




















223 E. Maya / Journal of Daylighting 11 (2024) 216-233

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).

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

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 HIL.,, 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 HIL,,, measurements taken in the area at a 2 m
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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).

INluminance levels (lux) at dining hall (B)

Location Me‘eter measuring Breakfast Time Lunch Time
point
Avg. 8:30 — 10:30 Avg. 11:30 — 14:30
Cloudy day Sunny day Cloudy day Sunny day
On the dining tables Meter 34 117.13 102.29 337.62 142.69
(0.70 m above the floor)
Meter 33 59.50 164.73 176.97 261.20
Meter 32 6191 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 Meter 28 14.5 116.7 67.5 172
(1.60 above the floor)
Roof meter Roof meter 4824.5 37391 19370 83865.6
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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).

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 HIL,.g 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 HIL,y, 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).
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Fig. 14. Ceiling plans of the artificial lightings installed in dining halls (A) and (B).

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.

' S | Y
] D_ I_i_
l__l_ﬂ_

Hall (A)

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 Iunch, 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).
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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 Illuminance Location Meter Illuminance
measuring levels (lux) measuring levels (lux)
point point

On the dining tables Meter 41 182 On the dining tables Meter 47 17

(0.70 m above the floor) (0.70 m above the floor)

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

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 wvariations 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.
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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).

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 (HILs.,) 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 HIL., 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
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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 m?).
Therefore, to meet the 20% daylight recommendation, 7.8%
(43.20 m?) 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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