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Abstract

This study investigates the impact of green-wall inside a classroom on students. The aim
of this study is to verify what previous studies affirmed as of a positive relationship
between the existence of plants in a room and performance and psychological state. The
methodology of this study was experimental. A green-wall was placed inside a classroom
and indoor air parameters and thermal comfort levels were compared before and after
placing the green-wall by using indoor air quality devices and locating them in the middle
of the classroom. The measured factors were: TVOCs, CO,, Ozone, CO, TPM,
Temperature, RH and Acoustical levels. Then, changes were done to the way of
measuring the parameters by locating the devices near and far the green-wall. A survey
was conducted to take students’ opinions before and after placing the green-wall. It was
found that not all indoor air parameters were affected after locating the green-wall. Three
main factors were changed positively; TVOCs, CO, and Temperature levels. As for the
opinion survey, responses showed a positive difference after placing the green-wall and
the difference between their opinions before placing the green-wall and after placing it
was significant. Furthermore student’s scores were analyzed at the end of the semester
and were found a significant change between student’s marks in the green-wall classroom
and other student’s scores in the basic classrooms.

It was concluded that the impact on the students was more psychological than tangible as
the measurements did not differ to the extent to affect indoor quality. Moreover, the
researcher concluded that the amount of plants placed inside a classroom should be
calculated according to three ratios: amount of plants, size of the room and the average

amount of air pollution found in the space.
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Since the psychological impact on the student was significant, the researcher
recommended that green-wall should be part of each classroom in order to improve the
sense of comfort among students and more than one green-wall should be placed in each

classroom to make a difference in the parameters that increase the level of comfort.
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ACRONYMS

ACGIH/ TLV: American Conference of Governmental Industrial Hygienists / threshold limit

value

ASHRAE: American Society of Heating, Refrigerating and Air-conditioning Engineers Inc
IEQ: Indoor Environment quality

IAQ: Indoor Air Quality

IDPH: Illinois Department of Public Health

OSHA/ PEL: Occupational Safety and Health Administration/ permissible exposure limit

Page | VI



ACKNOWLEDGMENTS

I would like to extend my deep gratitude and appreciation for my advisor Professor
Bassam Abu-Hijleh whose supervision was invaluable and very precious. His scientific
knowledge and wide experience guided me throughout the stages of this modest work.

I would like also to thank Dr.Fahar Hayati the Dean of College of Engineering at Ajman
University of Science and Technology for his advice and guidance which was a great
help and highly appreciated. | am also grateful to my family, husband and friends whose

support was encouraging and inspiring.

Page | VI



Table of Contents

A DS Gt .o 1l
ADSITACE (ATADIC) ..ttt e e e e e \Y
03 0] 1)/ 0 VI
ACKNOWIBAGMENES ... e, VIl
Table Of CONENTS. ... .o VI
LISt OF FIgUIS. . .t e e X
LISt Of Tables. ... XII
CHAPTER 1: INTRODUCTION ....uitititiie e e, 1
1.1 Research problem. .. ... e 2
1.2 Objectives of the StUAY..........ooiiii 3
1.3 Significance of the StUY....... ..o e 4
1.4 0ut-line of the StUAY ... e 4
CHAPTER 2: LITERATURE REVIEW ..., 5
2. 1 Standard Internal ENVIFONMENT. ... ..ot 9
2.2 Classroom ENVIFONMENT. .......uieiit et e e e 19

2.2.1ThermalComfort. ... . ..o 19

2.2.2 AT QUALITY. ... 20

2. 2. 3 HUMIAITY. ... e 24

2. 24 AIr VEIOCILY. ...t 24
2.3. Recommended Types of indoor Plants...............coooiiiiiiiiiie e, 23
2.5 Previous StUTIES. ... .uitt i 39
CHAPTER 3: RESEARCH METHODOLOGY .....cciiiiiiiiii i 46
3.1 Ethical Contest and Experiment Procedures................coooiiiiiiiiiiiiiiiiieenen, 46
3.2 Test Technical INformation..............cooovuiiiiiiii e 51
3.3 Data Analysis Method..........cooiiuiiiiii i 55
3.4 Limitations of the Study............cooiii i, 56

Page | VIl



CHAPTER 4: Analysis and Discussion of Results...............ccoiviiiiiiiiiiiiinnennnn.. 57

4.1. The Effect of green-wall on classroom IAQ and Thermal Comfort..................... 57
411 EXPeriment ONe.........iiuientitiitt ettt ettt et e e e enaanas 57
4.1.2 EXPeriment TWO. ....ouuiii ittt e 66

4.2. The Effect of Green-wall on Students Performance and Productivity................. 73

CHAPTER 5: Conclusion and Recommendations............ccocevvereiirnienesiiesee e 86

T8 A 03 Tod [11S] o] o TSROSO 86
5.2 RECOMMENUALIONS. .....veivietieiieieie ettt bbb b s 93
RO BNICES. . ..ttt 95
F N 0] 8157 116 Q2 PP 100
APPENdixX B 106
APPENAIX €t 110
APPENAIX Do 112
AppendixX E. ..o 115

Page | IX



LIST OF FIGURES

Figure: 2.1

Figure 2.2

Figure 2.3

Figure 2.4
Figure 2.5
Figure 2.6
Figure 2.7
Figure 2.8
Figure 2.9
Figure 2.10
Figure 2.11
Figure 2.12
Figure 2.13
Figure 2.14
Figure 2.15
Figure 2.16
Figure 2.17
Figure 2.18
Figure 2.19

Figure 2.20

Thermal Environmental Conditions for Human Occupancy, (Energy-design-

tools.aud.ucla.edu, 2014).
Aloe Vera (Sustainable Baby Steps n. d.)

Areca Palm (Sustainable Baby Steps n. d.)

Baby Rubber (Sustainable Baby Steps n. d.)

Bamboo Palm or Reed Palm (Sustainable Baby Steps n. d.)
Boston Fern plant (Sustainable Baby Steps n. d.)

Chinese Evergreen tree (Sustainable Baby Steps n. d.)

Corn Cane or Mass Cane plant (Sustainable Baby Steps n. d.)
Dwarf/Pygmy Date Palm (Sustainable Baby Steps n. d.)
English Ivy (Sustainable Baby Steps n. d.)

Ficus alii (Sustainable Baby Steps n. d.)

Gerbera Daisy plant (Sustainable Baby Steps n. d.)

Golden Pothos (Sustainable Baby Steps n. d.)

Janet Craig plant (Sustainable Baby Steps n. d.)

Kimberly Queen Fern (Sustainable Baby Steps n. d.)

Lady Palm (Sustainable Baby Steps n. d.)

Marginata or Dragon tree (Sustainable Baby Steps n. d.)
Moth Orchid plant (Sustainable Baby Steps n. d.)

Mums or Chrysanthemum morifolium plant (Sustainable Baby Steps n. d.)

Peace Lily (Sustainable Baby Steps n. d.)

5

26

26

27
27
28
28
29
29
30
30
31
31
32
32
33
33
34
34

35

Page | X



Figure 2.21
Figure 2.22
Figure 2.23
Figure 2.24
Figure 2.25
Figure 2.26

Figure 3.1

Figure 3.2
Figure 3.3
Figure 3.1
Figure3.2
Figure 3.3
Figure 3.4

Figure 3.5

Figure 4.1

Figure 4.2

Figure 4.3

Figure 4.4

Figure 4.5

Philodendron plant (Sustainable Baby Steps n. d.)

Snake Plant (Sustainable Baby Steps n. d.)

Schefflera, or Umbrella Tree (Sustainable Baby Steps n. d.)

Spider Plant (Sustainable Baby Steps n. d.)

Warneckii or Dracanaena warneckei plant (Sustainable Baby Steps n. d.)
Weeping Fig or Ficus Tree (Sustainable Baby Steps n. d.)

1Q-610 probe and PCC_10 Security Case with 1Q-610 probe (Wolf Sense,
2009)

Thermo Scientific pDR-1500 (Thermo Scientific, 2011)

Sound Level Alert used in the experiments.

Plan of the Classroom with location of green-wall

Figure 3.2: Female classroom with green-wall.

Male’s classroom with green-wall.

Green-wall system used in the experiment and located in the classroom

Types of plants were chosen in the green-wall, Peace lily, Dracaena Fragrans,
Croton prospectively

The two scenarios of TVOCs levels in Females classroom through five days,
(green-wall with A/C and no A/C) and (no green-wall with A/C and no A/C).

The two scenarios of TVOCs levels in male’s classroom through five days,
(green-wall with A/C and no A/C) and (no green-wall with A/C and no A/C).

The two scenarios of Carbon Dioxide levels in Females classroom through
five days, (green-wall with A/C) and (no green-wall without A/C)

The two scenarios of Carbon Dioxide levels in Females classroom through
five days, (green-wall with A/C) and (no green-wall without A/C)

The two scenarios of Temperature levels in Females classroom through five

35
36
36
37
37
38

48

49
49
51
52
52
53

o4

59

60

62

62

64

Page | XI



Figure 4.6

Figure 4.7

Figure 4.8

Figure 4.9

Figure 4.10

Figure 4.11

Figure 4.12

Figure 4.13

days, (green-wall with A/C) and (ho green-wall without A/C)

The two scenarios of Temperature levels in Males classroom through five

days, (green-wall with A/C) and (ho green-wall without A/C)

The levels of TVOCs near and far the green-wall during five days

The levels of Carbon Dioxide near and far the green-wall during five days.

The levels of Temperature near and far the green-wall during five days

The levels of Relative Humidity near and far the green-wall during five days

The levels of Ozone near and far the green-wall during five days

The levels of TPM near and far the green-wall during five days

Students’ scores in classrooms with and without green-wall.

64

67

68

69

70

71

72

85

Page | XlI



LIST OF TABLES

Table 2.1

Table 2.2

Table 3.1

Table 4.1

Table 4.2

Table 4.3

Table 4.4

Indoor plants benefits (Ambius, 2014)

Pollutants limits for “Healthy Indoor Environment”

(Idph.state.il.us, 2014)

Students numbers and the followed steps of the experiment

Questionnaire (A) results before placing green wall

Questionnaire (A) results after placing green wall

Questionnaire (B) results before placing green-wall

Questionnaire (B) results after placing green-wall

10

50

74

75

78

80

Page | XIlI



Table 4.5 Questionnaire (C) results for lecturers after placing green- 82
wall

Page | XIV



