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Abstract: -Schools and universities are the main spaces for learning, in which he building design can easily
affect the learning and interactive process where indoor environment should be considered carefully when
designing these learning spaces. One of the most important factors considered is lighting. The aim of this
research is to investigate the effect of different types of indoor lighting on the learning and interactive process.
In this research, The indoors lighting efficacy in two different types of educational places were tested in a
guantitative way in addition to users survey for these places to test their satisfaction with the current indoor
lighting quality which results that the users prefers natural lighting although it got negative feedback due to
inconsistency. Finally, this research gives some recommendations for the usage of the indoors lighting to further
enhance the learning and interactive process.
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1  Introduction 2 Lighting

Energy consumption and reduction is the main “Light is essential for humans. It is commonly
scope of research in the past decade, many known that light is an important factor in physical
researchers tried to find alternative source of clean and psychological behaviours. Since the late 1990s,
energy and others tried to minimize the energy great quality lighting balanced the needs of humans,
consumptions [1,2,3&4]. Educational buildings are economic and  environmental issues, and
one of the main types of building that consumes architectural design.” Good lighting is an important
high energy monthly, not associated to the industry contributor in good visual performance, special
in a country. Many simulations and designing appearances, good health and yet it additionally
software’s such as design-builders were used to decides spatial appearance, it accommodates
estimate the amount of energy consumed in building wellbeing, and it adds to prosperity [8, 9].
as a tool to control and reduce the buildings energy
consumptions [5]. In US educational buildings it 2.1 Luminous flux (luminous output):
costs up to 6 billion dollars a year. There is a huge Energy produced by the light source cannot be
association between the results of tests and the fully considered as light energy. for instance, an
indoor ventilation rate, temperature and high contact incandescent lamp transforms a certain amount of
surfaces hygiene. This shows a large association consumed electric energy into radiant energy, out of
between the indoor environment and the satisfaction this, the majority of this energy is considered as
of with the studying environment. Previous studies heat, and the rest (about 10%) is considered as light
and researches shows that the learning performance to the human eye [10].
is reduced by 30% due to poor indoor environment “Luminous flux is the total amount of light
[6]. The atmospheric components of the indoor radiated or emitted by the source of light in all
environments consist of three aspects: ambient, directions in one second.” It is measured in lumens
design and social factors which all are associated (Im) and represented by the Greek letter (®) [10].

with the indoor environmental quality [7].
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2.2 Illuminance (Luminous level):
“Luminous level or Illuminance is the ratio between
the Luminous flux received by a surface to its
surface. Its unit is the Lux (IxX) and represented by
the letter (E).”

Therefore, the formula that expresses Illuminance

ien @ —Ilm
isiE=~ (Ix= /mZ)

“Therefore, according to this formula, the higher the
Flux applied on a surface, the higher the illuminance
will be, also for the same Flux; the illuminance will
increase as the surface decreases.” [10].

According to previous researches the recommended
percentage of Lux in study places is shown in table
1 [10].

Table 1. Recommended lux in specific study areas [10]

Area type lHluminance is | Quality Class
service (lux)

Workshop 300

Libraries

Reading rooms

Classrooms 500 A-B

Assembly halls

Laboratories

Art rooms

Sports halls

3 Natural Lighting

Daylight was the primary light source in buildings
before the 1940s.

Sun light intensity, angles and effects have never
changed, however architects with the passage of
time started to increase their usage of natural
lighting in their designs. This usage of sun light
occurred for a variety of reasons such as:

1) Energy saving: how to use natural lighting
to decrease the usage of artificial lighting,
which reduce the power consumption and
its cost.

2) As an architectural element: architects often
use sun light and shadow to enhance their

facade design.
3) Its psychological and physiological effects:
Natural lighting is linked to high

productivity, fewer errors or defects in
products, lower eyestrain, lower fatigue and
positive attitudes [11]. Moreover, lighting
has a lot of physical and psychological
benefits as described in table 2 [12].

E-ISSN: 2224-350X

122

Mostafa M. E. F. Shams,
Hosam Abd EI- Aziz Amr, Rania Rushdy Moussa

4 Artificial Lighting

Ever since the 1940s, artificial lighting
supplemented the natural lighting. In the short span
of 20 years, artificial lighting transformed

workshops to satisfy most if not all the needs of its
users lighting requirements [11]. There are a lot of
types of artificial lighting such as Incandescent
lamps, High pressure mercury discharge lamps,
High pressure sodium discharge lamps and
Induction lamps. All these types have their
advantages, disadvantages and methods of usage
[10].

5 Research Methods

Table 2.Natural light and human body[12]

Physically Psychologically
Improve Decrease Improve Decrease
Vitamin D Cancer Mood Depression

Possibility
Visual Abnormal Mental Stress
System Bone Performance
Formation
Circadian - Alertness Sadness
Rhythms
Sleep - Brain Violent
Quality activity Behaviour

The research applied an environmental experiment
for investigating the effects of indoors lighting on
the learning and interactive process. Due to the
nature of this research, it is correlational, which is
the study of the relationship of two or more
variables. The research components will be reached
with a quantitative approach, which is the research
method, that took place in two phases. Phase One:
by measuring the light llluminance in two different
types of study rooms, knowing that the data were
gathered in specific spots in the two rooms. Phase
Two: the research applied a quantitative survey,
where the users were asked about the two rooms and
their specific opinion of the quality of lighting in
both rooms.

5.1 Study Area
This research took place in two different types of

study rooms inside building “A” in the “British
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University in Egypt” (BUE) as shown in Fig 1 and
Fig 2.
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Figufe 1. The Locatiéﬁ o} the British Uﬁiversity in
Egypt in Sherouk city

(L

T

ﬂ""‘t R =

Flgure 2. The Iocatlon of the class rooms |n3|de U|Id|ng

A, The study area of this research
The first Room is called “CAD CAM Lab” which is
located in the first floor of the building. It has a
dimension of 17.5m x 8.5m. This Lab is intended
for mostly computerized designing work for
engineers. It has 18 sets of artificial lighting with
each set having 4 (60 cm) florescent tubes reaching
a total of 72 florescent tubes in total as shown in
figure 3.
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Figure 3. Light distribution inside the study area

The second Room is called “Room-311" located on
the third floor. It has a dimension of 8.6m x
5.75m. This room is a normal class room with a
white board and a data show projector. It has 10 sets
of artificial lighting with each set having 4 (60 cm)
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florescent tubes reaching a total of 40 florescent
tubes in total as shown in figure 4.
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Figure 4. Lighting distribution inside class room-311
Plan

5.2 Characteristics of Participants
The participants were chosen according to their

constant participation in the two classes along the
semester. The research participants were given a
questionnaire to measure their evaluation for the
indoors lighting environment of the two rooms. A
total of 73 participants were surveyed during April
2021. The participants were divided between the
two rooms, 45 persons participated in the “CAD
CAM Lab” and 28 persons participated in “Room-
311”. The distribution of participants demographic
and social characteristics, such as Gender, age and
education level are presented in table 3 and 4.

Table 3. Demographic and social characteristics of the
research participants inside “CAD CAM Lab”

Gender Age Education level
Male 57% 17-22 Engineering
Female 43% students

Table 4. Demographic and social characteristics of the
research participants inside “Room-311

Gender Age Education level
Male 87% 17-22 Engineering

students
Female 13%
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5.3 Data Collection Questionnaires

In this research, guestionnaires were chosen to be
the data collection method from the students inside
the chosen study areas. A short questionnaire
consisting of 5 questions, as shown in the appendix,
has been used in this research. These questions were
used to measure the quality of indoors lighting
according to each student in their classroom.
Students were asked to evaluate the quality of the
natural and artificial lighting in both rooms, as great
is the highest satisfaction level, and poor is the
lowest, with (below average, average and above
average) in between.

5.4 Equipment
As the main equipment to measure the illuminance,

a lux meter was used to measure the illuminance of
artificial and natural lighting in both rooms as
shown in Fig 5.

Figure 5. The lux meter used in the experiment

5.5 Procedures
This research were made in April 2021, it started by

choosing the study area. After the study areas were
chosen, taking into perspective being different in
nature, as the “CAD CAM Lab” is mostly used for
software designing, and being vastly larger than
“Room-311”. On the other side, “Room-311" is a
normal class room with both a white board and a
data show projector. After that, the questionnaire
was distributed among the students using both
rooms. Then a lux meter was used to measure the
illuminance inside both rooms. (See the appendix).
The illuminance was measured on disk height
around 0.7-0.8m. Also, the illuminance was
measured for the artificial and natural lighting in the
“CAD CAM Lab”, and the artificial lighting in
“Room-311”. Finally 82% of the total amount of
students agreed that lighting affects the learning
process.
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6 RESULTS

This section will be divided into two Parts: 1. the
results for the “CAD CAM Lab”,

2.The results for “Room-311". The results will be
for both the questionnaire and the illuminance
measurements.

6.1 Results for “CAD CAM Lab”
According to the site observation, as well as 84% of

the students stated that the artificial lighting is the
most commonly used type of lighting inside the
computer lab. On the other hand, 73% of the total
amount of students stated that the students prefer the
natural lighting more than artificial lighting.

The percentage of satisfaction toward the amount of
light in “CAD CAM Lab” is shown in figure 6, the
evaluation of natural lighting made by students
varied from one another. Most of the students
answers leaned to the negative side, as 31% of the
students said that the natural lighting was poor and
20 % saying its below average. However, 35% of
the students said it was average and the last 14 %
was divided equally between above average and
Great.

40
35%
30 3%%—=-Great
M Above average
20 A —
Average

10 — = Below average

0 - )

Percentage
Figure 6. Satisfaction level with the Natural lighting in
“CAD CAM Lab”

The illuminance level varied in intensity inside the
“CAD CAM Lab”. Fig 7 shows the illuminance
highly increasing beside the window openings, and
rapidly decreasing as you go deeper in the room.
The mean value of illuminance in column 3 which is
the nearest to the windows was 534 Ix, and the mean
value of column 2 in the middle of the room was
223.7 Ix, lastly the mean value of column 1 which is
the furthest away from the windows was 141.3 Ix.
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Figure 7. IIIuminanceQT:,vel of the natural lighting in the
“CAD CAM Lab”

On the other hand, Fig 8 shows the students mostly
agreed that the artificial lighting was average or
above average, with 40 % saying average, 31%
saying above average and 9% saying it is great.
However, 11% and 9% said the lighting was below
average and poor respectively.

50%
40% B Great
30% B Above average
Average

20% [ | Belowgaverage
10%  Poor

0%

Percentage

Figure 8. The level of student’s satisfaction with the
artificial lighting inside “CAD CAM Lab”

As for the Artificial lighting, Fig 9 shows that the
illuminance inside the whole room stayed mostly
average in intensity, measuring a mean value of
229.9Ix.
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Figure 9. llluminance level of the artificial lighting in the
“CAD CAM Lab”
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6.2 Results of Class room-311

According to the site observation, as well as 89% of
the students said that the artificial lighting is the
most commonly used type of lighting inside the
Room. On the other hand, 61% of the total amount
of students said that the Natural lighting is their
preferred type of lighting.

60% W Great
40% 39% B Above average
20% - Average
M Below average
0%

Percentage i Poor

Figure 10. The level of student’s satisfaction with the
natural lighting inside “Class Room-311~

According to figure 10, almost all the students
agreed that the natural lighting inside the room is
not good and it need more natural lighting. Only
14% stated that their level of satisfaction is above
average, 39% stated that it is average, while 14%
stated that it is below average and 33% agreeing that
the natural lighting in the room is poor.

Moreover as shown in fig 11, no students thought
that the artificial lighting in the room was great.
However, Most of the students feel that the artificial
lighting is either above average or average with
percentages of 29% and 53% respectively. This
leaves 14% saying it is below average and only 4%
saying its poor.

60%
0,
50% 53% M Great
0,
40% M Above average
30%
Average
20%
M Below average
10% -
M Poor
0% -
Percentage

Figure 11. The level of student’s satisfaction with the
artificial lighting inside “Class Room-311”

Similar to the “CAD CAM Lab”, the Artificial
lighting illuminance in “Class Room-311" is mostly
consistent along the whole room, measuring
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between 200-300 Ix, with small areas near the edges
of the room measuring higher. The room has a mean
value of 284.8 Ix as shown in figure 12.

= 0-100

Row3 Row4

Figure 12. llluminance level of the artificial lighting in
“Class Room-311~

7 Discussion

After measuring the illuminance of both rooms for
artificial and natural lightings, the huge agreement
among the students that their preferred type of
lighting is the natural lighting. This conclusion is
logical knowing all physical and psychological
benefits of the natural lighting [12]. However, in
both rooms the evaluation of the natural lighting
collected from students leaned towards the negative
side. This result is logical because after the
measuring of the natural lighting luminance is not
consistent in the rooms, because there is no means
for the natural lighting to fully illuminate the far
ends of the rooms. On the other side, the artificial
lighting wasn’t considered by most students as their
preferred type of lighting, it received a more
positive evaluation from the same students. This is
happening because the artificial lighting is mostly
consistent in the rooms. The illuminance in the
“CAD CAM Lab” and in “Room-311" had a mean
value of 229.9Ix and 284.8 Ix, which is still less than
the 300Ix recommended by both [10] and [13] in
class rooms. Still it’s most commonly used because
it’s more consistent and controllable than natural
lighting, in addition that in both rooms the needed
illuminance is less than normal because of the
presence of data shows and computers [14].
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8 Conclusion

An important part of the designing process is the
Indoor environment, as the indoors lighting being a
huge contributor in it. The research concludes that
as long as the artificial lighting is most commonly
used, students in the “CAD CAM Lab” and “Room-
3117 preferred natural lighting. However, natural
lighting got more negative feedback inside the room
from the same students; this negative feedback was
due to the inconsistency of natural lighting inside
the rooms. On the other hand, artificial lighting got
a more positive feedback, because its illuminance
was more consistent in both rooms.

This leads to a conclusion that the consistency of
lighting is very important to users and designers
should improve the consistence of natural lighting
inside studying areas while designing building
opening. Further studies should be done in this topic
to improve the effect of natural lighting in the
quality of studying areas.
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