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Daylight has potential to stimulate individual’s sensations and feelings. Older people who live 

in care homes should have some sense of outdoor daylight that might influence their moods. 

This paper describes a pilot study that investigates the association between the outdoor 

ambient illuminance and elderly people’s mood changes in a care home environment while 

controlling other contributory factors, such as outdoor temperature, occupant age, gender and 

medical conditions (e.g. dementia and blindness). Real world field data was collected from an 

existing care home. Environmental data (outdoor illuminance and temperature) was collected 

by installing outdoor data loggers on the roof top of the care home. Demographic and 

physiological information of the occupants were collected from care home records. Care home 

staff rated occupants’ moods on a Likert-type scale composed of three quantifiable response 

modes: numerical rating scale (NRS), visual analogue scale (VAS) and faces rating scale 

(FRS). Ordered logit (OLOGIT) model, suitable to develop correlation between ordinal 

dependent variables (i.e. mood) and continuous data (i.e. illuminance) are used. The analysis 

shows, assuming all other explanatory variables remain constant, the probability of a better 

mood increases with the increase of outdoor illuminance (p-value=0.022). However, in a very 

hot/cold day the probability of a better mood could be decreased under the same outdoor 

daylight level. 
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Introduction 

 

Light effects on individuals: physically (Lim et al. 2006, Whyte and Thakker 

2005, Holick 2004), physiologically (Joarder and Price 2013, Choi et al. 2012, 

Joarder et al. 2010, Walch et al. 2005), and psychologically (Ljubičić et al. 2007, 

Kecskes et al. 2003, Oren et al. 2002, Benedetti et al. 2001, Beauchemin and Hays 

1996). The psychological effects of light can be observed under two incidents: 

longer-term effects and short term effects (McCloughan et al. 1999). The longer-

term effects of light involve complex biological interactions that result a couple of 

syndrome, such as, depression and seasonal affective disorder (SAD). As short 

term effects, illuminance and correlated colour temperature (CCT) of light create 

stimulation to individuals’ sensations that might affect individuals’ moods. In this 

research, longer term effects has been considered as the effects that develop and 

continue over days and seasons; short term effects are temporary with a duration 

of equal or less than a day (24 hours) and should change over consecutive days. 

Change of mood has been assumed as one of the potential short term effects of 

ambient outdoor illuminance. Mood has been defined as the core feelings of an 
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individual’s subjective state of mind at any given moment due to many unknown 

reasons (Russell and Snodgrass 1987). Many researchers distinguish mood from 

emotion as emotion may have identifiable causes (McCloughan et al. 1999).  

The longer term effects of seasonal change of light on individual’s behaviour 

and mood, i.e. SAD is one of the most developed researched subjects among the 

psychological effects of natural light (Edwards and Torcellini 2002, Kasper et al. 

1989, Rosenthal et al. 1984). The seasonal pattern suggests that natural 

illuminance is an important factor to influence SAD and mood disorder (Dumont 

and Beaulieu 2007). However, the short term effects of light (i.e., impact of light 

on mood and behaviour at a particular moment) are still a matter of dispute within 

the scientific research community.  At an empirical level, the existing literature 

contains a mix of contradictory evidence of short term effects of light on 

individuals’ moods (McCloughan et al. 1999). Some researchers reported that 

positive moods are associated with lower illuminance (Baron et al. 1992, Nelson et 

al. 1984), some argued this occurring at higher illuminances (Boyce and Cuttle 

1990, Belcher and Kluczny 1987), while some others found no correlation 

between moods and illuminance (Kuller and Wetterberg 1993). Most of these 

assessments are conducted under artificial lighting setup in laboratories or clinics, 

and few empirical research exist on the short term effect of natural illuminance on 

moods.  

It is expected that the impact of natural illuminance (i.e. daylight) on mood 

will be different from the impact of artificial illuminance, as the experience of 

natural illuminance in the real world is totally different from the conditions in 

laboratory studies. For example, in an artificial setup illuminance are generally 

kept constant for the entire length of the experiment and monochromatic lights are 

mostly used. Daylight is polychromatic and the illuminance changes rapidly over 

the day. It is expected that the moods under a higher constant illuminance will be 

different from the moods under the changing levels of illuminance ranges from 

very high to very low in a 24 hour sequence. The short term effects of varying 

levels of outdoor illuminance, on individuals’ moods are still largely unknown 

(Dumont and Beaulieu 2007). This research investigates, in addition to the 

established long term effects of light on individual’s mood and behaviour (i.e. 

SAD), if there is any short term effect of natural illuminance on individual’s 

mood. As diurnal pattern of daylight involves a couple of hours with no daylight at 

night (i.e. eight to 16 hours for UK climate) (Joarder 2011), this allows to 

distinguish the mood of a particular day from consecutive days. 

Higher intensity of light is needed to be incident on individuals’ eye retinas to 

start biological stimulation inside the human body (Lockley and Gooley 2006). 

Apart from direct contact, a sense of outdoor illuminance might have some kind of 

short term effect on individual’s moods when individuals are not exposed to direct 

sunlight and stay indoors. This research investigates if there is any short term 

effect of the sense of outdoor illuminance on the individuals who stay indoors. 

Older people in care home, in this regard, is a sensible choice as the sample for 

this study, since they stay most of their time in indoors (Littlefair 2010), but should 

have a sense of ambient outdoor climatic condition (e.g. daylight and temperature) 

through windows and openings, that might influence their moods.  
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The primary aim of this study is to explore the association between 

outdoor ambient illuminance and elderly people’s moods in a care home. The 

relationship between outdoor illuminance and elderly people mood may not be 

straightforward, since a number of external factors and individuals’ physical, 

physiological and psychological conditions might affect the mood. Therefore, 

in addition to outdoor ambient illuminance, other contributory factors such as 

outdoor temperature, occupant age, gender, dementia type (e.g. mild, moderate, 

vascular and advanced) and psychophysical conditions (e.g. depression, 

blindness, frailness and disabilities), have been considered in this research. 

Statistical models suitable for both continuous data and ordered dependent 

variable (mood), such as very sad, sad, neutral, happy and very happy, are 

used. The paper is organized as follows. The next section provides a discussion 

of the methods, applied in this research, with description of the statistical 

models used in the study. This is followed by a description of the data used in 

the analysis. The estimation results along with a discussion on the findings are 

then presented. The paper ends with limitations, conclusions, and future 

research directions. 

 
 

Methodology  
 

Care Home and Participants 
 

In order to examine the association between the change of elderly people’s 

moods with the change of outdoor, ambient natural illuminance under a care 

home environment, the Alexandra House, located at Leicester, UK (Figure 1) 

was chosen as a case study.  

 

Figure 1. Alexandra House (17 Bed Care Home), Leicester, UK 

 
 

Leicester is the largest and most populated city in the East Midlands and the 

fifteenth largest in the UK with a population around 280,000 (in 2007) (Lomas and 

Kane 2013). Found on the River Soar and bordering the National Forest in 



Vol. 4, No. 1       Joarder et al.: Association between Outdoor Ambient Illuminance… 

 

10 

Leicestershire, Leicester is one of the most ethnically diverse cities in the United 

Kingdom (after London). The city’s climate is maritime with mild winters and 

cool summers, classified as Cfb by the Köppen-Geiger system (CDO 2012). There 

is a great deal of rainfall in Leicester, even in the driest month. The mean annual 

rainfall ranges from a minimum of about 630 mm to more than 700 mm (Cheney 

2004). Maximum temperatures in summer are around 25.8°C (Lomas and Kane 

2013), and the minimum temperatures in winter are around 0°C. The average 

annual temperature is 9.7°C in Leicester (CDO 2012).  

Alexandra House is a private residential care home with 17 en-suite 

bedrooms. The elderly people, who stayed in the care home during 25 January 

2012 to 27 April 2012, were taken as the sample for this study. The objectives of 

the research were told to the owners of the care home and researchers took 

approval prior to start the survey. All 17 residents and 14 staff of the care home 

agreed to participate in the study by signing the Informed Consent Forms. This 

research ensures compliance with the Data Protection Act 1998 and was checked 

by an Ethical Advisory Committee.  Majority of the participated elderly people 

were female (88%), white (100%) with an average age of 90 years (SD=4.774). It 

is important to mention that due to participants’ higher ages, in most of the time of 

the day they tend to stay inside the care home in lounges with large glass windows 

visually exposed to outdoor illumination with a sense of state of outdoor 

temperature.    

 

Data Collection 

 

Climatic data were collected by installing two outdoor data loggers (UA-

002-64, Pendant Logger Temp/Light, 64k memory) at the roof top of the care 

home that records ambient horizontal exterior illuminance (HEI) in lux and 

temperature in 
o
C, with one hour and three hours intervals. The hourly climatic 

data were used in this study and cross checked with the three hours interval 

data obtained from the other logger. The instantaneous hourly climatic data 

were averaged for the 24 hours to identify the average illuminance and 

temperature level of a particular date.  

To identify occupants’ moods in the care home, a lens model design approach 

(Brunswik 1952, 1939, 1934) was followed. Lens model consider that individuals’ 

judgments depend on their attention to, and weighting of the evidence (cues) 

available to them (Hirsh et al. 2011). To function the lens effectively, there must 

be some kind of dynamic activities and the judgements should be contextually 

determined, non-determinist and probabilistic in nature. The outcome of the staff 

judgments about occupants’ moods in the care home can be expressed by using a 

quantifiable response mode (Hirsh et al. 2009), such as a numerical rating scale 

(NRS), visual analogue scale (VAS), verbal descriptor scale (VDS), and faces 

rating scale (FRS). It is practical to combine two or more scales (Fadaizadeh et al. 

2009), because some individuals seem to have difficulties in interpreting NRS, and 

some lack the ability of abstract thinking required for assessment (Ferrell et al. 

1995), or some find some scales confusing (Kremer et al. 1981, Revill et al. 1976). 

In this study a Likert-type scale was used that is composed of three quantifiable 
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response modes (Figure 2): NRS consisting of five numbers linked with FRS with 

five facial expressions of moods and VDS from very sad (scored 1) to very happy 

(scored 5). The concept of lens model approach was used to form judgments on 

the mood of the residents in the care home by the duty stuff by capturing some 

information about the behavior, activity and expression of the occupants, visually.  

 

Figure 2. Likert-Type Scale Used to Rate Elderly People’s Moods 

[1]

Very Sad

[2]

Sad

[3]

Neutral

[4]

Happy

[5]

Very Happy

Numeric

Faces

Verbal
 

 

The care home staff were briefed about how to record the moods without 

disclosing the objective of the study. In fact, this research is designed for 12 

months with a couple of objectives to develop correlation between several 

factors that might affect the mood and wellbeing of elderly people in care 

home and to recommend environmental standards. Identification of the 

association between outdoor illuminance and elderly people’s moods is one of 

the primary objectives for first three months pilot study that has been presented 

in this paper. There were 14 care staff employed in the care home. Majority of 

the staff were female (100%), white (93%), with an average age of 

approximately 35.5 years (SD=7.8). Among 14 care staff: one have Diploma in 

Health and Social Care L2, and five are completing; four have completed 

Health and Safety Executive (HSE) in First Aid at Work; four have completed 

National Vocational Qualification (NVQL2/L3) in Health and Social Care; two 

have NVQL2 in Food Preparation and Production; and one have NVQL2 in 

Customer Services.  

Staff were requested not to spend much time to make their judgments, but 

apply their quick intuitive feelings on occupant’s moods, considering the 

previous six to eight hours activities and facial expressions of the occupants, in 

which a very bad mood (i.e. crying loudly) can be coded as 1, a mood neither 

crying nor normal can be coded as 2 (i.e. sad face), a normal mood without any 

strong emotion can be coded as 3 (i.e. poker face), a mood between normal to 

very happy can be coded as 4 (i.e. smiling face) and a very happy mood (i.e. 

singing and/or dancing) can be coded as 5 (Figure 2). The senior care stuff on 

duty recorded the occupants’ moods with discussion with other duty staff three 

times in a day at 07:30 am, 02:00 pm and 10:00 pm, before shifting their duty 

to next staff team. In order to take into account about the overall mood of the 

day, the three numbers that represent the moods of a particular occupant at 

three times in a day were averaged. In case of fractioned average numbers, the 

numbers were turned to the whole numbers (i.e. 1, 2, 3, 4 and 5) to represent 

the overall mood of the occupant on the NRS (Figure 2). The information about 

other contributory factors that might affect the occupant’s moods, such as 

occupant age, gender, dementia type (e.g. early, moderate, vascular and 
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advanced) and psychophysical conditions (e.g. depression, blindness, frailness 

and disabilities), were collected from care home records. Table 1 shows 

summary statistics of the variables that was primarily considered to develop 

ordered logit models with different set of explanatory variables. 

 

Table 1. Summary Statistics of the Variables that was Primarily Considered to 

Develop Different OLOGIT Models 

Quantitative Variables Min Max Mean Standard Deviation 

Average ambient outdoor 

illuminance of the day (lux) 

2311 46655 184490.27 11590.992 

Average ambient outdoor 

temperature of the day (
o
C) 

-4 14 7.17 3.982 

Age (year) 82 97 89.86 4.776 

Categorical or dummy 

variables 

Description 

Mood 1 = very bad (count = 18); 2 = bad (count = 113);        

3 = neutral (count = 677); 4 = good (count = 310);       

5 = very good (count = 12) 

Gender 1 = male (count = 187); 

0 = otherwise (count = 1399) 

Frailness  1 = frail elderly people (count = 92);                                 

0 = otherwise (count = 1494) 

Depression 1 = manic depressed (count = 94);                                

0 = otherwise (count = 1492) 

Blindness 1 = registered blind (count = 94);                                   

0 = otherwise (count = 1492) 

Physical Disability 1 = physically disable people (count = 93);                       

0 = otherwise (count = 1493) 

Early Dementia 1 = early dementia (count = 468);                                    

0 = otherwise (count = 1118) 

Moderate Dementia 1 = moderate dementia (count = 280);                           

0 = otherwise (count = 1306) 

Vascular Dementia 1 = vascular dementia (count = 559);                               

0 = otherwise (count = 1027) 

Advanced Dementia 1 = advanced dementia (count = 92);                                  

0 = otherwise (count = 1494) 

 

Statistical Model 

 

In this study the variable of interest (i.e. elderly people’s moods) is ordinal. 

That is, elderly people’s moods (dependent variable) can be ordered in the nature 

from very sad to very happy on a Likert-type scale by ranking from 1 to 5, but the 

real distance between categories is unknown. When such an ordinal variable 

appears on the left-hand side of a statistical model, the suitable model to deal with 

this ordered categorical variable is ordered logit (OLOGIT) model (Gujarati 2003, 

Greene 2000, Long 1997, Clogg and Shihadeh 1994, McCullagh and Nelder 

1989). Other approaches, such as ordinary least squares (OLS) estimation is not 

appropriate for an ordinal dependent variable, and suffers many shortcomings 
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(Long 1997). To investigate the impact of outdoor ambient illuminance on the 

elderly people’s moods, the concept of "ordered" model is chosen, and OLOGIT 

models have been developed in this research. Assuming that the elderly people’s 

mood is an ordered discrete variable with j categories, that is very sad (1), sad (2), 

neutral (3), happy (4), and very happy (5), an OLOGIT model (in terms of 

probability) can be written as (Norušis 2010): 

 

 
where j goes from 1 to the number of categories minus 1 (i.e. 4 for 5 moods). Each 

prob has its own   term, called the threshold value (or cut points), but the same 

coefficients 1  to p relating the p  explanatory variables to the variables of 

interest (mood).  The parameters of the model (  ’s) and the threshold values 

( ’s) are estimated by the method of maximum likelihood (Long 1997) usually 

computed by statistical software packages (e.g. SPSS Ordinal Regression 

procedure, or PLUM - Polytomous Universal Model).   

In ordinal logistic regression, the event of interest is observing a particular 

score or less. The events in an ordinal logistic model are not individual scores but 

cumulative scores. The estimated probabilities of the individual scores can be 

calculated from the estimated cumulative probabilities by subtraction, using the 

formula as (Norušis 2010): 

 

prob(mood = j) = prob(mood ≤ j) – prob(mood < j)                                 (2) 

 

The probability for (mood = 1) does not require any modifications to 

Equation 1. For the remaining four moods, the differences between cumulative 

probabilities can be calculated as (Norušis 2010):  

 

prob (mood = 2) = prob(mood = 1, 2) – prob(mood = 1)                           (3) 

prob(mood = 3) = prob (mood = 1, 2, 3) – prob (mood = 1, 2)                  (4) 

prob (mood = 4) = prob (mood =1, 2, 3, 4) – prob (mood =1, 2, 3)           (5) 

prob (mood = 5) =  1– prob (mood = 1, 2, 3, 4)                                          (6) 

 

The probability for last category (mood = 5) does not have an odds 

associated with it since the probability of mood up to, and including the last 

score is 1. 

 

Variables Selection  

 

At the beginning, Pearson correlations among the primary selected 

continuous, explanatory variables were analysed to determine the multicolinearity 

between primary selected explanatory variables that may bias the standard error, 

generate wrong sign and implausible magnitudes in the coefficients (Chin and 

Quddus 2003). There was no high correlation between the explanatory variables 

=   
1

1+ 𝑒𝑥𝑝  𝛽1𝑥1𝑖  + 𝛽2𝑥2𝑖  +  …  +𝛽𝑝𝑥𝑝𝑖− 𝛼𝑗   
                       (1)  
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used in the model (all correlation coefficients were between –0.007 and +0.523). 

The set of uncorrelated explanatory variables was used to estimate OLOGIT 

models with different set of explanatory variables.  

Table 2 compares two PLUM - Ordinal Regression models generated by 

SPSS: a primary model with all 12 explanatory variables listed earlier in Table 

1; and a second model with four explanatory variables identified by a stepwise 

selection method employing log-likelihood ratio (LR) tests. Table 2 shows that 

both the models are capable to provide adequate predictions compared to the 

intercept only (null model); therefore, outperforms the null model (Log-

likelihood Chi-Square: p<0.001). The variables depression, physical disability, 

vascular dementia and early dementia are not significant at a level of 10% in 

primary model; therefore, should be dropped from the model.  

 

Table 2. Model Estimation Results for the Primary and the Second Models 

 Primary 

model 

estimate 

Second 

model 

estimate 

Factors 

affecting the 

ordinal 

categorical 

choice (X) 

Average illuminance of the day 1.726 x 10
-5b

 1.740 x 10
-5b

 

Average temperature of the day -0.033
 b
 -0.035

b
 

Age 0.055
 a
  

Gender -0.410
 c
  

Frailness  -2.197
 a
 -1.306

a
 

Depression 0.079  

Blindness -1.787
 a
  

Physical Disability -0.078  

Early Dementia 0.152  

Moderate Dementia -0.502
 b
 -0.517

a
 

Vascular Dementia 0.326  

Advanced Dementia -1.623
 a
  

Statistics Threshold [mood = 1] 0.448 -4.284
 a
 

Threshold [mood = 2] 2.598
 c
 -2.170

 a
 

Threshold [mood = 3] 5.762
 a
 0.863

 a
 

Threshold [mood = 4] 9.447
 a
 4.500

 a
 

Observations  1130 1130 

Degree of freedom 12 4 

Log-likelihood Chi-Square 91.209
a
 34.702

a
 

Test of Parallel Lines 68.166
a
 17.325 

Cox and Snell Pseudo R-Square 0.078 0.030 

Nagelkerke Pseudo R-Square 0.090 0.035 

McFadden Pseudo R-Square 0.040 0.015 
Notes: 

a
 Indicates 1% significance level;  

 
b
 Indicates 5% significance level;                 

 
c 
Indicates 10% significance level. 

 

One of the important assumptions associated with an OLOGIT regression is 

proportional odds assumption or the parallel regression/lines assumption (Long 

1997) that considers the relationship between each pair of outcome groups is the 

same. If the proportional odds assumption is not valid, different models are needed 
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to describe the relationship between each pair of outcome groups. It is essential to 

test the proportional odds assumption after estimating an OLOGIT model (Quddus 

et al. 2010). Although, the proportion of variation being explained by the primary 

model is higher (Nagelkerke Pseudo R-Square=0.09) compared to the second 

model (Nagelkerke Pseudo R-Square=0.035); the test of parallel lines shows that 

the proportional odds assumption is violated in the primary model as the p-value 

(sig) is lower than 0.05 (Chan 2005). In this case, one set of coefficients for all the 

categories is not appropriate and use of the OLOGIT model with all primary 

selected variables may lead to incomplete, incorrect, or misleading results. Since, 

the assumption of all categories having the same parameters is not reasonable for 

the primary model; consideration of multinomial regression (that ignores the 

ordinal nature in the categories) might be useful. Application of multinomial 

regression with 12 explanatory variables provides statistically insignificant p-

values for the estimates. The test of parallel lines for second model shows that the 

p-value is higher than 0.05 (p-value=0.138), implies that separate parameters for 

each category would not be more appropriate for this second model with four 

explanatory variables, and thus this model might be suitable as an OLOGIT 

model. Inclusion of any significant variable from the primary model to the second 

model results decrease of p-value in parallel line test, without any significant 

increase in Pseudo R-Square. The estimates for the four statistically significant 

variables common between the two models are quite similar in most of the cases, 

in terms of signs and values (except frailness). The estimates for all four cut points 

become highly significant (p-value<0.001) for second model, whereas for the 

primary model only two cut points were highly significant (p-value<0.001). 

Comparing the two models presented in Table 2, significant predictors determined 

for mood in this paper are outdoor illuminance, temperature, frailness and 

moderate dementia. It is expected that all four explanatory variables had an impact 

on the level of elderly people’s moods in care home. 

The threshold portion of Table 2 shows the constants/intercepts of the 

models.  A positive relationship exists between outdoor illuminance and the 

ordinal outcome. This means that as outdoor illuminance increases, so does the 

probability of being in one of the higher mood categories. On the other hand, 

outdoor temperature has a negative relationship, means that a lower outdoor 

temperature is associated with the probability of a better mood. In practice, this 

is not true as occupants will feel uncomfortable under both very high and low 

temperature (e.g. minus value). Previous studies on thermal comfort in outdoor 

urban spaces for European Countries show that individuals feel neither warm 

nor cool over 10
o
C (up to 23

o
C) (Nikolopoulou and Lykoudis 2006). In order 

to avoid the positive effect of lower outdoor temperature, instead of average 

outdoor temperature value the squared difference in average outdoor 

temperature from ten degree centigrade ((10
o
C - average temperature)

2
) was 

used for the final OLOGIT model which allowed better prediction.   
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Results and Discussion 
 

Table 3 shows the estimation of the parameters for final OLOGIT model. 

To describe the relationship between elderly people’s moods and outdoor 

ambient illuminance, two environmental variables (ambient outdoor 

illuminance and squared difference in average outdoor temperature from 10
o
C) 

and two physiological variables (frailness and moderate dementia) were found 

suitable for the final OLOGIT model. Two physiological variables were highly 

significant, i.e. p-value<0.01, outdoor illuminance was significant at a level of 

two percent and squared difference in average outdoor temperature from 10
o
C 

was significant at a level of 5% in the final OLOGIT model. Assuming all 

other explanatory variables remain constant, the directions of the mood change 

as shown by the estimates in Table 3 are as following. 

 

(a) Increasing outdoor ambient illuminance is associated with improved 

mood (p=0.022). 

(b) Increasing the squared difference in average outdoor temperature (from 

10
o
C) is associated with decreased mood (p=0.049). 

(c) Frail elderly people are more likely to have a decreased mood 

compared to others (p=<0.001). 

(d) Older people with moderate dementia are more likely to have a 

decreased mood compared to others (p=0.002). 
 

Table 3. Estimation of the Parameters (Final OLOGIT Model) 

 Estimate p-value (sig) 

Average ambient outdoor illuminance  of 

the day  

1.344 x 10
-5

 0.022 

Squared difference in average outdoor 

temperature from 10
o
C 

-0.003 0.049 

Frailness -1.305 <0.001 

Moderate Dementia -0.520 0.002 

Threshold [mood = 1] -4.028 <0.001 

Threshold [mood = 2] -1.914 <0.001 

Threshold [mood = 3] 1.118 <0.001 

Threshold [mood = 4] 4.755 <0.001 
Notes: Number of observations: 1130; Nagelkerke pseudo-R

2
: 0.034; chi-squared: 33.980 

(<0.001); parallel lines test: 16.990 (0.150). 

 

The collected data from the case care home suggest that higher value of 

outdoor ambient illuminance and lower value of the squared difference in 

average outdoor temperature from 10
o
C are associated with the probability of a 

better mood. Frail elderly people and people with moderate dementia had a 

lower probability to be in a higher mood categories compared to others. For 

logit link, taking the exponential of the estimates gives the odds ratios (OR). 

For example, the coefficient estimates of the final OLOGIT model suggest that 

while assuming the other explanatory variables in the model remain constant, 
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for a one thousand lux increase in average outdoor ambient illuminance is 

associated with the odd of being in a higher level of mood being multiplied by 

exp (1.344 x 10
-2

) =1.0135, i.e. an increase in the odd by 1.35%. In case of 

temperature, for a one unit increase in the squared difference in average 

outdoor temperature from 10
o
C is associated with the odd of being in a lower 

level of mood being multiplied by exp (0.003)=1.003, i.e. a decrease in the odd 

by 0.3%, given that all of the other variables in the model are remained 

constant. Using the estimated coefficients and cut points (Table 3), the 

OLOGIT equations can be written as following for the estimated cumulative 

mood probabilities (following Equation 1).   

 
𝑝𝑟𝑜𝑏 (𝑚𝑜𝑜𝑑 = 1)

=   
1

1 +  𝑒𝑥𝑝(1.344 × 10−5 𝐿𝑖𝑔ℎ𝑡 − 0.003 (10 − 𝑇𝑒𝑚𝑝)2 − 0.520 𝑀 𝐷𝑒𝑚𝑒𝑛𝑡𝑖𝑎 − 1.305 𝐹𝑟𝑎𝑖𝑙𝑛𝑒𝑠𝑠 + 4.028)
 (7) 

 

 

𝑝𝑟𝑜𝑏 (𝑚𝑜𝑜𝑑 = 1, 2)

=   
1

1 +  𝑒𝑥𝑝(1.344 × 10−5 𝐿𝑖𝑔ℎ𝑡 − 0.003 (10 − 𝑇𝑒𝑚𝑝)2 − 0.520 𝑀 𝐷𝑒𝑚𝑒𝑛𝑡𝑖𝑎 − 1.305 𝐹𝑟𝑎𝑖𝑙𝑛𝑒𝑠𝑠 + 1.914)
 (8) 

 

 

𝑝𝑟𝑜𝑏 (𝑚𝑜𝑜𝑑 = 1, 2, 3)

=   
1

1 + 𝑒𝑥𝑝(1.344 × 10−5 𝐿𝑖𝑔ℎ𝑡 − 0.003 (10 − 𝑇𝑒𝑚𝑝)2 − 0.520 𝑀 𝐷𝑒𝑚𝑒𝑛𝑡𝑖𝑎 − 1.305 𝐹𝑟𝑎𝑖𝑙𝑛𝑒𝑠𝑠 − 1.118)
 (9) 

 

 

𝑝𝑟𝑜𝑏 (𝑚𝑜𝑜𝑑 = 1, 2, 3, 4)

=   
1

1 + 𝑒𝑥𝑝(1.344 × 10−5 𝐿𝑖𝑔ℎ𝑡 − 0.003 (10 − 𝑇𝑒𝑚𝑝)2 − 0.520 𝑀 𝐷𝑒𝑚𝑒𝑛𝑡𝑖𝑎 − 1.305 𝐹𝑟𝑎𝑖𝑙𝑛𝑒𝑠𝑠 − 4.755)
 (10) 

  
 

The probabilities of five different mood categories can be estimated by 

combined application of the Equations 3-10, under given conditions of outdoor 

illuminance, temperature, frailness and dementia. It is of interest to estimate the 

probability of a specific mood occurring, i.e., very bad, bad, neutral, good and 

very good, for given values of average outdoor illuminance and temperature 

levels. Figure 3 shows how the predicted probabilities of different categories of 

moods change with the change in the outdoor temperature values for a frail 

elderly people with moderate dementia, when the average outdoor illuminance 

level is fixed to 18,500 lux (average calculated from the collected three months 

outdoor illuminance data). Under 18,500 lux outdoor illuminance or lower, 

there is a little probability that the occupant will be in a good or very good 

mood. If the outdoor temperature increases to 24
o
C or higher, the occupants are 

more likely to be in a bad mood, while temperature higher than 37
o
C is 

associated with probability of a very bad mood, keeping the other 

circumstances constant.   

Figure 4 presents the predicted probabilities of different mood categories 

for different outdoor illuminance for a non-frail elderly people with no 

dementia, when the average outdoor temperature is 7
o
C (average calculated 

from the collected three months outdoor temperature data).  In a 7
o
C outdoor 



Vol. 4, No. 1       Joarder et al.: Association between Outdoor Ambient Illuminance… 

 

18 

temperature, there is a high probability that the occupant will not be in a bad or 

very bad mood. If the average outdoor illuminance of the day increases to 

80,000 lux or higher, the occupants are more likely to be in a good mood, while 

daily average outdoor illuminance higher than 350,000 lux is associated with 

the probability of a very good mood, keeping the other circumstances constant.   

 

Figure 3. Predicted Probabilities of Different Mood Categories for Different 

Outdoor Temperature Values for a Frail Elderly People with Moderate 

Dementia Under 18,500 Lux Average Outdoor Illuminance 

 
 

Figure 4. Predicted Probabilities of Different Mood Categories for Different 

Outdoor Illuminance for a Non-Frail Elderly People with no Dementia Under 

7
o
c Average Outdoor Temperature 

 
 

It is evident from Figures 3 and 4 that the probability of happy moods is 

dominated by higher levels of outdoor illuminance, whereas the probability of 

sad moods is dominated by higher outdoor temperature levels. It is unrealistic 

that in daytime when the outdoor temperature is very high (e.g. 37
o
C), the 

illuminance level is lower than the average (e.g. 18,500 lux) and/or, when the 

outdoor illuminance is very high (e.g. 350,000 lux), the temperature level is 

lower than the average (e.g. 7
o
C). Therefore, it is unlikely that the elderly 
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people’s moods on two extreme ends, e.g. very happy and very sad, will be 

possible to predict under practical outdoor illuminance and temperature levels, 

except under some hypothetical situations, i.e. 350,000 lux with 7
o
C. However, 

the probability of the mood of an elderly people could shift from one category 

to other between sad, neutral and happy frequently under real world outdoor 

environmental conditions, for example, after putting different illumination and 

temperature values to the model (Equation 1) following has been found: happy 

mood under 80,000 lux with 10
o
C (non-frail elderly people with no moderate 

dementia); neutral mood under 18,500 lux with 7
o
C (non-frail elderly people 

with moderate dementia); and sad mood under 8,000 lux with -4
o
C (frail 

elderly people with moderate dementia). It seems that in addition to 

illumination and temperature physical (i.e. frailness) and psychological 

conditions (i.e. already depressed/happy due to some news/incidents) might 

influence shifting one mood to adjacent level under real world outdoor 

illuminance and temperature levels. For example, frailness can shift the happy 

mood to a neutral mood under the same 80,000 lux outdoor illumination with 

10
o
C outdoor temperature when the elderly people do not suffer from moderate 

dementia, and if he/she suffers no frailness but moderate dementia the 

probability of a neutral mood is higher than the probability of a sad mood 

under the same 8,000 lux outdoor illumination with -4
o
C outdoor temperature, 

mentioned above. There might be many other variables that often affect elderly 

people’s moods to switch between different categories, as well, which is not 

identified in the presented models. Many of the outdoor situations described 

here for the probabilities of different moods are hypothetical in nature; 

however, the results convey the message that there might be a strong 

correlation between outdoor environment and occupants’ moods, who lives 

inside buildings with a sense of outdoor climatic condition. The analysis of this 

paper also emphasise that under practical outdoor conditions, the probability of 

bad mood or very bad mood is rare, emphasise the positive effect of the 

individual’s contact with outdoor environment and/or nature.    
 

 

Limitations 

 

In this research an attempt is made to estimate the elderly people’s moods 

with the change of outdoor illuminance and temperature. Since, mood is both a 

sensory and emotional experience, the relationship between outdoor ambient 

illuminance levels and elderly people’s moods in a care home are complex. 

Psychological factors can have powerful influences on the subjective mood of 

the occupants, and a number of other factors might affect elderly people’s 

mood and nonverbal expressions, e.g. occupant’s background and a particular 

incident on that day. These types of factors were not considered in the model 

due to limited access to the occupants, unavailability of information and time.   

One of the disadvantages of using the particular care home as a case study 

is that the total number of occupants in the care home are quite low, only 17 

elderly people; therefore, there were less demographic variations in the sample. 

The findings in this research should not be generally applicable to all age 
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groups, as light sensitivity are decreased to the elderly peoples compared to 

young adults and the effect of light exposure is considered different for elderly 

people (Van Someren et al. 2002, Campbell et al. 1988). For example, lack of 

exposure to natural light creates increased sleep disturbances in the aged 

people compared to young adults (Mishima et al. 2001).  

The output of this research is highly sensitive to the staff judgments of 

residents’ moods. The measurement of the elderly peoplesʼ mood was not 

made by the elderly people themselves as some cases they have limited 

abilities to express their real mood verbally that could be reliable, in some 

other cases they feel reluctant to report; therefore, the measurement was made 

indirectly by a senior member of the care staff after discussion with the care 

staff who were actually looking after the elderly people. Since, individuals are 

subject to natural human error, there are possibilities that in some cases stuff 

might misunderstand and/or misinterpret the occupants’ feelings, and there 

were little scope for further validation of the judgments.  

Errors in manual recording of the data are quite common, which is also 

difficult to identify latter. To add flexibility, this judgemental part of the 

research was kept in less stringent format; however, the quantitative analysis 

with collected data that transformed to quantifiable response modes with 

reasonably sensible, consistent outcome confirms the suitability of the 

approach followed in this pilot study and, therefore, could be continued for the 

whole study period designed for one year.  

There was little interactions between the researchers and staff during the 

pilot study period to avoid the influence of authors (with daylight research 

background) personal opinions during conversations and might bias the staff to 

rate occupants’ moods. Someone might question about the credibility of the 

staff: the common criticism of qualitative (human involved research) research. 

The researchers are not allowed to pay for the additional time spent by the stuff 

to rate and record occupants’ moods on the weekly chart due to care home 

policy, and staff did all the work for this research voluntary; the authors have 

to satisfy with staff credibility under natural setting, and above mentioned 

limitations. 

To investigate the impact of outdoor illuminance on the change of occupants’ 

moods, in this study, the concept of "ordered" model is retained and the selected 

model is an OLOGIT model. The other suitable model for an ordered categorical 

variable is the orderedprobit (OPROBIT) model. The OLOGIT model assumes 

that the disturbances are Weibull distributed (Gumbel extreme value Type I), 

whereas the OPROBIT model assumes that the disturbances are multivariate 

normally distributed. Both formulations, however, provide very similar results 

(Long 1997) and the OLOGIT model is preferred to the OPROBIT (Quddus et al. 

2010). One of the weaknesses of the model presented in this paper is that the 

model explains only 3.4% of the proportion of variation by considering outdoor 

illuminance, temperature, moderate dementia and frailness. The proportion of 

variation being explained by the model is increased (about 9%) when more 

explanatory variables are added to the right hand side of the model (e.g. age, 

gender, blindness, vascular dementia and advanced dementia). But, inclusion of 
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these variables results violation of proportional odds assumption as the p-value 

(sig) for the general model becomes less than 0.001, and one set of coefficients for 

all the categories becomes inappropriate.   

The parallel line test for the final model shows an acceptable p-value (0.150) 

(Chan 2005); however, the value could be changed by including a larger sample 

size and number of independent variables in the right hand side of the model or 

reducing the number of mood categories. Variables, such as age and gender might 

of interest to some studies, therefore, another option to keep these variables in the 

model would be to identify the specific variables which does not meet the 

proportional odds assumption in the primary model at the beginning, and use some 

extensions of OLOGIT model, such as generalized ordered logit (GOLOGIT) or 

partially constrained generalized ordered logit (PC-GOLOGIT) models, which 

does not impose the constraints of parallel regressions (Fu 1998). The developed 

model presented in this paper is still to some extent hypothetical in nature rather 

practical. Careful attention to data collection with trained people might help to 

establish more reliable outcome. 

 
 

Conclusions 

 

This research examines whether there is any association between the 

change of elderly people’s moods and the level of outdoor illuminance 

employing ordered response models (ORMs). The analysis shows, assuming all 

other explanatory variables remain constant, the probability of a better mood 

increases with the increase of outdoor illuminance. However, it is also evident 

from the model that in a very hot/cold day probability of a better mood could 

be decreased under the same outdoor illuminance. Physical and psychological 

conditions (i.e. frailness and moderate dementia) might influence shifting one 

mood to the next close one under the same outdoor illuminance and 

temperature. Future research is needed to replicate these findings.  

There are a number of ways to extend the analysis used in this study. It is 

important to identify all variables that might affect elderly people’s moods and 

to determine the other related attributes of light except intensity (for example, 

correlated colour temperature) that might impact on individuals’ moods.  

It would be interesting to analyse impact of morning light, afternoon light 

and evening light on elderly people’s moods separately as there is clear 

difference in the spectrum (colours) of these lights. For example, daylight is 

warm at dawn; bright with a bluish cast at midday and rosy at dusk. Another 

possible extension would be to develop a model based on indoor light levels to 

explore the association between indoor illuminance and elderly people’s moods 

and to suggest lighting standards for elderly people livings. In such an analysis, 

the effects of indoor illuminance on different age group and gender could be 

estimated by including a large number of samples from different care homes 

and elderly people sheltered accommodations. 
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