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ABSTRACT

Building interiors refer to the spaces enclosed within a building frame and constitute a crucial part of
a building's Architecture as they house spaces that support private, public, residential, commercial,
cultural, religious, educative, entertainment, or recreational human activities. Interior spaces also
protect the building users against the elements, shielding them from harsh weather conditions, serving
as focal points for work and creativity, and providing an ambient atmosphere for building users to relax
and unwind after burdensome days. This paper chronicles the history of interior designs from different
civilizations stating the prominent interior styles of the Renaissance, Baroque, Neoclassical,
Romanesque, Renaissance Jacobean, Gothic, Modernism, Postmodern, and Contemporary period.
The research focuses on the desire for efficient interiors, exploring the role of plants in improving the
performance of interior spaces, air quality, aesthetics, mental health, environmental impact, and
building the experience of building users when exposed to interior spaces with plants. It also highlights

the effectiveness & potential of plants, listing Begum'’s Step-Wise Ranking for Indoor Plants as Indoor
Air Pollutant Purifiers, as well as its impact on different spaces such as work environments, living
environments, and health care centers. The research concludes by suggesting the creative
arrangement of plants to achieve balance, rhythm, lines, form, color, proportion and scale, emphasis,
contrast, and texture.
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1. INTRODUCTION

1.1. Interior Spaces

Building interiors refer to the spaces enclosed within a buildings frame (walls, floors, ceilings/roofs).
They constitute a very important part of a buildings Architecture as they house spaces that support
private, public, residential, commercial, cultural, religious, educative, entertainment, or recreational,
human activities. Interior spaces also protect building users against the elements, shielding them from
harsh weather conditions, serving as focal points for work and creativity, as well as offering ambient
atmosphere for building users to relax and unwind after burdensome days.
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Against this backdrop, the curation of interior spaces is critical to the architectural performance of a
building and the user experience. This birthed interior design. Shaped by the building's structural
system (Ehteshami, 2019) interior design covers the scrutiny, conceptualization, designing, and care
of “interior non-structural/non-seismic construction and alteration project management in compliance
with applicable building design and construction, fire and life safety, and energy codes, standards,
regulations, and guidelines for the purpose of obtaining a building permit, as allowed by law” (National
Council for Interior Design Qualification, NCIDQ, n.d.). It is dependent on the input and collective effort
of architects, engineers, interior designers, etc. It encompasses the design brief proposed by the client
and conceptualized by the interior design architect who interprets the design brief into a habitable
space, taking into consideration zoning, functionality flow, furniture layout, aesthetics, and
anthropometry. Along with the specification of the proposed interior wall and floor finishes, color,
windows, and door choices with the aim of improving the living or working experience of building
occupants depending on the building use.

The history of interior design was traced to the incorporation of “animal hide, mud, plain fabrics, and
murals” in the interior of Ancient Egyptian dwellings for aesthetics and as a show of wealth. The
Researchers chronicle interior design styles through the ages as follows:

The use of "strong, rich colors with contrasts of light and dark to achieve clarity,
order, and moderation, unity, symmetrical balance, rhythm, and strongly
architectural, combining strength, grace, unit, and emphasis” in the interiors of
Renaissance buildings occurring between the 15th and 16th Century; the use of
big, bold, elaborate ornaments in the interior of Baroque buildings appearing in

thel7th century; the use of “exuberant, comfortable, luxurious, beautiful,
somewhat feminine intimate and playful ornaments in the interiors of Rococo

buildings; the use of “small scale ornamentation” in the interiors of Neoclassical
buildings; the use of soft, mono-tone colors (like burnt sienna and mustard
yellow), and textures in the interior of Romanesque buildings; the use of bold and

dark ornaments and furnishings for gothic interiors; the use of “sparsely
furnished, human scale, embellished with luxuriant, imaginative but delicate and
impressive ornamentation” in High Renaissance interiors appearing between

1490 and 1580; the use of “twisted furnishings, broken and reversed curves,
bold carving, inlays and appliqués of brilliant, decisive, and colorful adornments”
in Baroque interiors appearing between 1550 and 1730; and The use of formal,
ordered, & harmonious ornament and form” in the early Jacobean interiors.

Modern-day interiors are chronicled as follows: the use of “clean lines, open spaces, and an emphasis
on light and form” in Modernist interiors; the use of “bold colors, and assorted furnishings” in
Postmodern interiors; the use of “minimalist and Scandinavian-inspired” styles in Contemporary
interiors. Having witnessed a vast array of styles, the needs of modern-day building users have shifted
from a desire for mere aesthetics to a desire for sustainability. Hence the need to design efficient
interiors. This paper explores the role of plants in achieving harmony, aesthetic, and sustainability
within interior spaces.
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1.1. Research Question

How do plants improve the performance of interior spaces.
1.2.Research objectives

To explore the role of plants in improving air quality for building users.

2. LITERATURE REVIEW

It is estimated that building users spend 80-90% of their time in interior spaces (Deng and Deng,
2018), meanwhile, indoor air is prone to pollution from cooking activities, molds from damp and moist
surfaces, pet dander, fuel-burning, combustion appliances, consumption of tobacco products in
undesignated areas, use of unsustainable building materials, electrical, sanitary, and personal care
products, as well as pollutants from outdoor activities such as bush burning and automobile by-
products (WEF, 2020). Garg, Pal, Jain, and Garg (2021) identify various types of pollutants, their
sources, and their effects on human health. They include:

1.

10.

11.

Aldehydes from construction materials, and Furnishing, are believed to cause
"Breathing problems, cancer, Headache, Decreasing immunity”;

Arsenic and Fluorine from Combustion of coal believed to cause “Numbness, skin
lesion, Diarrhea, Muscle cramping and death”;

Asbestos from "Demolition of construction materials” believed to cause “Lung cancer,
cancer of Kidney , Brain, Urinary bladder, gall bladder, Throat voice box, etc.”;
Biological pollutants from Furnishings, Moist areas, Ventilation system Bacteria

Viruses, Cockroaches Pollens, and Mites, believed to cause “Sneezing, Coughing,
Watery eyes, Shortness of breath, Dizziness, Lethargy, Lung diseases”;

Carbon monoxide from “Fuel, Tobacco combustion, Wood stove” believed to cause

"Interferes with oxygen supply, Headache, Fatigue, Retarded reflexes due to CO
exposure”.

Hydrocarbons from Fuel combustion, Tobacco smoke, believed to cause “Failure of
nervous system, Causes cancer”;

Lead from “Wear of painted surfaces” believed to cause “Attack on brain and CNS to
cause Coma”;

Nitrogen oxides from “Fuel combustion, Heating, Cooking” believed to cause
"Pulmonary disease, impairment of lung function, and irritation in eye, nose and
throat.”

Ozone from Printers, Photocopiers, Air purifying devices believed to cause “Throat
irritation, Cough, Pain, burning or discomfort in the chest, Chest tightness, Wheezing
and shortness of breath.”;

Particulate Matters from “Tobacco smoking, Fuel combustion, Fumes from cooking
oils” believed to cause "Eye, nose and Throat irritation, Asthma, Various lung and
cardiovascular disorders.”;

Pesticides from “Dust from outside, consumer products” believed to cause “Blood
and nerve disorders, Genetic disorders, Endocrine disruption, and Reproductive
problems.”;
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12. Radon from “Burning of Coal and other fossil fuel, Construction materials, Soil gas,
and Tap water” believed to cause Leukemia, Increased risk of lung cancer caused by
smoking, Cancer in minors;

13. Sulphur oxides from “Fossil fuel combustion” believed to “Impair lung function
adversely, Causes Cardiovascular diseases, Irritate skin and mucous membrane of
the eyes, nose, throat, and lungs;

14. Trichloroethelene (TCE) from “Varnishes, lubricants, Adhesives, Typewriter correction
fluid, Paint removers” believed to have “Effects on Liver, Kidney, CNS, Reproductive
and Immune system”;

15. Volatile & Semi-volatile organic compounds from “Construction materials, Fumes
from cooking, Fuel/Tobacco combustion and Consume products” believed to have

“Carcinogenic and Toxic effects.

Against this backdrop, the need to create an efficient indoor environment is very important for the
health and well-being of building users. This efficiency is achieved through the introduction of plants
in interior spaces. Cultural and evolutionary perspectives, as well as the concept of biophilia suggest
an innate emotional affinity between humans and nature. This justifies man’s positive response to
plants. Documented history traced the origin of indoor plants back to 5,000 years ago with the Ancient
Egyptians bringing popular plants (like ferns and palms trees) indoors for aesthetic purposes and to
bridge the gap between mankind and nature setting a presence for the popularity of terarriums in
Europe during the Victorian Era, and globally, after World War.

The concept of interior plants flourished as sailors and explorers returned with wider varieties of exotic

plants from distant lands birthing the Art Nouveau style which featured “nature in all its forms inspired
by applied arts”, as well as modern styles which strived to harmonize nature and Architecture as seen

in Hans Scharoun’s Schminke House (Germany), Mies Van der Rohe's Tugendhat House, and Alvar

Aalto’s Villa Mairea in Finland (Lusiardi, 01-05-2021). Following the need to live in healthy
environments, the concept of interior plants solidified and gained further prominence as they help
improve air quality by presenting cost-efficient ways of purifying the air as opposed to the increased
costs of patronizing and maintaining tech-based air purifying methods which may be inaccessible by
the rural dwellers (Rania, Ziad, and Sarah, 2021).

Cultural and evolutionary perspectives, as well as the concept of biophilia suggest an innate emotional
affinity between humans and nature. This justifies man's positive response to plants. Begum (2017)
highlights a Step-Wise Ranking for Indoor Plants as Indoor Air Pollutant Purifiers as follows: Boston
Fern, Florists Mum, Gerber Daisy, Dwarf Date Palm, Janet Craig, Bamboo Palm, Kimberley Queen Fern,
Rubber Plant, English vy, Weeping Fig, Peace Lily, Areca Palm, Corn Plant, Lady Palm, Schefflera,
Dragon Tree, Lily Turf, Azalea, Chinese Evergreen, Spider Plant, Elephant Ear Philodendron, Golden
Pothos, Oak Leaf lvy, Lacy Tree Philodendron, Heart Leaf Philodendron, Flamingo Lily, Moth Orchid,
Snake Plant, Aloe Vera, Warneckei, Chrysanthemum, Mother-in-law's tongue, Dwarf Banana Plant,
Dracaena "Janet Craig", Mass Cane, Pot Mum, Ficus Alif, Marginata. Deng et al summarized the result
of various researchers on the psychological effects of indoor plants on building users as follows:
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Adachi et al. (2000) recorded “positive effects on human emotions, clear headedness, but increase in
annoyance” from 53 volunteer students in Japan towards foliage display; Bringslimark et al. (2007)

recorded “beneficial effects on psychophysiological stress, task performance, and symptoms of ill
health” from 385 office workers in Norway towards indoor plants; Chang and Chen (2005) recorded
reduced panic from 38 volunteer students in Taiwan, China towards indoor plants; Dijkstra et al.

(2008) recorded decreased “feelings of stress through the perceived attractiveness of the room” from
77 volunteers of students in hospital room in Netherlands towards indoor plants; Dravigne et al.

(2008) recorded “improved performance, higher overall quality-of-life; and sense of satisfaction among
male responders” from 425 office workers in the USA towards indoor plants; Evensen et al. (2015)

recorded “a restorative potential at the computer workstation” from 85 participants in Norway towards

live plants; Fjeld et al. (1998) recorded “Significant reduction neuropsychological symptoms and
mucous membrane symptoms; improvement in health and a reduction in symptoms of discomfort”
from 51 office workers in Norway towards indoor foliage plants.

Fjeld (2000) recorded improved “productivity, work satisfaction, or even sick-leave absence” from 51

office workers in Norway towards Foliage plants; Guéguen (2012) recorded “Physical cues strengthen
belief in global warming” from 60 undergraduates in France towards Dead indoor plants; Han (2009)

recorded “"Immediately and significantly stronger feelings of preference, comfort, and friendliness”
from 76 junior high school students in classroom in Taiwan, China towards leafy indoor plants; Larsen

et al. (1998) recorded “increased comfort and attractiveness of office environment, and beneficial
effects on perceived attractiveness but decreased production” from 81 participants in USA towards

indoor foliage plant density; Park and Mattson (2009) recorded “Brighten up room environment,
reduced stress, and also convey positive impressions of hospital employees caring for patients” from

90 patients recovering from a hemorrhoidectomy in the USA towards “viewing indoor plants and

flowers”; Raanaas et al. (2011) recorded “improved cognitive performance” from 34 students in the
USA towards Indoor plants (flowering and foliage);

Shibata and Suzuki (2004) recorded “Better mood; enhanced task performance of female participants
with high reactivity to the affective source” from 90 undergraduates in Japan towards Indoor plants;
Shibata and Suzuki (2002) recorded “Better mood and creative work positively” from Undergraduate
students in Japan towards indoor foliage plants; Shibata and Suzuki (2001) recorded “Restorative
effect on fatigue in task performance, but no effects on mood and fatigue evaluation” from 70
undergraduates in Japan towards indoor foliage plants; Shoemaker et al. (1992) recorded “Favorable
attitude, more desirable work place, and improved air quality” from Employees in an Italian building
towards indoor plants. Lohr (2010) lists form, color, fractals, and species diversity as reasons for
humans' positive response to plants.

Though studies attest to the positive qualities of plants on productivity, Iris & Theo (2010) argue about

the lack of clarity in the “definitions of productivity and performance and a lack of clear information
about which activities were measured, what exactly has been measured, what the characteristics were
of the test persons and in which way the measured results were achieved.”
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While the impact of plants on indoor spaces has been appraised, a study by Persiani encouraged the

consideration of indoor environment quality and its impact to plant health stating that “ventilation
rates, behavior of air distribution, humidity, CO2 levels, nitrogen content, light intensity and
wavelengths, adequate lighting conditions” impact the plant performance. In investigated the
incidence of risk associated with the presence of indoor plants at health care centers, it can be
deduced as follows:

Gould et al (2005) recorded “No links between flowers and potential health issues, except to severely
immunocompromised patients” as a response to the Vase water and soil of potted plants in a UK

General hospital and concluded that “Banning flowers from general wards is unnecessary”; Gould et
al (2004) recorded “Contact with Gram-negative pathogens associated with flower vase water may

cause healthcare-associated infection” from “39 senior infection control nurses and chief executives”
as a response to the Vase water and soil of potted plants in a UK General hospital; Lacharity and

Mcclure (2003) recorded “"No solid association between the bacterial organisms present in the soil of
potted plants or the water from cut flowers and hospital infections” as a response to “Potted plants
and flowers” from “Acute care units” in a USA General hospital; Lass-Florl (2000) recorded “Potted
plants contaminated with A. terreus and found in the vicinity of patients were the most probable source
of infection in 4 out of nine patients” from "9 patients with haematological disease following
myeloablative chemotherapy” at a German General hospital - Haematology ward, in response to

"Potted plants placed in the vicinity of the haematology ward (Gum tree and Palm tree)” concluding

that "Potted plants are a recognized source of fungal infection and should not be permitted in wards
housing high risk patients.

Schaal(1991) recorded “a link between pulmonary aspergillosis in liver transplant patients to the
occurrence of large amounts of (aspergillus) spores in the mould of indoor plants. These pathogens
have a low virulence for healthy individuals, but may cause severe infections in immunocompromised
patients” from Liver transplant patients in a Liver Transplant unit at a German General hospital when

exposed to “Indoor plants cultivated in the hall connected to the corridor of a liver transplant unit”.

Siegman-lgra(1986) recorded “No link between isolates of Gram-negative bacteria and those from
nearby patients (wound infection)” from 235 immunocompetent surgical patients at Surgical wards in
an Israel General hospital when exposed to 29 large potted plants that were in close proximity to areas
of major activity”. Staib et al (1978) recorded “The necessity of preventing A. fumigatus infections
from habitats of this fungus in the immediate environment of man in the patients with chronic lung
diseases, especially those under antibiotic or immunosuppressive therapy” from 20 aspergillosis
patients in Central room at a General hospital in Germany when exposed to “Soil of four different
ornamental plants (epiphyllum, orange tree, Alpine rose, and Christmas flower) in the central room
and lounge of a hospital ward (for lung diseases)”; Bartzokas et al (1975) recorded “The incidence of
wound infections during the period of study was low despite the regular overgrowth of bacteria in flower
vases” concluding that there was “No definite correlation between the types of bacteria isolated from
flower vase water and those responsible for wound infections”.
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This recording was gotten from "46 postoperative wound infections out of a total of 880 operations”
at different general wards in a UK General hospital. In investigated the incidence without risk
associated with the presence of indoor plants at health care centers, Moslehian et al summarized the
findings as follows:

Fan, Chen, Duan, Zhao, Qin, Li, Sun, and Han (2020) recorded that “fumigatus could be isolated from
a majority of flowerpots suggesting that flowerpots might pose a risk of causing as azole-resistant A.
fumigatus infection in patients and recommended that plants should not be kept in hospitals,
especially in wards with high-risk patients” from different wards at a tertiary care hospital in China

when exposed to “58 soil samples from different flowerpots in 18 departments”; Hedayati, Mohseni-
Bandpi, Moradi (2004) recorded that the "presence of fungi in potted plants in hospitals represents a

potential source of nosocomial infection” from a General hospital in Iran when exposed to "23 soil
samples from a depth of 0-10 cm of the pots in four hospitals”; Kates, Mcginley, Larson, Leyden

(1991) recorded “Neither gram-negative bacteria nor staphylococci were isolated from sterilised
flowers. Nonsterilized flowers, however, grew bacteria similar to those cultured from the hospital and
restaurants, even when handled in an aseptic fashion. The normal immunocompetent person is at no
more risk of infection from vase water than from many other sources of bacteria in the environment”
from a USA General hospital when exposed to 24 samples of vase water from hospitals;

Summerbell, Krajden, and Kane (1989) recorded that “Indoor plant soils constitute a serious mycotic
hazard to the immunosuppressed patient. This is true not only when the plants are maintained near
heat sources but even under the most moderate, controlled indoor conditions” from a General hospital
Corridor in Canada with 5 potted plants (Dieffenbachia amoena, and Ficus benjamina, Chlorophyton

comosum, and Brassaia actinophylla); Taplin and Mertz (1973) recorded that “Flower vases may be a
means of introducing potential pathogens into the hospital, and form an intermediate reservoir of
hospital strains. Suggesting that flowers should not be introduced into hospital areas occupied by
susceptible or debilitated patients” from a General hospital - Surgical and Burn wards in the USA with
Gram-negative bacteria in vase water”. Besides their environmental and health benefits, the
introduction of plants serves as an invaluable medium for achieving aesthetics, functionality, as well
as the principles of interior design such as pattern, line, form, texture, color, balance, unity, rhythm,
emphasis, contrast, scale, proportion, and details.

3. DISCUSSION

Numerous research have commended the impact of an orderly arrangement of appropriate plants in
interior spaces showing their efficiency and benefits. Lohr (2010) postulates the ability of indoor plants
to reduce dust particles and air pollution, increasing relative humidity thus improving human health
and indoor comfort, as well as providing acoustics function of absorbing or blocking noise or sound in
interior spaces. Researchers have attributed the improved productivity and focus, enhanced creativity,
and boosted mood of space users to the presence of indoor plants. Indoor plants are believed to
improve the mental and physical health of space users by decreasing blood pressure and anxiety and
inducing a feeling of tranquility leading to a more wholesome indoor space that promotes relaxation
and better sleep.
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Lohr (2010) highlights the reduction of acute pain and general discomfort in distressed persons
exposed to plants. Plants are believed to filter the air, improve the quality of the air through a natural
filtering process, increase humidity, and decrease dust hence warding off colds and allergies.

To achieve efficient green interiors, plant introduction could be used in line with interior design
principles thus giving scale, proportion, and rhythm to a building interior; helping designers define
spaces to zone or segregate activities within an interior, introducing lines that possess the power to
stimulate the energy of space users, give shape and form to spaces thus leading to order; serving as
a shading device to tone down excessive natural light, or reduce direct exposure to light, introduce
color to spaces which stimulates certain psychological, emotional, and physical reaction from space
users such as green and blue plants evoking a feeling of peace, and red evoking hunger. They can also
be used to achieve contrast to spark curiosity, strike emphasis to a focal point, or as a partition to
segregate activities within a space. Also, they can be used to enrich the detail and accentuate the
theme in the space by adding texture and pattern, as well as to foster cohesion and create a sense of
balance to interior elements through the symmetrical, asymmetrical, or radial arrangement of floral
elements.

4. CONCLUSION

Indoor air quality is prone to contamination from Aldehydes, Arsenic and Fluorine, Asbestos, Biological,
Carbon monoxide, Hydrocarbons, Lead, Nitrogen oxides, Ozone, Particulate Matters, Pesticides,
Radon, Sulphur oxides, Trichloroethelene (TCE), and Volatile & Semi-volatile organic compounds all of
which have adverse effects on the health of building users. From both the interior design and
psychological perspective, plants play a powerful role in improving the indoor air quality and
performance of spaces, as well as enhancing user experience within interior spaces. This research
highlighted the timeline of interior styles stating their dominant characteristics.

The researchers introduce plants as a means of achieving efficiency in indoor spaces postulating
findings from various research that prove that interior plants pose both positive and negative
responses: positive, when used in moderation for living and working environments, and negative in
some instances when introduced in healthcare facilities. Hence, the introduction of plants in interior
spaces ought to be done by subject matter experts and following strict guidelines to ensure appropriate
indoor plants are recommended, ascertain soil health and environment are conducive to support plant
growth, and specify maintenance culture and watering pattern to avoid mortality of indoor plants.
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