, Wilson (1966) exposed 20 

undergraduate students to 5 red and 5 green slides in an alternating order for 60 

seconds  to measure the physiologically arousing properties of red using 
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electrodermal measures of conductance level and galvanic skin resistance (GSR), 

whilst Valdez and Mehrabians’ (1994) contradictory findings measured reactions with 

participant evaluation using the Pleasure-Arousal-Dominance (PAD) emotion model. 

Elliot et al. (2007) undertook six experiments on a total of 282 participants (85 male, 

197 female) and aimed to capture the psychological impact of colour, but not 

coloured light,  on performance using the results of IQ tests and participant self-

evaluation, The research focused on the relation between colour and psychological 

functioning, specifically, that between red and performance attainment. The findings 

suggested that care must be taken in how red is used in achievement contexts and 

illustrate how colour can act as a subtle environmental cue that has important 

influences on behaviour. The effect was documented in two different countries (the 

United States and Germany), with two different age groups (high school and 

undergraduate), in two different experimental settings (laboratory and classroom), 

using two different types of color presentation (participant number and test cover), 

using four different variants of red and green hues, using all three achromatic colors 

(black, white, and gray), and using both language-based and number-based 

achievement tasks (Elliot et al., 2007). 

 

However, Stark et al. (1982) used coloured lighting to identify psychoanalytical 

theory and psychophysiological effect by observing gambling behaviour.  Gambling 

at a modified version of three-card brag was observed for 28 volunteers, subjected 

to red or blue light conditions. It is concluded that subjects within a red light 

environment gambled more money more often and selected riskier odds than did 

subjects gambling under blue light. Furthermore, riskier bets were generally 
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associated with later trials and red light again enhanced such an effect as compared 

with blue light (Stark et al., 1982). 

The results of these studies are contradictory,  with Stark et al (1982) finding red light 

stimulated participants to increase bets and take more risks whereas Elliot et al 

(2007) demonstrated the colour red, (not delivered in light form), impeded 

performance and induced avoidance motivation.  It would appear that whilst these 

studies share commonality in identifying participants’ reactions to the colour red, the 

variables that existed within the context of what is being measured i.e. delivery of the 

colour itself and the method of capture had a direct and significant impact upon the 

results, rendering them incomparable.  

 

According to the literature it would appear that humans react to colour, and the way 

in which it is delivered, in a number of ways and on a number of levels; 

psychologically, physiologically, psychophysiologically and emotionally. This might 

explain the contradictory results to the colour red of (Wilson, 1966., Hill and Barton, 

2005., Stark et al., 1982) and (Valdez and Mehrabian,1994.,  Soldat et al., 1997., 

Elliot et al., 2007).  To increase the complexity of the study of coloured light further, 

Elliot et al. (2007) accept that whilst in the context of examinations and performance 

the colour red induced a negative reaction, in other contexts red can invoke positive 

reactions, for example valentines love hearts and red lipstick which aim to increase 

feelings of pleasure and sexual arousal. Interestingly this was also the view asserted 

by Goldstein (1942) finding that whilst red was often felt to be a disturbing colour and 

green calming, this was not found to be the case in all circumstances. Valdez and 

Mehrabian (1994) found evidence to suggest that the impact of colour is subjective 

and contextual.  In addition, Valdez and Mehrabian (1994) found that whilst a colour 
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can provoke a positive reaction in certain conditions, where a colour is perceived by 

the participant to be used out of context, i.e. blue hair or blue food, positive reactions 

can turn to negative ones.  

 

According to Elliot et al. (2007), colour influences performance and psychological 

functioning via learned associations which may be embedded in deeply ingrained 

predispositions. Asserting that from infancy onward, people encounter both explicit 

and subtle pairings between colours and particular messages, concepts, and 

experiences in particular situations. Their contention is that colour does influence 

performance and psychological functioning, and although much of the research 

identified has variable and contradictory findings, the evidence supports the intention 

to explore the research question, that coloured lighting may modulate food 

consumption.  Most specifically, Valdez and Mehrabian’s (1994) findings relating to 

the context of colour was extremely significant, and provided at least some empirical 

evidence in support of the anecdotal dieting tip that blue coloured lighting may 

supress the desire to consume the food in a refrigerator..  

 

2.3.2 CHROMOTHERAPY  

2.3.2.1 Coloured Light Therapy - A Brief History 

The therapeutic use of colour and light, or chromotherapy, has been practiced for 

thousands of years with the ancient Egyptians using sunlight and colour for healing 

purposes (Yousuf et al., 2005).  Also popular in Greece, China and India, people 

have used colour as medicine since 2000 BC with all major civilizations recognizing 

the healing power of light (Demarco and Clarke, 2001). The Assyrians, Babylonians 

and Egyptians used sunlight as therapy,  and the Greek city of Heliopolis, translated 
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as ‘City of the Sun’, had specially designed temples with light rooms where windows 

were covered with dyed cloth of specific colours in order to treat a variety of 

conditions (Demarco and Clarke, 2001).  In 1876 Pleasanton used blue lighting to 

stimulate secretory glands and the nervous system, and in 1878 Babbitt published 

‘The Principles of Light and Colour’  after developing a method for irradiating water 

with sunlight through coloured filters (Demarco and Clarke, 2001; Yousef et al., 

2005). During the 1890’s it was discovered that ultraviolet light had anti -bacterial 

properties,  and in 1903 Finsen was awarded the Nobel Prize for his work using 

ultraviolet light to treat skin tuberculosis (Demarco and Clarke, 2001; Yousef et al., 

2005). After 23 years of evaluation, in 1920 Ghadiali developed the Spectro-Chrome 

system of healing, based on the relationship between colours and specific areas of 

the body (Demarco and Clarke, 2001). During the 1920’s and 1930’s the ‘father’ of 

coloured light phototherapy, Riley Spitler, developed the principles of syntonics, in 

which light was used to balance the sympathetic and parasympathetic nervous 

systems (Demarco, Clarke, 2001). Then, in the 1930’s and 40’s Rollier and Knott 

(Demarco, Clarke, 2001) established the use of sun therapy and light irradiation of 

blood for the treatment of TB, puerperal sepsis, peritonitis, encephalitis, polio and 

herpes simplex.  However, according to Demarco and Clarke (2001) with the advent 

of the era of antibiotics following World War 2, chromotherapy was side-lined to make 

way for drug therapy and the monopolization of healthcare provision by the 

pharmaceutical companies, an interesting and perhaps controversial assertion.  

 

2.3.2.2 Chromotherapy - How does it work? 

Both Demarco and Clarke (2001) and Yousuf et al. (2005) provide definitions of 

colour and light in the metaphysical sense, light being electromagnetic energy which 
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is part of a continuous spectrum of wave energy ranging from cosmic waves to infra-

red, microwaves, radar, television and radio waves. All are forms of radiation but with 

differing wavelengths, colour being a spectrum of energy waves each with its own 

frequency. However, whilst Yousuf et al. (2005) critical analysis of chromotherapy 

and its scientific evolution concurs with statements made by Demarco and Clarke 

(2001), they differ on what the effects of coloured light energy vibration have on the 

body.   

 

Yousuf et al. (2005) suggest that coloured light interacts with water at a cellular and 

molecular level, whilst Demarco and Clarke (2001) suggest that coloured light is 

received optically through the visual cortex, affecting the pineal gland and the 

hypothalamus which regulate the autonomic nervous system that regulate fluid 

balance, heat, circulation, breathing, growth, maturation and pituitary secretions, and 

the endocrine (hormonal) system.  This assertion is supported by Kuller et al. (2006) 

who state that light is received by the retina, and is transmitted to the hypothalamus, 

an endocrine gland that controls the circadian rhythms influencing physiological 

variables such as melatonin secretion, cortical activity and alertness.  Additionally, 

the circadian rhythm affects the limbic system which regulates feelings of happiness, 

sadness, anger and other emotions. According to Rot et al. (2008) exposure to bright 

light over a short time period is associated with positive social interaction and good 

mood. These assertions that coloured lighting is received by the hypothalamus via 

the retina, influencing the circadian rhythm and the secretion of hormones (Demarco 

and Clarke, 2001., Kuller et al., 2006., Rot et al., 2008) became fundamental 

elements in the formation of a research hypothesis for the present study. 
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2.3.3 PHOTOTHERAPY (Heliotherapy)   

2.3.3.1 White Light or Daylight Therapy 

Light therapy or phototherapy (classically referred to as heliotherapy) appears 

interchangeable with chromotherapy but consists of exposure to daylight or  specific 

wavelengths of light using polychromatic polarized light, lasers, light-emitting diodes 

(LED’s), fluorescent lamps, dichroic lamps or very bright full-spectrum light 

(Thompson, 1990., Benedetti et al, 2003., Terman, 2007., Prasko, 2008., Sanissi, 

2014., Lam et al, 2016). The light is administered for a prescribed amount of time 

and, in some cases, at a specific time of day (Lam et al, 2016). One common use of 

the term is associated with the treatment of skin disorders, chiefly psoriasis, acne 

vulgaris, eczema and neonatal jaundice (Diffey, 1980., Hamilton et al., 2009., Titus 

and Hodge, 2012., Pei et al., 2015). It is thought that light therapy is received by the 

retina and is also used to treat circadian rhythm disorders such as delayed sleep 

phase disorder (DSPD) and can be used to treat seasonal affective disorder (SAD) 

with some support for its use also with non-seasonal psychiatric disorders (Lam et al, 

2016). In relation to alleviating the symptoms of SAD, bright light therapy (BLT) can 

have benefits (Krzysztof et al., 2012., Lam et al., 2016) although even for such an 

established treatment for SAD there is some evidence to the contrary (Cugini, 2001., 

Berg and Siever, 2009). 

 

Whilst it appeared that some contradiction also existed for the use of white or natural 

light as a therapy, as with coloured light therapy, importantly Munich and Bromundt 

(2012) concurred with Demarco and Clarke (2001) suggesting that light synchronizes 

the primary mammalian biological clock in the suprachiasmatic nuclei, stating that 



50 

 

light is strongest synchronizing agent (zeitgeber) for the circadian rhythm. The 

evidence presented on the efficacy of white or daylight as a therapy in treating 

certain conditions, further supported the emerging hypothesis that coloured lighting 

could potentially manipulate the circadian rhythm to modulate food consumption. 

 

 

2.3.4 WHITE LIGHT AS THE ZEITGEBER OF THE CIRCADIAN RHYTHM  

2.3.4.1 White Light and Sleep - The Emergence of Chronobioengineering   

White light is described as a zeitgeber of the circadian rhythm (Siffre, 1975). 

Exogenous zeitgebers, such as light, are external cues or time-givers that help to 

keep circadian rhythms in tune with the changing external environment (Siffre, 1975., 

Biovin et al., 1996).  If organisms are lacking these zeitgebers the biological rhythms 

such as the sleep wake cycle would be distorted (Boivin et al., 1996). Therefore 

exogenous zeitgebers are crucial in keeping the biological rhythms in time with that 

of the changing external environment. The importance of external cues and the 

significance of artificial light have been shown by Boivin et al. (1996) who also found 

that zeitgebers have the ability to over-ride endogenous factors that is those factors 

controlled internally by the body (Russel et al., 1980). The research (Boivin et al., 

1996) helped disprove the assumption that the sleep-wake cycle was only affected 

by natural light, supporting the notion that artificial lighting could also act as a 

zeitgeber to the circadian rhythm.  

 

Ellis et al. (2013) present the benefits of manipulating white lighting levels within 

healthcare and nursing home environments, suggesting that designing the correct  

levels of white lighting can alleviate symptoms for patients with misalignment of their 
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circadian rhythm such as those suffering from Alzheimer’s and dementia. The basis 

for this suggestion is supported by numerous researchers (Siffre, 1975., Russel et al., 

1980., Biovin et al., 1996) with regard to artificial white lighting and the nature of light 

as a zeitgeber, and the research of others (Demarco and Clarke, 2001., Kuller et al.,  

2006.,  Rot et al., 2008., Munich and Bromundt, 2012). By taking into account the 

evolution of circadian rhythm systems, normally aligned to the geophysical cycles of 

night and day, and recognising the debilitating effects of 24/7 artificial illumination 

within indoor environment, Ellis et al. (2013) claim the beneficial effects of white light 

in normalising the circadian rhythms and a positive effect on reducing sleep 

disturbance and misalignment. For aging circadian systems, or those with dementia, 

it is possible to realign them with the geophysical cycles with the use of artificial night 

and day light differentiation (Ellis et al., 2013). Chronobioengineering is an emergent 

field of study combining chronobiology, the study of periodic (cyclic) phenomena in 

living organisms with photobiology, the study of the effect of light on living organisms 

(Ellis et al., 2013). Chronobioengineering aims to translate scientific results from 

these fields for practical application, a theory supported by (McEachron, 2012., Ellis 

et al., 2013., Kent, 2014).  

 

The evidence identified supporting the potentially modulating properties of white 

lighting on sleep cycles (Siffre, 1975., , Russel et al., 1980., Biovin et al., 1996., 

Demarco and Clarke, 2001., Kuller et al., 2006., Rot et al., 2008., Munich and 

Bromundt, 2012., Ellis et al., 2013., Kent 2014) further supported the emergence of 

the hypothesis. 
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2.3.5 WHITE LIGHT AND APPETITE 

2.3.5.1 The Hypothalamus and Appetite Stimulating Hormones  

The relatively recent assertion regarding the beneficial effects of white lighting as a 

zeitgeber in realigning the circadian rhythms and sleeping patterns of Alzheimer’s 

and dementia patients is becoming better understood (McEachron, 2012., Ellis et al., 

2013., Kent, 2014). Most significantly in the context of the present study, Kent (2014) 

raised the possibility that light may also possess the ability to stimulate other 

biological activities controlled by the hypothalamus, such as appetite. The systems by 

which the body is physiologically signalled to eat or to feel full are described by 

Schwartz et al. (2000), Halford and Blundell (2000) and Blundell et al. (2012). 

According to Gibbons et al (2014), the complex homeostatic system comprises a 

network of gastrointestinal peptides and brain neurotransmitters, and also peripheral 

neural signalling and adipokines such as leptin. Kent (2014) states that ghrelin is an 

orexigenic hormone synthesized by oxyntic cells in the stomach and by neurons in 

the medial and lateral hypothalamic nuclei (Kojima et al., 1999; Cowley et al., 2003) 

and is a peripheral and central hormone directly implicated in appetite. Ghrelin acts in 

the pituitary and hypothalamus to stimulate growth hormone secretion, energy 

homeostasis, appetite, and weight gain (Kojima et al., 1999; Wren et al., 2000; 

Tschöp et al., 2000; Kojima and Kangawa, 2005; Szentirmai et al., 2006; Chen et al., 

2009; Castañeda et al., 2010). Ghrelin stimulates feeding (Nakazato et al., 2001; 

Toshinai et al., 2006), and circulating levels rise prior to mealtimes (Cummings et al., 

2001; Frecka and Mattes, 2008).  

 

In addition to regulating appetite, there is evidence that ghrelin also plays a role in 
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the circadian system by directly entraining circadian clocks that drive behavior or 

indirectly by stimulating appetite and activity (Cowley et al., 2003; Yi et al., 2006). 

Under restricted feeding conditions, the circadian system is sensitive to ghrelin and 

other feeding-related neuropeptides (Yannielli et al., 2007). Wright (2004) found links 

between hormone secretion by the hypothalamus and hunger, finding that Leptin, the 

hormone that influences perceptions of fullness, influenced food consumption and 

nutritional intake.   Rolls (2006) concurred with Wright (2004), but also suggested that 

whilst food intake and satiety were controlled by brain mechanisms, a number of 

sensory and environmental factors contribute to the regulation of food intake. In 

further support of the effectiveness of ghrelin in the stimulation of appetite, Hotta et 

al. (2009) found that treating anorexia nervosa patients with ghrelin injections 

increased hunger and food consumption. However, some of the research undertaken 

to assess the beneficial effects of bright light therapy (BLT) on patients with anorexia 

nervosa is contradictory. BLT had a positive effect on some patients (Yamamotova et 

al., 2008) with Goel et al. (2009) calling for further trials after finding that patients with 

Night Eating Syndrome (NES) had their symptoms relieved by BLT. However, in later 

research BLT was shown to have either no effect or a very temporary effect 

(Daansen, Haffman, 2010., Suarez-Pinilla et al., 2015).  

 

Conversely BLT has also been used to treat patients suffering from conditions which 

cause periods of  binge eating, such as bulimia nervosa (Blouin et al., 1996),  winter 

binging by bulimia nervosa sufferers (Braun et al., 1999), and night eating syndrome 

(McCune, 2014). The effects of light therapy on food intake and affective symptoms 

of bulimia nervosa (BN) were examined in a double-blind study by Blouin et al. 

(1996). Eighteen women who met DSM-III-R criteria for BN were randomly assigned 
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to receive either 2500 lux of bright light (experimental condition) or < 500 lux of dim 

light (placebo condition) daily in the early evening for a 1-week period. Whilst 

subjects in the bright light condition showed a significant improvement in depressed 

mood during light exposure, no effect of light therapy was found on the frequency, 

size, or content of binge-eating episodes. However, in a double blind study of 34 

bulimic patients Braun et al. (1999) treated 16 with a 10,000 lux bright white light and 

18 with a 50 lux dim red light (placebo control) during the winter months. The mean 

binge frequency decreased significantly more from baseline to the end of treatment 

for the bright light group (F(1,29) = 6.41, P = .017) than for the placebo group. 

McCune (2014) found significant improvement in night eating measures following 

application of BLT. Results showed statistically significant reductions in mean scores 

on measures assessing night eating symptoms (NESS) with scores decreasing on 

average by 9.47 points and participants reported a 47% reduction of weekly 

nocturnal ingestions (t = 2.68, p = .02) from pre- to post-treatment, decreasing from 

an average from 3.47 times per week before treatment to 1.83 times per week after 

treatment McCune (2014) This study was one of the first to advance the 

chronobiological treatment literature by testing the efficacy of bright light therapy to 

improve symptoms of night eating syndrome. By 2016, De Young et al. stated further 

research was required to investigate the possible mechanisms through which BLT 

may influence binge eating in BN. 

 

In terms of lighting affecting the appetites of those not suffering from a specific 

condition, Wansick (2012) found that replacing bright lights with dimmed lighting and 

soft music in fast food restaurants reduced food consumption, and Reid et al. (2014) 

suggested that light had more of an impact on weight regulation than sleep. Wyse et 
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al. (2014) undertook a review to determine the relationships between artificial lighting 

and interruptions to the circadian rhythm, finding evidence that imbalance in lighting 

found in the modern city environment, with brightly lit nights and artificially lit daytime 

environments, impacted upon appetite and may even be connected to global obesity.  

 

2.3.6 COLOURED LIGHT - A ZEITGEBER OF FOOD CONSUMPTION?  

2.3.6.1 A Novel Field of Investigation 

Despite a body of evidence in fields closely related to the present study question, 

such as chromotherapy, phototherapy and chronobioengineering, up to February 

2015 no empirical evidence existed in support of the assertion that coloured light 

may modulate food consumption. However, there was some research evidence that 

coloured lighting had some effect of the hedonic impression of foods, although this 

was scant.  Suk et al. (2012) provided participants with various food stimuli (green 

salads, mixed sweets, blueberry cake) under coloured light-emitting diode (LED) 

lighting, but participants were not required to eat the food. The study investigated an 

interaction effect on 60 participants (28 male, 32 female) between lighting colour and 

food colour that stimulates or reduces appetite. Two empirical studies were 

undertaken supposing that there would be an interaction effect between food colour 

and lighting colour, and that appetite should increase or decrease caused by this 

interaction effect (Suk et al., 2012). For the preliminary test, the observers were able 

to add only a certain lighting hue to the given context that was already lit with 

daylight. In the main experiment, the lighting facility was improved, so that observers 

might control not only hue aspect but also colour chroma and illumination. Food 

stimuli were composed of two aspects, type (natural or processed) and complexity 

(low or high), and consequently they were grouped into four categories analysing the 
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best and worst combination (Suk et al., 2012). The results of the study found three 

major findings: First, among chromatic lighting, yellow stimulates while red and blue 

discourages. Second, when colour categories of lighting and food are similar to each 

other, it stimulates the appetite whereas complementary, it discourages it. Third, the 

type of food does not act as an influencing factor (Suk et al., 2012). This provided 

the final piece of convincing evidence in support of the original research question 

and in the formation of the novel study hypotheses. Suk et al. (2012) also provided 

the first evidence that yellow lighting might be the colour that increases food 

consumption.   

 

However, what is unclear from the study by Suk et al. (2012) is the duration of 

exposure to the coloured light, and the implications of shorter or longer periods of 

exposure. In considering exposure duration in the design of the present study, 

exposure will be limited to the food consumption period, with very limited pre-

exposure as participants enter the laboratory area. 

 

2.4 SMALL SCALE SIMULATION – initial observations 

Following the review of literature and identification of a possible hypothesis that 

coloured lighting could potentially manipulate the circadian rhythm in order to 

modulate food consumption, in July 2014 a small scale simulation of the study by Suk 

et al. (2012) was performed in order to test methods and inform the design of the 

present study. An LED lighting bar was used to illuminate three plates of food with 

red, green, yellow, blue and white light in the controlled conditions of a blacked out 

room. The meals used were fish, chips and mushy peas, chicken curry with white 

rice, and cheese and onion quiche with mixed leaf salad. The simulation was 
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undertaken to identify the hedonic visual palatability of the plates of food under each 

of the coloured lighting conditions in order to narrow down the number of test colours 

for the present study, no food was consumed. The simulation included two 

participants, one being the principle investigator, and each plate of food was 

subjected to each of the 5 lighting conditions for the duration of 5 minutes. Hedonic 

impression of the visual palatability of the food was recorded in a laboratory note 

book, and determined that blue coloured lighting appeared to have the most negative 

effect on the hedonic impression of the food, and yellow coloured lighting appeared 

to have the most positive effect on the hedonic impression of the food. The results of 

this small-scale simulation, in addition to Suk et al. (2012), were then used to 

progress the design of the present study.  

 

2.5 COLOURED LIGHT AND APPETITE 

Following the small scale simulation, Hasenbeck et al. (2014) published a study to 

determine the colour and illuminance level of lighting to modulate willingness to eat 

photographs of coloured bell peppers. Participants were shown photographs of red, 

green and yellow bell peppers taken under white, red, green, blue and yellow LED 

lighting. The study recruited 57 participants (49 women and 8 men) with an age 

range of 19 and 76 years. Participants were shown photographs of three different 

coloured bell papers that had been taken under the four coloured lighting conditions.  

The participants themselves were not exposed to these coloured lighting conditions, 

they were seated in booths illuminated with standard fluorescent white light whilst 

observing the photographs on a computer screen and rating them using a 9 point 

Likert scale. The study found statistically significant results for the hedonic 

impression and willingness to eat bell peppers under the blue and yellow lighting, a 
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negative and positive effect respectively. Their suggestion was that blue coloured 

lighting has a distorting effect on the appearance of the food and thus had a negative 

effect on hedonic impression, whereas yellow light increased visual clarity of the 

surface of the food thus increasing the hedonic impression and willingness to eat. 

There was acceptance that further research was required using real foods in 

replacement of photographs in order to support these initial findings, although the 

absence of the manipulation of the participants’ direct environment with coloured 

lighting was not discussed.  In addition, Hasenbeck et al. (2014) used photographs of 

illuminated food, whereas the small-scale simulation and (Suk et al., 2012) 

illuminated real food under coloured LEDs. However, despite these limitations both 

studies (Suk et al., 2012, Hasenbeck et al., 2014), and the small-scale simulation 

conducted in July 2014, found that blue coloured lighting appeared to have a 

negative impact on the hedonic appearance of the photograph or plate of food, and 

yellow coloured lighting had the most positive effect on the hedonic appearance of 

the photograph or plate of food.  

 

However, whilst (Suk et al., 2012, Hasenbeck et al., 2014) were significant in this little 

researched field the basis of their research hypotheses was grounded in the use of 

coloured light as a psychological stimulus, rather than any physiological effect 

coloured light may have on the circadian rhythm. The premise of both studies was to 

identify what visual psychological stimulus was significant in the hedonic selection of 

food in order to inform commercial retail and food industry. The hypotheses of the 

Suk et al. (2012) and Hasenbeck et al. (2014) studies was that colour has a  

psychological  impact on hedonic impression, and no links were made between the 

potential for coloured lighting to modulate food consumption via a manipulation of the 
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circadian rhythm. Whilst both studies (Suk et al., 2012, Hasenbeck et al., 2014) 

findings concurred with the results of the small scale simulation in relation to the 

effects of blue and yellow coloured lighting, the reasons for how this might work 

differed greatly from the present study’s novel hypothesis. Despite this, the two 

studies provided a sound evidence base upon which to view the results of the small-

scale simulation study, and importantly supported the decision to use blue and yellow 

coloured lighting in the present study.    

 

However, during the planning stages for this research study, and following 

submission of ethics approval,  in February 2015 a publication entitled: 'Blue lighting 

decreases the amount of food consumed in men, but not women', was published by 

Cho et al. (2015).  The study was designed to investigate whether the colours of 

lighting affected the amount of food consumed, in addition to psychological hedonic 

sensory perceptions of the food and willingness to eat. The influence of lighting 

colour was also compared between men and women of the one-hundred and twelve 

participants (62 men and 50 women) who consumed an ad libitum breakfast meal of 

omelettes and mini-pancakes under one of three different lighting colours: white, 

yellow, and blue. During the test, hedonic impression of the food’s appearance, 

willingness to eat, overall flavour intensity and overall impression of the food, and 

meal size (i.e., the amount of food consumed) were measured. The results 

demonstrated that blue lighting decreased the hedonic impression of the food’s 

appearance, but not the willingness to eat, compared to yellow and white lighting 

conditions. The blue lighting significantly decreased the amount consumed in men, 

but not in women, compared to yellow and white lighting conditions. Overall flavour 



60 

 

intensity and overall impression of the food were not significantly different among the 

three lighting colours.  

 

Cho et al. (2015) mirrored many of the methods already designed for the present 

study, in that it was conducted within a controlled sensory laboratory environment 

and the focus was on the use of blue and yellow coloured lighting. However, there 

were weaknesses in their methods; each participant was only exposed to one of the 

lighting conditions, just once, whereas the study by Hasenbeck et al. (2014) 

conducted a repeated measures design and within group analysis. Additionally, the 

meal consisted of multiple components with differing nutritional values and protein 

density, thus rendering the measurement of food consumed by weight flawed; in 

addition the participants were not blinded to the conditions of the study and any 

restrained eating habits of the participants were not tested.   

 

Despite these flaws in selection of methods, the study found the effect of lighting 

colour on the amount of food consumed was different between men and women.  A 

two-way ANCOVA found a significant two-way interaction of lighting colour and 

gender in the meal size (i.e., the amount of food consumed) (P = 0.02). The meal 

size significantly differed across lighting colours in men (P = 0.002), but not in 

women (P = 0.90). Men consumed significantly less of the meal served under blue 

than under yellow coloured lighting (P < 0.001) and white coloured lighting (P = 

0.03). The study also found that the meal size was not significantly different between 

yellow and white lighting conditions (P = 0.22) (Cho et al., 2015). 

 

However, there were no significant differences among the three colours of lighting in 
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women. Cho et al. (2015) suggest a plausible explanation for the sex difference in 

the lighting colour-induced meal size may be related to women’s superiority in 

detecting, discriminating, identifying, and remembering odour cues (Doty et al., 1984; 

Larsson, Lövdén, & Nilsson, 2003., Hummel et al., 2007). Before beginning to 

consume the breakfast meal, nasally perceived odours could lead the participants to 

evaluate if the foods are safe to eat. Based on previous findings that women 

outperform men in identifying and discriminating odours (Hummel et al., 2007) and 

women are more attentive and dependent on olfactory cues for their daily decisions 

(Croy et al., 2010; Seo et al., 2011; Seo, Lee, & Cho, 2013), women are expected to 

more easily identify whether or not a meal is safe to eat, regardless of the lighting 

colour under which is presented. By contrast, men’s sense of smell is relatively less 

sensitive leaving the men more dependent on visual cues, potentially rendering them 

more vulnerable to distorted visual cues such as blue lighting.  

 

Cho et al. (2015) accepted their findings should be interpreted with caution due to 

limitations of their study. Firstly, it could not be ruled out that lighting colour induced 

mood or emotional state modifications might influence their results.  However, they 

felt that this assertion was not enough to explain the gender difference in the effect 

of lighting colour on the amount of food consumed. It was also noted that flavour 

intensity was recorded as not significantly different among the three lighting colours, 

and between men and women.  

 

Cho et al. (2015) findings support and extend the notion that the colour of lighting 

can affect the hedonic impression of the overall appearance of foods. Further, the 

study claimed to provide new empirical evidence that the colour of lighting influenced 
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the volume of food consumed, albeit the modulatory effect was more pronounced in 

men than women. That is, men, but not women, consumed significantly less of the 

meal under blue lighting compared to under the yellow and white lighting conditions. 

Overall impression of the meal was not different among the three lighting colour 

conditions. However, the claim that less food was consumed under blue lighting 

compared to yellow lighting (P < 0.001) is flawed as a significant difference between 

meal sizes between the two test colours does not indicate more or less. Only an 

increase or decrease in consumption against the white control can be identified as 

either an increase or decrease, therefor this claim that less food was consumed by 

males under blue lighting compared to yellow is incorrect, as equally it could be said 

that more food was eaten under yellow lighting than blue lighting when compared to 

each other and not a control.   

 

In contrast to the two previous studies (Suk et al., 2012, Hasenbeck et al., 2014) who 

examined hedonistic reaction to coloured lighting in order to inform the commercial 

retail and food industry, Cho et al. (2015) asserted that based on their results, blue 

coloured lighting could be applied to reducing overconsumption in obese men. Their 

findings suggested a potential way of addressing the global obesity problem (Must et 

al., 1999) and associated economic burdens (Finkelstein et al., 2009). However, 

recognition was given that the research offered only a first step in understanding the 

effect of lighting colour on food consumption, and further studies would need to be 

conducted to confirm and support their findings. A recommendation was made to 

conduct further studies, by measuring positive or negative mood or emotional state, 

to determine whether or not the effect of lighting colour on the amount of food 

consumed results from the lighting colour-changed mood or emotional state. 
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In conclusion, Cho et al. (2015) have provided the first empirical evidence that the 

colour of lighting can modulate food consumption. More specifically, the claim that 

blue coloured lighting decreased the amount of food consumed in males without 

reducing their acceptability of the food provided the first empirical evidence of the 

initial verbal dieting tip that has led to the abductive formation of a research question 

for the present study. However, the results found no significant difference in food 

consumption under yellow lighting compared to white lighting conditions, although 

there were significant differences in consumption in males between blue and yellow 

lighting conditions.  Due to the limitations of Cho et al. (2015) further investigation 

using within subject methods was deemed necessary.   

 

2.6 CHAPTER SUMMARY AND IMPLICATIONS FOR STUDY DESIGN AND 

METHODS  

The aim of the review of literature was to develop a comprehensive and critical 

review of the theoretical and conceptual domains and discourses.  Consideration was 

given to existing knowledge, practice and the evidence base relating to the present 

study. Existing literature has identified through the development of a search strategy 

a systematic approach. Theory, discourse and evidence have been evaluated with 

reference to the field of investigation, which highlights a degree of contradiction. 

Empirical research evidence to support the hypothesis has been identified and 

critically discussed.  

 

Within the research that tested performance under coloured lighting conditions using 

specific colours (red and green), empirical evidence demonstrates colour appears to 



64 

 

have a stimulating psychophysiological effect in certain contexts Wilson (1966), 

Soldat et al. (1997),  Hill and Barton (2005), Stark et al. (1982) and Elliot et al. (2007). 

There are also assertions that coloured lighting is received by the hypothalamus via 

the retina, influencing the circadian rhythm and the secretion of hormones (Demarco 

and Clarke, 2001., Kuller et al., 2006., Rot et al., 2008) which became fundamental 

elements in the formation of a research hypothesis for the present study. Whilst it 

appears that some contradiction exists for the use of white or natural light as a 

therapy, as with coloured light therapy, importantly Munich and Bromundt (2012) 

concurred with Demarco and Clarke (2001) suggesting that light synchronizes the 

primary mammalian biological clock in the suprachiasmatic nuclei, stating that light is 

strongest synchronizing agent (zeitgeber) for the circadian rhythm. The evidence 

presented on the efficacy of white or daylight as a therapy in treating certain 

conditions further supported the emerging hypothesis that coloured lighting could 

potentially manipulate the circadian rhythm to modulate food consumption. 

 

Ellis et al. (2013) presented the benefits of manipulating white lighting levels within 

healthcare and nursing home environments and suggesting that by designing the 

correct  levels of white lighting,  symptoms could be relieved for patients suffering  

misalignment of their circadian rhythm and sleep disturbance such as those with  

Alzheimer’s and dementia. The basis for the suggestion is supported by (Siffre, 

1975., Russel et al., 1980., Biovin et al., 1996,) with regard to artificial white lighting 

and the nature of light as a zeitgeber, together with the research of (Demarco and 

Clarke, 2001., Kuller et al.,  2006.,  Rot et al., 2008., Munich and Bromundt, 2012). 

This suggestion in the context of the problem the present study aims to address, that 

of high levels of patient malnutrition which have been found to be more prevalent 
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amongst older patients (Age Concern, 2006., Age UK, 2010., Edmondson-Jones, 

2010)  is of particular interest.  The suggestion that white lighting is a zeitgeber of the 

circadian rhythm and can help those suffering from a misalignment of their circadian 

rhythm and indicated there might be the potential that coloured lighting might also be 

a zeitgeber of the circadian rhythm.  In further support of this, evidence of a potential 

link between white lighting, a zeitgeber, and food consumption was provided by Kent 

(2014) who suggested the possibility that light may also possess the ability to 

stimulate other biological activities controlled by the hypothalamus, such as appetite. 

Kent (2014) states that white light can stimulate the secretion of the hormone ghrelin, 

which is directly implicated in appetite acting in the hypothalamus to stimulate 

appetite and weight gain.   

 

However, despite this evidence it has been established that the concept that coloured 

lighting could be a zeitgeber of food consumption is a novel concept and has the 

potential to contribute new knowledge to the field of enquiry. Additionally, whilst the 

first published study, Cho et al. (2015), sought to identify any modulation in food 

consumption as a result of coloured lighting as a variable, their hypothesis is focused 

entirely on psychological assumptions, rather than any physiological effects.  

 

Whilst the present study is a progression of the study by Cho et al. (2015), the 

hypothesis that coloured lighting could potentially manipulate the circadian rhythm in 

order to modulate food consumption is novel. Additionally, if the present study were 

to find that yellow coloured lighting increased food consumption, this contribution of 

empirical evidence to the field of investigation could have significant implications for 

the prevention of malnutrition amongst hospitals patients, particularly those suffering 
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from misalignment of the circadian rhythm such as Alzheimer’s and dementia 

patients. Whilst the ability to manipulate the psychology associated with food and 

hedonic impression is of interest, the potential to modulate food consumption 

physiologically through a manipulation of the circadian rhythm could be significant.  

 

2.6.1 Implications for Study Design and Methods 

Much of the research evidence identifying the effects of colour and coloured light 

uses quantitative research methods, such as randomised control trials and 

questionnaires (Wilson, 1966., Soldat et al., 1997., Hill and Barton, 2005., Stark et 

al., 1982., Elliot et al, 2007). The use of such methods indicates a positivist scientific 

philosophical epistemology, described by Crotty (1998) as being borne out of a 

philosophy with an objective epistemological stance and a positivist theoretical 

perspective. Polgar and Thomas (2000) describe the scientific method and the 

positivist view as having three basic elements, 1. Scepticism. The notion that any 

proposition or statement, even those by great authorities, is open to doubt and 

analysis. 2. Determinism. The notion that events in the world occur according to 

regular laws and causes, not as a result of the caprices of demons or witches. 3. 

Empiricism. The notion that enquiry ought to be conducted through observation and 

verified through experience (2000). This philosophical stance lends itself readily to 

quantitative research methods such as experimentation, randomisd control trials and 

longitudinal studies. However, although a positivist scientific approach has been 

taken within many of the studies, through critical discussion it has been identified that 

contradiction exists between the results. It has been established that humans react to 

colour in a variety of ways, physically, physiologically, psychologically and 

psychophysiologically and that context is a significant factor.   As a result, in 
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designing a quantitative research study to test the hypothesis, strict contextual and 

methodological considerations need to be observed to provide rigour to any findings. 

The weaknesses identified in the study by Cho et al. (2015) such as the lack of 

blinding of participants, the meal being made up of components with varied protein 

and carbohydrate density, the exposure of participants to only one lighting condition 

rather than a repeated measures within group comparison (Hanna and Dempster, 

2012), have all been taken into account in the design of the present study and will be 

presented in detail within chapter 3.  

 

Following the review of literature, the null hypotheses that have emerged are: 

 Coloured light does not modulate food consumption 

 Coloured light does not modulate appetite 

 Coloured light does not modulate visual palatability 

 Coloured light does not modulate mood    

 Coloured light is not a zeitgeber of food consumption  

 

2.6.2 Definitions in Context  

It is helpful to provide some definitions of the nouns ‘appetite’ and ‘palatability’, which 

are used throughout the remainder of the project report. It can be observed that both 

of these terms can be defined subjectively, and are commonly used together and 

interchangeably.   Within the Oxford English Dictionary (OED), appetite is defined as 

‘a natural desire to satisfy a bodily need, especially for food or sexual activity’ (OED, 

1990, p51). Immediately there is an issue presented within the dictionary definition 

for appetite, as it could reasonably be expected that an appetite for food would differ 

somewhat from an appetite for sexual activity. As will be presented in Chapter 3, 
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appetite was measured using a combined score of four questions rated 1 – 100 on 

VAS with participants rating their levels of hunger, fullness, desire to eat and 

capacity to eat. The scores for hunger, desire to eat and capacity to eat were 

combined, together with the reverse score for fullness with a range of 1 - 400. The 

use of VAS to determine appetite is supported (Stubbs et al., 2000). Therefore, 

within the context of the present study, the term ‘appetite’ is used to mean the self-

rated appetite scores obtained from participants during the experiment which rated 

their overall ‘desire to eat’. The OED define palatability as ‘pleasant to taste’ (OED, 

1990, p857), however Yeomans et al. (2004) question whether ‘palatability’ is a 

response to nutritional need or a need-free stimulation of appetite.  In the present 

study the term is used in conjunction with the word ‘visual’ in order to assess if 

something ‘looks pleasant to taste’. As will be presented within Chapter 3, Methods, 

data gathered was derived from Visual Palatability VAS in order to assess 

participants’ self-rated hedonic impression of the meal before tasting it. Therefore, 

within the context of the present study the term ‘palatability’ is used alongside ‘visual’ 

to determine the self-rated scores obtained from participants prior to eating the meal 

in order to rate hedonic impression.   
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CHAPTER 3 - STUDY DESIGN AND METHODS 

 

3.1 INTRODUCTION 

The previous chapter hypotheses that coloured lighting could potentially manipulate 

the circadian rhythm in order to modulate food consumption grounded in the theories 

of chromotherapy (Demarco and Clarke, 2001., Yousuf et al., 2005), phototherapy 

(Thompson, 1990., Benedetti et al, 2003., Terman, 2007., Prasko, 2008., Sanissi, 

2014., Lam et al, 2016) and the emergent field of chronobioengineering (McEachron, 

2012., Ellis et al., 2013., Kent, 2014). Following the initial dieting tip and the 

completion of a small scale simulation, the colours yellow and blue were identified for 

use in the present study. The selection of these colours was further supported by 

Hasenbeck et al. (2014) and Cho et al. (2015) who found that blue coloured lighting 

had the most negative impact on the hedonic impression of food, whilst yellow 

coloured lighting had the most positive impact. Therefore, within the context of the 

problem of patient malnutrition, and based on the evidence presented within the 

literature, the present study aimed to identify specifically if yellow coloured lighting 

increased food consumption. Additionally, the weakness in study design and choice of 

methods identified in Cho et al. (2015) were taken into account in order to strengthen 

the present study design and methods, with the aim of increasing the quality of data 

produced in order to withstand a greater degree of rigour.     

 

 

This chapter will present a critical and justified account of the epistemological 

underpinning, the research design, and the rationale for selecting the specific 
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methods of data collection and statistical analysis required to identify any modulating 

effects of coloured light on food consumption. Suggested methods of research are 

explored from a practical perspective and results critically discussed in order to 

demonstrate the suitability of methods for inclusion within the present study. Firstly, 

any ethical considerations posed by the present study are presented. 

 

 

3.2 RESEARCH PARTICIPANTS  

3.2.1 Ethical Considerations 

Having identified an area for further investigation in the context of the problem of 

patient malnutrition, it is perhaps helpful to understand some founding principles of 

research ethics. In 1943 the Moscow Declaration of The Four Nations on General 

Security was agreed and signed by President Roosevelt, Premier Stalin and Prime 

Minister Churchill (Salman et al., 2014). The declaration had four parts, one of which 

focused on preventing a reoccurrence of the atrocities performed in Nazi Germany. 

In 1947 this work was developed further with the publication of the Nuremberg Code, 

consisting of ten founding research principles aimed at protecting participants 

(Salman et al., 2014). Then in 1964 the World Medical Association General 

Assembly adopted the Declaration of Helsinki, further amended on six occasions up 

to 2008 (Salman et al., 2014)   The declaration is a statement of ethical principles to 

provide guidance to physicians and other participants in medical research involving 

human subjects, considerations relating to their well-being should take precedence 

over the interests of science and society (Salman et al., 2014). In support of this the 

Royal College of Nursing (RCN) (2007) argues that all research can be potentially 

harmful to participants, controlled trials that test new drugs through invasive 
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procedures could unintentionally cause harm, likewise naturalistic enquiries that 

seek evidence about sensitive topics could cause inadvertent emotional stress and 

potential damage to individuals. Researchers therefore are required to uphold 

specific ethical principles, reducing the risk to participants whilst also addressing any 

potential moral issues (RCN, 2007). The Department of Health (DH) Research 

Governance Framework for Health & Social Care (DH, 2005), states that the dignity, 

rights, safety and well-being of participants must be the primary consideration in any 

research study. Informed consent is at the heart of ethical research and the law 

gives special protection to people who are unable to give consent on their own 

behalf. Researchers must respect a person’s previous wishes, and consult someone, 

such as a carer, who is able to take an independent view of an incapacitated 

person’s interests, wishes and feelings (DH, 2005). The Economic & Social 

Research Council (ESRC) (2005) provided six principles of research ethics which 

aimed to ensure the appropriate design and delivery of research, and the 

safeguarding of research participants. 

 
Health research, by its very nature, may involve the use of patients as research 

participants, therefore when considering research ethics the status of participants 

must be considered.  Within the context of hospital patients, these are classified into 

two groups, in-patients who stay overnight and out-patients who attend 

appointments. To generalise, it is likely that the acuity of illness of an in-patient might 

be more severe than that of an out-patient, although there are some obvious 

exceptions such as oncology patients seen on an out-patient basis for chemotherapy 

or renal patients undergoing dialysis. As part of the selection of appropriate research 

methods, consideration was given to the potential to undertake the present study by 

recruiting participants who were the intended beneficiaries of the research, that is, 
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hospital patients. In order to consider this, the status of hospital patients was 

considered, and according to the definition provided by The Social Research 

Association (SRA) Ethical Guidelines (2003) was found to be classified as 

vulnerable. SRA (2003) view that those participants in a dependent relationship to 

the researcher or commissioning body are classified as vulnerable, in the context of 

the present study a hospital patient and an NHS Hospital Trust.  

 

The RCN Research Ethics – Guidance for Nurses (2007) define vulnerable to 

encompass a multitude of different patient populations including children, people with 

mental illness or learning difficulties, prisoners or young offenders. Wray (2008) 

expands this to include people with mental health problems, learning disabilities, 

minority groups including refugees and asylum seeker communities, unemployed 

people, disabled people, older people, pregnant teenagers, homeless people and 

single parents. It appears therefore, that many people receiving health care 

potentially fall into these groups and could be classified as vulnerable. As service 

users this puts them into a dependent relationship with the researcher or 

commissioning body, to say nothing of their clinical state (SRA, 2003). As a result of 

defining of patients as vulnerable, this poses a dilemma for the hospital based 

researcher in that the necessity of undertaking research within the workplace will 

always result in the research participants being in a position of vulnerability.  

Therefore, in selecting an appropriate research design and methods for use in 

answering the research question, the potentially vulnerable status of participants was 

taken into account. From the results of Suk et al. (2012), Hasenbeck et al. (2014); 

and Cho et al. (2015), it was likely that blue coloured lighting might decrease food 

consumption and thus it would be inappropriate to expose patients classed as 
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vulnerable (SRA, 2003., RCN, 2007., Wray, 2008) to a blue lighting which might 

decrease their nutritional intake. This resulted in a decision to recruit volunteer 

participants for the present study from groups of 'healthy' university students and 

staff. The use of vulnerable patient participants is discussed further in chapter 5.  

 

3.2.2 Ethical Approval  

Following the decision to recruit volunteer participants from university student and 

staff groups, any ethical considerations arising from the decision were reviewed with 

reference to the SHU Research Ethics Policy and Procedure, 6th Edition (SHU, 

2015).  The first stage of ethical approval process was the completion of an ethics 

checklist known as the SHUREC1, (see appendix E) such as the ability of 

participants to give consent, the use of vulnerable participants, and ability for 

participants to withdraw from the study were considered. In completing the 

SHUREC1 it was identified that because the present study intended to administer 

food, completion of a SHUREC2b form was required for referral to  the Faculty 

Research Ethics Committee (FREC)  (see appendix F).  Confirmation of approval for 

the study by the FREC was received in March 2015 (see appendix G), and was 

subsequently amended in May 2015, (see appendix H). 

 
 

 

3.3 EPISTEMOLOGICAL, METHODOLOGICAL AND METHODS CONSIDERATIONS 

Following  the  conception of the original idea that coloured light may modulate food 

consumption, a critical review of the literature was undertaken in order to confirm the 

suitability of the hypotheses for the purposes of further research. The application of 

logical reasoning to knowledge gained from authoritative and empirical sources 
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confirmed the validity of the hypothesis, and although very limited previous research 

had been undertaken, there was some empirical evidence to suggest that colour may 

have a modulating effect on food consumption in certain contexts. Much of the 

research evidence identifying the effects of colour and coloured light used 

quantitative research methods, such as experimentation, randomised control trials 

and questionnaires. In order to design the methods for this study a number of logical 

assumptions were made using the existing knowledge gained from the review of 

literature. These assumptions were then tested by undertaking an initial small-scale 

simulation of the study methods to enable critical reflection and the identification of 

any learning points. 

 

3.4 SMALL-SCALE SIMULATION - JULY 2014   

In order to consider the engineering and technical implications as recommended by 

Van Hoof et al. (2012) and to confirm the colours to be used taking account of (Suk et 

al., 2012), in July 2014 some methodological assumptions were made and then 

tested by undertaking a small-scale simulation..  

 

The simulation was undertaken within a non-clinical area of an NHS Hospital. A 

small room, approximately 1.5m x 2.5m was used and a high level window was 

blacked out using thick cardboard.   Three meals were selected from the daily menu 

of the staff restaurant; quiche and salad, fish and chips with mushy peas and 

chicken curry and white rice, and these were placed on a table in the room. A bar 

shaped light fitting containing 5 LED colour changing lamps with a single electronic 

controller was used to illuminate the room and meals.  There were four primary 

colours, in addition to white as Suk et al. (2012) had shown statistically significant 
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results for the hedonic selection of lighting relative to food colour. In total five 

monochromatic colours were used to illuminate the meals in the following sequence 

and colour intensity: 

1. Blue 100% 

2. Green 100% 

3. Red 100% 

4. Yellow (Red and Green 100%) 

5. White (Red, Green and Blue 100%) 

Results were taken in the form of notes in order to keep a record of the effects of each of 

the coloured lighting conditions on the meals. No participants other than the principal 

investigator and a lighting engineer were involved in the simulation, and the meals were not 

consumed under the coloured lighting conditions. 

 

3.4.1 Simulation Discussion 

The simulation suggested that small rooms or cubicles (1m x 1m) would be most 

effective for use in the final study, indicating the use of a purpose built sensory 

laboratory containing individual feeding booths. In support of this, empirical evidence 

identified through the review of colour research undertaken (Wilson, 1966., Isaacs, 

1980., Stark et al, 1982., Rosenstein, 1985., Valdez and Mehrabian, 1994., Hatta et 

al., 2002., Soldat et al, 1997., Hill and Barton, 2005., Elliot et al, 2007., Spenwyn et 

al., 2010) provided useful descriptions of the methods applied and the practical 

implications for the research of colour and light. For example; study participants are 

exposed to different colour conditions on an individual basis or in groups dependent 

upon the activity being tested. Natural light is eliminated from the study area so as 

not to dilute the colour, and the colour saturates a large area such as an entire wall 
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or room, and in the case of coloured light research coloured lighting is the only 

method of illumination. In previous research studies participants have been required 

to undertake certain tasks whilst exposed to the colours, such as the completion of 

academic tasks, gambling or a sporting activity. As SHU has a purpose built sensory 

laboratory consisting of 12 International Standards Organisation (ISO) standard 

sensory feeding booths the decision was made to use this facility.  

 

As well as determining the use of a sensory laboratory, it was observed during the 

small-scale simulation that the different lighting colours had a dramatic effect on the 

appearance of the meals, in support of findings by Suk et al. (2012). These initial 

observations suggested that both blue and red coloured lighting made each of the 

meals look particularly unappetising. However, yellow lighting appeared to have a  

positive effect upon the appearance of the meals by enhancing the intensity of the 

colours. Even benign colours in foods such as white rice and deep fried yellow 

batter of fried fish appeared more vibrant, golden and appetising. From these 

results, and the review of literature identifying results of research (Suk et al., 2012) 

the colours blue and yellow were selected for use, rather than using all four colours 

(red, green, blue, yellow) as had previously been assumed.  

 

The small-scale simulation proved invaluable in determining some of the methods 

used in the final study design, such as an appropriate environment and the colours to 

be used. In addition, within a month of the completion of the small-scale simulation, in 

August 2014 results of the bell pepper study by Hasenbeck et al were published, 

closely followed in February Cho et al. (2015).  As well as both studies supporting the 

choice of the colours of blue and yellow, the studies also supported the use of a 
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controlled laboratory environment. 

 

 

3.5 METHODS  

Following identification in the literature of contradictory evidence arising from colour 

research, and a recommendation to follow engineering methods for the research of 

lighting (Ellis et al., 2013), the present study aimed to achieve a Gold Standard in its 

design of methods for the research of coloured light and appetite (Gibbons et al., 

2014). Critical reviews of research methodology undertaken by Ellis et al. (2013) for 

the use of light, and Sorensen et al. (2003) and Gibbons et al. (2014) for the study of 

eating behaviour, food consumption and appetite, were drawn upon and applied in 

the context of the present study and in order to critique the methods used by Cho et 

al. (2015). 

 

Gibbons et al. (2014) suggest the researcher needs to make an initial distinction 

between the type of research to be undertaken, either within a controlled laboratory 

condition or a free-living environment. This fundamental decision must be made 

based on a trade-off between the rigorous control that can be applied within a 

laboratory, and that of a more naturalistic eating environment. Ultimately the study 

hypothesis and theoretical background will determine the decision. In the context of 

the present study the requirement to isolate a specific factor for investigation, 

coloured light, and to reduce any other influences or variables demanded a 

laboratory environment. This decision was supported by the methods applied by Cho 

et al. (2015) who undertook their research within a sensory laboratory environment 

within the University of Arkansas. Additionally, the type of data being collected in 

order to demonstrate any effect of the intervention requires the rigour of a strictly 
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controlled environment.  Gibbons et al. (2014) assert that when procedures and 

methodologies to measure appetite, food consumption and eating behaviour are 

conducted with the appropriate degree of scientific control, data produced is of a high 

quality. Good laboratory practice (GLP) (Gibbons et al., 2014) was observed and 

version controlled Standard Operating Procedures (SOPs) (Gibbons et al., 2014) 

were developed and followed rigidly, for example; directions on food preparation, and 

the management and administration of raw data.  

 

Having identified weaknesses in the methods used by Cho et al. (2015) which 

measured differences between 112  subjects, the present study used a repeated 

measures within group comparison design in order to measure differences both 

within and between subjects (Sorensen et al., 2003). A repeated measures design is 

preferred as each participant is exposed to each of the colours of lighting, and 

becomes their own control (Hanna and Dempster, 2012). There are also benefits of 

increased power with a smaller sample size, although according to Minke (1997) the 

benefits of repeated measures designs can be great, there are internal validity issues 

that must be addressed. "Carryover" effects are effects from one treatment that may 

extend into and affect the next treatment, these include tracking memory over time or 

investigating practice or fatigue on a targeted behaviour (Minke, 1997). However, this 

internal validity threat can be controlled through counterbalancing, that is by varying 

the presentation order of treatments, either randomly or systematically, and 

interaction between treatment order and main effect can be investigated through data 

analysis (Huck and Cormier, 1996). Additional weaknesses identified in the study by 

Cho et al. (2015) were considered, such as the decision to use a composite breakfast 

meal made up of separate components of a pre-made ham and cheese omelette and 
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mini pancakes. The reasons given for selecting these food items were that they were 

recognisable breakfast foods in North America (Cho et al., 2015). However, as the 

measure of consumption was made by weight of food consumed, the use of multiple 

components in the meal containing varied protein and carbohydrate density and 

calorific values was not robust, and therefore reduces the validity of their results. 

Additionally, the decision to test a breakfast meal, whilst enabling a fast from the 

evening meal the previous night, did not allow for the delivery of a controlled pre-load 

meal to control any variables further. In addition, in the study of eating behaviour and 

food consumption the delivery of a controlled pre-load meal, followed by a 

homogenous meal are felt to be more robust methods (Sorensen et al., 2003., 

Gibbons et al., 2014). Study participants were also blinded in order to protect against 

bias (Schulz and Grimes, 2002), and a number of other controls were put in place 

such as inclusion/exclusion criteria which included a requirement to complete a 

questionnaire identifying eating behaviour.  As in the study by Cho et al. (2015), data 

would be collected for a number of factors such as visual palatability, appetite, weight 

of food consumed, and following a recommendation by Cho et al. (2015) for mood.  

With the basis of study design in place, consideration was given to identifying a 

sufficient sample size. 

 

 

3.6 SAMPLE SIZE  

In addition to the evidence from the small-scale simulation and the determining of the 

main components of study design, some other constraints of the present study were 

already known which would affect sample size, such as constraints on time and on 

funding. Following the decision to undertake the study within a laboratory 
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environment rather than a naturalistic one (Gibbons et al., 2014), consideration was 

given to constraints such as the availability of the laboratory facilities and the number 

of sensory booths, twelve, contained within that facility.  As the colours to be tested 

had been determined to be (white (control), blue and yellow), the colours to be used 

were known to be three in number, therefore to undertake a repeated measures 

within group comparison using three lighting colours, participants would be required 

to visit one of the twelve sensory booths on three separate occasions to consume a 

meal under each lighting colour. Studies with repeated measures within group 

comparison need to avoid treatment fatigue by ensuring a sufficient time interval 

between treatments, a wash-out period (Hanna and Dempster, 2012). Therefore the 

decision was taken to design the study with a six day wash out period interval. The 

day selected for each of the four groups was either a Tuesday or Wednesday, as it 

was felt that by being in the middle of the week it was more likely that participants 

would adhere to pre-trial controls such as fasting. The study would be repeated on 

the two following corresponding weekdays, over a period of three weeks in total, in 

order to  expose each participant to the white (control), blue and yellow lights, with a 

wash-up week for any participants that may have missed a week due to illness or 

any other reason. An additional de-briefing session was also required due to the 

decision to blind participants; therefore, it took a minimum of four weeks to run the 

study for a maximum of twelve participants due to only having 12 sensory booths.  

In order to determine if twelve participants is sufficient, the conducting of power 

analysis can be advantageous whilst designing a study, not least in order to 

determine the necessary number of subjects required.  However, according to 

Cohen (1988) trying to find the absolute, bare minimum number of participants 

needed in a study is often not a good idea.  However, power analysis can be used to 
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determine power given an effect size and the number of subjects available, and can 

be used if the maximum number of subjects is already predetermined where the  

identification of power justifies undertaking the study, as there would no reason to 

undertake an underpowered study.  In addition, according to Cohen (1988) 

conducting power analysis reduces the chances of Type I and Type II errors 

occurring. A Type I error occurs when the null hypothesis is true (in other words, 

there really is no effect), but you reject the null hypothesis.  A Type II error occurs 

when the alternative hypothesis is correct, but you fail to reject the null hypothesis (in 

other words, there really is an effect, but you failed to detect it) (Cohen, 

1988). However, according to Hoenig and Heisay (2001) there are some limitations 

to power analysis, one of which is that power analyses do not typically generalize 

well.  If the methodology changes in how data is collected or the statistical procedure 

used to analyse the data is changed, the power analysis will need to be redone.  In 

some cases, a power analysis might suggest a number of subjects that is inadequate 

for the statistical procedure.  For example, a power analysis might suggest that 30 

subjects are required for a logistic regression, but logistic regression, like all 

maximum likelihood procedures, require much larger sample sizes (Hoenig and 

Heisay, 2001).  Perhaps the most important limitation is that a standard power 

analysis is only able to provide a best case scenario, simply an estimate of the 

necessary number of subjects needed to detect the effect.  In most cases, this best 

case scenario is based on assumptions and educated guesses (Hoenig and Heisay, 

2001).   

According to Shadish, Cook and Campbell (2002), power analysis is just part of 

doing good research.  A power analysis is a good way of making sure that every 

aspect of a study and the statistical analysis has been considered before collecting 
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data. Acknowledging the limitations, and taking consideration of all the reasons for 

undertaking a power analysis, one of the major benefits is to ensure that every detail 

of a research project has been considered in order to design a robust study.  

 

3.6.1 Obtaining the Necessary Numbers to do a Power Analysis 

According to Cohen (1988) there are at least three ways to guestimate the values 

that are needed to do a power analysis: a literature review, a pilot study and using 

Cohen's own recommendations.  However it is the effect size that is often the most 

difficult to obtain and has the strongest impact on power. It was established within 

the review of literature that only one other study by Cho et al. (2015) existed that was 

similar to this study, however this was not  published when power analysis was 

undertaken for this study. Additionally, even then when it was published it did not 

report the effect size or power; therefore a value could not have been identified from 

previous literature for effect size.  Due to the constraints of time, money and 

resource is was not feasible to conduct a pilot study using participants in order to 

provide a rough estimate of the effect size, in addition the limitations associated with 

the use of small numbers in a pilot study may have rendered the effect size flawed 

and could have led to an increased error risk (Hoenig and Heisay, 2001). In such 

circumstances an expert clinician could also provide a view of the value of a 

difference of an independent variable from the control mean, and in the context of 

the present study an NHS Dietician provided a view that in the context of a 

nutritionally compromised patient, any increase in (g) consumption is helpful as this 

improves the current position in terms of calorific intake. However, this opinion is 

difficult to translate into an effect size.   
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Sedlmeier and Gigerenzer (1989) found that the average effect size for articles in 

The Journal of Abnormal Psychology was a medium effect, or 0.5.  Lipsey and 

Wilson (1993) undertook a meta-analysis of 302 meta analyses of over 10,000 

studies and found that the average effect size was 0.5, which supports a view by 

Cohen that, as a last resort, guess that the effect size is 0.5 (Bausell and Li, 

2002).  According to Keppel and Wickens (2004), when you really have no idea what 

the effect size is, go with the smallest effect size of practical value.  Although effect 

size is often the largest contributor to power, according to Cohen (1988) there are at 

least a dozen other factors that influence the power of a study. Many of these factors 

should be considered not only from the perspective of doing a power analysis, but 

also as part of doing good research.  Other factors affecting power are significance 

(alpha) applying 0.01 rather than 0.05, increasing sample size and other 

methodological issues such as the type of method of collecting data, such as 

repeated measures within group design, and collecting data at multiple time points, 

and collecting more than one measure of response. 

 

3.6.2 Power Calculation 

A power calculation was undertaken using the following assumptions: 

 Medium Effect Size  d = 0.5 

 Significance level (alpha) P < 0.05 

 Individual Sensory booths 

 Repeated Measures within Group design  - each participant to be exposed to 

every colour 
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 3 lighting colours: Blue, Yellow and White (control) 

 Randomised exposure to each colour 

 

This initial identification of some of the study methods enabled power calculations to 

be undertaken providing both a sample size and a proposed duration of the study.  

Table 2 shows that (g) have been used for illustration.  If the average meal 

consumed in the study were to have a mean of 800g and standard deviation of 100g, 

so that most meals consumed are between 500-1100g ie. ±3 SD of the mean, the 

effect size and sample size calculation can be based on being able to detect 

differences (between light colours) of certain proportions of this standard 

deviation.  For instance, for a study of 15 subjects, it could be said that it would have 

0.85 power to detect a difference of half a standard deviation (50g) between the 

mean (g) consumed under different light colours.  Some suggested values were: 

 

 

Table 2. Shows the number of participants required to achieve varying power and effect 

sizes, * denotes 15 participants can achieve a power of 0.85, and effect size of 0.50. 

Participants Power Effect Size (No. of SDs) 

5 0.8 0.93 

5 0.85 1 

5 0.9 1.07 

5 0.95 1.2 

10 0.8 0.59 

10 0.85 0.63 

10 0.9 0.67 

10 0.95 0.74 

15 0.8 0.47 
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15* 0.85* 0.50* 

15 0.9 0.53 

15 0.95 0.59 

 

The smaller the difference the study aims to detect, the more difficult it is and the 

more participants are required. It was determined that a difference of half a standard 

deviation 0.50 is considered to be a suitable effect size to apply (Sedlmeier and 

Gigerenzer, 1989., Bausell and Li, 2002), therefor as indicated by * a sample size of 

15 participants would be a good number to consider in order to achieve sufficient 

power and a medium effect size to provide rigour to the results. However, in order to 

reduce the potential for order effect as a consequence of the sequence of exposure 

to each lighting colour and the control, results are presented for 30 participants. This 

number was selected as it increased the power of the study, and whilst 

counterbalancing was not fully achieved due to design restrictions within the sensory 

laboratory with only 5 out of the possible 6 sequences being tested, Table 3. the 

potential for any undetected effect of order was reduced and will be analysed as part 

of the data analysis. 

 

Table 3. Latin square design showing the 6 possible sequences. 

 

 Sequence Sequence 

 1 W Y B 4 W B Y 

Participant 2 Y B W 5 B Y W 

 3 B W Y 6 Y W B 
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3.7 PARTICIPANT RECRUITMENT 

In total four groups were recruited to and recruitment was conducted under the 

blinded study title of: The Effects of Coloured Light on Mood whilst Eating. Promotion 

of the study was undertaken via the Sheffield Hallam Staff electronic newsletter, 

group emails to staff and PhD students, promotion by the supervisory team in 

lectures, and the wide and repeated distribution of recruitment posters throughout 

both the City and Collegiate Campuses. An example of a recruitment poster is 

provided (see appendix I).  

 

A review conducted by Sorensen et al. (2003) of 14 studies researching appetite and 

food intake focused on reducing variables of the study participants to strengthen the 

power of a study. Sorensen et al. (2003) suggest that participants recruited should 

be healthy subjects, ideally with a ‘normal’ body mass index of 18.5-25.0 kg/m2, 

aged between 18-50 years. However, it can be seen that the study by Cho et al. 

(2015) provides a mean BMI for each group randomly assigned to white, blue or 

yellow light with the mean BMI’s being 27.1 kg/m2, 27.9 kg/m2 and 26.6 kg/m2 so the 

average participant is defined as ‘overweight’. The decision was taken not to exclude 

participants from this study if their BMI exceeded 25 kg/m2, unless their BMI was a 

significant outlier to the rest of the group in order to avoid the sample becoming too 

heterogeneous. Prospective participants were initially interviewed by telephone to 

ensure they met the inclusion criteria using a telephone interview sheet (see 

appendix J).  

 

The inclusion criteria for participants were: 

 Participants aged 18 – 70 years 
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 Ideally a Normal Body Mass Index (BMI) score (18.5kg/m2 to 25kg/m2) 

 Males and females 

 Participants not taking any medication known to stimulate or suppress appetite 

 Stable weight (no loss or gained ≥ 2 kg in the preceding six month period) 

 No metabolic health conditions, particularly those known to effect appetite 

 Participants  have a normal eating behaviour, confirmed by the completion of 

the revised Three Factor Eating Questionnaire (TFEQ-R18) 

Note: The prevalence of male colour blindness was considered but since red and green were not 

used this was deemed not to be a significant control factor. 
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Figure 4. Recruitment Activity. 

 

In total 34 people were assessed for inclusion into the study, only 1 was excluded on 

health grounds due to taking medication for diabetes, and 3 withdrew before 

commencement of the study. In total, thirty non-obese participants (Age 26.8 (12.5) y; 

BMI 23.6 (3.16) kg/m2), males n=16 (Age 26 (11.6) y; BMI 23.6 (3.7) kg/m2) and 

females n=14 (Age 27.6 (13.9) y; BMI 23.6 (2.5) kg/m2) completed the present study.  

 

Participants were randomly assigned into four groups based on the date they 

People contacted directly n=15 

Not Interested n=0 Requested Study 

Information n=15 
Requested Info 

after seeing the 
advert n= 26 

People that received participant 

information sheets n=41 

Maintained Interest n=34 Lost Interest n=7 

Did not meet 

inclusion criteria n=1 
Met inclusion criteria 

n=33 

Completed the study 

n=30 
Dropped out before 

commencement n=3 
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volunteered, and exposure to the colours was randomised between groups as 

detailed in figure 5 in order to avoid any learning or sequence effects. Participants 

were assigned a numbered sensory booth alphabetically by surname, and were 

assigned a code deduced from their booth number and a gender initial as 

identification. In addition, two participants were unable to attend the planned second 

week where they would have been exposed to blue light and therefore received blue 

in a wash-up session on an additional week. The wash-up sessions improved the 

robustness of results by allowing more participants to be exposed to all three colours. 

 

Participant Code 

Group/Booth 

Number/Gender 

Week 1 Week 2 Week 3 

G1 B1 M White Blue Yellow 

G1 B2 M White Blue Yellow 

G1 B3 M White Yellow  Blue(Wash-Up) 

G1 B4 M White Yellow  Blue(Wash-Up) 

G1 B5 M White Blue Yellow 

G1 B6 M White Blue Yellow 

G2 B1 F White Blue Yellow 

G2 B2 F White Blue Yellow 

G2 B3 F White Blue Yellow 

G3 B1 F Blue Yellow White 

G3 B2 F Blue Yellow White 

G3 B3 M Blue Yellow White 

G3 B4 F Blue Yellow White 
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G3 B5 M Blue Yellow White 

G3 B6 F Blue Yellow White 

G3 B7 M Blue Yellow White 

G3 B8 F Blue Yellow White 

G3 B9 M Blue Yellow White 

G4 B1 M Yellow Blue White 

G4 B2 M Yellow Blue White 

G4 B3 F Yellow Blue White 

G4 B4 M Yellow Blue White 

G4 B5 F Yellow Blue White 

G4 B6 F Yellow Blue White 

G4 B7 F Yellow White Blue 

G4 B8 M Yellow White Blue 

G4 B9 F Yellow White Blue 

G4 B10 M Yellow White Blue 

G4 B11 M Yellow White Blue 

G4 B12 F Yellow White Blue 

Figure 5 Participant code and sequence of exposure to colour. 

 

 

3.8 PRE-STUDY REQUIREMENTS AND ACTIVITY 

Following the initial telephone interview a participant information and consent booklet 

(see appendix K), was provided to all participants in electronic format via email. It  

was explained to all participants that two paper copies of the booklet would be 

available for them to complete and sign, together with the Principle Investigator, on 

the morning of the first day of the study. One copy was retained by the participant, 
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and one copy was retained by the principle investigator. The Participant Information 

Sheet, Participant Consent Form were administered before the study commenced as 

part of the recruitment process.  

 

Participants were required to complete a 24 hour food and exercise diary for a day 

preceding the first study day and to repeat this prior to subsequent study days.  

Participants were instructed to use the diary to keep a record of their food 

consumption and were asked to refrain from vigorous exercise for the 24 hour period 

preceding each of their three study days. The 24 Hour Food and Exercise Diary is 

provided (see appendix L). Participants were also required to refrain from eating, 

with the exception of water, after their last meal the evening before the study in order 

to achieve metabolic homeostasis (Gibbons et al., 2014).  

 

 

3.9 THREE FACTOR EATING QUESTIONNAIRE (TFEQ-R18) 

When examining appetite, controlled recruitment of participants is a significant factor 

in reducing any natural variables which may arise from a participants ‘normal’ eating 

behaviour, or eating traits. Therefore a study requirement was the completion of the 

18 question Three Factor Eating Questionnaire (TFEQ-R18) (Karlsson et al., 2000) 

during the preliminary visit. The TFEQ-R18 was developed on the basis of 

psychometric analyses of the original 51-item TFEQ in a sample of 4377 Swedish, 

middle-aged, obese men and women (Karlsson et al., 2000). Although it was 

constructed using data from obese adults, it has been shown to be valid in the 

general population in France (De Lauzon et al., 2004) and in the United States 

(Cappelleri et al., 2009) which showed that TFEQ-R21 needed refinement. Three 
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items were removed from the CR domain, producing the revised version TFEQ-

R18V2 (Comparative Fit Index (CFI)=0.91) used for the present study. Testing 

TFEQ-R18V2 in the web-based sample of 1275 obese, overweight and normal 

weight adults supported the revised structure (CFI=0.96; Cronbach's coefficient 

alpha of 0.78-0.94), two independent datasets, the TFEQ-R18V2 showed robust 

factor structure and good reliability (Cappelleri et al., 2009). The TFEQ-R18 was also 

shown to be valid in female adolescents and adults in Finland (Angle et al., 2009), 

structural validity of the TFEQ-R18 was good in this sample of young Finnish 

females with a varying range of body weights. Use of the instrument as a measure of 

eating behaviour was thus corroborated. The questionnaire is composed of 18 

questions that measure 3 different aspects of eating behaviour: restrained eating 

(conscious restriction of food intake in order to control body mass; 6 items), 

uncontrolled eating (tendency to eat more than usual due to a loss of control over 

intake accompanied by subjective feelings of hunger; 9 items) and emotional eating 

(inability to resist emotional cues; 3 items). As recommended by Karlsson et al. 

(2000), responses to statements were completed on a 1-4 Likert scale (1= definitely 

false, 4 = definitely true) with the values being initially summated into scale scores 

for cognitive restraint, uncontrolled eating, and emotional eating, and later converted 

to a 0-100 scale using the following formula:  

 

(Raw score – lowest possible score) / (possible raw score range) x 100. 

 

The ranges for the items were 6–24 for cognitive restraint, 9–36 for uncontrolled 

eating, and 3–12 for emotional eating with higher scores in the respective scales 

being indicative of greater cognitive restraint, uncontrolled, or emotional eating.  High 
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levels of cognitive restraint have been associated with intent to diet and controlled 

eating (Lawson et al., 1995). However, it is important to consider that this scale was 

not designed to measure disordered eating behaviour, and does not designate a cut-

off score that would indicate the threshold of clinical levels of restrained eating. 

Therefore, participants were deemed as highly restrained eaters when scoring more 

than 18 (raw score out of a total of 24) or 66 (percentage score).Of the sample 

recruited, one male and one female, scored above the highly restrained eater 

threshold with a scores of 72 and 88 respectively, (see appendix M)., however due to 

the requirement to maintain a sample size of 30 and in case of withdrawals these 

participants were included within the study.  

 

In order to test if there were any associations or interactions for restraint within the 

results, restraint scores for all 30 participants were used as a covariate in the 

analysis of the data. 

 

 

3.10 ENGINEERING METHODS 

Reflecting upon the evidence provided by existing colour research (Sorensen et al., 

2003.,  Van Hoof et al., 2012., Hasenbeck et al., 2014) and subsequently by Cho et 

al. (2015), taking into consideration that this study aimed to research both coloured 

lighting and appetite, it was also necessary to observe very strict methods for 

technical engineering 

 

Following the identification that the lamp fittings within the sensory feeding booths at 

SHU would not support LED lamps, the following lamps were identified for use 
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within this study, with two corresponding coloured lamps being fitted to each booth 

on the corresponding weeks:    

 

 Blue Crompton Coloured Reflector ES-E27 240 Volt Lamps, 35 degree beam 

angle,  80mm Diameter/112mm Height 

 Yellow Crompton Coloured Reflector ES-E27 240 Volt Lamps, 35 degree 

beam angle,  80mm Diameter/112mm Height 

 

 

Table 4. Lamp Specifications 

Lamp Product 

Code 

Colour 

Temperature/Hue 

in Kelvin (k) 

Nominal 

Lumens 

(lm) 

Colour 

Rendering 

Munsell 

Scale Match 

Crompton 

R8060BES 

3425.6 15 80.76   5B Blue 

Crompton 

R8060YES 

2229.6 485 92 6Y Yellow 

B00CNKHXRS 

E27 

6000 1080 N/A 10 White 

 

The colour temperature, or hue, is described in Kelvin (Valdez and Mehrabian, 1994) 

and has been matched to the nearest colour notation on the Munsell scale (Munsell, 

1961). Figure 6 provides some context with regard to the numerical Kelvin colour 

temperature of the lamps selected, giving parameters such as the midday sun, 

moonlight and sunrise and sunset.  From this colour temperature chart it can be 

determined that the colour temperature of the blue coloured lamp at 3425.6k is 
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situated just beneath the colour temperature of 3500k of the morning and evening 

sun. It can also be determined that the colour temperature of yellow coloured lamp at 

2229.6k is just beneath the colour temperature of 2500k of sunrise and sunset. 

According to the chart, a white light bulb is 3000k and is situated equidistantly 

between 2500k of sunrise and sunset, and 3500k of morning and evening sun.  Cho 

et al. (2015) did not provide details of the colour temperature used. The relevance of 

the colour temperature used in the present study will be presented in the concluding 

chapter. 
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Figure 6. Colour Temperature (Hue) Chart taken from 

http://www.photographymad.com/pages/view/what-is-colour-temperature 

 

 

3.11 STUDY MEAL SELECTION  

In deciding on the composition and timing of the meal to be consumed, consideration 
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was given to the existing research evidence.  In developing the methods for the 

present study, methodological weaknesses identified in the study by Cho et al. (2015) 

were considered, such as the decision to use a composite breakfast meal made up of 

separate components of a pre-made ham and cheese omelette and mini pancakes. 

The reasons given by the researchers for selecting these food items were that they 

were recognisable breakfast foods in North America (Cho et al., 2015). However, as 

the measure of consumption was made by weight of food consumed, the use of 

multiple components in the meal containing varied protein and carbohydrate density 

and calorific values was not methodologically sound, and therefor reduces the 

robustness of their results. Therefore, the decision was taken to provide a 

homogenous meal (Hill et al., 1995., Blundell et al., 2010). Additionally, the decision 

to provide a breakfast meal, whilst enabling a fast from the evening meal the previous 

night, did not allow for the delivery of a controlled meal prior to the study to further 

control any variables (Gibbons et al., 2014).  As a result of the methodological 

weaknesses identified within the study by Cho et al. (2015) decisions were made to 

provide the ad libitum lunch meal at 12.00pm midday, following a pre-study fast 

overnight and the consumption of a controlled  breakfast meal at 9am on the morning 

of the study.   

 

Following numerous trials of potential meals for the controlled breakfast and study 

lunch meal, the controlled breakfast meal chosen was a Kellogg’s Nutrigrain 

Elevensies Raisin Bake bar. Whilst the energy density of the control breakfast was 

the same for males and females, it was standardised so any varying effects on 

satiety prior to consuming the study meal was consistent for each lighting condition.  
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The controlled breakfast meal was consumed at 9am on the morning of the study day 

and consisted of: Kellogg’s Nutri-Grain Elevenses Raisin Bake, portion size delivered 

at 0.75g per kilo of participant body weight, and two 330ml bottles (660ml in total) of 

Harrogate still water. The nutritional content of the Nutri-grain bake are provided in 

Table 5.  

 

Table 5. Nutritional Content of Kellogs’ Nutrigrain Elevensies Bar 

Kellogg’s Nutri-grain Elevensies 

Raisin Bake 

Per 100g Recommended Daily 

Intake 

Energy 1569kJ  

372 kcal 

8400kJ 

2000 kcal 
Fat 9 g 70 g 

of which saturates 0.8 g 20 g 

Carbohydrate 67 g - 

of which are sugars 40 g 90 g 

Fibre 2.5 g - 

Protein 4.5 g - 

Salt 0.45 g 6 g 

Vitamins % NRV - 

Thiamin (B1) 0.62 mg  

(56) 

- 

Riboflavin (B2) 0.78 mg 

(56) 

- 

Niacin 9.0 mg 

(56) 

- 

Vitamin B6 0.78 mg 

(56) 

- 

Folic Acid 112 ug 

(56) 

- 

Vitamin B12 1.4 ug 

(56) 

- 

Iron 5.3 mg - 
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         (38) 

 

 

The homogenous lunch meal chosen for the study meal consisted of white penne 

pasta in DolmioTM tomato and basil sauce.  The decision to use a homogenous meal 

was taken to ensure that the protein density and calorific value of the entire study 

meal was consistent from the first spoon consumed through to the last (Hill et al., 

1995., Blundell et al., 2010). Participants were required to eat the ad libitum 

homogenous lunch meal until they felt comfortably full and satisfied; the meal was 

served in portions of 500g. Participants were able to indicate they needed more food 

by depressing a switch within the sensory booth activating an external light only 

visible to the research team. A further 500g portion of the pasta lunch meal was then 

provided without the requirement for any interaction between the participant and the 

research team.  A standard operating procedure (SOP) for the production of the 

study lunch meal was developed which details controls from the purchase and supply 

of the ingredients, to the method of cooking and maintaining the temperature of the 

study meal whilst serving. The dried white Penne Pasta was placed into a large 

saucepan 2/3 filled with already boiling water (heated to a rolling boil) for a minimum 

of 12 minutes and a maximum of 15 minutes,  and then drained. The Dolmio™ 

Tomato and Basil sauce was heated in a separate medium sized saucepan to a 

minimum temperature of 63 degrees centigrade, and maximum temperature of 75 

degrees centigrade (Food Standards Agency, 2007). The SOP for Food Production is 

provided (see appendix N). The calorific and nutritional values of the pre-load 

breakfast and study meal are provided in table 5. 

 



100 

 

 

The ad libitum study lunch meal was consumed between 12.00 and 12.30 pm and 

was made up of Penne White Pasta and DolmioTM Tomato and Basil Sauce which 

was combined in volumes of 12kg of pasta (cooked weight) to 5kg of DolmioTM 

sauce. The nutritional contents are provided in table 6 for a 500g portion of the 

cooked penne pasta and DolmioTM sauce. 

Table 6. Nutritional content of the study meal 
Cooked White Penne Pasta in 

Dolmio
TM

 Tomato and Basil 

Pasta Sauce 

Per 500g Recommended Daily 

Intake 

Energy 3,540kJ  

710 kcal 

8400kJ 

2000 kcal 
Fat 3.9 g 70 g 

of which saturates 0.67 g 20 g 

Carbohydrate 141 g - 

of which are sugars 12.7 g 90 g 

Fibre 4.5 g - 

Protein 24.2 g - 

Salt 1.1 g 6 g 

 

The ad libitum study meals were served in on square white china plates, 

accompanied by a stainless steel knife, fork, spoon and paper napkin. The same 

style of plate and cutlery were used throughout the study.  Pictures of the study 

meal under each lighting condition are shown in figures 7, 8 and 9. 
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Figure 7. Lunch meal under White light 

 

 

Figure 8. Lunch meal under Blue light 

 

 

Figure 9. Lunch meal under Yellow light 
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3.12 DATA COLLECTION  

3.12.1 Appetite  

Sorensen et al (2003) recommends that appetite should be measured by self-

evaluation using Visual Analogue Scales (VAS). Flint et al. (2000) support the use of 

VAS asserting that they provide good reproducibility, and are a valid assessment of 

appetite sensations, a view supported by Stubbs et al. (2000) who highlights that 

VAS act as a useful adjunct to measures of food, energy and nutrient intake. VAS 

show sensitivity to experimental manipulations and good reproducibility (Flint et al., 

2000). VAS are horizontal lines of varying length, with statements anchored at each 

end describing the extremes of a unipolar question, (for example for hunger: ‘I have 

never been more hungry’/ ‘I am not hungry at all’) (Sorensen, 2003 p1153). 

Participants indicate their feelings by making a mark along a horizontal line 

measuring 100mm in length with quantification being made by measuring distance 

from the left end of the line to provide a score out of 100. Data from the present 

study were gathered using paper based VAS for appetite and visual palatability 

(hedonic impression). The principle investigator measured all VAS to ensure there 

were no differences in interpretation of the results. 

 

In order to determine any differences in appetite ratings between the colours, VAS, 

(see appendix O), were completed at five set times points before, during and post 

consumption of the study meal at 11.00pm, 12.00pm, 12.15pm, 12.30pm, 12.50pm. 

In order to minimise interaction with participants, timing of completion were indicated 

by the sounding of a whistle. Levels of hunger, fullness, desire to eat, capacity to eat 

and thirst were all measured along their own separate scales.  A single appetite 

score was derived using a combined score of four of the scales rated 1 – 100mm, 
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hunger, fullness, desire to eat and capacity to eat. The scores for hunger, desire to 

eat and capacity to eat were combined, together with the reverse score for fullness 

with a range of 1 - 400mm. On order to test for any effect of colour on hunger 

specifically, hunger scores were analysed separately.  

 

 

3.12.2 Visual Palatability (Hedonic Impression) 

On each of the study days the participants completed one visual palatability VAS at 

12.00pm in order to measure hedonic impression of the food prior to tasting it (see 

appendix P). 

 

3.12.3 Mood 

As per a recommendation from Cho et al. (2015), mood state was also measured 

during the study in order to identify any differences under, and between, each 

lighting condition, the absence of which is recognised as a weakness in their own 

study.  The measuring of mood state also supported the blinding of participants as 

they believed the study to be: The Effects of Coloured Light on Mood Whilst Eating. 

The tool selected to measure mood was the Profile of Mood State (POMS) 

questionnaire (McNair, 1971) which is a standard validated psychological test. The 

questionnaire contains 65 words/statements that describe feelings people have. 

Validity of the tool is supported for use in an adult population (Terry et al., 2003) 

confirmatory factor analysis provided support for the factorial validity of a 24-item, 

six-factor model using both independent and multi-sample analyses. The test 

required participants to indicate for each word or statement how they were feeling 

and the results are represented by an aggregated Total Mood Disturbance (TMD) 

score. A TMD score is calculated by adding the raw scores from tension, depression, 
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anger, fatigue and confusion and then subtracting a vigour score. This gives a value 

between –24 and 177, with lower scores indicative of people with more stable mood 

profiles.  Therefor a numerically declining score indicates an improving mood, and 

transversely a numerically increasing score indicates a worsening of mood. 

Participants were required to complete a POMS questionnaire (see appendix M) at 

three points over the duration of the study at 11am, 12pm and 12.30pm. 

 

3.12.4 Food Consumption 

Food consumption was measured by weighing the food remaining on each 

participant’s plate from the ad libitum meal described in section 3.11 at the end of 30 

minutes allowed. The weight of the china plates used was excluded from the 

measurements by utilising the ‘tear’ option on the calibrated scientific scales located 

within the sensory laboratory metabolic kitchen.  Each 500g portion of the lunch meal 

was precisely weighed using calibrated weighing scales. Car was taken to include 

any food stuff remaining on cutlery. 

 

3.12.5 Data Collection Summary 

Data were collected using the following tools:  

 Appetite rated using Visual Analogue Scales (VAS)  

 Visual Palatability - Hedonic Impression rated using VAS  

 Mood state rated using Profile of Mood State (POMS) Total Mood Disturbance 

(TMD)  

 Food consumption measured by weight in grams (g) 

 

The gathering of the data using these tools was undertaken on five separate 



105 

 

occasions during the study at the set times detailed. The paper copies of the data 

tool packs were placed in the sensory booths for completion during the meal 

session, together with a pen, to prevent any interaction taking place during the study 

meal.  

 

Despite the present study hypothesis indicating that it may be possible for coloured 

lighting to manipulate the circadian rhythm to modulate food consumption via the 

secretion of the appetite stimulating hormone ghrelin (Demarco and Clarke, 2001., 

Kuller et al.,  2006.,  Rot et al., 2008., Munich and Bromundt, 2012, Ellis et al., 

2013),it was not possible to measure ghrelin levels as part of the present study. This 

was due to the processes involved in the measurement of ghrelin, which requires 

blood samples to be taken from participants in order to test blood chemistry (Broom 

et al., 2008). Due to restrictions of funding, it was not possible to recruit a suitably 

trained medical professional to undertake such tests or analyse ghrelin.  The 

absence of ghrelin level measurement will be discussed in chapter 5 in study 

limitations. 

 

3.13 STUDY DAY ACTIVITY 

Participants were provided with their standardised breakfast and required to consume 

this at 09.00am either in the laboratory itself, or in their work/study area. A text 

reminder was sent to ensure compliance. As described each controlled breakfast, 

consisting of a Kellogg’s Nutrigrain Elevensies Raisin Bake, was calculated for 

participants individually at 0.75g per kilogram of body weight. Participants were also 

provided with 660ml of Harrogate still water and were required not to eat or drink 

again until the study meal at 12.00pm.  
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At 11.00am the first of the data tool packs were completed consisting of a POMS 

questionnaire and appetite VAS.  At 11.15 to 11.45am the homogenous study meal 

of white penne pasta in DolmioTM tomato and basil sauce was prepared in the 

sensory laboratory metabolic kitchens. The meal was prepared fresh to be ready for 

11.45am, and held to a temperature standardised temperatureas per Food Hygiene 

Regulations 2006 and EC Regulations 852/2004 (Food Standards Agency, 2007). 

Temperature was tested using a calibrated temperature food probe. It was possible 

to hold the meal at a minimum of 63 degrees centigrade for a maximum period of 2 

hours (Food Standards Agency, 2007) which was more than sufficient for the 

consumption period of the study of 30 minutes. At 11.55am, participants were seated 

in their sensory booth, which were already illuminated with the coloured light, as 

designated by their unique participant code.  At 12.00pm the study meal was served 

to each participant through the sensory booth access door hatch to minimise any 

interaction during the study. The study meal was served in 500g portions.  The 

second of the data tool packs were completed which included as VAS for hedonic 

impression of visual palatability, VAS for appetite and POMS.  Participants indicated 

they required more food via a switch inside the sensory booth which illuminated a 

light indicator on the outside of the feeding booth. Additional 500g portions of the 

pasta study meal were provided as many times as the participant indicated. At 

12.15pm the third of the data tool packs were completed which contained a VAS for 

appetite. At 12.30pm a whistle was used to indicate that eating must stop and the 

fourth data tool pack was completed.  This contained a VAS for appetite and a POMS 

and on completion participants were escorted from the sensory booths back to a 

seminar room within the laboratory. 
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Between 12.35 to 12.50pm individual participants plates were collected from their 

sensory booths and the food remaining was weighted and then subtracted from the 

total food that had been requested to give a weight of food consumed. At 12.50pm 

the fifth and final data tool pack was completed which contained a VAS for appetite, 

participants were then free to leave. Participants were devoid of external food cues 

but were not devoid of time cues. Figure 10 shows the study day activity. 
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Figure 10: Study Day Activity 
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3.14 STUDY DAY CAPACITY 

As a result of the design of the present study, and as a reflection of the multitude of 

tasks that were required to take place simultaneously on the study day itself including 

responding to sensory laboratory indicator lights with additional food, it was 

necessary to recruit additional capacity in the form of trained research assistants.  

The research assistants were university students from the University of Hull, Sheffield 

Hallam and  Loughborough University, studying nutrition related modules. All three 

volunteered to work as research assistants on the study in order to gain experience 

and add to their research portfolios. All three research assistants were formally 

inducted into the sensory laboratory, and provided with a SHU Special Technical 

Facilities Safety Guidance Notes document and the two SOP’s specific to this study 

for Food Production and Data Administration.  The research assistants were 

supervised at all times by the Principle Researcher.  

 

3.15 POST-STUDY DEBRIEF 

As the participants had been blinded to the true nature of the studyit was necessary 

to undertake a post-study debrief session. At this session all participants were  

informed of their duty of confidentiality with regard to sensitive information and 

Intellectual Property, which was  confirmed by the signing of a Non-Disclosure 

Agreement (NDA), (see appendix Q). A PowerPoint presentation highlighted the 

study aims and hypotheses and participants were given an opportunity to ask 

questions. A lunch accompanied with drinks was provided for volunteering their time.  
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3.16 STATISTICAL ANALYSIS OF THE DATA AND STORAGE 

The present study used repeated measures within subject group design. A repeated 

measures design is described by Field (2011) as using the same participants for all of 

your experimental conditions. This is in contrast to an independent group design, in 

which different groups of participants for different experimental conditions are used 

so that each participant is exposed to just one condition (Howitt and Cramer, 2011). 

A benefit of using repeated measures is it allows the researcher to exclude the 

effects of individual differences that could occur if two different people were used 

instead (Howitt and Cramer, 2011). Another benefit of repeated measures is it 

requires fewer participants than independent groups. For example, whereas repeated 

measures may only need 20 participants, independent groups would need 20 

participants for each condition (Howitt and Cramer, 2011). Repeated-measures are 

therefore quicker and easier to successfully recruit the necessary number of 

participants. The requirement for recruitment of less participants, whilst maintained 

the power of the results, was a major factor in the selection of repeated measures 

design for the present study due to the financial and time restrictions of the principle 

investigator., 

However, using the same participants for all conditions can lead to difficulties 

counteracting problems of order effects. Results could therefore be due to boredom 

effecting concentration and performance in reaction times or accuracy (Pan, Shell & 

Schleifer, 1994). Although, according to Field (2011) the risks of order effects can be 

reduced by counterbalancing, for example, the participants would be exposed to 

each condition in a different sequence. The results should then be less affected by 

factors such as boredom and practice. Additionally, researchers can also provide 
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breaks during the experiment to counteract boredom and loss of concentration (Pan, 

Shell & Schleifer, 1994). As a result, a 6 day wash-out period was part of the present 

study design. Taking all of these factors into account, the benefits of a repeated 

measures design, together with methods to reduce any negative effects, were felt to 

be most appropriate for the present study. 

During the study all data gathered was written onto a paper based master table, eg. 

weight of food consumed, or filed within lever arch files containing plastic pockets 

labelled by participant name and code, eg. VAS/POMS. All information relating to the 

study was stored securely within a secure cupboard with restricted access within the 

university building. 

 

Data collected were continuous variables for weight of food consumed, mood, 

appetite and visual palatability. Data were analysed using the Statistical Package for 

the Social Sciences (SPSS) software ver. 20.0 for Windows (SPSS, Chicago, IL). 

Normal distribution was calculated using Shapiro-Wilks test of normality. One-way 

ANOVA with repeated measures and 3*2 ANOVA were used to assess differences 

between colours, and between colour*sex, colour*restraint, colour*sequence, 

colour*appetite. To assess the effect of colour on hunger, a linear repeated 

measures mixed model, with subjects as random effects, was fitted to hunger at 

times 1200, 1215, 1230 and 1250.  This gave the advantage of being able to fit a 

baseline measure of hunger (at 1100) as one covariate, and volume of food 

consumed as another, while sex was treated as a fixed factor.  An unstructured 

covariance matrix was assumed. 

 

Sphericity is assumed where significance is above 0.05, where this is less than 0.05 
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the Greenhouse Geisser (GG) adjustment was used. Where significant differences 

were detected, post hoc comparisons between independent variables were 

conducted using Bonferroni post-hoc tests. P values used are for two tailed tests 

(Kock, 2015) as the analysis looked to identify either an increase of decrease against 

the white control. Statistical significance, alpha, was accepted at the 5% level.  The 

power achieved in the present study was above 0.8, with most analysis being above 

0.9. 

 

 

3.17 CHAPTER SUMMARY AND IMPLICATIONS FOR RESULTS DISCUSSION 

With regard to the context of the present study, knowledge was acquired through 

developing an original idea and identifying a novel   research question, Can exposure 

to coloured lighting modulate food consumption?. Authoritative knowledge was then 

derived from the review of literature, and it was the logical reasoning of this 

knowledge that formed a hypothesis that coloured lighting may potentially manipulate 

the circadian rhythm to modulate food consumption. The hypothesis was confirmed 

as being suitable for further investigation and that there was potential to contribute 

new knowledge to the field of investigation. A research paradigm of quantitative 

methodology and methods was justified from the critical review of the available 

literature. Assumptions made regarding epistemological and methodological issues 

were tested by undertaking a small-scale simulation of the methods. Detailed 

descriptions of the methods have been set out within this chapter, together with the 

accompanying documents used. Ethical issues arising from the study methods were 

considered in the context of participant recruitment, and an account of the approval 

process within SHU is provided. Within the next chapter the results of the study are 

presented.  
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CHAPTER 4 - RESULTS  

4.1 CHARACTERISTICS OF SAMPLE 

Thirty non-obese participants (Age 26.8 (12.5) y; BMI 23.6 (3.16) kg/m2), males n=16 

(Age 26 (11.6) y; BMI 23.6 (3.7) kg/m2) and females n=14 (Age 27.6 (13.9) y; BMI 

23.6 (2.5) kg/m2) completed the present study.  

   

The sequences in which participants were exposed to coloured light were as shown 

in Table 7. 

 

Table 7. Number of Participants Exposed by Sequence 

Sequence No. of Males No. of Females Total 

WBY 4 3 7 

WYB 2 0 2 

YWB 3 3 6 

YBW 3 3 6 

BYW 4 5 9 

 

Mean results for TFEQ-R18 for the sample can be seen in Table 8, and in figures 11 

and 12.  

Table 8. Mean and SD of TFEQ-R18 

 Male (n=16) Female (n=14) Overall (n=30) 

 Mean  SD Mean  SD Mean  SD 

Restrained 25.69 21.73 38.50 21.96 31.67 22.42 

Uncontrolled 44.44 20.68 44.64 18.89 44.53 19.52 

Emotional 32.21 27.37 42.43 25.84 37.03 26.71 
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Figure 11. Mean results for TFEQ-R18 for the sample (n=30).   

 

 

Figure 12. Mean results for TFEQ-R18 by sex.  
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4.2 VOLUME OF FOOD CONSUMED 

4.2.1 Food Consumption by Light Colour  

Table 9 Mean Food Consumption (g) 

 Male (n=16) Female (n=14) Overall (n=30) 

 Mean (g) SD Mean (g) SD Mean (g) SD 

White 881.94 275.91 568.36 196.96 735.60 286.50 

Blue 801.94 298.27 539.79 217.93 679.60 291.55 

Yellow 1055.56 293.62 579.57 162.27 833.43 338.72 

Overall 913.15  562.57  749.54  

 

As can be seen in table 9, there was a mean difference in food consumption for the 

group between white and yellow -97.83g (95% CI -174.15, -21.51), between blue 

and yellow -153.83g (95% CI -257.10, -50.56), and white and blue 56.00g (95% CI -

7.20, 119.20). Female food consumption was on average 350.57g less than male 

consumption. Under white light female consumption was 313.58g less than males, 

under blue light female consumption was 262.15g less than males, and under yellow 

light female consumption was 475.99g less than males.  

 

4.2.2 Unadjusted Impact of Colour on Food Consumption 

A repeated measures ANOVA indicated a significant association overall between 

lighting colour and food consumption for the group (n = 30) [F (1.493, 43.293) = 

11.464, P ≤ 0.001]. As shown in figure 13, Bonferroni post-hoc analysis identified 

that food consumption significantly differed between white and yellow (P = 0.009), 

and blue and yellow (P = 0.002).  Food consumption did not differ between white and 

blue (P = 0.096).    
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Figure 13. Mean of the sample (n=30) volume of food consumed by lighting colour. 

Consumption under white light was 735.6g, blue light 679.6g, and yellow  light 833.4g  

a
consumption different between yellow light and white light P = 0.009.b consumption different 

between blue lighting and yellow light P = 0.002. Error bars show confidence interval at 95%. 

 

 

4.2.3 Impact of Sex on the Colour/ Food Consumption Relationship  

A 3*2 ANOVA indicated a significant interaction between lighting colour and sex in 

their effect on volume of food consumed. Lighting colour remained significant 

[F(1.606, 44.955) = 12.536, P ≤ 0.001], while lighting colour*sex  [F(1.606, 44.955) = 

7.097, P = 0.004] indicated a significance difference between the sexes in terms of 

the effect of lighting colour as is indicated by Table 6. There was also a significant 

main effect of sex [F(1,28) = 17.132, P ≤ 0.001].  As shown in figure 14, there was a 
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0.002), but not in females (P = 1.000), a significant difference between blue and 

yellow in males (P = 0.002), but not in females (P = 0.884), and no difference 

between white and blue in males (P = 0.124) or females (P = 1.000).    
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Figure 14. Mean of sample by sex (n=16 males, n=14 females) volume of food consumed by 

lighting colour. Males consumed 881.9g under white, 801.9g under blue, and 1055.6g under 

yellow. Females consumed 568.4g under white, 539.8g under blue and 579.6g under yellow. 

a
consumption different in males between yellow lighting and white lighting 

P=0.002.
b
consumption different in males between yellow lighting and blue lighting P=0.002. 

The N.S. indicates no significant difference in females at P > 0.05. Error bars represent 

confidence interval at 95%. 
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Table 10. Mean Food Consumption by Sequence (g) 

 

All.White.Vol All.Blue.Vol All.Yell.Vol 

Mean 

Standard 

Deviation Mean 

Standard 

Deviation Mean 

Standard 

Deviation 

Sequence BYW 9 671.33 227.40 639.44 269.15 729.78 240.74 

WBY 7 853.14 458.76 802.00 411.20 961.43 553.64 

WYB 2 881.50 2.12 806.00 14.14 1000.00 .00 

YBW 6 697.00 291.89 734.50 303.79 813.00 281.67 

YWB 6 684.83 124.19 500.00 96.33 804.50 265.85 

 

 

Sequence has been adjusted for in the ANOVA model by the addition of a main 

effect of sequence and a colour*sequence interaction term to the model of section 

4.2.3. This does not indicate a significant effect on food consumption of sequence 

[F(4,21) = 0.526, P = 0.718] nor of a moderating effect of sequence on the 

colour/consumption relationship [F(6.251, 32.820) = 1.134, P = 0.365] given that sex 

has also been accounted for.   
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4.2.5 Impact of Restraint on the Colour*Sex / Food Consumption Relationship 

 

Figure 15. Results for volume of food consumed by restraint for the group. 

 

Figure 15 shows volume of food consumed by restraint score.  Although those with 

high restraint ate small volumes and those eating high volumes had low restraint, 

overall there is not a strong relationship, as many with low restraint also ate small 

volumes.  There is no consistent relationship with colour. 

 

The addition of restraint scores shown in Table 8 and a further 2-way interaction 

(colour*restraint) to the ANOVA model of section 4.2.3 does not indicate a significant 

effect on food consumption either within subjects (colour*restraint) [F(2,54) =0.22, 

P=0.979] or between subjects (restraint) [F(1,27)=0.015, P=0.903. 
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4.2.6 Impact of Visual Palatability on the Colour*Sex / Food Consumption 

Relationship 

Despite there being a significant difference in visual palatability scores between 

white and blue lighting for the sample and by sex P ≤ 0.001, and blue and yellow 

lighting for the sample and by sex P ≤ 0.001, as shown in figures 16 and 17, the 

addition of a further 2-way interaction (colour*visual palatability) to the ANOVA 

model of section 4.2.3 does not indicate a significant effect on food consumption 

either within subjects for white [F(1.600,40.001) = 0.776, P = 0.441], blue 

[F(1.600,40.001) = 0.941, P = 0.380], or yellow [F(1.600,40.001) = 0.093, P =0.870], 

or between subjects (visual palatability) for white [F(1,25) = 0.003,  P = 0.954], blue 

[F(1,25) = 0.002, P = 0.963], or yellow [F(1,25) = 0.016,P = 0.899]. 

 

 

Figure 16. Mean visual palatability for the sample (n=30) by lighting colour.  
a
visual 

palatability different between white and blue lighting P ≤ 0.001;
 b

visual palatability different  

between yellow and blue lighting P ≤ 0.001. Error bars represent the confidence interval. 
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Figure 17. Mean results by sex for visual palatability by lighting colour.  
a
visual palatability 

different between white and blue lighting in males P ≤ 0.001;
 b

visual palatability different 

between white and blue lighting in females P ≤ 0.001; 
c
visual palatability different between 

yellow and blue lighting in males P ≤ 0.001; 
d
visual palatability different between yellow and 

blue lighting in females P ≤ 0.001. Error bars represent the confidence interval. 

 

4.3 APPETITE 

4.3.1 Impact of Colour on Appetite  

Table 11 shows the results of the repeated measures mixed model, with subjects as 

random effects, which was fitted to appetite at times 1200, 1215, 1230 and 1250.  A 

baseline measure of appetite (at 1100) was used as one covariate, and volume of 

food consumed as another, while sex was treated as a fixed factor.  An unstructured 

covariance matrix was assumed. Once baseline appetite was accounted for there 

were significant differences in appetite at the different time points. There was no 

significant effect on appetite of colour, volume of food consumed or sex. Overall 

there is no significant main effect of colour. The means for the group, and by sex, are 

provided at figures 18 and 19. 
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Table 11. Results for Appetite scores. 

Type III Tests of Fixed Effects
a
 

Source Numerator df Denominator df F Sig. 

Intercept 1 82.924 92.286 .000 

Time 3 29.000 112.093 .000 

Colour 2 26.207 .117 .890 

Sex 1 26.452 .182 .673 

App11 1 67.967 48.394 .000 

Time * Colour 6 29.000 1.883 .118 

a. Dependent Variable: Appetite. 

 

 

 

 

 

Figure 18. Mean of the sample (n-30) Appetite score over time at 5 points. Grey shaded 

rectangle indicates first exposure to coloured lighting condition on entering sensory booth at 

11.55pm. Black shaded rectangle indicates meal consumption period from 12.00-12.30pm. 

There is no difference between the results under any of the lighting colours. Error bars have 

been removed to improve clarity. 
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Figure 19. Mean of the sample by sex (males n=16, female n=14) for Appetite score over 

time at 5 points. Grey shaded rectangle indicates first exposure to coloured lighting condition 

on entering sensory booth at 11.55pm. Black shaded rectangle indicates meal consumption 

period from 12.00pm -12.30pm. There is no difference between the results under any of the 

lighting colours. Error bars have been removed to improve clarity. 

 

4.4 HUNGER 

4.4.1 Impact of Colour on Hunger  

 

Table 12. Results for Hunger Scores 

Type III Tests of Fixed Effectsa 

Source 

Numerator 

df 

Denominator 

df F Sig. 

Intercept 1 50.429 77.099 .000 

Sex 1 23.463 .887 .356 

Colour 2 28.372 1.711 .199 

Time 3 29.000 208.006 .000 

Volume 1 32.798 .282 .599 

Hunger11 1 62.186 17.220 .000 

a. Dependent Variable: Hunger. 
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baseline measure of hunger (at 1100) was used as one covariate, and volume of 

food consumed as another, while sex was treated as a fixed factor.  An unstructured 

covariance matrix was assumed. Once baseline hunger was accounted for there 

were still significant differences in hunger at the different time points. There was no 

significant effect on hunger of colour, volume of food consumed or sex. 

 

4.5 MOOD 

4.5.1 Impact of Colour on Mood  

Table 13 shows the results of the repeated measures mixed model, with subjects as 

random effects, which was fitted to mood at times 1200 and 1230.  A baseline 

measure of mood (at 1100) was used as one covariate, while sex was treated as a 

fixed factor.  An unstructured covariance matrix was assumed. Once baseline mood 

was accounted for there was no consistent overall significant main effect of colour on 

mood. The means for the group, and by sex, are provided at figures 20 and 21. 

 

Table 13. Results for Mood Scores 

Type III Tests of Fixed Effects
a
 

Source Numerator df Denominator df F Sig. 

Intercept 1 26.299 1.544 .225 

Sex 1 23.088 .120 .732 

Time 1 29.000 8.410 .007 

Colour 2 28.243 .914 .412 

Mood11 1 63.919 83.720 .000 

a. Dependent Variable: Mood. 
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Figure 20. Mean of sample (n=30) for Mood POMS collected over 3 time points. Grey 

shaded rectangle indicates first exposure to coloured lighting condition on entering sensory 

booth at 11.55pm. Black shaded rectangle indicates meal consumption period from 12.00-

12.30pm. 
a
Mood POMS trend between colours is different at 12.00pm under yellow lighting 

than white lighting P = 0.015.  b Mood POMS trend between colours is different at 12.30pm 

between yellow lighting and blue lighting P = 0.043.  
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Figure 21. Mean of the sample by sex (male n=16, female mean n=14) for Mood POMS 

collected over 3 time points. Grey shaded rectangle indicates first exposure to coloured 

lighting condition on entering sensory booth at 11.55pm. Black shaded rectangle indicates 

meal consumption period from 12.00-12.30pm. No difference detected between the sexes at 

any time point either between or within any colour. 
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CHAPTER 5 - DISCUSSION 

 

5.1 INTRODUCTION  

In this chapter results presented in Chapter 4 are interpreted and critically discussed 

in the context of the research hypothesis, in order to formulate a deeper, more 

profound understanding of the subject. The underlying meaning of the study is 

presented, and any implications of the findings for other research examining the 

modulation of food consumption using coloured lighting are presented. The relative 

importance of the findings is assessed in the context of contributing new knowledge 

to the field, recommendations are made and the practical implications highlighted. 

 

The key findings from this research are that there was a significant increase in food 

consumption under yellow lighting conditions compared to the white control for the 

sample, and a significant difference in food consumption between the yellow and blue 

lighting conditions. There was a significant interaction effect of sex and colour of 

lighting on food consumption, with males consuming significantly more food during 

exposure to yellow lighting conditions compared to the white control, and a significant 

difference in food consumption between yellow and blue lighting conditions. However, 

there was no significant increase or decrease in consumption in females under any of 

the coloured lighting conditions. This finding is supported by Cho et al. (2015) who 

found female food consumption was unaffected by lighting colour. The findings of this 

study in relation to no significant reduction in food consumption under blue lighting 

against a white control are in contrast to the findings of Cho et al. (2015) who found a 

significant decrease in consumption under blue lighting compared to a white control, 

and no significant difference in consumption in males between yellow and white 
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lighting conditions. However, Cho et al. (2015) did detect a significant difference in 

consumption by males between yellow and blue lighting conditions, although they 

reported this as evidence of reduced consumption under blue lighting, whereas equally 

this could indicate increased consumption as a result of exposure to yellow lighting. 

The study by Cho et al. (2015) did not publish the results for the sample, only by sex. 

 

There was no effect on food consumption of appetite, hunger, sequence, restraint, 

visual palatability, or mood. These findings are supported by the findings of Cho et al. 

(2015) who found no difference to any other factor measured. However, there was a 

significant difference in mood for the sample at 12.00pm with mood being better at first 

exposure to yellow lighting conditions compared to white lighting conditions; however, 

there was no difference between these colours at the end of the 30 minute eating 

episode at 12.30pm. The study by Cho et al. (2015) did not measure the effect of 

coloured lighting on mood, although the measurement of mood was a 

recommendation from their study. 

 

Results for visual palatability (hedonic impression) were significant for both the sample 

as a whole and by sex. There was a significant difference in hedonic impression for 

the sample and in both sexes between yellow lighting and blue lighting, but not 

between yellow lighting and white lighting.  Hedonic impression results showed that 

food was rated as looking the most pleasant to taste under yellow lighting, and the 

least pleasant to taste under blue lighting.  These findings are supported by previous 

findings of hedonic impression of food, and photographs of food, under blue and 

yellow lighting conditions (Suk et al., 2012, Hasenbeck et al., 2014; Cho et al., 

2015).There was no difference in appetite ratings (desire to eat), or hunger between 
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any of the colours for either the sample or by sex. This finding is supported by 

previous findings by Cho et al. (2015).  

 

Weaknesses in study design by Cho et al. (2015) were identified in order to 

strengthen the design of the present study. Unlike Cho et al. (2015) which undertook 

a comparative study of 112 participants by sex, the present study used repeated 

measures, within subject group design comparing both sample and sex within and 

between participants. Effect size and power were considered in order to identify a 

suitable sample size, in total 30 participants completed the present study. Variables 

were controlled such as; food intake prior to the study, inclusion/exclusion criteria, 

blinding, randomisation, wash-out period, and by conducting the study within a 

controlled laboratory environment. Data was gathered for volume of food consumed, 

visual palatability, appetite, restraint, and mood, therefor there can be increased 

confidence in the data. 

 

In particular, the increases in food consumption for the sample, and in males, under 

yellow lighting conditions compared to white lighting conditions are novel findings. 

These novel findings could be relevant in the context of malnutrition amongst hospital 

patients (Better Hospital Food, 2001., BNF, 2004, Warner, 2004., Savage and Scott, 

2005., BDA, 2006., Age Concern 2006.,  Age UK., 2010., Edmondson-Jones, 2010., 

CFBHF, 2013). The NHS Plan (2000) states that up to 40% of hospital in-patients are 

malnourished and 1 in 10 would have a shorter stay in hospital if nutrition and patient 

food services were improved.  British Nutrition Foundation (BNF) (2004) recognised 

the need to improve hospital nutrition, identifying malnutrition as a major issue 

increasing complexity of disease and lengthening recovery times. Similarly; British 
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Dietetic Association (BDA) (2006) stated that food was a vital part of the in-patient 

experience that supports recovery and promotes health. Furthermore, Age Concern 

(2006) identified that six out of ten older people were at risk of becoming malnourished 

or their nutritional status was diminished during hospitalisation, and malnutrition was 

costing the NHS £7.3bn each year. Despite over a decade of attempts to improve the 

situation little had changed (Age UK, 2010). 

 

 

5.2 RESULTS DISCUSSION 

Previous research (Suk et al., 2012, Hasenbeck et al., 2014; Cho et al., 2015) 

demonstrated that visual palatability (hedonic impression) of food could be affected as 

a function of coloured lighting conditions.  (Cho et al., 2015) also found coloured 

lighting conditions had the potential to modulate food consumption. However, due to 

the limited amount of evidence, little is known about how coloured lighting is able to 

modulate food consumption. Therefore, in addition to discussing the findings of the 

present study in respect to the modulation of food consumption, there is also 

discussion as to how this might occur.  

 

The main findings of the present study are: 

1. Food consumption significantly increased under yellow lighting compared to 

white lighting conditions for the sample, the difference was very significant for 

males. 

2. Food consumption was significantly different between yellow lighting and blue 

lighting conditions for the sample, the difference was very significant for males. 

3. Food consumption was not significantly different between blue lighting and 

white lighting conditions for the sample, or by sex.  
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4. Female food consumption did not differ significantly under any of the coloured 

lighting conditions. 

5. Visual Palatability (hedonic impression) was significantly different as a function 

of coloured lighting conditions by sample, and by sex, between blue lighting and 

white lighting conditions, between blue lighting and yellow lighting conditions, 

but not between white lighting and yellow lighting conditions. 

6. Appetite and hunger were not significantly different as a function of coloured 

lighting conditions for the sample, or by sex. 

7. Mood was significantly better for the sample under yellow lighting conditions 

compared to white lighting conditions upon first exposure at 12.00pm, but was 

not significantly different between these colours by the end of the eating 

episode at 12.30pm. 

8. Mood between colours was not significantly different as a function of coloured 

lighting conditions by sex.  

 

5.2.1 Food Consumption 

There was a significant difference in food consumption between yellow lighting 

conditions and white lighting conditions, and between yellow lighting conditions and 

blue lighting conditions. This resulted in a mean consumption 92.42g higher under 

yellow lighting than white lighting, and a mean difference in consumption of 146.71g  

under yellow lighting compared to blue lighting. However, there was no difference 

detected between blue lighting and white lighting.  A sex comparison found a very 

significant mean increase of 173.62g in consumption for males under yellow lighting 

compared to white lighting, and a difference of 253.62g against the mean under 

yellow lighting compared to blue lighting. However, there was no difference in 
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consumption for males or females between blue lighting and white lighting 

conditions, or for females under ant of the lighting colours.   

 

The results of the present study do not concur with Cho et al. (2015) with respect 

their being a significant increase in food consumption under yellow lighting compared 

to white lighting for the sample, and in males. This could be explained by the 

different methods of the two studies. Whilst Cho et al. (2015) undertook a 

comparison between 112 participants randomly split into three groups, one for each 

of the colours, the present study used more robust repeated measures within subject 

group design.  According to Hanna and Dempster (2012) as participants within the 

present study were acting as their own control, the results are regarded to be more 

robust than the results of Cho et al. (2015). There may also be an impact of selecting 

other methods, such as a different meal time and meal, which allowed for a 

controlled meal before the study meal. However, it is not the aim of the present study 

to disprove the results of Cho et al. (2015), or to find that yellow lighting increases 

food consumption at the expense of blue lighting decreasing food consumption. Both 

studies are able to reject the null hypotheses that coloured lighting does not 

modulate food consumption with their findings with Cho et al. (2015) finding blue 

lighting decreased consumption compared to white lighting in males, and findings of 

the present study that yellow lighting increases consumption compared to white 

lighting for the sample and in males. Furthermore, both studies have consistency 

between findings with regard to a difference in consumption between yellow and blue 

lighting; the only variance between the results is the statistical significance of the 

difference in consumptions.  Whilst statistical significance is of course important, 

according to Benjamini and Hochberg (1995) the conservative nature of ANOVA and 
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Bonferroni must be acknowledged in increasing the risk of false negative results.   

 

Furthermore, the results of the present study for the female sample support the results 

of Cho et al. (2015) in that both studies found that female consumption did not differ 

significantly between the colours. Whilst results of the present study show the sample 

consumed significantly more food under yellow lighting compared to blue lighting, and 

close to approaching significantly more compared to white lighting conditions, notably 

the results of the present study show the effect of lighting colour on the volume of food 

consumed was different between the sexes. Males consumed significantly more of the 

meal when it was served under yellow lighting conditions compared to under white 

lighting or blue lighting conditions, whilst female consumption did not differ significantly 

under any of the lighting conditions.  Cho et al. (2015) suggest a plausible explanation 

for the difference between sexes in lighting colour-induced amount of food consumed 

may be related to superiority in detecting, discriminating, identifying and remembering 

odour clues in females (Doty et al., 1984, Larsson et al., 2003, Hummel et al., 2007). 

The suggestion being that, before beginning to consume food, ortho-nasally perceived 

odours could lead the participants to expect not only other sensory aspects, such as 

taste, texture, even acceptability, of the foods, but also whether or not the foods are 

safe to eat (Cho et al., 2015).  This suggestion is based on previous findings that 

females outperform males in identifying and discriminating odours (Hummel et al., 

2007), and that females are more attentive and dependent on olfactory cues for their 

daily decisions (Croy et al., 2010; Seo et al., 2011,  Seo et al., 2013).  Women, in 

comparison to men, are expected to more easily identify whether or not food is safe to 

eat, regardless of the lighting colour under which is presented. In contrast, if the male 

sense of smell is relatively less sensitive and discriminative in comparison, men 

appear to be more dependent on visual cues, thus being perhaps more susceptible to 
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having their visual cue distorted by blue lighting (Cho et al., 2015).  

 

This assertion by (Cho et al., 2015) in order to explain the differences between the 

sexes in food consumption under the coloured lighting conditions is very interesting. 

However, as has been demonstrated by the presentation of the results for the present 

study there were no differences found between volume of food consumed and any 

other factor, be that visual palatability, sequence, restraint, appetite, hunger, or mood.  

If females are more sensitive to olfactory cues (Croy et al., 2010,  Seo et al., 2011,  

Seo et al., 2013) it might be expected that the results of these other factors would also 

be affected.  However, the results for females for these factors are consistent with their 

male counterparts, suggesting that female participants reacted to the coloured lighting 

stimulus in the same way as males, with the notable exception of the volume of food 

they consumed. Therefore, the results of the present study do not support the 

assertion by Cho et al. (2015) that the reason for differences in food consumption are 

as a result of any superior olfactory sense in detecting what is safe to eat on the part 

of females. Or that as a result of males less discriminatory behaviour they are more 

susceptible to visual clues as a result of the distorting effects of coloured lighting on 

food.   

 

An alternative view of causation for these differences in food consumption may have 

inadvertently emerged from the present study as an unintended consequence of 

blinding the participants. Study participants were blinded in order to guard against 

bias (Schulz and Grimes, 2002).  However, following  de-brief sessions  revealing 

the true main objective was to measure volume of food consumed and not mood, 3 

participants (2 females G2B1 & G2B2, and 1 male G1B2) were distressed and 
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admitted to having deliberately standardised their food consumption, despite being 

instructed to eat until ‘comfortably full and satisfied’. Further, this self-regulation of 

food consumption occurred even though these participants had undertaken the 

TFEQ-18R and were classified as not having restrained eating traits.  It was alleged 

they had eaten a certain number of full plates on the first week, and then had forced 

themselves to eat the same number on weeks two and three. As can be identified in 

figure 5 page 90, by code number, in each case their first week was the white 

control. This potentially resulted in them eating more food than they had wished 

under blue lighting, and less than they wished under yellow lighting. It could be 

viewed that this inadvertent standardisation served only to cancel their own results 

out as they ate the same as under the white lighting control.  Further, the incidence 

of this occurring was higher in females than in males, and whilst the sample sizes 

are very low, this perhaps suggests that self-regulation of food consumption may be 

more prevalent in women, acknowledging in the present study the numbers were still 

small. During analysis of the data these participants were removed but as this did not 

alter the outcome, their results were included in order to maintain the power of the 

study. 

 

Much research has been undertaken on the subject of female body image. Johnson 

and Wardle (2005) studied 1177 adolescent females finding that negative body 

image was linked to dietary restraint. Grabe and Hyde (2006), and Holmgvist et al. 

(2007) support this link. In a meta-analysis of 77 studies, Grabe et al. (2008) found 

that exposure to an ‘ideal’ thin female image in the media was linked to negative 

body image. In addition, Caccavale et al. (2012) used survey data of 6909 

adolescents and found that social factors effects body image of girls. In further 
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support of this, Burrows (2013) undertook a rapid evidence assessment of 101 

research articles and identified the psychosocial factors associated with negative 

body image to be; being overweight, being exposed to media images, the attitudes 

and behaviours of family and peers, and personal psychological characteristics. This 

led to females being more likely to control their eating behaviour as a result, and 

females being more likely to diet, and females being at a higher risk of having a 

negative body image (Burrows, 2013). As a result, a possible explanation for the 

differences in food consumption between the sexes could be a combination of 

complex psychosocial factors more prevalent in women than in men.  

 

However, if it is the case that women classed as unrestrained eaters are self-

regulating food consumption as a result of complex psychosocial factors (Grobe and 

Hyde, 2006, Holmgvist et al., 2007, Grabe et al., 2008, Caccavale et al., 2012, 

Burrows, 2013), this could question the hypothesis that coloured lighting potentially 

manipulates the circadian rhythm in order to modulate food consumption. According to 

(Siffre, 1975.,  Boivin et al., 1996., Ellis et al., 2013) light is the zeitgeber of the 

circadian rhythm, and the circadian rhythm is responsible for signalling to the body 

when it is time to eat (Demarco and Clarke, 2001., Kuller et al.,  2006.,  Rot et al., 

2008., Munich and Bromundt, 2012, Ellis et al., 2013). Reid et al. (2014) found that 

exposure to moderate levels of white light at biologically appropriate times can 

influence weight, independent of sleep timing and duration. Colours selected for use 

within the present study had the colour temperatures, or hues, of 3425.6k for blue 

lamps and 2229.6k for yellow lamps. The blue lamp is situated just beneath the colour 

temperature of the morning and evening sun at 3500k. The yellow lamp is situated 

near to the colour temperature of sunrise and sunset at 2500k.  A white light bulb is 
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3000k and is situated equidistantly between 2500k of sunrise and sunset and 3500k of 

morning and evening sun.  

 

The results of the present study suggest that the sample and males consumed more 

food when exposed to a colour temperature nearest sunrise and sunset, and the 

difference in food consumption between blue and yellow lighting for males, and for the 

sample, suggest that less food was eaten closer to the morning and evening sun. 

Evidence suggests the circadian rhythm can be entrained using external cues, 

zeitgebers, including light (McEachron, 2012., Ellis et al., 2013., Kent, 2014). However, 

as yet no research has been undertaken to investigate if coloured lighting is able to 

mimic natural external cues, such as natural daylight, to modulate food consumption. 

Therefore, the results of the present study using coloured lighting that mimics kelvin 

degrees of natural lighting cycles may be the first indication that it is possible, and is a 

novel finding. 

    

However, if coloured lighting is a zeitgeber of the circadian rhythm and is able to 

manipulate it, the findings of the present study indicate that women may be able to 

override physiological feelings of hunger caused by the secretion of ghrelin. Whilst this 

suggestion does not appear entirely implausible, the present study did not measure 

ghrelin secretion and no definitive conclusions can be made regarding this.  As a 

result, further research is required to measure ghrelin levels to investigate both the 

hypothesis, and to investigate if females are able to override physiological effects of 

differing levels of appetite stimulating hormone secretion caused by different coloured 

lighting. This recommendation is presented within the conclusion to this chapter.  If 

women are found to be regulating consumption due to psychosocial factors (Grobe 
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and Hyde, 2006. Holmgvist et al., 2007. Grabe et al., 2008. Caccavale et al., 2012., 

and Burrows, 2013), this also places doubt on the robustness of the study by 

Hasenbeck et al. (2014) which used 57 participants in total, with 49 females and only 8 

males. Had the study included food consumption, the results may well have concluded 

that coloured lighting did not have any modulating effects on food consumption, which 

could have had serious consequences for the funding of further research in the field of 

coloured light and food consumption. 

 

 

5.2.2 Visual Palatability (Hedonic Impression) 

Visual palatability results showed that food was rated as looking the most pleasant to 

taste before consumption under yellow lighting, and the least pleasant to taste before 

consumption under blue lighting for the sample. As can be seen in figures 16 (page 

120) and 19 (page121), the colour of lighting had a significant effect on the hedonic 

impression of the sample, and for males and females. Results were very significant for 

both the sample and by sex. There was no difference for hedonic impression between 

white lighting and yellow lighting for either the sample or by sex. Relating these results 

to those of food consumption, it might have been expected that strong interaction 

would exist between the factors of visual palatability (hedonic impression) and food 

consumption.  However, as has been presented in the results chapter there was no 

significant interaction.    

 

This could be viewed as somewhat surprising, and it is easy to appreciate how a more 

superficial review of the results would have presumed links between visual palatability 

and food consumption, as has occurred within the research looking at photographs of 

food and not undertaking consumption. Studies by Suk et al. (2012) and Hasenbeck et 



139 

 

al. (2014) suggest that coloured lighting had both negative and positive effects on the 

hedonic impression of food and desire to eat. However, neither study gave participants 

food to consume; the methods were simply to view sweets or pictures of bell peppers 

taken under coloured lighting conditions. Therefore, any assertions that positive or 

negative hedonic ratings would translate into increased or decreased food 

consumption cannot be made.  Further doubt of this link is provided by Cho et al. 

(2015) who’s study design included the consumption of a breakfast meal, and found 

that the hedonic impression of the overall appearance of the meal was significantly 

less when the meal (omelettes and pancakes) was served under blue lighting than 

when it was served under white and yellow lighting. Whilst this result was, to some 

extent, in accordance with previous findings (Hasenbeck et al., 2014) demonstrating 

that the hedonic impression of overall appearance of the bell peppers was the most 

and the least under yellow and blue lighting, respectively (Cho et al., 2015), the 

absence of any association between hedonic impression, desire to eat and volume of 

food consumed in the study by Cho et al.(2015) led to their recommendation to 

undertake further studies measuring mood. It was suggested that coloured lighting 

may affect mood which could influence food consumption. This assertion is discussed 

further within mood results discussion.  Additionally, the results of the present study 

and (Cho et al., 2015) found there were no differences between the sexes for hedonic 

impression, as males and females both rated food under blue lighting the lowest 

compared to both yellow and white lighting. However, female food consumption was 

not significantly different under any of the colours, despite their hedonic impression 

results being remarkably similar to their male counterparts. The results for hedonic 

impression further support the earlier assertion that women may be more affected than 

men by psychosocial factors and may be self-regulating their food consumption.  
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5.2.3 Appetite and Hunger 

Results of the present study showed no significant difference in appetite between any 

of the coloured lighting conditions for either the sample, or by sex. Cho et al. (2015) 

did not measure appetite using the same methods as the present study. They 

measured ‘hunger’ once prior to the study, and then measured ‘willingness to eat’ 

during the study. The subjective nature of the noun ‘appetite’ has already been 

presented within the review of literature; according to Stubbs et al. (2000) the 

subjective nature of the term can lead to differences in the gathering of data in 

research examining appetite. It was as a result of the potential subjectivity of the term 

‘appetite’ that led to the method selected for the present study to be an appetite VAS, 

which was deemed to be a robust method for measuring appetite ratings (Stubbs et 

al., 2000). Accepting the differences in the methods of data collection, and the 

definitions used between the present study and (Cho et al., 2015), the results for 

appetite  for the present study will be compared against the results of Cho et al. (2015) 

for ‘willingness to eat’.  

 

Hunger scores taken from the VAS at multiple time points, 11.00am, 12.00pm, 

12.15pm, 12.30pm, and 12.50pm, also showed no significant impact of colour on 

hunger.  As a result of there being no main effect of colour on either the combined 

appetite scores, or separate hunger scores, no further analysis of the separate 

components of the appetite were undertaken.  Cho et al. (2015) required participants 

to rate their hunger/fullness status just before the study commenced on a 9-point Likert 

scales ranging from 1 (extremely hungry) to 9 (extremely full). Overall, prior to being 
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served the meal, participants reported they were “very hungry”.  

 

In addition, prior to consuming the meal, participants were asked to rate their 

willingness to eat the meal on a 9-point Likert scale ranging from 1 (extremely 

unwilling) to 9 (extremely willing) (Cho et al., 2015). The results of Cho et al. (2015) 

found no significant interaction between lighting colour and gender in participants’ 

willingness to eat the meal, additionally the colour of lighting was found to significantly 

influence hedonic impression of the overall appearance of the meal, but not in the 

willingness to eat it.  

 

Due to these findings, Cho et al. (2015) suggested it was worthwhile noting that since 

naturally blue coloured foods are rare, humans may have a doubt as to whether blue 

coloured foods are safe to eat. From evolutionary and ecological perspectives, there is 

convincing research demonstrating that the mechanism of colour vision (e.g. retinal 

cone pigments) has evolved with the colour of their foods in nature (Walls, 1963., 

Hutchings, 1999., Vorobyev, 2004). The colour pigments of raw foods, such as fruits, 

were also evolved according to the visual characteristics of the gatherers (e.g., 

humans, birds, or insects) necessary to their survival (Hutchings, 1999). This view by 

Cho et al. (2015) supports the findings of (Hasenbeck et al.,2014) who argued that 

since blue lighting is apt to distort the natural colours and even shapes of foods, 

participants might have more difficulty in identifying the foods. The participants may 

then encounter cognitive dissonance causing feelings of uncertainty (Festinger, 1957), 

which could consequently reduce not only their hedonic impression of the appearance 

of foods, but also their willingness to eat them. However, in terms of willingness to eat, 

the study by Cho et al. (2015) disproves this theory, which is further supported by the 
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results for appetite (desire to eat) of the presents study. There are inconsistencies 

within previous research (Hasenbeck et al., 2014, Cho et al., 2015) which Cho et 

al.(2015) suggests are as a result of differences in methods between using 

photographs of foods (Hasenbeck et al., 2014), and real foods (Cho et al., 2015) as is 

also the case in the present study.  

 

Another reason for the lack of difference in appetite and willingness to eat between 

the colours was suggested by Cho et al. (2015) due to a requirement for participants 

to fast overnight. Under these conditions, Cho et al. (2015) assert that a majority of 

participants were likely to want to consume the meal, whether they favoured its 

overall appearance or not, which might have lessened any impact of lighting colour 

on participants appetite or desire to eat. This may also account for the lack of effect 

of colour on appetite or hunger in the present study. However, there was also 

another suggestion put forward by Cho et al. (2015) in that the impact of food-related 

odours  should not be ignored (Yeomans, 2006., Ferriday and Brunstrom, 2011; 

Ramaekers et al., 2014). In both studies participants were given a couple of minutes 

before beginning to consume the served meal in order to complete VAS or Likert for 

hedonic impression of the visual palatability of the meal and appetite (desire to eat),  

or willingness to eat as in Cho et al. (2015). Therefore, before ingesting the served 

foods, the aromatic volatile compounds could be perceived through external nares 

[referred to as “orthonasal olfaction” (Rozin, 1982)]. Orthonasally perceived food 

odours have been found to stimulate salivation (Pangborn, 1968., Engelen et al., 

2003;), gastric acid secretion (Feldman and Richardson, 1986), ghrelin level 

(Massolt et al., 2010), and insulin release (Johnson and Wildman, 1983; Palouzier-

Paulignan et al., 2012).  
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In addition, it has been demonstrated that participant’s sensitivity to odours, as well 

as their ability to discriminate food odours, becomes better in a non-satiated rather 

than in a satiated condition (Stafford and Welbeck, 2011).  Cho et al. (2015) assert 

that the lack of significance in the lighting colour-induced willingness to eat might be 

due not only to hunger status, but also to orthonasally presented odours that could 

increase participants' motivation to eat the served meal. However, as Cho et al. 

(2015) did not measure salivation, gastric acid secretion, ghrelin level or insulin 

release, this assertion is pure speculation. It is also acknowledged that these 

measurements were not taken within the present study, a point that will be discussed 

further in the recommendations at the end of the chapter.  

 

5.2.4 Mood  

The absence of any differences between hedonic impression, desire to eat and 

volume of food consumed by Cho et al. (2015) led to their recommendation to 

undertake further studies measuring mood, as the suggestion was that coloured 

lighting may affect mood, and in turn affect food consumption.  As a result the 

present study measured mood using the Profile of Mood State (POMS) 

questionnaire, a standard validated psychological test that provides a Total Mood 

Disturbance TMD score (McNair, 1971). Mood was measures a three time points, 

11am, 12pm and 12.30pm.   

 

It is possible that lighting colour induced mood or emotional state might have an 

influence on the results of the present study as Knez and Enmarker, (1998) and 

Cajochen (2007) found that coloured light had a modulating effect on mood or 
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emotional state. More specifically, Knez and Enmarker (1998) found that in an office 

work setting, blue coloured light with a Kelvin colour temperature of 4000k induced a 

negative mood in males, more so than in females.  In addition, mood has also been 

linked to olfactory perception such as odour sensitivity and pleasantness (Chen and 

Dalton, 2005; Lombion-Pouthier et al., 2006; Pollatos et al., 2007). According to Cho 

et al. (2015) there is evidence to suggest a link between worsening mood under blue 

lighting in males and decreasing olfactory sensitivity, leading to reduced food 

consumption under blue lighting conditions.   

 

5.2.4.1 Mood and Eating Traits  

Yeomans and Coughlan (2009) investigated the eating behaviour of 96 women 

whilst watching neutral, positive and negative film in order to induce positive and 

negative mood state. Participants who scored high in restraint and disinhibition in the 

TFEQ consumed more food in the negative affect film condition; whereas 

participants who scored low in restraint but high in disinhibition consumed more food 

in the positive affect film condition. Additionally, women who scored low in the 

disinhibition measure consumed similar amounts in all of the film conditions 

regardless of restraint score. Yeomans and Coughlan (2009) concluded that mood 

alone was a poor predictor of food consumption, whilst both positive and negative 

effect films caused equal states of arousal, emotional valence determined effects on 

food consumption. The suggestion is that positive mood enhances the tendency to 

overeat in the absence of restraint (Yeomans and Coughlan, 2009).   Therefore, 

based on the findings of Yeomans and Coughlan (2009) the results of TFEQ-R18 for 

restraint for the sample may be relevant factors in mood induced food consumption. 
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One male participant (G3 B5) scored highly for restraint (72), and of the sample 4 

participants, 2 males and 2 females, scored lower for restraint and higher for 

disinhibition, which according to Yeomans and Coughlan (2009) suggests that under 

a condition causing positive mood these participants are likely to consume more 

food. However, ANOVA found no effect of mood or restraint on the volume of food 

consumed for the present study. 

 

Results for the present study show there was a significant difference for positive 

mood between yellow lighting and white lighting conditions during the period of 

exposure at 12.00pm.  This result might suggest that further studies could look at the 

period of exposure to the coloured lighting prior to consumption of the food. It might 

be possible that a pre-load of yellow coloured lighting could increase the significant 

increase in food consumption found in the present study.   

 

5.3 STUDY LIMITATIONS  

5.3.1 Risk of Type I and Type II Error 

Power calculations undertaken for the present study in order to identify a minimum 

sample size of 15 were undertaken at a point when the intention was to analyse the 

sample group as a whole. However, following the publication by Cho et al in February 

2015 which found differences between the sexes in food consumption it was identified 

that it would be necessary to undertake a sex comparison, thus increasing the sample 

size. In addition, by increasing the sample (n=30) the risk of order effect was reduced 

and the ability to counterbalance was increased with 5 out of the possible 6 sequences 

of exposure being used. The final analysis was undertaken in the knowledge that by 

analysing smaller samples, (n=16 males, n=14 females) the risk of Type I and Type II 
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(false positive and false negative results) increases (Argyrous, 2011), however the 

main effect of colour and sex on food consumption was adequately powered. 

 

5.3.2 Risk of Sequence Effect 

By producing a Latin square design it was identified there were six possible sequences 

under which participants could be exposed to the coloured lighting. However, it was 

not possible to achieve all six sequences due design limitations in the sensory 

laboratory, where partition walls were not at full height between booths. This resulted 

in the need to have the same colour lighting for six booths at a time, which severely 

restricted the range of sequences possible. Five of the six were achieved, which 

substantially reduced the risk of the effect of sequence. 

 

5.3.3 Limited Research Evidence 

A limited amount of evidence from previous research can have both a positive and 

negative impact (Oliver, 2012).  From a positive perspective, the lack of research 

evidence confirmed the original status of the question and hypothesis and the potential 

of the present study to contribute knew knowledge to the field of enquiry, a principle 

objective of research. However, the absence of previous research evidence also 

served to limit the ability to determine an effect size. The requirement to confirm what 

constitutes a clinically significant effect size in the context of malnourished patients’ 

forms part of the recommendations of the present study.     

 

5.3.4 Not Measuring Ghrelin 

Despite the present study hypothesis indicating that it may be possible for coloured 

lighting to manipulate the circadian rhythm in order to modulate food consumption 
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via the secretion of the appetite stimulating hormone ghrelin (Demarco and Clarke, 

2001., Kuller et al.,  2006.,  Rot et al., 2008., Munich and Bromundt, 2012, Ellis et al., 

2013), it was not possible to measure ghrelin due to funding restrictions, as well as 

the personnel to extract blood. A mechanism by which venous blood samples are 

drawn for the determination of plasma ghrelin concentration (Broom, 2008), the 

determining of which could have identified any differences in levels under the 

different coloured lighting conditions. This will also form part of the recommendations 

of the present study. 

 

5.3.5 Unintended Participant Controls 

Study participants were blinded in order to guard against bias (Schulz and Grimes, 

2002).  Following de-brief sessions it was established that 3 participants (2 females 

G2B1 & G2B2, and 1 male G1B2) had self-regulation their food consumption.  This 

occurred despite the absence of restrained eating traits. Whilst it could be argued that 

the results of these participants should have been removed, statistical analysis 

demonstrated that significance values were not affected by their inclusion or exclusion. 

However, power, effect size and potential for order effect would have been 

detrimentally affected by their omission as the sample size would have reduced, which 

would have further increased the risk of Type I and Type II error in the sex 

comparison, more specifically in the female sample.   

 

5.3.6 Meal Selection 

The meal selected was that of a pasta lunch, there is no evidence as yet to suggest 

the same results would occur in different meals choices, and over numerous eating 

episodes and different times of the day.  
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5.4 FUTURE RESEARCH RECOMMENDATIONS 

Following the interpretation and critical discussion of the findings, the underlying 

meaning of the present study and implications of findings for other research of the 

modulation of food consumption using coloured lighting have been identified. As a 

result, the following recommendations have emerged: 

1. to undertake further research measuring ghrelin in order to identify if 

coloured lighting is able to modulate food consumption by physiologically 

manipulating the circadian rhythm via the retina and hypothalamus 

 

2. to undertake further research on participants suffering from a misalignment 

of the circadian rhythm in order to understand if yellow lighting conditions 

increases food consumption in females as well as males.  

 

3. to undertake further research to understand if there is an optimum colour 

temperature which further increases consumption, the yellow lighting used in 

the present study was 2229.6 (K), to understand if there is an optimum 

duration of exposure, method of delivery, pre-load requirement, and to 

confirm if coloured lighting is able to mimic the natural cycles of daylight. 

 

As further research is undertaken, the potential to develop a novel non-invasive 

therapy or treatment using yellow coloured lighting to reduce malnutrition amongst 

high risk groups of patients becomes more possible.  As the present study is 

recommending using these findings in a novel way, it is appropriate to reflect on the 

positioning of any new technology that may emerge within the wider field of 
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bioengineering. It has been identified in the review of literature that the potential to 

use coloured lighting to entrain the circadian rhythm in order to modulate food 

consumption is original, and appears to be located somewhere between the theories 

of chromotherapy, phototherapy and chronobioengineering. Therefore, the final 

recommendation from the present study is: 

 

4.  this novel field of exploratory bioengineering to be termed  

‘Chromobioengineering’, ‘chromo’ referring to the use of colour as well as 

light, and ‘bio’ referring to photobiology, the physiological reaction of living 

things to light (Ellis et al., 2013).   

 

5.5 CONCLUSION AND PRACTICAL APPLICATION 

In conclusion, to the authors knowledge this is the first empirical evidence that males 

consume significantly more food during exposure to yellow lighting conditions whilst 

consuming their meal compared to white lighting conditions. We therefore reject the 

null hypothesis that yellow light does not increase food consumption in males.  Results 

found no evidence that males consumed significantly less food during exposure to 

blue lighting conditions whilst consuming their meal compared to white lighting 

conditions. We therefore cannot reject the null hypothesis that blue light does not 

decrease food consumption in males. Results found that female consumption was 

unaffected by any of the coloured lighting conditions, we therefore cannot reject the 

null hypothesis that blue or yellow lighting does not modulate food consumption in 

females. Results found no difference between colours for appetite. We therefore 

cannot reject the null hypothesis that coloured lighting does not modulate appetite. 

Additionally, results found a significant difference in consumption between yellow and 
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blue lighting conditions for the sample, and in males. We therefore reject the null 

hypothesis that it is not possible for coloured lighting to modulate food consumption. 

Results found no effect on food consumption of any other factor, appetite, hunger, 

visual palatability, or mood once colour and sex had been taken into account. Results 

found no effect of sequence or restraint on food consumption. Results found there was 

a difference in visual palatability (desire to eat) ratings between yellow and blue, blue 

and white, but not white and yellow. We therefore reject the null hypothesis that 

coloured lighting does not affect desire to eat, but there was no effect on volume of 

food consumed.   

 

Research undertaken (Suk et al., 2012, Hasenbeck et al., 2014) found that coloured 

lighting had modulating effects upon hedonic impression, and (Cho et al., 2015) found 

that blue lighting decreased consumption in men, but not in women. A further notable 

finding of the present study was the difference between males and females in food 

consumption. Whilst this is supported by findings of Cho et al. (2105), the results of the 

present study do not support the assertion by Cho et al. (2015) that the reason for the 

differences in food consumption are as a result of any superior olfactory sense in 

detecting what is safe to eat on the part of females, or due to males less discriminatory 

behaviour. An alternative view has been presented of causation for these differences 

in food consumption, based on the results showing that two female participants of the 

present study had deliberately regulated their food consumption.  A possible 

explanation for this regulation by women has been suggested as a combination of 

complex psychosocial factors more prevalent in women than men (Grobe and Hyde, 

2006. Holmgvist et al., 2007. Grabe et al., 2008. Caccavale et al., 2012., and Burrows, 

2013), and that women may be able to override feelings of hunger caused by 
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increased secretion of ghrelin.   

 

Despite some significant differences found for visual palatability between the colours, 

with yellow lighting being the most pleasing and blue lighting being the least, there 

were no correlations with food consumption. Appetite was unaffected by the colours, 

and there was also no significant difference in mood between the colours.  The lack of 

interaction between factors supports the hypothesis that coloured light may be a 

zeitgeber of food consumption, mimicking the cycles of natural daylight to 

physiologically manipulate the circadian rhythm stimulate secretion of ghrelin. Whilst 

white light has been identified as an influence on food consumption (Reid et al., 2014) 

further research is required to measure ghrelin levels under coloured lighting 

conditions in order to validate this claim. The implications for those suffering from 

malnutrition (BNF, 2004., Age Concern, 2006,  Age UK, 2010, CFBHF, 2013., 

Kvamme, 2011., Wellman et al., 1997., Saka et al., 2010., Volkert, 2002), or obesity 

(Must et al., 1999, Finkelstein, Trogdon, Cohen and Dietz, 2009), could be 

considerable. The ability to stimulate food consumption physiologically in the context 

of patient malnutrition, the primary interest of the principle investigator, is very 

significant for those patients with reduced cognition and/or a misalignment of the 

circadian rhythm.  Coloured lighting could be used therapeutically at mealtimes in a 

non-invasive way to entrain the circadian rhythm to increase food consumption, and in 

turn reduce complexity of disease, reliance on drugs, length of stay in hospital, and 

mortality rates.  
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