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Abstract 
This study evaluates the availability of daylight inside a university’s dining halls over two days (one sunny and one cloudy) using light 
meters in real-life sittings. Quantitative monitoring was conducted for horizontal and vertical illuminance levels (HILs and VILs) derived 
from daylight inside of the dining halls and outside under an unobstructed sky, along with monitoring of the illuminance levels of the 
artificial light inside. The results are discussed in relation to the minimum recommended HIL value in dining halls of educational 
buildings (150 lux) set by the Jordanian National Construction Constitution’s lighting code. Further, a questionnaire was conducted with 
239 students and employees to evaluate daylight and artificial light from the user’s perspective of the dining halls. HIL, as a dependent 
variable, was found to vary between the two examined halls, which had different façade fenestrations and hall characteristics. The 
analysis found that, within the halls, only the area within a 2-metre distance from the north- and west-oriented windows complied with 
the recommended value, except at breakfast time on a cloudy day. The middle and deepest areas of both halls were significantly lacking 
in daylight on both cloudy and sunny days. The subjective mean evaluation corresponds with the daylight VILs but contradicts the 
artificial illuminance levels. As such, subjective needs and preferences may not correspond with objective measurements. This study 
opens a new path of daylighting research for a largely neglected space: foodservice halls in educational buildings. 

© 2024 The Author(s). Published by solarlits.com. This is an open access article under the CC BY license 
(https://creativecommons.org/licenses/by/4.0/). 

 

1. Introduction
The design of physical environments, including their decoration, 
layout, lighting, and service innovations, is critical for enhancing 
the performance of restaurants [1]. Foodservice is becoming a 
growing and fast-evolving sector, driven by continuous changes in 
customer needs and expectations. The design approach taken by 
restaurants depends on the scope of the project, i.e., the size and 
complexity of a foodservice facility design project. In addition, the 
process of creating a new foodservice facility or renovating an 
existing one depends on the sector (e.g. healthcare, education, etc.) 
and whether it is for commercial or non-commercial ends. 
Institutional foodservice often adopts a not-for-profit philosophy, 
with the aim of providing a constant supply of food for 
consumption [2].  In restaurant design, the two main sources of 
lighting (natural and artificial) are crucial for both customers and 
employees. The hygiene standards of illumination for the different 
zones of a restaurant are based on the functional and psychological 
need to provide a spacious and comfortable dining area [3]. As 

lighting is considered an essential ambient element of the physical 
environment in service sittings [4], restaurant designers usually 
pay it great attention as they seek to create a warm and inviting 
experience, or even a dramatic one. However, simple take-away 
food establishments might not place such emphasis on lighting 
design, and instead use low-cost ceiling-mounted fluorescent 
fixtures [5]. 

Lighting has a significant impact on the overall dining 
experience, in terms of atmosphere, food, service, and sociality [6], 
and thus also on customer behaviour [7]. Nevertheless, there are 
only a limited number of empirical studies on lighting in 
educational dining halls or cafeterias, despite its effect on students’ 
success and comfort, as it can create a suitable social space in 
which to eat, meet, and engage in discussions [8]. One study 
conducted at the Norwegian School of Business Administration 
and Economics (NHH) found no significant relationship between 
customer satisfaction and environmental factors in the school’s 
cafeteria, concluding that students viewed the cafeteria as a place 
for satisfying nutritional rather than aesthetic needs [9]. However, 
for research validity, there is an evident need for further studies 
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that incorporate a large representative sample for a target place and 
population, as well as controlled variables. 

The vital role played by cafeterias in the overall offering of 
educational colleges is now being recognized and appreciated by 
administrators, especially in terms of the effect on student 
satisfaction and loyalty [10]. In Hassanain et al.'s (2016) study [8], 
a post-occupancy evaluation was conducted to obtain users’ 
perceptions and satisfaction levels regarding the main student 
cafeteria on the campus of King Fahd University of Petroleum and 
Minerals (KFUPM), Dhahran, Saudi Arabia. The survey was 
designed to evaluate technical and functional performance 
elements, such as space arrangement, interior and exterior 
finishing, human factors, and proximity to other facilities on 
campus. Based on findings regarding various elements of 
technical performance (e.g. thermal comfort and indoor air quality) 
and of visual comfort (e.g. amount of natural light in the dining 
hall, amount of artificial light in the dining hall, amount of 
artificial light in the service area, and overall perception of visual 
comfort), it appeared that the users were highly satisfied. However, 
objective assessments are required to validate such subjective 
evaluations, especially since no data was reported regarding the 
amount of natural light in the cafeteria, the window locations, or 
the types and levels of artificial lighting.  

Daylight has proved to be the ultimate variable for illuminating 
the interior of buildings. Daylight benefits humans both in terms 
of visual and non-visual aspects [11,12], saving energy [13], 
significantly impacting the overall experience [14], as well as 
customer expectation and satisfaction [4]. However, the 
availability of daylight is constantly dynamic and changeable due 
to seasonal variations (e.g. solar altitude), geographical 
coordinates (e.g. latitude), and weather conditions (e.g. cloud 
coverage). Many scholars have examined the daylighting 
performance of educational building, particularly classrooms and 
studios [11,15-28]. However, it is also essential to ensure adequate 
lighting for the foodservice facilities of educational buildings, 
such as canteens and dining halls. It is important to be able to 
observe food quality and monitor work area cleanliness. Moreover, 
it is also vital to evaluate consumption of solar energy, electricity, 
and thermal energy [29]. Deep interior areas of a dining hall 
require specific daylighting design, such as skylights to let natural 
light spread uniformly over the floor plan [30] 

Internal illuminance levels at a surface point (E) are investigated 
in this study. This means that the quotient of the luminous flux dφ 
incident on an element of the surface containing the point is 
obtained by dividing by the area dA of that element (unit: lx = 
lm·m–2) [31]. The internal illuminance level depends on external 
daylight availability (sky luminance distributions and external 
illuminance levels), obstruction, building geometry and 
orientation, as well as window size and internal reflectance [32]. 
The internal reflected component is determined by the average 
reflectance of the internal surfaces and by glazing area [33]. 
Conventional windows are one method employed to convey 
daylight to interior spaces. Nevertheless, the amount of light 
transmitted inside depends on several factors: window glazing 
proprieties, the supporting frame, dirt, outside factors such as 
building obstructions and vegetation, and inside factors such as 
blinds and other decorative elements that might block the 
transmitted light [34]. For casual dining, it is recommended to 
maintain lighting levels above the working surface between 107 to 
215 lux (1 foot-candle = 10.764 lux). Table 1 shows the lighting 

levels required for each area in terms of foot-candles [2]. Based on 
the Jordanian National Construction Constitution, which stipulates 
the lighting codes in Jordan, dining halls in educational buildings 
must have a minimum 150 lux of illuminance on table surfaces 
[35].  

The quantity of daylight on interior surfaces is expressed in 
illuminance levels (lux) [34]. Daylight evaluation, particularly 
measuring illuminance levels in indoor spaces, can be conducted 
using various methods, such as surveys [25,36], light meters 
[11,18,37] computerized software programs [19,38-40], and high 
dynamic range (HDR) imaging technologies and techniques [41-
43]. Other static and dynamic metrics are available as well, such 
as the daylight factor (DF), as widely used parameters in assessing 
daylight in indoor spaces [44]. However, daylight factor excludes 
building orientation and direct sunlight, which are important 
factors in hot climates (Jordan in the current study). In addition, it 
has been argued that the DF does not represent a rigorous 
representation of the illuminance levels in indoor spaces, as it 
assumes that overcast skies have a uniform brightness with a 
constant luminance. Instead, overcast skies have a relative 
graduation of luminance [45]. Daylight autonomy, continuous 
daylight autonomy, and the useful daylight index are other valid 
metrics for any given condition of daylight evaluation. However, 
these do not provide holistic predictions of daylight performance, 
and a limitation in the absolute benchmark levels was noted, 
namely that the brightness from the sun and sky vary continuously, 
and the actual reflectance of external and internal surfaces of 
buildings needs to be monitored realistically [34].  

Within all the metrics, calculations, techniques, and simulation 
programs that are available for daylight evaluations, their results 
need reliable validation, accuracy, and consistency, checked 
mainly through measurements from the investigated buildings. 
Despite the fact that real-field measurement is considered a 
challenging and expensive measurement method [46], it still 
incorporates a holistic approach that is a reliable, rigorous, and 
accurate representation of daylight performance inside buildings 
[44]. This study aims to investigate the availability of daylight in 

Table 1. Light standards for foodservice facilities, 1 foot-candle = 10.764 lux [2]. 
   Space Foot Candles 

Kitchen Work Area 30-40 
Storeroom 10-20 
Cashier 50-60 
Loading Platform 20-25 
Building Entrance 10-20 
Rest Room 20-30 
Hotel: General Guest Areas 10-20 
Accounting and Bookkeeping Offices 100-150 
Dining Rooms  
Quick Service 40-50 
Casual Dinning 10-20 
White Tablecloth 5-15 

 

http://creativecommons.org/licenses/by/4.0/


218 E. Maya / Journal of Daylighting 11 (2024) 216–233 

2383-8701/© 2024 The Author(s). Published by solarlits.com. This is an open access article under the CC BY license (https://creativecommons.org/licenses/by/4.0/). 

educational dining halls, using objective and subjective 
measurements in a real-life setting. 
 
2. Materials and methods 
2.1. Description of restaurant building 
This study was conducted in the main restaurant of the University 
of Jordan, located in Amman city, Jordan (latitude 31.9539° N, 
longitude 35.9106° E). It is the first university restaurant built in 
the Hashemite Kingdom of Jordan that was designed for student, 
employee, and visitor dining purposes. The restaurant building 
was built in two stages (in 1966 and in 1979) by the architects Eng. 
Atallah Doany and Eng. Ziad Ahram. The second stage of the 
building work was mainly aimed at increasing the restaurant’s 
built-up area to cater to the increasing number of students 

enrolling at the university, and followed the construction of female 
student accommodation in 1977 and employee accommodation in 
1978. The restaurant’s location is key, situated close to the main 
central yard of the university campus as well as the main library, 
which was built in 1979 (Fig. 1). 

The restaurant is spread out over four dining halls: a student hall, 
an employee hall, and a ceremonial hall, all located on the ground 
floor, as well as an underground hall. This study was mainly 
conducted in the student and employee dining halls, which will be 
referred to as dining hall (A) (student hall), and dining hall (B) 
(employee hall).  Dining hall (A) was built in stage 2, while dining 
hall (B) was built in stage 1. The physical features of the 
investigated dining halls, including their interiors, have not 
changed since they were built, but the mechanics and electrics of 
the kitchen and service area were renovated in 2016-2017.  

 
Fig. 1. Top view of the university of Jordan campus. 
 
Table 2. Description of the interior features for the investigated dining halls (A) and (B). 

Characteristics Dining Hall (A) Dining Hall (B) 

Ceiling  Plain (beige paint)   Dome structure in the middle with plain ceiling around it (beige 
paint) 

Floor Classical grey colour tiles (traditional) 
 (Light-grey terrazzo)   

Classical brown colour tiles  
(red-yellow colour) 

Furniture  Round wooden tables (brown colour) and leather metal framed 
chairs (dark brown) 
 
-No table cloth covering it.  

Round and rectangular wooden tables with leather metal-
framed chairs. 
 
All tables are covered with white cloth during events and with 
dark red and blue cloth during normal days.  
  

Artificial lighting fixture 
type  

Traditional fluorescent tube lighting Traditional fluorescent tube lighting with spotlights around the 
dome 

No. of artificial lighting  (32) fixed tube lights, single strip (16) fixed surface mount luminaires—recessed, (4) spotlights 
& (1) suspended hanging lamp  
(21 in total) 

Light distribution  Grid  Around the outside of the dome, and hanging lamp in the 
middle 
 

Colour correlated 
temperature (CCT) 

CTT: 6500 K 
 
Cool Daylight 
 

CTT: 5200 K 
 
Daylight  
 

 Light Disbursement 
 

Direct light 

 Beam Angle 
 

120° 

 Wattage 18W 
 Control type Manual switching, on-off control 
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Based on a conversation with the restaurant’s manager, 
breakfast is served between 8:30 and 10:30, lunch is served 
between 11:30 and 14:30, and no dinner is served; no coffee or tea 
is available during the day in the dining halls. Students, employees, 
and university visitors tend to use the dining halls as places in 
which to have a quick meal, with an average eating time of 30 
minutes. However, students can stay there for over an hour, 
particularly between 14:00-15:00. The restaurant capacity is as 
follows: 400 occupants in the student dining hall, 200 occupants 
in the employee dining hall, and 90 occupants in the ceremonial 
dining hall. All of these halls can be occupied at the same time. 
Breakfast and lunch meals are served to an average of 800-1000 
people daily. 

The descriptive details relating to the interior of the dining halls 
are presented in Table 2 below, while those relating to the 
examined dining halls are summarised in Table 3. In dining hall 
(A), natural daylight is permitted through the north-oriented 

facade, which has four separate windows, and through the west-
oriented façade, which has six separate windows. In dining hall 
(B), natural daylight is permitted only through the north-oriented 
façade, which is covered with continuous panoramic windows.  

Regarding the walls and ceilings of the dining halls, both were 
painted with beige-coloured paint, which can be considered to 
have a high reflectance effect. As the floor received most of its 
daylight from the outside, it would be preferable for it to be highly 
reflective. However, given the nature of university dining halls 
and the high likelihood of dirt and dust often collecting on the 
ground, high-reflectance floor tiles would require more cleaning. 
In dining hall (A), the floor was covered with classical light-grey 
tiles, while dining hall (B) was covered in classical mid-brown 
floor tiles. The eating tables in hall (A) were round and brown in 
colour while the chairs had steel frames and were covered with 
black leather. The tables were not covered with any surface fabric. 
The eating tables in hall (B) were square or rectangular and 

Table 3. Description of the investigated dining halls (A) and (B). 
Characteristics Hall (A) Hall (B) 

Hall dimensions 23 m width * 24 m length * 4 m height 20 m width * 17 m length * 4 m height 

Dome height from the ground = 6 m 

Dome width = 12 m 

Hall area 552 m2 340 m2 

Window type 
 

Sliding vertical windows Sliding panoramic windows & clerestory windows 
 

Window dimension/ Area Single window: 2.40 m width * 2.80 m height 

6.72 m2 per window 

Total window area on northern side:  

26.88 m2 

Total window area on western side: 

 40.32 m2 

- Northern side: 80 m2  

 

- Clerestory windows: 12 m2 

Window head height from the 
ground 

3.30 m 2.80 m 

Window sill height  
 

0.5 m - No sill height for the panoramic windows 
- Clerestory: 3.56 m from the ground 

W/W% (WWR) Northern side: 29.2 % 

Western side: 56% 

84.5% 

W/F% (WFR) Northern side: 5.28% 

Western side: 10.14% 

Total: 15.42% 

23.52% 

No. Windows  4 windows (north) & 6 windows (west) Panoramic window (all northern side) & clerestory 
windows around the dome 

Window frames  Aluminium frame (light-grey colour) 

No. of window panes  
 

1 1 

Window properties\transmittance  
 

Annealed glass 
Clear transmittance (80%)  

Shading  
 

No shading, but the windows are recessed inside (0.50m) Internal shading (movable curtain) & external shading 
(1m overhang)  

Glass cleanness Medium (M) Very clean (VC) 
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covered with white cloths during special events and with dark red 
and blue cloth during normal days.  

In terms of obstructions, there are three-metre tall trees at a 
distance of three metres from the northern side of dining hall (A), 
which cover only a small part of the windows, as well as nine-
metre tall trees at a distance of seventeen metres from the western 
side. Obstructing dining hall (B), there are nine-metre tall trees at 

a distance of three metres from the northern side and a row of 70 
cm tall plants (Fig. 2). 

 
2.2. Meteorological daylight data 
Daylight availability is greatly impacted by meteorological 
variables (Table 4). The day length was measured as 
approximately 10 hours on a cloudy day, and 14 hours on a sunny 
day, with two hours difference in sunrise and sunset time 

 
Fig. 2. Outside obstructions for the investigated dining halls (A) and (B). 
 
Table 4. Meteorological data for Amman city, where the dining halls are located, including sunrise, sunset, daylight hours and altitude for both cloudy and sunny days. 
Source: https://www.timeanddate.com/sun/jordan/amman?month=7&year=2023 [47]. 

Month Sunrise Sunset Day length Altitude 

23-12-2022 (cloudy day) 07:34  18:01  10:26:28 39° 
7-7-2023 (sunny day) 05:36 19:45  14:09:09  81° 
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throughout the study time. Yet, this variable has no effect on the 
daylight availability in the investigated halls, as breakfast is served 
between 8:30 and 10:30. As for sun altitude, this also has no effect, 
as the building’s windows are oriented towards the north and west, 
with natural light coming mainly from the sky. However, it is the 
cloud coverage variable that most impacts the availability of 
daylight. Table 5 shows the percentage of cloud coverage during 
the study investigations. On a cloudy day, cloud coverage 
exceeded 60% most of the day, while on a sunny day, cloud 
coverage did not surpass 13%, except after sunset. While the 
cleanliness, glazing properties, frame, and colours of the windows 

all impacted daylight availability, these variables were not 
included in this study. 
 
3. Research design 
In order to investigate daylight availability in a real-life sitting, the 
study adopted a quantitative experimental research design, for 
which the fieldwork involved instrumentation and a questionnaire 
designed for a meaningful implementation of numeric descriptions 
of reality. The instrumentation procedure, conducted using light 
meters in the real-life sitting of the investigated dining halls, 

Table 5. Cloud coverage percentage for both cloudy and sunny days in Amman city. Source: https://www.meteoblue.com/en/user/order/historyplus [48]. 
Time Cloud coverage % 

Sunny day Cloudy day Time Sunny day Cloudy day 

T00:00:00 2 60 T12:00:00 7.5 100 
T01:00:00 3 93 T13:00:00 10.5 100 
T02:00:00 1 86 T14:00:00 5.4 99 
T03:00:00 4 78 T15:00:00 1.8 96 
T04:00:00 3 95 T16:00:00 11 95 
T05:00:00 1 98 T17:00:00 8.7 95 
T06:00:00 2 98 T18:00:00 7.5 96 
T07:00:00 0 72 T19:00:00 13 97 
T08:00:00 1.2 89 T20:00:00 24 96 
T09:00:00 9.6 99 T21:00:00 29.4 89 
T10:00:00 12.3 100 T22:00:00 28.8 51 
T11:00:00 9.9 100 T23:00:00 29.4 97 

 

 
Fig. 3. Light meters placed on the dining table for dining halls A (right) and B (left). 
 

 
Fig. 4. Fish-eye pictures of the investigated dining halls; Hall (A) on the right, Hall (B) on the left. 
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included the following: one light meter placed on the restaurant 
building’s roof to measure daylight under an unobstructed sky; 
two light meters placed on the window stools to measure 
horizontal illuminance levels (HILs) just after the light passes 
through the windows, (window sill height in hall (A)=0.5 m; there 
is no window sill height for the vertical windows in hall (B)); a 
total of 22 light meters, 13 of which were placed in hall (A), with 
the remaining 9 meters placed in hall (B).  The light meters were 
placed on the dining tables at a height of 0.7 m above the floor and 
at a 3–4 m distance grid inside the dining halls (see Fig. 3); four 

light meters placed on the vertical walls (two in each hall) at 1.60 
m from the ground to measure the vertical illuminance levels 
(VILs) on the walls. All light meters were recording at the same 
time on a cloudy (23/12/2022) and a sunny (7/7/2023) day. The 
light meters used were Ubibot Wireless Smart Sensors WS1 [18]. 
The ambient light sensor has ±2% precision and a range of 0.01 to 
83 K lux. The light measurements were recorded at 5-minute 
intervals all day during the weekend, when the artificial lights 
were off, and there were no students, lecturers, or visitors using 
the dining halls. The dining tables were not covered with any 

 
Fig. 5. Plan showing the locations of light meters in Halls A (right) and B (left). 
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cloths during the light measurements for either dining hall. Figure 
4 shows fisheye views of the investigated dining halls, and Fig. 5 
shows the locations of the light meters in halls (A) and (B). 

For the questionnaire procedure, the purpose was to involve the 
users of these places (students and employees) to define the 
strengths and weakness linked to daylight availability inside the 
investigated dining halls, hence evaluating the light from 
subjective perspectives. The questionnaire’s questions were 
adopted from Mayah’s thesis (2021) [18], and some of the 
artificial light terms used in the questionnaire originated from 
Flynn et al. (1973) [49]. The data collection procedure was 
conducted through an online form for greater convenience, where 
participants could scan a code and fill out the questionnaire easily. 
The questionnaire consisted of three parts: demographic 
information, daylight evaluation on a sunny day (the quantitative 

and qualitative aspects were evaluated on a 7-point Likert scale as 
very low...just right [neutral]...very high), and an artificial light 
evaluation (the quantitative and qualitative aspects were evaluated 
on a 7-point Likert scale: very low...just right [neutral]...very high).  

A reliability test check (Cronbach’s alpha) was conducted using 
SPSS software program to measure the internal consistency of a 
set of items in the questionnaire [50]. The final evaluations were 
set as follows: the daylight evaluation on a sunny day consisted of 
6 items, namely, brightness, illumination, uniformity, distribution 
of daylight, glare from daylight, and visual comfort; the artificial 
light evaluation consisted of 12 items, namely, adequate 
illumination, uniformity, glare, flickering, good colour appearance, 
high visual comfort, creates shadows, dim, special, functional, 
pleasant, and satisfying. Cronbach’s alpha values reached 0.77 and 

 
Fig. 6. The registered illuminance levels on a cloudy day in dining hall (A). 
 

 
Fig. 7. The registered illuminance levels on a sunny day in dining hall (A). 
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0.69, respectively, for the daylight and artificial light evaluations, 
which are considered reliable and acceptable scores [51]. 
 
4. Results 
4.1. Analysis of daylight 
4.1.1. Hall (A) 
This section presents the descriptive data relating to the daylight 
levels inside the investigated halls. Along with light measurements 
taken inside the dining hall, on a cloudy day, the meter measuring 
point located on the roof under an unobstructed sky registered 
average horizontal illuminance levels (HILsavg) of about 4,824.5 
lux and 19,370 lux during breakfast (8:30–10:30) and lunch 
(11:30–14:30), respectively. For the light meters that were placed 
on the window stools, the HILavg during breakfast registered as 349 
lux and 511 lux for the northern and western window stools, 
respectively. The HILavg during lunch registered as 992 lux and 
4,047 lux for the northern and western window stools, respectively. 
Comparing the HILavg on the roof with the ones from the window 
stools, it was found that the HILavg values on the northern window 

stool were reduced by 93% and 95% during breakfast and lunch, 
respectively. Similarly, the HILavg values on the western window 
stool were reduced by 90% and 80% for breakfast and lunch, 
respectively. 

For the illuminance levels inside hall (A), according to the 
lighting codes laid out by the Jordanian National Construction 
Constitution [35], the HILs registered on the table surfaces of a 
dining area in an educational building must be a minimum of 150 
lux. Based on this stipulation, the indoor HILs recorded in hall (A) 
on a cloudy day did not met the recommended values during 
breakfast at any point. However, the recommended HILs were met 
only at a distance of 2 m from the northern and western windows 
during lunch, and the maximum value (968.02 lux) was recorded 
at a 2 m distance from the western window wall at lunch as well. 
The remaining area of the hall did not meet the recommended 
value at any time. Figure 6 shows the registered HILs on a cloudy 
day in hall (A).      

On a sunny day, the roof meter registered HILavg values of about 
37,391 lux and 83,866 lux during breakfast and lunch, respectively. 
The meters on the window stools registered HILavg values during 

 
Fig. 8. The registered HILs in relation to the recommended value (150 lux) presented with colour codes for a cloudy and sunny day in dining hall (A). 
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breakfast of about 687 lux and 737 lux for the northern and 
western window stools, respectively. For lunch, the HILavg 
registered 917 lux and 5,061 lux for the northern and western 
window stools, respectively. This indicates a reduction of the 
registered HILavg of about 98% on the northern window stool 
during breakfast and lunch and a reduction of about 99% and 94% 

on the western window stool during breakfast and lunch, 
respectively. 

The registered HILavg values at a distance of 2 m from the 
northern and western windows were found to be higher than the 
recommended value during both breakfast and lunch. The 
maximum HIL was also found close to the western window wall, 
where it registered 1,619 lux at lunchtime. The remaining area of 

Table 6. The average illuminance levels for breakfast and lunch time in relation to the meter measuring point on both a cloudy and sunny day in dining hall (A). 
 
Location  

 
Meter measuring 
point 
 

 Illuminance levels (lux) at dining hall (A) 

Breakfast Time Lunch Time 

Avg. 8:30 – 10:30 Avg. 11:30 – 14:30 

Cloudy day Sunny day Cloudy day Sunny day 

On the window stool: northern 
window 

Meter 46 349 687 992 917 

On the window stool: western 
window  
(Stool height=0.5 m) 

Meter 45 511 737 4047 5061 

On the dining tables  
(0.70 m above the floor)  

Meter 61 80.94 
 

390.80 
 

252.52 
 

521.67 
 

 Meter 60 93.90 479.51 294.47 562.65 
 Meter 59 21.36 176.26 176.64 191.77 
 Meter 58 73.86 786.75 639.22 1618.77 
 Meter 42 99.14 545.14 968.02 1096.53 
 Meter 54 15.13 123.83 118.97 137.88 
 Meter 55 10.21 76.61 49.48 79.79 
 Meter 57 8.06 196.88 31.88 259.15 
 Meter 52 85.00 431.73 797.63 745.57 
 Meter 51 11.88 97.62 79.91 102.44 
 Meter 50 6.11 52.56 32.83 54.25 
 Meter 49 3.90 52.69 17.74 56.75 
 Meter 43 3.31 13.61 9.71 13.10 
At the northern vertical wall Meter 48 416.4 165.1 991.7 173.8 
At the western vertical wall 
(1.60 m above the floor) 

Meter 37 36.5 241.1 428.6 347.5 

Roof meter 
(under unobstructed sky) 
 

Roof meter  4824.5 37391 19370 83865.6 

 

 
Fig. 9. The registered illuminance levels on a cloudy day in dining hall (B). 
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hall (A) did not meet the recommended value at any time during 
the sunny day, similar to the cloudy day. Figure 7 shows the 
registered HILs on a sunny day in hall (A). Figure 8 presents the 
illuminance level measurements in relation to the recommended 
value (150 lux), based on the Jordanian lighting code and the time 
(breakfast vs. lunch) on both a cloudy and sunny day in hall (A). 
Table 6 presents the HILavg values for breakfast and lunch in 

relation to the meter measuring points (see Fig. 8) on both a cloudy 
and sunny day in hall (A). 

 
4.1.2. Hall (B) 
In dining hall (B), there are only north-orientated windows. On a 
cloudy day, the HILavg measurements taken in the area at a 2 m 

 
Fig. 10. The registered illuminance levels on a sunny day for the dining hall (B). 
 

 
Fig. 11. The registered HILs in relation to the recommended value (150 lux) presented with colour codes for a cloudy and sunny day in dining hall (B). 
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distance from the north-facing windows corresponded with the 
recommended illuminance level (150 lux) during lunch, when the 
maximum recorded level was 665.28 lux at 12:47. However, the 
remaining area inside dining hall (B) did not reach the 
recommended illuminance level at any time during the cloudy day. 
Figure 9 shows the HILs recorded on a cloudy day in dining hall 
(B).  

On a sunny day, the maximum HIL recorded was 1,009.28 lux 
at a 2 m distance from the northern windows at 16:27. This area 
received the recommended illuminance level during breakfast and 

lunch. The registered HILavg for the remaining area did not reach 
the recommended illuminance level. Figure 10 shows the HILs 
recorded on a sunny day in dining hall (B). Figure 11 presents the 
recorded illuminance levels in relation to the recommended value 
(150 lux), based on the Jordanian lighting code and time (breakfast 
vs. lunch) for both a cloudy and sunny day in dining hall (B). Table 
7 presents the registered HILavg values for breakfast and lunch in 
relation to the meter measuring point (Fig. 11) on both a cloudy 
and sunny day in dining hall (B). 
 

Table 7. The average illuminance levels for breakfast and lunch time in relation to the meter measuring point on both a cloudy and sunny day in dining hall (B). 
 
Location  

 
Meter measuring 
point 
 

 Illuminance levels (lux) at dining hall (B) 

Breakfast Time Lunch Time 

Avg. 8:30 – 10:30 Avg. 11:30 – 14:30 

Cloudy day Sunny day Cloudy day Sunny day 

On the dining tables  
(0.70 m above the floor) 

Meter 34 117.13 
 

102.29 
 

337.62 
 

142.69 
 

 Meter 33 59.50 
 

164.73 
 

176.97 
 

261.20 
 

 Meter 32 61.91 
 

330.67 
 

181.90 
 

576.39 
 

 Meter 39 7.98 
 

86.56 
 

47.31 
 

90.96 
 

 Meter 36 7.57 
 

85.44 
 

30.93 
 

94.24 
 

 Meter 31 14.54 
 

67.88 
 

44.86 
 

85.10 
 

 Meter 41 5.96 
 

51.99 
 

25.77 
 

54.96 
 

 Meter 38 6.09 
 

52.13 
 

28.69 
 

59.34 
 

 Meter 53 4.53 
 

46.36 
 

15.94 
 

56.42 
 

At the northern vertical wall Meter 29 19.3 265 81 333 
 

At the western vertical wall 
(1.60 above the floor) 

Meter 28 14.5 116.7 67.5 172 
 

Roof meter 
 

Roof meter  4824.5 37391 19370 83865.6 

 

 
Fig. 12. Boxplot representing the variations in the subjective responses between the investigated dining halls in evaluating daylight factors in a sunny day; rating scale 
from 1 (very low) to 7(very high). 
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4.1.3. Analysis of subjective measurements: daylight 
The total number of responses was 239, of which 189 (79.1%) 
were responses from students from hall (A), and 50 (20.9%) were 
responses from employees from hall (B). Most of the respondents 
were within the 18–21 age group (53.8%), followed by the 26 and 
above age group (24.6%), then the 22–25 age group (20.4%), and 
finally, 18 or below (0.8%). There were 142 females (59.2%) and 
97 males (40.4%), and most of the responses were from Jordanian 
citizens (93.3%). The questionnaire results were analysed using 
SPSS. The responses’ mean evaluation for items (factors) related 
to the daylight evaluation in the dining halls on a sunny day are 
described as follows: brightness and illumination were rated as 
“neutral” for both dining halls; uniformity and distribution of 
daylight were rated as “neutral” for hall (A) but “slightly low” for 
hall (B); glare was rated as “very low” for both dining halls; 
finally, visual comfort was rated as “neutral” for hall (A) and 
“slightly high” for hall (B). 

Along with questionnaire results, objective light measurements 
were also recorded to measure the vertical illuminance levels 
(VILs) reached on walls (Table 6). In hall (A) on a cloudy day, the 
vertical measuring point (VMP) on the northern wall registered 15 
lux and 71 lux at breakfast and lunch, respectively. On the western 
wall, the VMP registered 24 lux and 192 lux at breakfast and lunch, 
respectively. On a sunny day, the VMP on the northern wall 
registered 153 lux and 174 lux at breakfast and lunch, respectively. 
On the western wall, the VMP registered 241 lux and 348 lux at 
breakfast and lunch, respectively. 

In hall (B) on a cloudy day, the VMP on the northern wall 
registered 19 lux and 81 lux at breakfast and lunch, respectively, 
while on the western wall, it registered 15 lux and 68 lux at 
breakfast and lunch, respectively. On a sunny day, the VMP on the 
northern wall registered 265 lux and 333 lux at breakfast and lunch, 
respectively while on the western wall, it registered 113 lux and 
176 lux at breakfast and lunch, respectively. As such, the objective 
measurements of VILs on a sunny day corresponded with the 
subjective ratings on the daylight evaluation for both dining halls. 
Figure 12 shows a boxplot presentation of the variations in the 
subjective responses evaluating daylight factors in both halls (A) 
and (B). 
 
4.2. Analysis of artificial lighting 
The uniform distribution of light inside interior spaces results from 
arranging windows to provide direct daylight complemented by 
artificial lighting. Artificial lights can enhance the general 
ambiance, and help to meet functional and aesthetical 
requirements, particularly in areas that daylight cannot reach. The 
only type of artificial lighting used in hall (A) were ambient 
fluorescent tube lights that provided general luminance to the 
entire space, while hall (B) was fitted with both ambient 
fluorescent tube lights that cover the entire space as well as 
decorative spot lights around the central dome. Figure 13 shows 
fish-eye pictures of the artificial lighting installed in both dining 
halls (A) and (B). Figure 14 shows the ceiling plans of the installed 
artificial lighting in halls (A) and (B). 

 
Fig. 13. Fish-eye pictures of the artificial lighting installed in both dining halls A (right) and B (left). 
 

 
Fig. 14. Ceiling plans of the artificial lightings installed in dining halls (A) and (B). 
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In this study, artificial lighting was detected at night (without 
the presence of daylight) in both halls (A) and (B). The Ubibot 
wireless light meters were placed on a grid on the dining tables 
(0.70 m above the floor). Figure 15 presents the location of the 
light meters in relation to the artificial lighting fixtures. Based on 
the descriptive analysis, it was found that in hall (A), the horizontal 
illuminance levels (HILs) produced by most of the artificial lights 
met the recommended value set out by the Jordanian lighting code 
(150 lux). In contrast, in hall (B), the HILs recorded from artificial 
lights were below 150 lux and so did not meet the recommended 
value. Table 8 shows the registered HILs for the artificial lighting 
in both dining halls. 
 
4.2.1. Analysis of subjective measurement: artificial light    
The subjective responses’ mean evaluation for factors related to 
the artificial light are as follows: adequate illumination and high 
visual comfort were rated as “slightly low” for hall (A) and 
“neutral” for hall (B); uniformity and good colour appearance 
were rated as “slightly low” for both dining halls; glare, flickering, 
and creates shadows were rated as “very low” in terms of having 
an effect on both dining halls. Similarly, the factors of special and 

pleasant for the artificial lighting were rated as “very low” for both 
dining halls. Although the factor of dim was rated as “high” for 
both dining halls, the functional factor was rated as “neutral” for 
both. Finally, the satisfying factor was rated as “slightly low” for 
hall (A) and “neutral” for hall (B). Figure 16 shows a boxplot 
presentation of the variations in the subjective responses 
evaluating artificial lighting factors for both dining halls.    

Comparing the subjective mean evaluation for the artificial 
lighting with the objective evaluation presented in section 4.2 it 
can be noted that the factor of functional was rated as “neutral”, 
which corresponded with the registered HILs that were higher than 
150 lux for most of the installed artificial lights in hall (A). 
However, the respondents rated the factors of adequate 
illumination and uniformity as “slightly low” and the dim factor as 
“high”. This means that the respondents’ subjective needs and 
preferences may not correspond with the objective measurements 
that are set in lighting codes. Similarly, in hall (B), the respondents 
rated the factor of dim as “high”, which corresponded with the 
registered HILs that were found to be less than 150 lux. 
Additionally, the factors of functional and adequate illumination 
were rated as “neutral”, which contradicts the objective 
measurements. 

 
Fig. 15. The location of light meters (meter measuring points) that were placed on dining tables in relation to the overhead artificial lighting above for dining halls (A) 
and (B). 
 
Table 8. Horizontal illuminance levels (lux) registered for the installed artificial lightings in dining halls (A) and (B). 

Dining hall (A) Dining hall (B) 

Location Meter 
measuring 
point 

Illuminance 
levels (lux) 

Location Meter 
measuring 
point 

Illuminance 
levels (lux) 

On the dining tables  
(0.70 m above the floor) 

Meter 41 182 On the dining tables  

(0.70 m above the floor) 

Meter 47 17 

 Meter 43 190  Meter 27 20 

 Meter 60 118  Meter 43  118 

 Meter 39 158  Meter 49 31 

 Meter 27 246  Meter 41 33 

 Meter 51 122  Meter 34 17 

 Meter 47 197  Meter 39 110 

 Meter 49 247  Meter 51 95 

 Meter 40 120  Meter 60 5 

 Meter 28 200  Meter 28 25 
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5. Discussion 
The following discussion will delve into the descriptive analysis 
of the daylight levels recorded in the case study, and consider them 
mainly in terms of the recommendations set out by Hopkinson and 
Kay (1969) [33]. It is recommended to place windows in more 
than one wall, where possible, and preferably in adjacent walls for 
more adequate daylight penetration. Windows in adjacent walls 
can reduce glare by minimising the contrast between the 
brightness of the sky outside and the interior. This 
recommendation was complied with in hall (A), where windows 
were placed in adjacent walls. As a result, the daylight levels 
registered in hall (A) were higher than those recorded in hall (B), 
where windows were located in just one wall. This 
recommendation is applicable only where there are no 
obstructions that prevent opening windows on a wall. However, 
hall (B) does indeed have such obstructions. 

Another key recommendation by Hopkinson and Kay (1969) 
[33] is that it is convenient to provide a building with natural light 
during daylight hours and to use artificial lighting for “emphasis”. 
Therefore, a combination of natural and artificial lighting should 
be employed (the former for general lighting, with the latter used 
as a supplement with directional characteristics). In hall (A), the 
average horizontal illuminance levels (HILsavg) were above the 
recommended value (150 lux) only at a distance of 2 m from the 
northern and western windows, on both a cloudy (lunchtime) and 
sunny day, as the horizontal illuminance levels (HILs) dropped by 
more than 80% of its value outside. However, the vertical 
illuminance levels (VILs) registered higher than 150 lux on a 
sunny day, so most of the subjective mean evaluations for the 
daylight factors, such as brightness, illumination, uniformity, and 
visual comfort were rated as “neutral”. For the artificial lighting, 
general ambient tube lights were used, without any special or 
decorative artificial lights. This was confirmed in the subjective 
mean evaluation for artificial lighting, in which the factors of 
special and pleasant were rated as “very low”, the dim factor was 
rated as “high”, and the satisfying factor was rated as “slightly low” 
in hall (A). Although the illuminance levels of the artificial lights 

were higher than the recommended value (150 lux), it was rated as 
“slightly low”, and the functional factor was rated as “neutral”.  

Similarly, in hall (B), the HILavg values were above the 
recommended value (150 lux) only at a distance of 2 m from the 
northern windows on both a cloudy (lunch time) and sunny day. 
The VILs mostly registered higher than 150 lux, so the subjective 
mean evaluation of the daylight factors, such as brightness, 
illumination, and visual comfort were rated as “neutral”. For the 
artificial lighting in hall (B), both general and directional lighting 
systems were installed. Nevertheless, the illuminance levels in 
both systems were lower than the recommended value and can 
therefore be classed as inefficient [36]. The subjective mean 
evaluation for the artificial lighting factors, such as special and 
pleasant were rated as “very low”, and the dim factor was rated as 
“high”. Nevertheless, the respondents rated the adequate 
illuminance, functional, and satisfying factors as “neutral”, which 
contradicts the objective measurements. It is important to mention 
that the subjective responses in hall (B) were mostly based on 
employees’ perspectives while in hall (A), they were mostly based 
on students’ perspectives, which might have an effect in rating 
some factors, such as satisfying.  

The daylight that penetrates inside an interior environment 
comes from multiple sources: the sky component (SC) received 
directly from the outside sky through the windows; the external 
reflected component (ERC), which is light reflected from external 
surfaces and highly impacted by the surrounding built up-areas; 
and the internal reflected component (IRC,) received after being 
reflected and interrelated from the entire surfaces of the interior 
[33]. With this in mind, it is evident that internal decorations, 
including furniture inside dining halls, have a crucial impact on 
the total daylight measured inside an interior, particularly for areas 
that are far from a window. As a result, the internal reflected 
component (i.e. internal decorations) in dining hall (A) was greater 
than in dining hall (B). The sky component (SC) and/or external 
reflected component (ERC), both of which come from the outside, 
were found to vary according to the distance from the windows. 
This was the case in both dining halls and on both a cloudy and 

 
Fig. 16. Boxplot representing the variation in subjective responses between the investigated dining halls; (A) and (B) in evaluating factors related to the artificial 
lightings. Rating scale from 1 (very low) to 7(very high). 
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sunny day, with daylight levels reaching the recommended value 
(150 lux) only at a two-metre distance from the northern windows 
in both halls, and at a two-metre distance from the western 
windows in just hall (A). This means that only 21% and 10% of 
the total dining floor area was daylit in hall (A) and hall (B), 
respectively.   

Although the window-to-wall area ratio (WWR) was around 85% 
in both dining halls, the employment of side-lighting alone was 
insufficient to guarantee the required quantities of daylight [33]. 
As a result, the window-to-floor area ratio (WFR) had a greater 
impact on daylight availability, particularly with such large floor 
areas. Dining halls (A) and (B) had a WFR of around 15% and 
24%, respectively. VELUX (2020) [53] state that in order to 
ensure adequate levels of daylight, it is recommended to ensure a 
ratio of no less than 20% of the glazed area of all windows to the 
floor area of an interior. Using the VELUX Daylight Calculator 
[52], dining hall (A) has a current glazed area of 12.2% (67.2 m2). 
Therefore, to meet the 20% daylight recommendation, 7.8% 
(43.20 m2) more glazing is needed. In dining hall (B), even though 
the current glazed area is 23.5% (80 m2), the hall requires further 
solutions to ensure adequate daylight levels, particularly in the 
deepest interior areas.   

The area of glazing is crucial for providing the required daylight 
levels inside a room. Daylight penetration depends upon the shape 
of windows, their positioning, and their transmission properties. 
The design and arrangement of a glazed area should take into 
consideration the use of an environment and the tasks carried out 
within it [33]. As window orientation and position play a major 
role, natural light coming from the outside sky through the roof 
(Skylighting) would be considered more convenient and efficient 
for daylighting design than vertical side-windows. In hall (A), 
there was no skylight, but hall (B) had a grand dome. However, 
this dome was totally covered at the top in concrete, leaving 
windows on just the sides (clerestory windows). The penetration 
of daylight from the side clerestory windows was much lower than 
would be obtained from a typical roof skylight, and distribution 
was not uniform, which explains their minimal contribution to 
daylight on the overall floor area in dining hall (B).    

Furthermore, room dimensions also have an impact upon the 
daylight distribution within an interior environment. There is an 
inverse relationship between the levels of daylight and the distance 
from the windows [18]. Deeper penetration of daylight may be 
guaranteed by placing a tall vertical window at a higher position 
than the working plan (i.e., dining tables, in this study). This will 
allow direct light from the sky to penetrate to the horizontal 
surfaces [33]. Optimum daylight penetration and distribution can 
be approached by employing a ratio of 1:2 for window height to 
interior depth [54]. Another rule-of-thumb proposed by Robinson 
and Selkowitz (2013) [55] is that the practical depth of a daylit 
zone is 1.5 times window head height; where the window has a 
reflective light shelf, the depth becomes 1.5-2 times the window 
head height. Nevertheless, applying this rule did not in fact 
guarantee a practical depth of daylight in this study. In the 
investigated dining halls (A) and (B), 1.5 times the window head 
height would be equal to 5m and 4m, respectively. But 
measurements of the illuminance levels over the dining tables 
showed that it was only the zone two metres from the northern and 
western windows that offered adequate practical daylight levels.  

The lower direct daylight found in this study can be accounted 
for by the obstructions, the dirt on windows, and the light-metal 

window frames, all of which made it difficult to ensure sufficient 
daylight levels at all times. Therefore, the integration of natural 
and artificial lighting was necessary to provide uniform 
distribution and adequate lighting inside the interior environments. 
In hall (A), the artificial lighting levels reached the recommended 
value (150 lux), but there was no intelligent integration with the 
natural light. The colour temperature was over 5000 K, with the 
light appearing white. The installation was designed to provide 
ambient light, but with no attention to practical considerations or 
aesthetics. Similar lighting characteristics were observed in hall 
(B). However, the levels of light did not reach the recommended 
value, and the decorative spot lights installed beneath the dome 
were not sufficiently functional.  

This study recommends further research involve comparing 
current conditions with those following proposed improvements. 
For example, the current window size could be expanded and the 
configuration altered. Moreover, the furniture and inner surfaces 
could be redesigned to change reflectance levels, and top lighting 
(skylight windows) could be installed to provide greater 
penetration of daylight to the dining tables than side-lighting 
(vertical windows). Such windows could also open up views that 
make a connection between interior environments and the 
outdoors to create a more pleasant atmosphere. Further research 
could consider this variable and its relation to interior daylight in 
the context university foodservice. The findings of this study are 
based on studying the restaurants at a single university. For a more 
generalizable evaluation of daylight in university foodservice, it 
would be recommended to conduct the study in other locations to 
validate the fundamental findings in foodservice research. 
 
6. Conclusion 
University foodservice has the potential to become a large enough 
market to compete with other restaurant and fast food businesses. 
The designing of lighting for university foodservice should focus 
on cost-effective measures and energy efficiency without affecting 
food quality or speed of service. This study presents an empirical 
evaluation of the availability of daylight in a real-world setting: 
the dining halls at the University of Jordan. Although daylight is 
considered an intangible variable that is difficult to predict, 
measuring horizontal illuminance levels above a working plan 
(dining tables in this study) can provide a clear estimation of the 
quantity of daylight penetrating inside an interior environment to 
assess whether it is sufficient for the tasks taking place therein. In 
the investigated dining halls (A) and (B), there was found to be 
limited penetration of daylight due to the relationship between the 
glazed areas and the halls’ dimensions, as well as the 
characteristics of the windows and the reflectance of the inner 
surfaces. Therefore, it can be concluded that there is the need to 
conduct an appraisal of the lighting within the interior of the dining 
halls, and to plan an intelligent integration of daylight with 
artificial light. 
 
7. Limitations 
The limitation of this empirical evaluation is that the study did not 
include measurements of the internal reflected component 
includes walls, which have an impact on the daylight availability 
inside an interior environment. Furthermore, this study did not 
include measurement of surface reflectance or the transmittance 
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value of obstructions such as trees or distant buildings, which 
scatter and block daylight. 
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